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Economical optimum rates of N and P for food barley (Hordeum vulgare L.) production in
the highlands of Central and North Gondar
Ayalew Addis'", Baye Ayalew!, Habtamu Getnet!, Firnus Haile!, Melkamu Adane!, Tamrat
Worku?, Tarekegn Yibabe?, Birhanu Agumas? and Tesfaye Feyisa?
!Gondar Agricultural Research Center
2Amhara Regional Agricultural Research Institute (ARARI)
“Corresponding author Ayalew Addis, email: ayalewaddis8@gmail.com
Abstract

Soils in the Ethiopian highlands have low levels of N and P nutrients for crop production. To address this
problem and increase crop production, one of the solutions among others is to supply the deficient N and
P nutrients through synthetic fertilizer. Therefore, a field experiment was conducted to find optimum
nitrogen and phosphorus levels on yield of food barley at Debark, Dabat and Wegera districts, during the
rainy seasons of 2019 and 2020. The treatments consisted factorial combinations of 4 rates of Nitrogen
(46, 69, 92 and 115 kg ha™ N) and 3 rates of Phosphorus (23, 46 and 69 kg ha™ P,Os) arranged in
randomized complete block design in 3 replications. Nitrogen showed a significant effect on plant height,
spike length, above ground dry biomass and grain yield. The effect of Phosphorus was also significant on
the above ground dry biomass. The maximum average grain yield (3150.83 kg ha™) was obtained at 115
kg ha® N. Finally, 23 kg ha™ P,Os combined with 92 kg ha™ N are economical optimum rates for food
barley production based on partial budget analysis. Therefore, it is indispensable to use this

recommendation for the Central and North Gondar zone highlands.

Key words: Ethiopia; food barley; nitrogen; North Gondar highlands; phosphorus
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Introduction

As in many other tropical and sub-tropical regions (Sanchez, ), soils in the highlands of
Ethiopia, usually have low levels of essential plant nutrients and organic matter content,
especially low availability of N and P has been demonstrated to be a major constraint to crop
production in Ethiopia (Tekalign et al., ). This is largely a consequence of the cereal
dominated mono-cropping system resulting with the continuous nutrient mining through removal
by plants and no consideration for the replenishment through application of either mineral or

organic fertilizer sources (Amsal et al., ).

The grain yield potential of released food barley varieties that are under production in Ethiopia
ranges 2270 to 6100 kg ha (Masreshaw, ). Although the importance of barley as a food
and feed crop in Ethiopia and the efforts made so far to generate improved production
technologies, its national average productivity (2177 kg ha?) has remained very low (CSA,

). For the past several years, farmers in the country had used blanket recommendation of
only nitrogen and phosphorus fertilizer sources as an input to improve soil fertility and increase
crop production including food barley. Similarly, the majority of farmers use fertilizers for their
barley field in the Dabat, Debark and Wegera highlands (Daniel and Beyene, ). However,
the blanket recommendation lacks the right rates of those fertilizer types in the specified

locations.

There was no research conducted to determine site specific fertilizer rates recommendation on
food barley productivity in the Central and North Gondar highlands. As a result, the farmers and
development agents (DASs) rely on old fertilizer recommendation that is very general over the
country. Therefore, there is a need to study the influence of different rates of N and P nutrients
on the productivity of food barely, which provide economic optimum yield of food barley in the

highlands of Central and Norther Gondar Zones; Ethiopia.

Materials and Methods

Study sites description

The field experiments were conducted in 2019 and 2020 in the main rainy season at Wegera,

Dabat and Debark districts of Central and North Gondar administration zone in the Amhara
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National Regional State, Ethiopia (Figure 1). According to the FAO soil classification, the
dominant soil type of those areas is cambisols (FAO, 2015). The climatic data for the study
districts were compiled for the last 5 (2016-2020) consecutive years. As shown in Figure 2 the
areas received from 958 mm to 1620 mm total annual rainfall during the last 5 years (NASA,

2019).

0 15 30 60 Kilometers

Figure 1. The map of Dabat, Debark and Wogera districts
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Figure 2. Jun, July, August, and total rainfall at Dabat, Debark and Wegera districts
Experimental Methods

In the first year, the experiment composed of factorial combination of four levels of N (46, 69,
92 and 115 kg ha) and three levels of P.Os (23, 46 and 69 kg hal); besides one satellite
treatment (O N and O P) was observed. However, in the second year the experiment considered
only factorial combination of four levels of N (46, 69, 92 and 115 kg ha) and four levels of
P.Os (0, 23, 46 and 69 kg hal); The treatments were laid out in randomized complete block
design with three replications. The experiment was conducted on five sites; at Dabat (sitel and
site 4), Debark (site 3 and site 5) and Wegera (site 2) districts in 2019. In addition, it was done
on site 6 at Dabat district in 2020. Site 6 (2020) and site 1 (2019) located adjacently on the same

farm land, and they can share similar soil properties.

The gross plot size was 3 m*3 m = (9 m?) and spacing between plots and replication were 1 m
and 1.5 m respectively. Triple Super Phosphate (TSP) was used as a source of phosphorus and
urea was used as a source of nitrogen as indicated in the treatments. All doses of TSP fertilizer
were drilled in furrows at the time of sowing, and half of N was added at planting and the
remaining half after 45 days of planting. Debark 1 food barley variety was used with the seed
rate of 125 kg ha.
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Physicochemical properties of the experimental soils:

Before planting, soil samples were collected from about 10 sub-sampling spots and 0-30 cm soil
depths; then one composite soil sample was made for each experimental site. The soil samples
were air dried ground and sieved for the determination of parameters of pH, total N, available P,
the soil particle size distribution, Organic Carbon (OC) and cation exchange capacity (CEC). The
distribution of soil particle size was determined by hydrometer method (Bouyoucos, ). The
soil pH was measured with digital pH meter potentiometerically in supernatant suspension of
1:2.5 soil to distilled water ratio (Van Reeuwijk, ). The organic carbon (OC) was
determined by the dichromate oxidation method (Walkley and Black, ). The total N in the
soil was measured by the micro kjeldhal method (Jackson, ). Cation exchange capacity
(CEC) was determined by 1M ammonium acetate method at pH 7 (Chapman, ). Available P
was analyzed by Olsen method (Olsen et al., ). The soil samples were analyzed at Gondar

soil testing laboratory.

According to Tekalign et al. (1991) the pH of site 1, site 3 and site 5 were moderately acidic
soils; site 2 and site 4 were slightly acidic; the soil Organic Carbon (OC) content of all sites were
moderate, except site 5 (low); total N from all sites were high, except site 3 (moderate); available
P from site 1, site 2 and site 5 were very high; site 3 (high) and site 4 (medium); and Cation
exchange capacity (CEC) from all sites were high (Table 1).

Table 1. The initial physico-chemical soil properties of the experimental sites (2019)

CEC
Experimental TN Av.P sand clay silt Textural  pH OC Cmol (+) /kg
Sites (%) (ppm) (%) (%) (%) Class (H20) (%) Ammon.Acet
Site 1 0.31 38.07 26.72 32 41.28 Clayloam 570 241 42.63
Site 2 0.27 7329 26.72 32 41.28 Clayloam 6.24 191 50.20
Site 3 0.21 21.88 28.72 34 3728 Clayloam 572 219 37.73
Site 4 0.35 10.68 24.72 44 31.28 Clay 6.08 2.49 40.90
Site 5 0.27 56.24 46.72 20 33.28 Loam 574 1.43 45.30

Data Collection and Analysis:
The following agronomic data were collected on 5 experimental sites in 2019 and at one site in
2020:
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» Plant height and spike length: were recorded from 10 randomly selected plants from the net
plot area at harvest.

« Above ground dry biomass: plants harvested close to the ground surface from the net plot
were sun-dried in an open air, and weighed to determine the above ground biomass yield.

« Grain yield: It was determined after adjusting the actual grain yield at the appropriate
moisture level of 12.5%.

» Thousand seeds weight: It was determined by weighing 1000 randomly selected grains and

weighing with sensitive balance, and adjusted at moisture level of 12.5%.

The collected data were analyzed by SAS version 9.4 statistical software using General linear
model (GLM) procedure after checking the compliance of the data with the assumptions of the
statistical test. Comparisons among treatment means with significant difference for measured
parameters were done using least significance difference (LSD) at 5% probability level. The

partial budget analysis was done using the procedures outlined by CIMMYT (1988).

For economic analysis, the variable cost of fertilizers was taken at the time of planting. Yield
from experimental plots was adjusted downwards by 10% for management difference between
the experimental and farmers’ field. The return was calculated as total gross return minus total
variable cost. During planting time, field grain yield price of food barley was 22 birr kg?, the
price of straw was 2 birr kg™ and market price of urea was 15 birr kg™, which were used for
variable cost determination. Net benefits and costs that vary between treatments were used to
calculate marginal rate of return to invested capital as we move from a less expensive to a more
expensive treatment. In this study, 100% return to the investments was used as reasonable

minimum acceptable rate of return.

Marginal analysis was done by un-dominated treatments to make recommendation. Which is the
process of calculating marginal rates of return (change in net benefit divided to change in total
cost) between treatments, proceeding in steps from a lower cost treatment to that of next higher
cost, and comparing those rates of return to the minimum rate of return (100%) acceptable to
farmers. The purpose of marginal analysis is to reveal just how the net benefits from food barley

yield increases as the amount of N application increases. If these values continue to fall, then the
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analysis can be stopped at the last treatment that has an acceptable rate of return compared to the
treatment of next lowest cost (CIMMYT, ).

Result and Discussion

Effects of N and P on food barley

The analysis of variance (ANOVA) result showed that the effect of different N rates significantly
(P < 0.01) affected grain yield of food barley at 5 experimental sites in 2019.

Table 2. Effects of N and P on average value of grain yield in kg ha® of food barley (2019)

Treatments Site 1 Site 2 Site 3 Site 4 Site 5

N (kg hat)

46 2039.6° 2138.20° 1511.70¢ 1434.7° 2393.90¢
69 2502.40 2418.40¢ 2079.20v¢ 1692.3P 2893.00°¢
92 2515.20 3158.40° 2686.802 2341.78 3741.50°
115 3073.92 2062.00% 3230.302 2650.62 4160.802
LSD (5%) 546.25** 633.50* 614.82** 393.54**  318.55**
P.0s (kg ha?)

23 2432.7 2589.20 2241.70 2045.10 3123.80
46 2550.1 2486.30 2442.80 2056.10 3416.20
69 2615.5 2932.20 2446.50 1988.30 3351.90
LSD (5%) NS NS NS NS NS

CV (%) 22.06 24.28 26.46 19.83 9.88
Satellite (0,0) 987.36 1505.28 689.78 1021.73 1685.57

All experimental sites showed progressive increase of grain yield in response to increased rates of
nitrogen except site 2. However, there were no significant effect among P rates and their
interaction with N (Table 2). The grain yield with no application of N and P (0, 0) fertilizers was
ranged from 689.78 to 1685.57 kg ha; but with the maximum N input (115 kg ha) the grain
yield ranged from 2650.6 to 4160.8 kg ha* (Table 2). While the ANOVA result showed that the
interaction effect of different N and P rates (modified) significantly (P < 0.05) affected grain
yield of food barley at one experimental site in 2020. Similar to the previous year experimental
sites no statistically significant average grain yield differences were observed among application
of 23, 46 and 69 kg ha™ P,Os rates (Table 3).

There is different grain yield response among experimental sites and additions of N fertilizer. All

sites had more than soil P critical concentration (4.60 ppm) of food barely that determined by
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Mulugeta et al. (2022) in Sinana district of Bale zone. As a result, recommendations to all sites
are generally for maintenance of P in the optimum range (Douglas, 2011). Nevertheless, a single
point of critical nutrient concentration is difficult to establish experimentally, the critical point
may vary under different conditions (Dow and Roberts, 1982). Therefore, it looks desirable to
deal with a critical nutrient range instead of a single concentration. According to critical nutrient
ranges adopted by the Ethiopian Soil Information System (EthioSIS), the initial soil result in site
3 and site 4 were below the optimum critical P range (30 - 80 ppm), but all sites were within
optimum levels of critical N range (0.15 - 0.3%) to most field crops (ATA, 2016). Generally, for
soil test interpretations to be valid, it must be based on calibrations conducted under conditions
similar to those where the test is used and must be calibrated for the specific crop to be grown.

Therefore, local calibrations are desired (Douglas, 2011).

Our laboratory result of the soil was reported in the form of total N which exists in organic and
inorganic forms. In the surface layer of most soils, over 90% of N occurs in organic forms (Silva
et al., 2019). Most forms of organic nitrogen cannot be taken up by plants. In contrast, plants
can readily take up mineral forms of nitrogen, including nitrate and ammonium. Although soil
nitrogen supply is useful to estimate how much nitrogen from organic matter will become
available to this crop, there is a significant difficulty with this measurement. Hence, the total N
estimates the quantity of nitrogen released from organic matter without giving any information
about when it will be available to the crop. Even though our soil nitrogen content was high the

crop Yyield responded to the applied N fertilizer may be above explained reasons.

Table 3. The interaction effect of N and P on average value of grain yield in kg ha? of food
barley at site 6 (2020)

Treatments P,0s (kg ha)

N (kg ha?) 0 23 46 69 Mean
46 082.2i 1133.29ni 1671.8¢fah 1616.9¢foni 1351.0°
69 1750.9¢f 1988.5df 1996.50def 1935.5df 1917.8°
92 1068.6M 2236.7bcde 2161.1¢de 2641.13bc 2026.9°
115 1494.0fgni 2819.1% 2461.6° 3201.22 249407
LSD (5%) 649.94*

CV (%) 20.01

Mean 1323.9° 2044.4° 2072.8" 2348.7°

The combined ANOVA was done for six sites excluding the level of 0 P.Os from site 6; the

result showed that the application of different N rates significantly (P < 0.01) increased plant
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height, spike length, above ground dry biomass and grain yield; but it was not influenced
thousand seed weight of food barley. The tallest plant height (98.5 cm), the longest spike length
(6.64 cm), the maximum above ground dry biomass (7974.19 kg ha) and grain (3150.83 kg ha"
1y yield were recorded by application of 115 kg N ha* (Table 4). The result of the present study
showed that application of 92 kg N ha? had added 23.8% grain yield of food barley over the
previous N rate of recommendation (69 kg N ha™®). Likewise, application of 115 kg N ha* had
39.4% yield increment over application of the previous recommendation (69 kg N ha) to food
barley. In agreement, Ketema and Mulatu (2018) reported that increased application of N on
various varieties of food barley gave increased plant height, spike length, above ground dry
biomass and grain yield. In contrast to the present finding, they also reported increased
application of N significantly influenced thousand seed weight. Also, Wakene et al. (2014)
reported that both N and P significantly influenced total dry biomass of barley but their
interaction effect was not significant; the highest total dry biomass were recorded on plots
received 120 kg N ha-1 (8780 kg ha-1) and 69 kg P205 ha-1 (8910 kg ha-1).

Table 4. The effect of N and P on average value of growth, yield and related components of food
barley combined over years

Treatments PH SPL BM GY TSW
N (kg hal)

46 86.36¢ 5.79¢ 5333.89¢ 1832.01¢ 42.01
69 90.69° 6.03¢ 6259.82¢ 2259.79¢ 42.62
92 95.86° 6.40P 7295.18° 2798.33P 41.51
115 98.50? 6.642 7974.192 3150.832 41.67
LSD (5%) 1.73%* 0.18** 421.80** 162.21%** NS
P.0s (kg ha?)

23 92.21 6.23 6580.39" 2412.83 41.62
46 92.53 6.21 6559.34° 2504.05 42.07
69 93.83 6.20 7007.582 2613.84 42.17
LSD (5%) NS NS 365.29* NS NS
CV (%) 6.13 7.47 18.25 20.28 6.01

PH= Plant height (cm), SPL=Spike Length (cm), BM= Above Ground Dry Biomass (kg ha™),
GY=Grain Yield (kg hal), TSW= Thousand Seed Weight (g), NS= Non Significant, *=
Significant at 5%, and **= Significant at 1%

The combined ANOVA showed that there was no significant effect among P rates and their

interaction with N, but above ground dry biomass yield significantly (P < 0.05) influenced by p

10
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rates (Table 4). The result showed that application of the previous P rate of recommendation (46
kg P ha) gave grain yield that statistically at par with application of 23 and 69 kg P2Os ha™.
Similarly, Lake and Bezabih, ( ) reported increased application of P significantly influenced
above ground dry biomass. They also found that increased application of P fertilizer to food
barley gave increased plant height, spike length and grain yield. According to Cook and Davis
(1957), soil test results on mineral soils show that phosphorus levels are building up in soils
where crops are being regularly fertilized. Although the accumulation of phosphorus is rarely
proportional, so that changes to the right rate of P fertilizer recommendation to crops become

necessary to maintain soil P balance.

Partial Budget Analysis
The marginal rate of return (MRR) from this study showed that application of the three rates of
N fertilizer (69, 92 and 115 N kg ha?) gave greater than 100% return (which was used as

reasonable minimum acceptable rate of return) as compared with application of 46 N kg ha™.

Table 5. The partial budget analysis

N AGY Straw GB TVC NB D MB MC MRR
46 1648.81

11
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interaction with N rates, except significantly (P < 0.05) increased trend of above ground dry
biomass has showed with increased P rates. Therefore, it is recommended to apply the lowest P
fertilizer rate (23 kg ha™* P20s) to enhance food barley productivity and maintain availability of P
in the soil. In addition, based on partial budget analysis, application of 92 kg hal N is
economically optimum fertilizer rate for food barley (Debark 1 variety) production in the Central
and North Gondar zones.
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Abstract

Ministry of Agriculture and Natural Resources and Agricultural Transformation Agency
developed soil fertility map (multi nutrient status and potassium status) for Amhara Region and
demonstrated to farmers without research data. Field experiment was conducted in 2017/18 main
cropping season at Kobo and Dawa-Chefa districts, east Amhara, to verify the response of sorghum to
the application of potassium, boron and zinc containing fertilizers. The treatments were composed of
NPS, NPSK, NPSZnB and NPSZnBK and arranged in a randomized completed block design with three
replications. Nitrogen and phosphorus were adjusted to the location specific recommended rates using
urea and NPS respectively. Potassium was applied as a straight fertilizer at the rate of 150 kg KCI ha™.
All other nutrients were applied at planting while nitrogen was applied in splits; half at planting and half
at forty five days after planting. Giranal sorghum variety was used as a test crop for both districts.
Composite soil samples were collected from 0-20 cm depth to determine selected soil parameters
following standard laboratory procedures. Agronomic data were also collected and subjected to analysis
of variance using SAS software and mean separation was done using least significant difference at 5%.
The available phosphorus (33 to 45 ppm) and exchangeable potassium (4.9 to 5.6 cmolckg™) contents of
the soil in both districts were very high. While the total nitrogen and organic matter contents were low for
both districts. In addition, sorghum grain yield was not significantly affected by the application of
potassium, boron and zinc containing fertilizers at Kobo and Dawa-Chefa districts. Moreover, in support
of the crop response and soil analysis, the soil fertility map developed for the exchangeable potassium
content (excluding the K:Mg) showed that more than 70% of Kobo and 99% of the Dawa-Chefa have
optimum and more exchangeable potassium content. Therefore, special attention should be given to
improve the soil organic matter content and nitrogen fertilizer management to boost sorghum vyield.
Moreover, the soil fertility map of the region as well as of the study districts should be refined and

improved based on reliable data.

Keywords: Fertilizer, Grain yield, Kobo, Potassium, Sorghum, Total nitrogen
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Introduction

The agriculture sector in Ethiopia is dominated by smallholders, who until recently used
little technology and rely predominantly on traditional practices. Soil fertility is highly depleted
from time to time due to many factors among others loss of the top soil by erosion, nutrient
leaching, continuous residue removal, competing use of organic residues for different purposes.
However, the status of the soil fertility of the country in general and of the region in particular
was not known. Ethiopian Agricultural Transformation Agency was established since 2012 and
brought soil fertility to the front and make an issue by the policy makers. MOANR and ATA
developed soil fertility map of the country and regions since 2014 to 2016. The soil fertility map

of Amhara region was finalized in 2016 identifying seven fertilizer types for the region.

Sorghum (Sorghum bicolor L. Moench) is the most important cereal crop in Ethiopia,
Ambhara region, North and South Wollo zones in area coverage and total production. In Amhara
region, sorghum ranked second in area coverage following teff and third in total production
following maize and teff (CSA, 2017/18). In North Wollo zone and Oromo special zone it
ranked first both in area coverage and total production (CSA, 2016/17). Kobo and Dawa-Cheffa
districts are the potential areas of the North Wollo zone and Oromo special zone where sorghum
is largely produced (Aleminew et al., 2015). However, the yield attained per hectare was and is by far

below the national and regional average as well as the attainable yield (CSA, 2016/17 and CSA, 2017/18)

due to poor soil fertility and nutrient management coupled with moisture stress.

Based on the initial soil fertility map, different blended fertilizers and K were
demonstrated on farmers field by MoANR and ATA since 2014. The final soil fertility and
potassium status maps developed by Ministry of Agriculture and Natural Resources and
Agricultural Transformation Agency (MoANR and ATA, 2016) showed that Amhara soils are
47% deficient in NPSZnB, 46% in NPSB, 94% in K and 100% in N. The map also showed that
soils of Kobo district are 95% deficient in potassium, 45% deficient in NPSZnB, 35% deficient
in NPSZn, 15% deficient in NPSB and 5% deficient in NPS and Dawa-Chefa district is 95%
deficient in potassium, 75% deficient in NPSB and 20% deficient in NPS. Farmers in the country
and the region were advised by the Ministry and ATA to apply new blended/compound
fertilizers based on the fertility maps to the specific locations and 100 kg KCI ha? to all

cultivated lands in Amhara region without research data. However, the previous and recent
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research reports didn’t support the recommendations (Murphy, 1968; Tadele et al., 2008; Tadele
et al, 2018). Therefore, the present investigation was undertaken to examine the crop response to

potassium, boron and zinc fertilizers in relation to soil fertility map of the districts.
Material and methods
Description of the study sites

The research was conducted at Kobo and Dawa-Cheffa districts (where sorghum is
widely grown) in the Eastern Amhara region in 2017/18 main cropping season. Kobo is located
540 km Northeast of Addis Ababa and 420 km east of Bahir Dar the national and regional
capitals respectively. The geographical location of Kobo district lies between 12° 08’N latitude
and 39° 28’E longitude at the elevation of 1468 m above sea level. The district receives a mean
annual rainfall of 630 mm, and the mean maximum and minimum temperatures of 29 °C and
15°C respectively with considerable year to year variation. The area is characterized by seasonal
moisture stress and erratic rainfall. Dawa-Cheffa is also located about 325 km away from Addis
Ababa to the Northeastern direction and 595 km east of Bahir Dar. The geographical location of
the district lies between 10°01” to 11°25” N latitude and 39°41° to 40°24° E longitude with an
altitude ranges from 1000 to 2500 meters above sea level. The district receives mean maximum
temperature of 33°C and minimum temperature of 12°C. The mean annual rainfall of the area
ranges from 600 to 900 mm with a long heavy rainy season from June to September and a short

rainy season from March to May.
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Recommended Fertilizers for Kobo Woreda

1D Kebele Name 1D Kebele Name
1A Aram. edami 31 Werke Gebeya
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Recommended Fertilizers for Dewa Chefa Woreda

ID Kebele Name ID Kebele Name

Figurel. Soil fertility maps of Kobo and Dawa-Cheffa district respectively (source; ATA and MoANR, 2016).

Treatment setup
The treatments used for the research were:

NPS
NPSK
NPSBZn
NPSKBZn
Treatments were arranged in a randomized complete block design replicated three times.

> w0 e

The site specific recommended NP which was adjusted by urea and NPS were used uniformly
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for all treatments for both districts. Nitrogen, 69 kg ha* and 69 kg ha™ P,Os were used for both
districts. The rate of KCI was 150 kg ha-!. Nitrogen was applied by splitting half at planting and
half at knee height. The whole rates of phosphorous and potassium chloride was applied at
planting. Foliar application of B and Zn fertilizer at a rate of 1 kg ha™. Borax and 1 kg/ha Zinc
Sulphate was used. The plot size was 24 m? (4.8m by 5m) for both districts. The space between
plots and replications were 1m each. Soil and crop management practices were applied during
the growth period of the crop uniformly to all treatments. Girana one Sorghum variety was used
as a test crop for both districts with a spacing of 75 cm between rows and 15cm between plants.

Soil Sampling and Analysis

Composite soil samples were collected from 0-20 cm depth from each farm before
planting. The collected Samples were air-dried and ground to pass a 2 mm sieve for the
determination of most soil parameters except total nitrogen and organic carbon which were
determined from samples passed through 0.5 mm sieve. Soil texture was determined by
hydrometer method (Bouyoucos, 1962). The pH of the soils was measured in water (1: 2.5 soils
to water) (Page et al., 1982). The organic carbon content of the soil was determined following
Walkley and Black procedures (1934). The total nitrogen was also determined by Kjeldahl
method (Bremner and Mulvaney, 1982). The available soil phosphorus was determined by the
Olsen method (1954). While exchangeable potassium was extracted by ammonium acetate at pH

7 (Sahlemedhin and Taye, 2000) and determined by Atomic Absorption Spectrometer.

Agronomic data collection

The whole plants were harvested from the net plots excluding the border rows, sun dried
and dry biomass per plot and per hectare was determined. Then the harvest was manually
threshed and the grain was separated from the straw and grain yield per plot and hectare was
determined. The moisture content of the grain was measured using moisture tester during
threshing and the final yield was adjusted to 12.5% moisture content

Data analysis

All collected data were subjected to the analysis of variance using SAS version 9.3 and

means were separated using least significant difference (LSD) at 5% significance level.

19



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Results and Discussion
Soil physico-chemical properties of the study sites

The analysis of variance showed that the soils of both district were clay in texture (Table
1). The soil total nitrogen content ranges from 0.08% to 0.1% and 0.1% to 0.25 % for Dawa-
Cheffa and Kobo respectively. Based on the classification made by Tekalign, (1991), the total
nitrogen content for Dawa-cheffa was low and for Kobo was medium. The soil organic matter
content for soils of Dawa-Cheffa ranges from 0.7% to 2.8 % and classified as low to medium
level while that of soils of Kobo ranges from 0.88% to 2.2%, and categorized under low content
(Berhanu, 1980). The available phosphorus was ranged from 33.0 ppm to 45.05 ppm for both
districts indicating that the available phosphorus content very high in both districts (Marx et. al.
1999, Landon, 1991). The exchangeable potassium also ranges from 4.97 to 5.6 cmolckg™* for
Dawa-cheffa and 5.1 to 5.6 cmolckg? for Kobo. The level of exchangeable potassium for the both
districts was very high (FAO, 2006) and hence crop response to potassium fertilizer is
questionable. The soil reaction (pH) of the two districts was ranging from 6.6 to 6.8 and 6.5 to
6.8 for Dawa-Cheffa and Kobo study areas respectively. The soil reaction of both districts was
neutral and suitable for any agricultural activity.

Table 1: Soil physic-chemical properties of the study sites before planting

Site pH OM (%) Available P T.N (%) Ex. Textural
(ppm) K(cmolckg?)  class

Dawa-Cheffa  6.6-6.8 0.7-2.8  33.55-45.05 0.08-0.10 4.962-5.60 Clay

Kobo 6.5-6.8 0.88-2.2 33.85-44.45 0.10-0.25 5.081-5.60 Clay

Note: pH = power of Hydrogen; OM = organic matter; T.N = total nitrogen; P = phosphorus; Ex.K = exchangeable

potassium

Effect of potassium and micro nutrients on straw and grain yields of sorghum

The overall results of this research showed that there was no statistically significant
straw and grain yield differences (p > 0.05) among and between the treatments for both districts
(Table 2,3,4 and 5). The result is in line with the previous validation study made at the same
locations by Abebe and his friends (under publication) and Tadele et al., (2008) and Tadele et al.,
(2018) who reported that there was no significant crop responses to the application newly
intrduced fertilizer products (K, B and Zn) to the country in general and Amhara region in

particular including. The soil analysis results also showed that the level of potassium was above
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the critical limit which strength the yield response (Table 1). In addition, the soil fertility status
map for both districts showed that exchangeable potassium excluding K:Mg ratio was optimum
and more than optimum for more than 90% of the districts (MOANR and ATA, 2016). Adequate
plant nutrition with micronutrients depends on many factors including the ability of the soil to
supply these nutrients, rate of absorption of the nutrients to functional sites and nutrients
mobility within the plants. In support of our result, EFMA, (2003) stated that in soils with
adequate amounts of potassium readily available to plant uptake was higher and there may be no
response to the application of the nutrient. However, if the nutrients are insufficiently available
in the soil, many scholars reported that the response to their application could have resulted in
higher grain and biomass yields (Nataraja et al., 2006; Chaudry et al. 2007; Dash et al., 2015;
Gitte et al., 2005; Nadim et. al., 2011; Sultana et al., 2016; and Choudhary et al., 2017).

Table 2. Effect of treatments on grain yield (kg ha!) at Kobo

Treatment Farm 1 Farm 2 Farm 3 Farm 4 Mean
NPS 5025 2688 1971 5182 3717
NPSK 5046 3628 2010 4745 3830
NPSBZn 5058 3272 3014 4797 4035
NPSKBZn 4880 3841 2344 4929 3993
LSD (5%) NS NS NS NS NS

CV (%) 20.0 19.1 23.2 8.9 21.2

Table 3. Effect of treatments on biomass yield (kg hal) at Kobo

Treatment Farm 1 Farm 2 Farm 3 Farm 4 Mean
NPS 10103 6322 5747 12205 8594
NPSK 10250 6369 5544 11522 8421
NPSBZn 10070 6459 5583 12632 8916
NPSKBZn 9394 6275 5923 12272 8460
LSD (5%) NS NS NS NS NS
CV (%) 15.6 18.7 15.6 21.2 20.3
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Table 4. Effect of treatments on grain yield (kg ha') at Dawa-Cheffa

Treatment Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Mean
NPS 4412 6860 3373 5690 3342 4852
NPSK 4754 6189 3397 4907 3587 4567
NPSBZn 4190 6520 3320 5803 3701 4707
NPSKBZn 4084 6845 3169 5682 3950 4763
LSD (5%) NS NS NS NS NS NS

CV (%) 14.9 10.5 10.3 11.2 9.5 134

Table 5. Effect of treatments on biomass yield (kgha™) at Dawa-Cheffa

Treatment Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Mean
NPS 8719 13414 8564.1 16516 9587 11360
NPSK 10573 16269 6982 14898 10614 11867
NPSBZn 8788 11973 6813 12784 11397 10351
NPSKBZn 10318 12848 7047 16428 12080 11744
LSD (5%) NS NS NS NS NS NS

CV (%) 20.4 15.2 19.3 14.3 24.9 17.98

Conclusion and Recommendation

In general, the result indicated that application of potassium, zinc and boron containing
fertilizers to the soils of these districts didn’t have impact on yield increment. Hence, capitalizing
mainly on the application of crop and site specific recommended nitrogen and phosphorus are
still remaining central to the yield increment in both districts. Moreover, improvement of the soil
organic matter base is also helps the improvement of nitrogen and phosphorus and other macro
and micro nutrients. Moreover, the soil fertility status map developed for the region by MoANR
and ATA in 2016 should be revised based on the feedbacks from the research system in a larger
scale. However, the status of these nutrients should be monitored periodically for they could be

yield limiting sometimes in the future if the soil is not well maintained.
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Abstract

Unlike studies on validation the effect of new fertilizer products on major cereal crops,
the final soil fertility map developed by Ministry of Agriculture and Natural Resources and
Agricultural Transformation Agency revealed that 94% of the arable land in Amhara region is
deficient in potassium. Based on the map and few studies without data, application of 100 kg KCI
ha! was recommended and demonstrated to the farmers. Thus, this experiment was conducted in
2017/18 main cropping season to verify the response of sorghum to potassium, zinc and boron
containing fertilizers in Wag-Lasta, Northeastern Amhara Region. The treatments were: NPS,
NPSK, NPSZnB and NPSZnBK, (N and P were adjusted to the location specific recommendation
using urea and NPS respectively). All nutrients were applied at planting except nitrogen which
was applied in split (half at planting and half at knee height). Potassium was applied as a
straight fertilizer at the rate of 150 kg KCI ha™. The treatments were arranged in a randomized
completed design with three replications. Composite soil samples were collected from 0-20 cm
depth to determine some soil parameters following standard procedures. All agronomic data
were collected and subjected to the analysis of variance using SAS software and significant
means were separated using least significant difference (LSD) at 5%. Analysis of variance
revealed that application of potassium, zinc and boron containing fertilizers had no significant
effect (P>0.05) on sorghum yield and yield components at all locations. The laboratory results
also indicated that the exchangeable potassium content of the soils of the study sites lies between
high to very high. The result disagrees with the soil fertility map which showed more than 98%
of potassium deficiency and more than 80% NPSZnB deficiency at Wag_Lasta. Hence, currently,
application of the recommended nitrogen and phosphorous fertilizers rates with organic inputs

can significantly increase the yield of sorghum at Wag-Lasta.

Key words: fertilizer, grain yield, potassium, sorghum, zinc
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Introduction

Agriculture in Ethiopia contributes 34% to the GDP, 90% to the export commodity
and 85% employment opportunity (UNDP, 2018). However, the sector is not effective due to
low soil fertility and inappropriate nutrient management practices. The history of fertilizer use in
Ethiopia dates back to the early 1950s (Murphy, 1968). For the last half a century, Ethiopian
agriculture solely depended only on urea and di-ammonium phosphate (DAP). The soil fertility
map of Ethiopia developed by Ministry of Agriculture and Natural Resources and Agricultural
Transformation in 2016 indicated multi nutrient deficiency (including N, P, K, S, B, and Zn) and
recommended different fertilizer formulations containing these nutrients (MoANR and ATA,
2016). Based the soil fertility map, new fertilizer products were introduced to Ethiopia and
widely demonstrated to the farmers. The soil fertility map indicated that soils of Wag-Lasta were
nearly 80 % deficient in NPSZnB, 47% in NPSB and 98% in K. Ministry of Agriculture and
Natural Resources and Agricultural Transformation Agency widely advocated and demonstrated
the application of new fertilizer products based on the soil fertility map and 100 kg KCI ha to
each parcel of land under crop production without proved scientific evidences. However, the
result of nutrient omission trials and validation studies on new fertilizers across the region on
different crops indicated that potassium and new fertilizer products had no effect on the yields of
the studied crops, (Tadele et al., 2008; Tadele et al., 2018).

Sorghum (Sorghum bicolor L.) Moench] is a viable food grain for many of the World’s
most food insecure people who live in marginal areas with poor and erratic rains and often poor
soils. Sorghum is a major staple food crop, ranking third after teff and maize in Ethiopia, second after teff
in Amhara region and first in Waghemra in area coverage. However, the current sorghum yield at
Waghemra (1.5 t hal) is by far below the national (2.5 t ha) and regional (2.4 t hal) average
(CSA, 2016/17). This low yield is attributed to moisture stress and poor soil fertility (Wortmann
et al., 2006), inappropriate inorganic fertilizer management (Workat and Merssie, 2018). Hence,
to improve the yield of this important crop to Waghemra, appropriate application of inorganic
fertilizers and verification of the recommended blend and straight fertilizer types and rates is
highly important.

Therefore, this study was conducted to verify the response of sorghum to potassium, zinc

and boron containing fertilizers.
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Materials and methods
Description of the study area

The research was conducted in 2017 main cropping season in Sekota and Lasta districts
in Northeastern Amhara region. The geographically Sekota district is located at 12°43°38’N
latitude and 39°01°08’’E longitude with an altitude of 1915 meters above sea level and Lasta
district is located in 11° 58’ 50.15*” N latitude and 38° 59’ 03.22"°E longitude with altitude of
1966 meters above sea level. The districts have uni-modal rainfall occurring in June to August.
The districts receive 674mm (Sekota) and 818mm (Lasta) rainfall per annum. The maximum and

minimum average temperature of Sekota was 27°C, 13 % and of Lasta was 25 °C, 14 °C.

The dominant soil type at Sekota was Eutric Cambisols while at Lasta were Eutric
Cambisols and Vertic Cambisols. The farmers use to plow their land by a traditional oxen drawn
local implement (Maresha) since many centuries. The farming system of the districts was crop

livestock mixed farming.

Recommended Fertilizers for Sekota Woreda

Figurel: Soil fertility map of Sekota district (MOANR and ATA, 2016)
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Recommended Fertilizers for Lasta Woreda

ID Kebele Name ID Kebele Name
Fertilizer Tvpcs 1 Abune Yosefe 11 Nakuto Le Ab
- 2 Bilbela 12 Shalo Giyorgis
NPSB 3 Degosach 13 Shumisheha
NPSBCu 4 Debre Loza 14 Sorba
- 5 Genete Mariyam 15 Tadiyos Amiba
- NPsZa 4 6 Getere Medana Ameba Tsion 16 Telfetit
B vz L] "' 7 Grareya 17 Wedebea

8 Geleset 18 Yimrah
9 Anejefate 19 Lalibela Town
10 Medage

NPSZnBCu

fierlzee i recTmm)

Figure 2: Soil fertility map of Lasta district (MOANR and ATA, 2016).

Experimental design and treatments

The treatments were comprised of NPS, NPSK, NPSZnB and NPSZnBK, arranged in
randomized complete block design with three replications. Nitrogen and phosphorous were
adjusted to the location specific rates using urea and NPS. The recommended N and P for
sorghum at Sekota was 46 kg N and 23 kg P2Os ha™ and at Lata was 23 kg N and 23 kg P2Os ha
. Except nitrogen, all nutrients were applied basally at planting while N was applied in split;
half at planting and half at knee height. Potassium was applied at a rate of 150 kg KCI ha™* while
B and Zn were applied as blend (NPSZnB).

The gross plot size was 18.75m? (3.75 m X 5 m) and consisted of 5 rows. A distance of
1m was left for both between plots and blocks. Spacing of 75 cm by 15 cm was used between
rows and plants, respectively. The tested sorghum variety was Miskir. All recommended
agronomic crop management was done for all treatments uniformly in their own appropriate

time.
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Agronomic data Collection

The average plant height was measured by taking five random representative plant
samples from each plot measuring the height from ground to tip of head by tape meter and the
average was recorded as plant height. Sorghum head length was also measured using tape meter
from five randomly selected representative heads and the average was recorded as head length.
The above ground dry biomass and grain yields were measured after harvesting the whole plants
from the net plots leaving the border rows to avoid border effect, sun drying until constant
weight was attained and then biomass yield was determined in kg per plot and then finally
converted to t ha. The grain yield was determined after manually separating the grains from the
straw and recorded as grain yield in kg per plot and in kg per hectare. The moisture content of
the grain was measured by moisture tester and finally the actual grain yield was adjusted to

standard moisture content 12.5%.

Soil sample collection, preparation and analysis

Representative composite soil samples were collected before planting from 0-20 cm soil
depth from each trial site using augur soil sampler. Each composite sample was made of five
sub-samples. The soil samples were air dried, passed through 0.5 mm sieve for total nitrogen and
organic carbon determination and through 2 mm sieve for the other soil parameters. Labeled and
submitted to the laboratory for nutrient analysis following the standard laboratory procedures.

Soil reaction (pH) was measured from filtered suspension of 1:2.5 soil to water ratio
using a glass electrode attached to a digital PH meter (Van Reeuwijk, 1992). Soil Organic carbon
was determined following the wet digestion method as described by Walkley and Black (1934).
Percentage of soil organic matter was determined by multiplying soil organic carbon value by
1.724. Total nitrogen was determined by the micro-Kjeldahl digestion, distillation and titration
method (Jackson, 1958). Available phosphorus was determined following the Olsen method
(Watanabe and Olsen, 1965). Exchangeable potassium extracted by ammonium acetate at PH 7
method (Sahilmedihen and Taye, 2000). Sulfur was also determined by Turbidity method and

soil texture determined by hydrometer method.
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Data analysis

All data were subjected to analysis of variance using SAS software version 9.0 and
significant treatment means were separated using the Fisher’s Least Significant Differences test
at 5% level of significance.
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Results and Discussion
Soil physic chemical properties analysis result at planting

The analysis of variance revealed that mean soil pH of the trial sites ranged from 5.8 to
6.1 (Table 1) which is moderately acidic but suitable to most crop types except to the most

sensitive ones (Tekalign, 1991).

Tablel. Soil data before planting

Av.P  Exch.K
Site PH EC %0C %OM %TN  ppm Cmolckg? S. ppm Textural class
Tiya 6 0.12 0.80 1.38 0.03 4.79 1.26 6.53 sandy loam

Q/Abeba 6.1 014  0.49 0.84 0.05 2324 086 7.82  sandy loam
Sayda 6 0.12 0.47 0.81 0.02 840 0.88 7.54  sandy loam

Shumsha 5.8 0.14 0.49 0.84 0.04 1568 135 5.34 sandy clay loam
Rubariya 5.8 0.12 0.45 0.77 0.04 7.43 0.85 5.02 sandy loam

Woleh 58 014 037 0.64 0.04 7.37 0.84 6.74  loamy sand
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Table 2. Effect of potassium, Zinc and Boron fertilizers on plant height and head length of
sorghum at Sekota district

F/selm Rubariya Sayda Tiya Woleh

Trts.

PH.cm HL.cm PH.cm HL.cm PH.cm HL.cm PH.cm HL.cm PH.cm

HL.cm

NPS

157.97  18.56 164.07 184 90.81 12.55 13465 17.33 147.8 21.07
NPSK 152.17  17.88 160.07  18.46 10141  13.26 142.05 16.81 155.48 19.87
NPSZnB  158.22  18.24 166.17 20.4 86.18 12.75 141.2 17.46  150.4
NPSZnBK 149.12  18.46 156.27  17.92 91.51 12.73 138.18 17.13  158.12 19.51

21

LSD 5% NS NS NS NS NS NS NS NS NS
CV (%) 2.62 2.48 3.1 4.02 5.61 9.47 2.84 1.48 7.8

NS
5.6

Effect of potassium, boron and zinc fertilizers on plant height and head length

Potassium, zinc and boron fertilizer had no significant effect (p >0.05) on plant height
and head length of sorghum in Sekota and Lasta districts (Table 2 and 4). The biological data
confirms the soil data indicated Table 1 that there was no response due to the application of K for
it is sufficiently available in the soil. But, hadn’t potassium available in the soil, the growth of
the crops get stunted and the yield will highly reduce. In addition, Zinc and boron play great role
for plant growth and development but in the case of experimental fields they had no significant
effect on the growth and development of sorghum. Our finding is contrasting with the findings
of Saif et al..,(2017), who reported significant increase in sorghum plant height due to boron and
salinity and their interactions The present study also disagrees with the report made by Bayu et
al., (2006) as cited by (Menamo, (2016). Unlike our study, Pholsen and Somsungnoen, (2005)
also reported that an increase in N and K rates significantly increased most growth parameters of
sorghum plants. The response due to application of potassium in the previous studies was in soil
where potassium was not sufficiently available unlike to our study sites. Therefore, application
of potassium to a soil with high and very contents may lead to the reduced uptake of other

cations including calcium and magnesium.
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Table 3. Effect of potassium, Zinc and Boron fertilizer on grain yield of sorghum at Sekota district

F/selam Rubriya Sayda Tiya Woleh

Trts GY. Kgha-! GY. kgha-! GY. kgha-! GY.kgha-!  GY. kgha-!
NPS 1480 2670 960 1420 3230
NPSK 1370 2560 620 1570 3070
NPSZnB 1240 2610 510 1460 2910
NPSZnBK 1230 2.00 720 1450 3100

LSD (5%) NS NS NS NS Ns

CV (%) 5.87 4.5 16.19 4.01 4.8

Table 4. Effect of potassium, Zinc and Boron fertilizer on plant height and head length of sorghum at
Lasta district

G/Mariam Q/abeba 1 Q/abeba2 Shumsha
Trts. PH.cm HL.cm PH.cm HL.cm PH.cm HL.cm PH.cm HL.cm
NPS 159.39a 18.83  140.47 18.82 131.1 17.4 158.4 21.26

NPSK 146.27b 17.93  146.47 20.16 131.3 16.16 171.31 22.53
NPSZnB  146.47b 17.33  143.27 17.36 126.36 17.4 164.91 22.26
NPSZnBK 147.53b 1743  145.87 18.9 132.84 17.2 149.96 18.58

LSD5% 7.4 NS NS NS NS NS 16.05 NS
CV (%) 6.9 3.68 2.6 4.4 2.31 2.82 2.75 9.1

Effect of potassium, boron and zinc containing on sorghum grain yield

Application of potassium, zinc and boron containing fertilizers had no statistically
significant effect on sorghum grain yield at Sekota and Lasta districts (Table. 3 and 5).
Relatively higher grain yield was obtained from the application of NPS fertilizer in most
experimental fields. Whereas relatively lower grain yield was obtained from the application of
NPS combined with K, B and Zn. Our finding was in agreement with the soil analysis result
which showed no deficiency of these nutrients. The pH values of the collected soil samples was
in a range suitable for most crops and the micro nutrients under investigation are sufficiently
available and are not in a range limiting crop yield (Table 1). The overall yield was low except at
Shumsha, Rubariya and Woleh due to poor soil fertility status and moisture deficit. But, the yield

at Shumsha and Rubariya was similar with the yield reported by Workat and Merssie, (2018)
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(3.8 and 2.96 t ha'*) by applying 23 kg N and 23 kg P.Os ha for Shumsha, and 46 kg N and 23
kg P20s ha'™.

Though potassium, boron and zinc have numerous advantages in plant anatomy,
physiology and yield, their application to sorghum had no significant effect on the increment of
grain yield at Wag_Lasta was because the nutrients are found in sufficient amount and may
antagonize with other macro and micro nutrients if applied excessively. Therefore, the farmers in
the study area and similar agro ecologies can improve the sorghum yield by proper application of
the recommended nitrogen and phosphorus rates for the sites together with organic fertilizer
sources for the sub region is known for its moisture stress, poor organic matter base, poor soil
fertility, and continuous biomass removal due to free grazing and other competitive uses of the
residue. The finding is in agreement with the previous studies (Tadele et al., 2008; Tadele et al.,
2018). Our nutrient omission trial conducted at Dehana and Lasta districts showed that
application of 72 kg KO ha™ or 120 kg KCI ha™) had insignificant effect on teff and wheat
yield. Similarly, Yihenew et al., 2007), investigated that the response of potato tuber yield to

potassium levels had negative relationship with soil K status in western Amhara Region,

Table 5. Effect of potassium, Zinc and Boron fertilizer on grain yield of sorghum at Lasta district

G/Mariyam Q/abebal Q/abeba2 Shumsha

Trts GY. kgha't GY. kgha't GY. kgha't GY. kgha't
NPS 1710a 1080 1200 3300
NPSK 1040b 1240 860 4010
NPSZnB 940b 910 940 2860
NPSZnBK 1406a 1140 1090 3160

LSD (5%) 0.3 NS NS NS

CV (%) 8.4 11.75 14.16 8.43

Our result is also contradicting with soil fertility map of Sekota and Lasta districts, which
showed 98% deficiency in potassium and 80% deficient in NPSZnB. This implies that the
amount of K, Zn and B available in the soil is adequate to provide for optimum crop growth,
development and yield, in the areas. In addition, our result was not in line with that of Redai et
al., (2018); Gebrekorkos, et al., (2017), who reported application of the blended fertilizers

significantly increased sorghum grain yield of in Tigray Region.
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On the other hand, many scholars reported that sorghum yield increment was merely due
to the application of appropriate rates of nitrogen and phosphorus than the application of other
nutrients (Nebyou and Muluneh, 2016; Legesse and Gobeze, 2015; Gebrekidan, 2003; Berhane,
2012; Ashiono et al., 2005).

Conclusion and Recommendation

Application of K Zn and B containing fertilizers had insignificant effect on plant
height, head length and grain yield of sorghum, in Sekota and Lasta districts indicating that
application of these nutrients to sorghum had no advantage than incurring additional costs to the
farmers and the regional government for no return. Even, studies indicated that there is no or low
response of lowland crops to phosphorus application. But, until further investigation is made on
the response of crops to phosphorus application in the lowlands of Amhara region, application of
the site and crop specific nitrogen and phosphorus rates together with organic fertilizers should
be made to increase crop yield and feed the highly increasing population of the region.
Moreover, since the soil fertility map widely disagreed with the field fact for it was developed
not based on our own nutrient critical levels, developing our own nutrient critical levels should
be top priority and refinement of the map to a larger scale should also be mandatory. The
potassium map should also be corrected based only on the exchangeable potassium data avoiding
the K:Mg ratio which couldn’t serve our purpose. Furthermore, periodic monitoring of these

nutrients is crucial for they may be yield limiting in the future.
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Abstract

The final soil fertility status map developed for Amhara region by Ministry of Agriculture
and Natural Resources and Agricultural Transformation Agency in 2016 indicated 100% of the
soils of Jamma and Meket districts are deficient in potassium and other new fertilizer
combinations. However, previous studies showed that there was no response to these nutrients.
Therefore, this study was conducted in Eastern Amhara, at Meket and Jamma districts in 2017 cropping
season to verify the response of bread wheat (Dinkenesh variety) to potassium, Boron and Zinc
containing fertilizers. The experiment consists of four treatments including: NPS, NPSK, NPSBZn and
NPSKBZn arranged in a randomized complete block design replicated three times. Nitrogen and
phosphorus were adjusted by urea and NPS to the recommended rate of location and the crop and were
uniformly applied to all treatments. Potassium was applied as a straight fertilizer at the rate of 150 kg
KCI ha™. Nitrogen was applied in two splits half at planting and half at tillering, while the other nutrients
were applied at planting. Composite soil samples were collected from 0-20 cm depth for the
determination of selected soil properties. All collected agronomic and soil data were subjected to the
analysis of variance using SAS version 9.0 (2004) and significant means were separated using
least significant difference (LSD) at 5% level. The exchangeable potassium contents ranged from
1.70 to 5.81 cmolckg™ for Meket and 4.86 to 6.00 cmolckg™ for Jamma and lies in a very high
category. The available phosphorus contents also ranged from 23.1 ppm to 31.2 ppm for Meket
and from 39.4 ppm to 54.8 ppm for Jamma and placed in a very high category. Whereas, the
total nitrogen and organic matter contents were in a low category for most samples and in
medium category for a few. The difference among the treatments in sorghum grain and biomass yields
was not statistically significant (p > 0.05) indicating that special attention should be given for the
improvement of nitrogen and organic matter contents than potassium, boron and zinc to increase

sorghum yield. The soil fertility status map should also be improved to a better scale.

Key words: Boron, fertilizer, potassium, soil fertility map, zinc
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Introduction

Ethiopia is endowed with abundant agricultural resources and has diverse ecological
zones. The two dominant agricultural systems in Ethiopia are the mixed agriculture of the
highlands, where both crops and livestock production are integrated, and pastoralism in the
lowlands. Agriculture in Ethiopia accounts for about 34.8% of the gross domestic product (GDP)
(CIA World Facebook, 2019). However, the production and productivity of the country is highly
affected by poor soil fertility resulted in severe deforestation, top soil erosion, over grazing and
mining of nutrients. To curb the situation there is a positive response to the applications of
nitrogen and phosphorous fertilizers for most crops under all agro ecologies. However, there has
been a lack of crop response to potassium and new fertilizer blends (Murphy, 1968; Tadele et al,
2008; Tadele et al., 2018). Contrary to the reports from the aforementioned authors, the final soil
fertility status map developed by MoANR and ATA, (2016), showed that 94% of the soils of
Amhara Region are deficient in potassium content. Tena and Beyene (2011) also reported that
potassium was deficient in Ethiopian soils. The soil fertility status map shows that Jamma soils
are 100% deficient in potassium and 100% deficient in NPSB and NPSZnB while soils of Meket
were 99% deficient in potassium and 99% deficient in NPSB and NPSZnB (MoANR and ATA,
2016).

Different scholars reported that Ethiopian soils are not deficient in potassium and micro
nutrients and rich enough to supply the crop demand (Tadele et al., 2018; Abebe et al., 2019,
under publication). Blended fertilizers which contain potassium were introduced in different
ways to the country starting from 2014 as a balanced fertilizer (Birhane et al, 2017) to all areas
of the region including Jamma and Meket districts. MOANR and ATA recommended the
application of 100 kg KCI ha throughout the districts regardless of crop type and agro-ecology
without proven scientific evidence. Based on this the farmers were directed to apply 100 kg KCI

ha* to his land for no return.

Hence, Amhara Agricultural Research Institutes developed a regional project to verify the
responses of different crops including bread wheat to potassium, boron and zinc containing

fertilizers.
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Material and methods

Study site

The research was conducted on farmers’ field at Meket and Jamma districts in the Eastern
Ambhara region in 2017/18 main cropping season. Jamma is located about 520 km away from the
capital city, Addis Ababa via Dessie, in the north east direction. The geographical location of the
district lies between 10° 23’ to 10° 27’ N latitudes and 39° 07’ to 39° 24’ E longitudes and
altitude of 2630 meters above sea level in South Wollo Zone of the Amhara National Regional
State. The dominant soil type of the district is Vertisols. The soil is characterized by poor
drainage and difficulty to work, but high potential for wheat production with proper soil
management. The mean annual rain fall of the district was 868 mm and the mean minimum and
maximum temperatures were 9°C and 21.6°C respectively. While Meket is located in the western
parts of North Wollo Zone at a distance of about 740 km away from Addis Ababa via Dessie.
The geographic position of the district lies 11° 54’ to 12° 00’ N Latitude and 38° 50’ to 39°10° E
longitude at an altitude of 2650 meter above sea level. The mean annual rain fall ranges from 790
to 1250 mm with the annual average rain fall of 1105 mm. The mean minimum and maximum
temperatures of the district were 12°C and 24°C respectively. The dominant soil type is Regosols
followed by Leptosols and acidic in reaction. Alike Jamma, Meket also receives a unimodal type

of rain fall.

Recommended Fertilizers for Meket Woreda

......

cas where potash fertilizer is recommended

79
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Figure 1. Fertilizer recommended areas of Meket district (Source, MOANR and, ATA 2016).

Recommended Fertilizers for Jamma Woreda

Figure 2. Fertilizer recommended areas of Jamma district (Source: MOANR and ATA, 2016).

Treatment setup

The treatments were composed of NPS, NPSK. NPSBZn and NPSKBZn arranged in
a randomized complete block design (RCBD) with three replications. The site and crop specific
recommended nitrogen and phosphorus for Meket were 69 kg N ha and 69 kg P»Os ha and for
Jamma were 115 kg N ha and 69 kg P20s hal. The recommended N and P were uniformly
applied to all plots. Potassium was applied at the rate of 150 kg KCI ha!. Nitrogen was applied
in two splits half at planting and half at tillering while phosphorus and potassium were applied at
planting. Foliar application of B and Zn fertilizers was done at a rate of 1 kg Borax ha* and 1 kg
Zinc sulphate ha* at fifth week after planting.

The plot size was 25 m? (5 m * 5m) for Meket and 24 m? (4.8 m * 5m) for Jamma. At
Jamma broad bed furrow with 80cm by 40cm was used. The space between plots and
replications were 0.5m and 1 m respectively. Soil and crop management were applied uniformly

to all plots. The test bread wheat variety was Dinkenesh with a seed rate of 125 kg ha™.

Soil Sampling and Analysis

Composite soil samples at a depth of 0-20 cm were collected from each farm at

planting. Samples were air-dried and ground to pass through 2 mm sieve (for the
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determination of most soil properties) and 0.5 mm sieve (for the determination of total N).
Soil texture was determined by hydrometer method (Bouyoucos, 1962). The soils pH was
measured with a glass electrode in water (1: 2.5 soils to water ratio) (Page et al., 1982). The
organic carbon content of the soil was determined following Walkley and Black procedures
(Walkley and Black, 1934). The total nitrogen was determined by Kjeldahl method (Bremner
and Mulvaney, 1982). The available soil phosphorus was determined by the Olsen method
(1954) and Exchangeable potassium was extracted by ammonium acetate at pH 7
(Sahlemedhin and Taye, 2000) and determined by Atomic absorption spectrometer.

Agronomic data collection

Plant height was measured at maturity from five random plant samples of the
harvestable rows from the ground to the tip of the spike. The harvestable rows were
harvested at full maturity, sun dried and weighed to determine the above ground biomass in
kg per plot and then converted to kg per hectare. Then the grains were separated from the
straws and grain yield in kg per plot was determined and then converted to kg per hectare.
The moisture content of the grain was collected simultaneously with the grain yield and

finally the grain yield was adjusted to 12.5% moisture content.

Data analysis

The collected data were subjected to analysis of variance using SAS statistical
software (SAS version 9.0) to evaluate the degree of variations between treatments using.
Significant mean differences were separated using least significant difference at 5% level.
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result which showed very high potassium content result in the soils of both districts and less
likely response to their application (Table 1). Adding potassium, boron and zinc fertilizers did
not bring any observable yield advantage over recommended NP fertilizers. Our finding is in
agreement with Birhane et al., (2017) who reported non-significant yield difference among
potassium rates up to 150 kg ha™.

Table 2. Effect of treatments on grain yield (kgha*) at Jamma

Treatment Farm1l Farm2 Farm3 Farm4 Farm5 Mean
NPS 2991 3014 3798 2834 2925 3112
NPSK 3043 3213 3565 2657 3054 3106
NPSBZn 2663 3179 3569 2922 2823 3032
NPSKBZn 2986 3186 3799 2684 3305 3192
LSD (0.05) NS NS NS NS NS NS

CV (%) 13.1 5.66 8.4 12.88  11.02 14.0

Table 3. Effect of treatments on biomass yield (kgha™) at Jamma

Treatment Farm1l Farm2 Farm3 Farm4 Farmb Mean
NPS 7722 7611 9556 7111 7889 7978
NPSK 7556 8000 8611 6778 7944 7778
NPSBZn 6833 8056 9278 7444 7444 7811
NPSKBZn 7611 7722 9222 6833 8611 8000
LSD (0.05) NS NS NS NS NS NS

CV (%) 12.93 6.36 7.9 9.76 11.51 13.74

Table 4. Effect of treatments on grain yield (kg hat) at Meket

Treatment Farm1l Farm2 Farm3 Farm4 Farm5 Mean
NPS 2885 3011 3787 1943 2906 2906
NPSK 2485 3611 3979 2136 2964 3035
NPSBZn 3070 2944 3883 1877 2550 2865
NPSKBZn 2722 3033 3882 2091 2679 2881
LSD (0.05) NS NS NS NS NS NS

CV (%) 24.32  17.62 4.88 20.12  13.79 27.74
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Table 5. Effect of treatments on biomass yield (kgha*) at Meket

Treatment Farml Farm2 Farm3 Farm4 Farm5 Combined
NPS 8174 7275 10116 5159 7855 7716
NPSK 7391 8588 10652 5870 8290 8158
NPSBZn 8841 7333 9812 5696 6826 7701
NPSKBZn 8087 8529 10638 5768 7739 8152
LSD (0.05) NS NS NS NS NS NS
CV (%) 20.8 17.45 4.42 12.5 13.52 24.59

In addition, our finding didn’t support the soil fertility status map developed for the
districts (MoANR and ATA, 2016) as well as the application of 100 kg KCI ha to each parcel
of agricultural land all over the country and the region recommended by ATA and MoANR. Our
finding was also not in line with the findings of Wassie and Tekalgn (2013) who reported 41%
yield increment over the control due to the application of potassium fertilizer. Unlike our finding,
Piri, (2012) reported yield increment due to the foliar application of micronutrients may be
attributed to sufficient micro nutrient content in the soils of the study areas.

For soils deficient in potassium, zinc and boron, crop yield increased through proper
application of these nutrients (Chaudry et al., 2007; Dash et al., 2015; Gitte et al., 2005; Nadim
et al., 2012; Nataraja et al., 2006; Sultana et al., 2016). Among the micronutrients, Zinc (Zn) and
Boron (B) played key role in pollination and seed setting processes. So, their deficiency can
cause poor seed formation and subsequent yield reduction. However, this effect was not
observed in our study. The importance of potassium and other micronutrients including zinc and
boron for crop production is clear. However, currently wheat is not responding to the application
of these nutrients and resulted in no biological and economic benefits for the famers in the study
districts and similar soil and agro-ecologies. The response to potassium may be attributed to the
highest amount of potassium available in the soil resulting in no yield response due to the
application of additional potassium to the soil (Table 1).

Furthermore, the exchangeable potassium status map developed by MoANR and ATA,
(2016) excluding the K:Mg ratio showed that 99% of soils at Jamma had exchangeable
potassium contents being optimum and above and 85% of soils at Meket had exchangeable

potassium to be optimum and above approving the insignificant yield increment due to the
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application of potassium and micro nutrients. Therefore, the map developed by MoANR and
ATA for the region should be improved based on the feedback from the research system.

Application of potassium, zinc and boron fertilizers are therefore incurring additional cost
to the farmers for no yield advantage over the application of nitrogen and phosphorus.

Conclusion and Recommendation

The overall result of this research showed that application of K, B and Zn containing
fertilizers did not bring significant yield increment over the crop and site and crop specific
recommended nitrogen and phosphorus fertilizers. This indicates that application of
recommended nitrogen fertilizer without the addition of K, B and Zn fertilizers is required to
increase production and productivity of wheat in the study districts. So that K, B and Zn were not
potentially yield limiting nutrients in the study sites and these nutrients were sufficient to support

good crop growth for wheat in both areas where these experiments were conducted.

This study confirmed that for this time no need of potassium, Zinc and Boron fertilizer
in the aforementioned study areas. Moreover, crop response to new fertilizers and the soil

fertility status must be monitored as they will be expected to be yield limiting in the future.
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Abstract

Under most soils, landscapes, and agro-ecologies nitrogen and phosphorus nutrients are deficient and
one of the options to improve crop productivity is using the synthetic fertilizers that contain nitrogen and
phosphorus nutrients. A two year on-farm research was conducted to determine the economical and
biological optimum levels of NP fertilizers on grain vyield and quality of malt barley
(Hordeumdistichon L.) under irrigation in North West Amhara. The experiment was conducted from
2019-2020 at two districts (Mecha and Gugusashekudad) and had 5 rates of N (0, 46, 69, 92 and 115) kg
and 3 rates of P (23, 46 and 69) kg P205 ha-1with one negative (0,0) pilot treatment which was arranged
in RCBD with three replications. IBON (174/03) with 100 kg ha-1 seed rate and Urea for N and TSP for
P source were used. All dose of P was applied at planting; whereas N was applied in three splits equally
at planting, tillering and booting stage of the crop. The trial was irrigated with seven days of irrigation
interval using 40cm furrow width. One composite soil sample for each site was collected at 0-20 cm depth
before planting to understand the state of soil fertility. Maximum grain yield of 3337 and 2284.3 kg ha-1
was attended on 92/23 N/ P205 kg ha-1 and 115/23 N/ P205 kg ha-1 fertilizer combinations at Mecha
and Gugusashikudad districts, respectively. Grain and biomass yields of malt barley showed a significant
response for nitrogen fertilization at both districts. Similarly, at Gugusashikudad district, nitrogen
showed a significant difference on protein contents. However, sole phosphorus and its interaction with
nitrogen were insignificant on the yields and protein contents. Application of 92 and 115 kg N with 23 kg
P205 ha-1 showed the highest net benefit (66,839 ETB ha-1) and (44,285 ETB ha-1) and takes as the
first optimum economical profitable rates with yield advantages of 64% and 194.5% from the control
treatment in Mecha and Gugusashikudad districts, respectively. Therefore, for seed production, it is
better to use 92 and 115 kg N with 23 kg P205 ha-1 at Mecha and Guagusashikudad districts,
respectively. However, for malt purpose 69 and 46 kg N with 23 kg P205 ha-lare recommended at

Mecha and Guagusashikudad districts, respectively.

Keywords: Nitrogen, phosphorus, Fertilizer, Malt barley, Protein content
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Introduction

Ethiopia is the second largest barley producer in Africa, next to Morocco, accounting for about
25% of the total barley production in the continent (FAO, 2014). It is the fifth important cereal
crop next to teff, maize, sorghum and wheat in the country with a mean productivity of2.1 ton ha’
1 (CSA, 2017). More than 4 million smallholder farmers involved barley production (CSA,
2016). Malt barley (Hordeumdistichon L.) in Ethiopia is predominantly grown between 2200-
3000 m a.s.I(Asmare Yallew et al., 1998). It is one of the most important crops for food, feed,
malt and income generation for many smallholder in the highlands of Ethiopia (Bayeh and
Berhane, 2011).

However, the productivity is about 2 ton ha. ORDA, 2008b estimated that about 15,945 ton of
malt barley produced annually in Ethiopia. However, the combined annual malt barley
consumption of the six breweries in the country is estimated about 48,330 ton and is more than
threefold which demand to increase the production capacity of malt barely. Accordingly, about
60% of the malt demand of factories is met through imports (ORDA, 2008a). Low soil fertility
and poor agronomic practices are among the major constraints responsible for the low
productivity of malting barley in Ethiopia (Gete Zelleke et al., 2010).

Most Ethiopian soils are nitrogen and phosphorus deficient (Taye et al., 2002). Synthetic NP
fertilizer application is one the options to improve the productivity of malt barley and hence
satisfy the demands of factories with local production than importing. Nitrogen is critically
important to plants since it is a fundamental part of the chlorophyll molecule and is essential in
the formation of amino acids and proteins. Phosphorus is an essential structural constituent of
various bio chemicals such as nucleic acid (DNA and RNA enzymes and coenzymes).
Deficiency of nitrogen and phosphorus are still one of the factors accountable for low malt yield
production in Ethiopia(Khan et al., 2017). Hence, good soil fertility management practices is
paramount important for all barley production systems (Bayeh and Berhane, 2011). Therefore,
this research was initiated to determine the economical and biological optimum NP fertilizer rate
for seed and malt production under irrigation in North West Amhara, Ethiopia.

Materials and methods

The study was conducted at two districts (Mecha and Gugusa-Shekudad) which are 525km and
435km far away from Addiss Ababa; the capital city of Ethiopia in the north-west direction.
According to Ethiopian traditional agro-ecological classification, Mecha district is classified
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under WeyinaDega (1800 to 2400 m.a.s.l) and Gugusa-Shekudad under Dega (Mekonnen,
2015).
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Figure 1. Map of the study areas

A factorial experiment with 5 rates of nitrogen (0, 46, 69, 92 and 115 kg ha') and 3 rates of
phosphorus (23, 46 and 69 kg P.Osha) was used. One treatment with no fertilizer (control) was
used as pilot. A randomized complete block design (RCBD) with three replications was used.
The experiment was conducted for two consecutive years (2019-2020). The spacing was 1.5m,
0.5m and 0.2m between replications, plots and rows, respectively. Gross plot size was 3.2 m
width and 2m length (6.4m?).

The water was applied in furrows with 40cm furrow width at7 days irrigation interval. IBON
(174/03) variety with 100 kg ha seed rate was used. Urea (46-0-0) and TSP (0-46-0) were used
as a source of nitrogen and phosphorus, respectively. All amount of phosphorus was applied at

planting and nitrogen fertilizer was applied in three splits that was at planting (1/3), tillering
(1/3) and booting (1/3) stages.

55



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Soil sampling, Preparation and Analysis

One composite soil sample before planting was taken from five points following the Non-

Systematic pattern (X- pattern sampling) technique at the depth of 0-20 cm for each site. The

sampled soils were air dried and sieved (<2 mm) for analysis of soil pH, Organic carbon (OC),

Cation Exchange Capacity (CEC), Available phosphorus (AP), and total nitrogen (TN). The soil

analysis was conducted at Adet Agricultural Research Center's Soil Laboratory. From this, soil

pH-H20 was determined in soil-water suspensions of 1:2.5 ratios according to Sahilemedihin and

Taye (2002). AP was analyzed following Olsen method (Olsen, 1954); while TN was analyzed

following the Kjeldahl method (Bremner and Mulvaney, 1982). Wet oxidation method was used

to determine soil OC while cation exchanges capacity (CEC) was determined using ammonium
acetate method. Following this, at Table 1 indicated parameter values were obtained.

As shown in Table 1, the soil pH at all experimental sites ranges from strongly acidic (4.5-5.2) to
moderately acidic (5.3-5.9) according to the scale of Tekalign Tadese (1991). Soil OC values was
also ranged from moderate to high (1.5-3%) according to Tekalign Tadese (1991), whereas CEC
readings ranged from moderate to high (12-40 Cmol/kg) (Hazelton and Murphy, 2007). The TN
found to be in high ranges (0.12-0.25%) according to Tekalign Tadese, 1991. On the other hand,
AP at two sites ranged from (5-10ppm) which is medium range while at other sites it was >10

ppm which is at high rating range (Olsen, 1954).

Table 1.Selected soil properties for the experimental sites before plant

Soil parameters Mecha 2019 Mecha 2020 Gugusashekudad Gugusashekudad
2019 2020

Farm1l Farm2 Farml Farm2 Farml Farm2 Farm1 Farm 2
pH (H20) 5.29 5.54 5.12 5.09 5.95 5.29 5.32 5.68
OC (%) 2.49 2.63 2.07 1.96 2.63 2.76 2.25 2.37
CEC (mg/100g) 1554 1942 2628 27.22 21.7 15.06 28.02 27.16
Total N 0.175 0258 0.190 0.185 0.247 0.161 0.171 0.188
AP (ppm) 10.17 7.79 6.80 14.44 10.28 12.26 10.84 11.01
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Data collection and analysis

Agronomic data like plant height, spike length, harvest index (HI) and all biological yields (grain
+ above ground biomass) were collected at harvest. The grain yield was adjusted to 12.5% of
moisture content. SAS software version 9.0 was used to analyze all collected agronomic data
(SAS Institute, 2002). Least significant difference (LSD) was used for mean separation comparison
at 5% probability. The partial budget analysis was done following CIMMYT( 1988) procedure.
For the partial budget analysis, farm gate prices of the malt barley and the cost of fertilizers were
considered to their specific area. Based on this, 1kg malt barley grain, 1 ton straw, 1 kg Urea and
1 kg NPS fertilizers were considered as 20 ETB, 1000 ETB, 14 ETB and 14.5 ETB, respectively.

Results and Discussion
Yield response to applied N and P

At Mecha both grain and biomass yields of malt barley linearly increased as nitrogen level
increased for both two consecutive cropping seasons (Table 2) which is in line with the findings
of Snezana et al. (2011) and Meharie and Kindie (2019). Although both yields (grain + biomass)
in two cropping seasons showed an incremental trend with N levels, this increment showed a
decreasing incremental rate after 46 kg N ha. In this district, only in the first cropping season
(2019), both grain and biomass yields showed a highly significant difference (p<0.0001) among
treatments due to nitrogen fertilization. But, there was no significant difference between P-rates
for both grain and biomass yields. This might be related to the available soil P with better
temperature in the growing season.

Both nitrogen and phosphorus fertilizer applications didn’t show statistical significant
differences and showed irregular trends on protein contents of malt barley in both
experimentation periods as shown in Table 4. But from malt quality perspective, all readings in
the first cropping season were above critical level (>11.5%) whereas, in the second cropping

season it was below critical level of 11.5% based on Atherton (1984) standardization (Table 4).
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Table 2.Yield response of malt barley to N and Pat Mecha district

Grain yield (kg ha't) Biomass yield (kg ha?)
N Levels 2019 2020 Combined | 2019 2020 Combined
0 1241.4 2087.2 1579.7 2707.9 5868.5 3972.6
46 2619.2 2347.4  2510.7 4746.1 7153.0 5708.7
69 2805.9 2730.1 2775.6 4907.1 7448.2 5923.3
92 2889.9 2868.9 2881.7 5092.6 7917.2 6222.0
115 2885.2 2975.1 29214 5463.7 8091.1 6513.7
LSD (0.05) 496.7 811.2 430.2 952.6 1990.9 1171.0
P05 levels
23 2598.2 2685.7 2633.2 47776 73129 57915
46 2339.2 2566.7 2430.2 4431.1 75625 5683.0
69 2528.2 2553.9 2538.7 4542.0 7010.7 5529.0
LSD (0.05) 384.7 628.5 333.2 7379 1542.1 907.1
P level (5%) NS NS NS NS NS NS
CV (%) 30.1 37.9 33.2 31.3 33.2 40.5
P level (N) o NS o ok NS ok
P level (P20s) NS NS NS NS NS NS
P level N* P,Os NS NS NS NS NS NS

In Guagusa-Shikudaddistrict, both grain and biomass yields of malt barley showed a highly
significant difference (P<0.0001) among treatments with linear increment in both cropping
season due to nitrogen fertilizer application and this result was in line with the findings of De.
Ruiter (1999) and Sainju et al. (2013). Similar to Mecha district, phosphorus as well as the
interaction of nitrogen and phosphorus didn’t show any significant difference among treatments
on the yield and protein contents (Table 3) at Guagusa-Shikudad district. In this district also
increment of both grain and biomass yields due to nitrogen fertilization showed a decreasing rate
after 46 kg N hal.

In this district similar to biological yields, protein content of malt grain showed highly
significant difference (P<0.0001) among treatments due to nitrogen fertilizer application with
linear increment in 2019 cropping season (Table 4). In this cropping season, all protein contents
of grain showed above the critical level (>11.5) based on Atherton (1984). However, in the
second cropping season the protein content didn’t show any significant response for both
nitrogen and phosphorus rates and below the critical protein content. Even though the two

fertilizers had no significant response on the protein content values of the malt grains in this
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cropping season, all readings showed below the critical protein content value (<11.5) which is at

acceptable range of malt quality (Atherton, 1984).

Table 3.Yield response of malt barley to N and P at Guagusa- Shikudad district

Grain yield (kg ha?) Biomass yield (kg hat)
N Levels 2019 2020 Combined 2019 2020 Combined
0 1304.4 907.9 1106.4 3055.6  2199.2 2627.4
46 1752.4 1508.5 1631.0 3634.3 28246 3229.4
69 1982.2 1617.0 1799.1 4236.3  3309.9 3773.1
92 2154.9 1514.4 1835.2 4537.3 3726.4 41325
115 2381.2 1757.1 2068.6 5000.5  4455.6 4728.6
LSD (5%) 439.8 508.1 342.9 751.2 965.0 624.7
P2Os levels
23 1864.4 1538.9 1701.0 3902.6  3465.1  3684.4
46 1838.7 1314.9 1576.2 40835 32784  3680.9
69 2041.7 1530.7 1786.2 4292.3  3166.4  3728.8
LSD (5%) 340.8 393.6 265.6 580.0 747.5 483.8
P level (N*P) NS NS NS NS NS NS
CV (%) 34.6 27.6 43.6 52.4 43.9 36.3
P Ievels (N) ** ** ** * ** **
P levels (P) NS NS NS NS NS NS
P levels (N*P) NS NS NS NS NS NS

Demisie et al. (2015) and Derebe et al. (2018) reported similar result with our finding. Nitrogen
fertilizer resulted a highly significant difference (p<0.0001) among treatments on both grain and
biomass yields of malt barley from the two years combined analysis result at each district with a
linear increment (Table 2 and 3). But this increment is in a decreasing rate as nitrogen rate
increase on both biological yields. Similar to separate years’ result; sole phosphorus and
interaction of N and P fertilizers didn’t show any statistical significant difference of grain and
biomass yields (Table 2 and 3). The non-responsiveness of phosphorus fertilizers on biological
yields of barley may be due to high phosphorus nutrient accumulation in the soil system. The
accumulation may be occurred due to continuous phosphorus containing fertilizer application as
fertilizer sources for the last 50 and more years. By its nature, mobility of phosphorus nutrient
from soil system is too low relative to nitrogen. This is also justified by phosphorus soil data
found in the experimental fields ranged from medium to high ranging. In contrast of this,
whatever the nitrogen level is high in the soil, application of nitrogen as fertilizer sources showed

a significant response on biological yields of barley. This may be due to the fact that, the amount
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of nitrogen determined in the soil was TN and may not be fully available for plant nutrition
during plant growth period.

As shown in combined ANOVA results of each district, protein content showed a significant
difference among treatments due to nitrogen fertilization only at Guagusa-Shikudad district.
Beside of this, application of nitrogen up to 92 kg N ha* at Mecha and 46 kg N ha* at Guagusa-
Shikudad district, protein values found less than 11.5% and this is under acceptable malt quality
rage (Atherton, 1984) (Table 4). From yield potential perspective, both grain and biomass yields
showed nearly a 20% yield penalty per hectare due to furrow spacing in both districts compared
to the rainy season.

Table 4. Response of protein contents (%) of malt barley to N and P

Mecha Guagusa-Shekudad
N Levels 2019 2020 Combined 2019 2020 Combined
0 10.8 9.7 10.4 11.9 10.0 10.9
46 11.6 10.1 11.0 12.0 10.2 11.1
69 11.8 10.3 11.2 12.5 10.6 11.6
92 11.7 9.7 10.9 13.0 10.3 11.6
115 12.5 10.0 11.5 13.5 10.4 11.9
LSD (5%) 1.4 1.5 1.1 0.5 0.8 0.7
P20s levels
23 11.5 9.6 10.8 12.5 10.2 11.3
46 11.9 10.3 11.2 12.8 10.4 11.6
69 11.6 10.0 10.9 12.4 10.3 11.4
LSD (5%) 1.1 1.2 0.8 0.4 0.6 0.6
CV(%) 18.2 18.6 19.4 6.2 11.8 13.7
P level (N) NS NS NS ** NS *
P level (P) NS NS NS NS NS NS
P level (N*P) NS NS NS NS NS NS

Partial budget analysis

All biological yields (grain and biomass) of malt barley showed a highly significant difference
(p<0.0001) among location/districts, which subjects to the analysis of the partial budget for each
district separately. Based on CIMMYT (1988) partial budget analysis principle as shown in
(Table 5 and 6), 92 kg N with 23kg P.Os and 115 kg N with 23 kg P2Os ha™showed the highest
net benefit values (66,839and 44,285 Birr/ha) and takes as the first optimum economical

profitable rates for Mecha and Gugusa-Shikudad districts, respectively. The above combined
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fertilizer rates gave 64% and 194.5% yield advantages over the control (without fertilizer) at

Mecha and Gugusa-Shikudad districts, respectively.
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Urea N P
Nkg  P20skg NPS kgha GY STY Fertilizer fertilizer
ha! hat kghat! 1! (kghal) (thal) Gl cost cost TVC NB Dominance
0 0 0 0 1862 3.6 40851 O 0 0 40851
0 23 60.5 0 1936 2.9 41575 0 878 878 40697 D
0 46 1211 0 1465 2.6 31861 O 1755 1755 30106 D
46 23 60.5 75 2518 3.2 53551 1050 878 1928 51624
46 46 121.1 50 2539 3.5 54330 700 1755 2455 51875
69 23 60.5 125 2695 3.2 57128 1750 878 2628 54500
0 69 1816 O 1474 2.0 31443 0 2633 2633 28810 D
46 69 181.6 25 2690 3.1 56939 350 2633 2983 53956 D
69 46 121.1 100 2957 3.6 62789 1400 1755 3155 59634
92 23 60.5 175 3337 3.4 70167 2450 878 3328 66839
69 69 181.6 75 2911 2.9 61077 1050 2633 3683 57394 D
92 46 121.1 150 2641 3.3 56144 2100 1755 3855 52288 D
115 23 60.5 225 3055 3.5 64643 3150 878 4028 60616 D
92 69 181.6 125 2913 3.6 61826 1750 2633 4383 57443 D
115 46 121.1 200 2893 3.7 61524 2800 1755 4555 56969 D
115 69 181.6 175 3066 3.9 65205 2450 2633 5083 60123 D
N P.Os TVC (ETBha?) NB (ETB ha?) MRR (%)
0 0 40851
46 23 1928 51624 559
46 46 2455 51875 48
69 23 2628 54500 1523
69 46 3155 59634 973
92 23 3328 66839 4180

1kg grain=20 ETB, 1t straw=1000 ETB, 1kg Urea=14 ETB, 1kg NPS=14.5 ETB

Where: GY=grain yield, STY= straw yield, GI=gross income, TVC=total variable costs, NB=net benefits, MRR=marginal rate of return, ETB= Ethiopian birr
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N P

N kg P2Os kg NPS Urea kg STY (t Fertilizer fertilizer
ha' ha kg ha' ha' GY(kg ha') ha?) Gl cost cost TVC NB Dominance
0 0 0 0 652.3 2.0 15037 0 0 0 15037
0 23 605 O 1073.8 1.4 22903 0 878 878 22025
0 46 1211 O 1129.3 1.7 24243 0 1755 1755 22488
46 23 60.5 75 1560.6 1.6 32795 1050 878 1928 30867
46 46 121.1 50 1694.9 1.9 35774 700 1755 2455 33319
69 23 60.5 125 1921.3 2.2 40611 1750 878 2628 37984
0 69 1816 O 1210.8 1.6 25826 0 2633 2633 23193 D
46 69 1816 25 1775.4 15 36982 350 2633 2983 33999 D
69 46 121.1 100 1892.6 2.0 39817 1400 1755 3155 36661 D
92 23 60.5 175 1908.7 2.4 40551 2450 878 3328 37223 D
69 69 181.6 75 1738.0 1.9 36700 1050 2633 3683 33017 D
92 46 121.1 150 1593.3 2.4 34272 2100 1755 3855 30417 D
115 23 60.5 225 2284.3 2.6 48313 3150 878 4028 44285
92 69 181.6 125 2159.5 2.3 45495 1750 2633 4383 41112 D
115 46 121.1 200 1798.2 2.9 38879 2800 1755 4555 34324 D
115 69 1816 175 2301.8 2.7 48698 2450 2633 5083 43615 D
N P.Os TVC (ETB ha?) NB (ETB ha?) MRR (%)

0 0 0 15037

0 23 878 22025 796

0 46 1755 22488 53

46 23 1928 30867 4861

46 46 2455 33319 465

69 23 2628 37984 2706

115 23 4028 44285 450

1kg grain=20 ETB, 1t straw=1000 ETB, 1kg Urea=14 ETB, 1kg NPS=14.5 ETB

Where: GY=grain yield, STY= straw yield, GI=gross income, TVC=total variable costs, NB=net benefits, MRR=marginal rate of return, ETB= Ethiopian birr
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Conclusions and recommendations

In this study, application of nitrogen fertilizer showed a significant response on biological
yields (grain + biomass) at both districts with linear increment. However, sole phosphorus and
interaction of nitrogen and phosphorus fertilizers didn’t show any statistical significant
difference on biological yields (grain + biomass) and malt qualities of malt barley among
treatments at each district. Application of 92 kg N with 23 kg P20s and 115 kg N with 23 kg
P,Os hal showed the highest net benefit values (66,839 and 44,285 Birr/ha) as the first
optimum economical profitable rates with the yield advantages of 64% and 194.5% from the
control treatment at Mecha and Gugusa-Shikudad districts, respectively. The effect of
nitrogen on malt quality of barley grain was found at acceptable range (<11.5) up to 69 N ha™
at Mecha and 46 kg N ha at Gugusa-Shikudad districts, respectively. Accordingly, for the
objective of seed production, it is better to use 92 kg N with 23 kg P.Os at Mecha and 115 kg
N with 23 kg P20s ha™ at Gugusa-Shikudad districts and areas having the same agro ecology
and soil fertility status under irrigation. However, for malt barley it is better to use 69 and 46
kg N with 23 kg P20s ha* fertilizers at Mecha and Guagusa-Shikudad districts, respectively.
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Abstract

Nitrogen and phosphorus are the most yield limiting nutrients and are deficient in the soil and can be
corrected primarly by applying in synthetic form. Hence, a two year on-farm research was conducted
to determine the optimum rates of NP fertilizer on food barley (Hordeum vulgare L.) in Northwest
Amhara during 2020 to 2021 production seasons at two response domain districts (Yilmana-Densa
and Farta- Laie-Gainet). The experiment was conducted using two treatment combination setups for
two years. For the first year (2020) the experiment had 5 rates of N (23, 46, 69, 92 and 115 kg ha-1)
and 3 rates of P (46, 69 and 92 kg ha-1 P205). While in the second year (2021); the treatment
combination were slightly modified in to 4 rates of N (69, 92, 115 and 138 kg ha-1) and 4 rates of P
(0, 23, 46 and 69 kg ha-1 P205). In both years, one pilot treatment (zero input) was used for the
purpose of partial budget analysis. Except the pilot treatment the two nutrient levels combined in
factorial arrangement in each cropping season. A randomized complete block design (RCBD) with
three replications was used. HB-1307 variety with 125 kg ha-1 seed rate, Urea for N and TSP for P
source were used. All dose of P was applied at planting; whereas N was applied in two equal splits
that were at planting and tillering stage of the crop. One composite soil sample from each testing site
in each cropping year was collected at 0-20 cm depth before plating to understand the soil fertility
status of each experimental site. Based on the two year combined analysis, both grain and biomass
yields of food barley showed highly significant response to nitrogen fertilization at each response
domain district. However, sole phosphorus application and its interaction with nitrogen didn’t show
any statistical significant difference on biological yields (grain + biomass) of food barley. Application
of 115 kg N with 69 kg P205 and 115 kg N with 46 kg P205 ha-1 gave the highest net benefit values
(55,012 and 76,342 Birr/ha) and takes as the first optimum economical profitable rates for Yilmana-
Densa and Farta-Laie-Gainet response domain districts, respectively. The above combined fertilizer
rates gave 224.7% and 81.7% yield advantages over the control (zero input) at Yilmana-Densa and

Farta-Laie-Gainet districts, respectively.

Keywords: Nitrogen, phosphorus, food barley, Yilmana Densa and Farta-Laie-Gainet
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Introduction

Barley (Hordeum vulgare L.) is grown as commercial crop in about one hundred countries
world-wide and is the fourth most important cereal crop after wheat, rice and maize. Russia,
Canada, Germany, Ukraine and France are the major barley producers accounting nearly half
of the total world production. Worldwide, barley grown on 57 million hectares which
accounts a total of 138 million tones grain production with 2.4 tone (t) ha productivity
(FAO, 2009). Ethiopia is the second largest barley (Hordeum vulgare L.) producer in Africa
next to Morocco, accounting for about 25% of the total barley production in the continent
(FAO, 2014) and takes as a center of origin and wide range of diversity (Vavilov, 1951).

In Ethiopia barley is the fifth important cereal crop next to tef, maize, sorghum and wheat
with a mean productivity of 2.1t ha® (CSA, 2017) and accounted 10% of the total annual
cereal production (CSA, 2008). More than 4 million smallholder farmers involved on barley
production (CSA, 2016) in Ethiopia. Based on CSA (2011) report, the national and regional
(Amhara Region) area coverage of barley was estimated about 1,047,000 and 328,000
hectares with a productivity of 1.63 and 1.3 t ha?, respectively. While, the total area coverage
for South Gonder and West Gojjam Zones were estimated about 35,861 and 24,649 hectares
with productivity of 1.3 and 1.1 t ha'®, respectively.

Within this truth, Ethiopian soils are not potentially productive due to topsoil erosion, soil
acidity, significant depletion of soil OM, macro and micro-nutrients, soil salinity and depletion
of the basic soil properties (Gete et al., 2010). As ICARDA (2008) stated, the most important
factors that reduce yield of barley in Ethiopia are poor soil fertility, water logging, drought,
frost, soil acidity, diseases and insects and weed competition. Specifically Ethiopian soils are
nitrogen and phosphorus deficient and takes as the most yield limiting nutrients for many
crops including for food barley (Taye et al., 2002). Therefore, synthetic NP fertilizer
application is one of the options to improve the productivity of many crops including food
barley using site-specific fertilizer modification in different times.

As Adamu et al. (1993) mentioned, agronomic trials on barley was started in the late 1960s
under the Institute of Agricultural Research (IAR). After this, different economical NP rates
were recommended for barley production by different researchers and research centers in
different times. From this, for Arsi, Shewa and Bale district the recommended N/P,Os on
Nitisols and Vertisols were 25/45 and 20/55 kg ha, respectively. However, for other districts
across the country, 30/45 and 20/40 N/P,Os kg ha* were taken as a general recommendation
on Nitisols and Vertisols, respectively (Fana, in press). AARC (2002) was also reported

different NP fertilizer rate recommendations for barley production at different districts that
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was available from 1997-2003. Based on this, the recommended N/P2Os values at Laie-Gainet
(92/46), Enarge-Enawga, Machakel and DebayTilatgin (46/46), Gozamen and Chiliga
(69/69), Estie (69/23) and Wogera (69/46) kg ha’. Based on Minale et al. (2011) report,
economical recommended NP fertilizer rates for barley production at Fartta and Huleteju-
Enebssie were 69/23 and 46/23 N/P20s kg ha* with 150% and 131% yield advantage over the
control, respectively. This indicates that, the economical optimum recommendations were
given before ten years and update of the level of most yield limiting nutrients is too much
necessary for the production of optimum economical barley yield. Therefore, this research
was initiated to determine the economical optimum NP fertilizer rates for food barley
production in the highlands of North Western Amhara.

Materials and methods

The study was conducted at two districts which are Yilmana-Densa and Farta-Laie-Gainet.
Both districts located in the north direction from the capital city of Ethiopia (Addiss Ababa).
According to Ethiopian traditional agro-ecological classification, Yilmana-Densa district is
found under Weyina dega (1800 to 2400 m.a.s.I) while, Farta-Laie-Gainet is found under
Dega classification (Mekonen, 2015).

ETHIOPI

12°20'0"N

N

Figure 2. Map of the study districts
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Experimental procedure and treatment set up

The experiment was conducted at fourteen farmers’ fields in two consecutive years (2020 to
2021) with two treatment combination setups. During the first year (2020) experimentation,
the experiment had 5 rates of N (23, 46, 69, 92 and 115 kg ha?) and 3 rates of P (46, 69 and
92 kg ha P,Os). While in the second year (2021); the above treatment combinations were
slightly modified in to 4 rates of N (69, 92, 115 and 138 kg ha) and 4 rates of P (0, 23, 46
and 69 kg ha P,Os). In both years, one negative pilot treatment (zero input) was used which
didn’t include under ANOVA analysis but only used for the purpose of partial budget
analysis. Except the pilot treatment the two nutrient levels combined in factorial arrangement
in each cropping season.

A randomized complete block design (RCBD) with three replications was used. The spacing
was 1.5m, 0.5m and 0.2m between replications, plots and rows, respectively. The net
harvestable area was also (5.2m?). HB-1307 variety with 125 kg ha! seed rate as well as Urea
(46-0-0) and TSP (0-46-0) were used as a source of nitrogen and phosphorus nutrients,
respectively. All amount of phosphorus was applied at planting and nitrogen fertilizer was
applied in two equal splits that were at planting and at crop tillering stage. All the agricultural
practices were implemented manually using human man power.

Soil sampling, Preparation and Analysis

One composite soil sample before planting was taken at the depth of 0-20 cm for each site in each
year. Soil pH, Organic carbon (OC), Cation Exchange Capacity (CEC), Available phosphorus (AP)
and total nitrogen (TN) were analyzed at Adet Agricultural Research Center's Soil Laboratory. From
this, soil pH-H20 was determined in soil-water suspensions of 1:2.5 ratios according to Sahilemedihin
and Taye (2002). AP was also analyzed following Olsen method (Olsen, 1954); while TN was
analyzed following the Kjeldahl method (Bremner and. Mulvaney, 1982). Wet oxidation method was
used to determine soil OC. The CEC determined using ammonium acetate method.

Following this, at Table 1 indicated parameter values were obtained. Soil pH values of the
testing sites found from strongly to moderately acidic ranges based on the scale of (Tekalign
Tadese, 1991) which is under optimum pH value (5-6) for barley growth and development
(Table 1). Except one testing site, at Farta-Laie-Gainet district in 2020 (site 4), available
phosphorus values were found medium range (5-15ppm) based on (Landon, 1991) nutrient
rating scale (Table 1). While, soil OC and TN values found at moderate (1.5-3%) and high
(0.12-0.25%) levels based on Tekalign Tadese (1991), respectively (Table 1). All CEC
readings also found at high rating (25-40 Cmol) kg?) according to Landon (1991) and
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(Hazelton P. and Murphy B., 2007). Based on the analyzed soil parameter values, we can see
that all the testing sites had optimum growth media for food barley production.
Table 7.Selected soil properties for the experimental sites before planting

2020

Farta-Laie-Gainet Yilmana Densa
Parameters Sitel Site 2 Site 3 Site 4 Site 1 Site 2
pH (pH20) 5.7 5.4 5.4 5.5 5.1 5.2
Ava P (ppm) 13.1 9.1 13 16.3 6.2 6.6
OC (%) 2.017 1.78 1.782 1.91 1.879 1.408
TN (%) 0.175 0.165 0.137 0.179 0.190 0.148
CEC Cmol +)kg 31.6 31.5 39.4 36.7 30.2 36.3
hat
2021
Parameters Sitel Site2 Site3 Site 4 Sitel Site2 Site3 Site4
pH (pH20) 5.1 5.7 5.4 5.1 5.1 53 55 5.3
Ava P (ppm) 12.2 13.6 14.5 13.7 6.2 5.1 7.4 9.4
OC (%) 1548 2.321 1.287 1.349 1.87 150 1.24 0.897
TN (%) 0.169 0.183 0.167 0.165 0.12 0.115 0.12 0.151
CEC Cmol +)kg 26.7 30.1 33.6 29.6 29.2 29.7 36.7 29.3
hat

Data collection and analysis

Agronomic data like plant height, spike length, harvest index (HI) and all biological yields
(grain + above ground biomass) were collected at harvest. The grain yield was adjusted to
12.5% of moisture content. SAS software version 9.0 was used to analyze all collected
agronomic data (SAS Institute, 2002). Least significant difference (LSD) was used for mean
separation at 5% probability whenever there is difference between treatments. The partial
budget analysis was done following CIMMY'T (1988) procedure for the economic. The partial
budget analysis was done based on the consideration of treatment combinations which were
found in the two-years experimentation but not on the basis of the individual year treatment
arrangement. For partial budget analysis fertilizer costs (urea and NPS) were taken as variable
costs. While grain and straw yields considered as farmer gate price income. Based on this,
1kg barley grain, 1 t straw, 1 kg Urea and 1 kg NPS fertilizers were considered as 20 ETB,
1000 ETB, 14 ETB and 15 ETB, respectively.
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Results and Discussion
Response of barley grain and biomass yields to nitrogen and phosphorus

In the two districts (Farta-Laie-Gainet and Yilmana Densa) both grain and biomass yields of
food barley increased linearly as nitrogen level increased (Table 2-4) which is in line with the
findings of Snezana et al., (2011) and Meharie and Kindie (2019). In addition to increasing
trend of agronomic yields, both grain and biomass yields showed a highly significant
difference (p<0.0001) among the treatment means due to nitrogen fertilization.

However, except at one site in Yilmana Densa district, application of phosphorus fertilizer
didn’t show statistically significant difference on both grain and biomass yields of food barley
in this cropping season. Similarly, interaction effect of the two fertilizers (N and P) didn’t
show statistical significant response on food barley agronomic yields at both districts (Table
2-4). This might be showed that, all the phosphorus amounts used were above critical P-
requirement for food barley production at each testing site. Therefore, the result subjected for
a slightly treatment modification in the second year experimentation.

Table 8. Grain yield (kg hal) response for NP at Farta-Laie-Gainet district in 2020

N kg hat Site 1 Site 2 Site 3 Site 4 Combined
23 3037 2685 1394 2548 2416
46 3547 3328 1776 2668 2830
69 4092 3678 2154 3176 3275
92 4594 4052 2319 3236 3550
115 5151 4360 2712 3569 3948
LSD (0.05) 732 400 359 485 446
P Ievel (N) ** ** ** ** **
Phosphorus (P20s)

46 3928 3676 2077 3115 3199
69 3869 3474 1994 3010 3087
92 4456 3712 2141 2993 3326
LSD (0.05) 567 310 278 355 346
P level (P20s) NS NS NS NS NS
P level (N* P,0s) NS NS NS NS NS
CV (%) 18.6 115 17.9 15.7 29.9
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Table 9. Biomass yield (kg ha™*) response for NP at Farta-Laie-Gainet district in 2020

N kg ha? Site 1 Site 2 Site 3 Site 4 Combined
23 8440 6795 3205 7650 6523
46 9701 8419 4252 7649 7505
69 11026 9081 5342 9402 8713
92 11560 10149 6090 9338 9284
115 13205 10983 6688 9893 10192
LSD (0.05) 2106 1180 893 1254 1223
P level *x *x *x * Jok
Phosphorus (P20s)

46 10372 9346 5090 8974 8446
69 10154 8782 4949 8756 8160
92 11833 9128 5308 8628 8724
LSD (0.05) 1632 914 692 972 948
P level NS NS NS NS NS
P level (N*P) NS NS NS NS NS
CV (%) 20.3 13.5 18.1 14.8 31.1

Table 10. Grain & biomass yields (kg ha™) response for NP at Yilmana Densa districts in
2020.

Grain yield Biomass yield
N kg ha't Site 1 Site 2 Combined Site 1 Site 2 Combined
23 1127 1609 1368 3291 4402 3846
46 1515 1675 1595 4060 4615 4338
69 1754 2245 2000 4829 6068 5449
92 2246 2282 2264 5769 6368 6068
115 2670 2567 2619 6581 7265 6923
LSD (0.05) 344 342 267 747 990 672
P level *x *x Sk **x *x ok
Phosphorus (P20s)
46 1678 2003 1841 4487 5513 5000
69 1772 2161 1967 4718 5923 5321
92 2137 2063 2100 5513 5795 5654
LSD (0.05) 266 265 207 578 767 520
P level ** NS * ** NS *
P level (N*P) NS NS NS NS NS NS
CV (%) 19.2 17.1 20.4 15.8 17.9 18.9

From second year experimentation, at Farta-Laie-Gainet district, the grain yield of food barley
linearly increased as nitrogen level increased up to application of 115 N kg ha™* at each testing
sites (Table 5) which is in line with the findings of Meharie and Kindie (2019). Even though

this trend showed liner increment, the increment is in a decreasing order. As shown in Table
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5, grain yield of food barley showed highly significant response (p<0.001) among treatment
means due to the applied nitrogen fertilizer at two testing sites (1 and 2) and combined of the
district. However, application of phosphorus fertilizer didn’t show statistical significant
difference on grain yield of the test crop except at one testing site (site 4). Similar to the first
year result, interaction effect of the two nutrient rates didn’t show any statistical significant
response on barley grain yield at all experimental sites. This shows that there is no need of
phosphorus applications in the testing districts. However, phosphorus sources might be

necessary as nutrient banks on the soil system and may be important to apply the minimum

rate.

Table 11. Grain yield (kg ha*) response for NP at Farta-Laie-Gainet district in 2021
N kg ha Site 1 Site 2 Site 3 Site 4 Combined
69 4555 2097 2530 2703 2971
92 4845 2463 3017 2872 3299
115 5473 2610 3092 2983 3540
138 5658 2914 2944 2979 3624
LSD (0.05) 489 343 766 381 498

P level ** ** NS NS *
Phosphorus (P20s)

0 4787 2452 2786 2582 3152
23 5260 2642 3088 2793 3446
46 5196 2511 2921 3067 3424
69 5287 2480 2788 3095 3413
LSD (0.05) 489 343 766 381 498

P level NS NS NS * NS

P level (N*P) NS NS NS NS NS
CV (%) 11.4 16.4 31.8 15.9 36.8

Biomass yield of the testing crop showed an overall increasing trend even though some
irregularities shown at site 3 and 4 testing sites (Table 6). Exception of one testing site (site
3), biomass yield of food barley also showed a significant difference among treatment means
due to nitrogen fertilizer application. In contrast of nitrogen response, phosphorus fertilizer
did show statistically significant difference only at one testing site (site 2) on biomass yield of
food barley. As shown in the analyzed ANOVA (Table 6), combined biomass yield of food
barley in the district didn’t show any statistical significant difference among treatment means
neither due to nitrogen nor phosphorus fertilizer application. Interaction effect of the two
fertilizers also didn’t show a significant difference on biomass yield of barley in the combined
ANOVA result.
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Table 12. Biomass yield (kg ha*) response for NP at Farta-Laie-Gainet district in 2021

N kg hat Site 1 Site 2 Site 3 Site 4 Combined
69 9872 4311 5881 4055 6030
92 10289 5769 6410 5705 7043
115 10930 6202 6378 5673 7296
138 11795 5929 6811 5320 7464
LSD (0.05) 1545 845 1519 1133 1126
P level NS = NS * NS
Phosphorus (P205)

0 10096 5897 6218 4519 6683
23 11218 6058 6651 4808 7183
46 10449 5529 6282 5913 7043
69 11122 4728 6330 5513 6923
LSD (0.05) 1545 845 1519 1133 1126
P level NS * NS NS NS
P level (N*P) NS = NS NS NS
CV (%) 17.3 18.3 28.7 26.3 402

Similar to the first year, in Yilmana-Densa district, the grain yield of food barley linearly
increased as the applied nitrogen fertilizer increased at each testing site (Table 7) which is in
line with the findings of Meharie and Kindie (2019). The minimum and the maximum grain
yield were recorded at the minimum and maximum nitrogen rates used, respectively. As
shown in Table 7, the grain yield showed highly significant difference (p<0.001) among
treatment means due to nitrogen fertilization at all te0.J/F2 12 Tf1 0 nB50 180 g0 GJ[(tre)5(a)4(tm)-3(e)4(
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Table 13. Grain yield (kg ha™) response for NP at Yilmana Densa district in 2021

N kg ha? Site 1 Site 2 Site 3 Site 4 Combined
69 2616 1861 1850 1855 2045
92 2931 2298 2081 2231 2385
115 3143 2602 2380 2225 2587
138 3275 2839 2704 2684 2876
LSD (0.05) 425 287 280 493 217
P Ievel * ** ** * **
Phosphorus (P20s)

0 2579 1876 2018 1729 2051
23 2975 2284 2192 1976 2357
46 3056 2722 2336 2612 2681
69 3355 2719 2469 2677 2805
LSD (0.05) 425 287 280 493 217
P Ievel ** ** * ** **
P level (N*P) NS NS NS NS NS
CV (%) 17.1 14.4 14.9 26.4 21.8

Similar to Farta-Laie-Gainet district, biomass yield of the testing crop in Yilmana-Densa
district showed an overall increasing trend even though some irregularity shown at the two
testing sites (site 1 and 2) (Table 8). But in contrast of the first district, the combined analysis
result showed a significant difference among treatment means on biomass yield of food barley
for both nitrogen and phosphorus fertilizer rates used. But similar to first year result, the
interaction effect of the two fertilizers had no a statistical significant difference among the
biomass yields (Table 8).

Table 14. Biomass yield (kg ha*) response for NP at Yilmana-Densa districts in 2021

Site 1 Site 2 Site 3 Site 4 Combined
N kg hat
69 6314 3654 3878 4199 4511
92 6603 4744 4519 4615 5120
115 6378 6378 5321 4968 5761
138 7821 5417 6987 5833 6514
LSD (0.05) 1381 1207 1343 1538 717
P level NS *x *x NS falad
Phosphorus (P20s)
0 6314 4968 4872 3718 4968
23 6506 4744 4647 4679 5144
46 6859 5192 5481 5833 5841
69 7436 5289 5705 5385 5954
LSD (0.05) 1381 1207 1343 1538 717
P level NS NS NS * *
P level (N*P) NS NS NS NS NS
CV (%) 24.5 28.7 31.2 37.7 32,5
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When we see the two year combined analysis results at each district, grain yield of food
barley increased linearly as nitrogen fertilizer rate increased. That is the minimum and
maximum grain yields recorded on the treatments which received minimum and maximum
nitrogen levels, respectively. Similar to the separate year ANOVA result, nitrogen fertilization
makes highly significant difference (p<0.001) among the treatment means of grain yield at
each district. However, sole phosphorus and its interaction with nitrogen couldn’t make any
statistical significant difference on the grain yield of food barley at both districts (Table 9). It
is important to remind for the readers, all the above statements in this paragraph wants to
explain for the nitrogen and phosphorus rates which are found in the two-year experiment
combination as nutrient levels but not considering the nutrient levels which was existed either

of the two experimental year nutrient level combination.

Similar to grain yield, ANOVA of biomass yield showed an increasing trend without a turning
point as the applied nitrogen rate increased. As shown in table 10, the two-year ANOVA
result for biomass yield also showed a significant difference among the treatment means due
to nitrogen fertilization. However, the sole phosphorus application and the interaction of the
two fertilizers had no any significant response among the treatment means.

Table 15. Combined grain yield (kg ha) values at the two study districts

Yilmana Densa Farta-Laie-Gainet | Combined over year
N kg ha! 2020 2021 2020 2021 Yilmana Densa  Farta-Laie-Gainet
69 1993 2226 3216 2965 2148 3091
92 2161 2654 3571 3409 2490 3490
115 2474 2853 3850 3621 2726 3735
LSD (0.05) 338 316 528 677 246 419
P level * ol * NS *x xx
Phosphorus (P20s)
46 2176 2539 | 3561 3376 2418 3468
69 2243 2616 | 3531 3287 2492 3409
LSD (0.05) 276 258 431 553 201 342
P level NS NS NS NS NS NS
P level (N*P) NS NS NS NS NS NS
CV (%) 184 213 25.8 35.3 21.5 30.2

Consistently non responsiveness phosphorus fertilizers on biological yields of food barley at
the study districts may be due to high phosphorus nutrient accumulation in the soil system.
The accumulation probably happens due to continuously phosphorus nutrient application as
fertilizer sources for the last 50 and more than years. In fact, by its nature, lose of phosphorus
nutrient from soil system is too low relative to nitrogen and other nutrients. This is why
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because most of our phosphorus soil data found from medium to high ranging. In contrast of
this, whatever the nitrogen level is high or low in the natural soil, application of nitrogen in
the form of fertilizer showed highly significant response on biological yields of barley. This
may be indicated that, the amount of nitrogen level found in the natural soil is not fully

available for plant nutrition during its growth period due to unjustified reasons.

Table 16. Combined biomass yield (kg ha) values at the two study districts

Yilmana Densa Farta-Laie-Gainet Combined over year

N kg ha' 2020 2021 2020 2021 | Yilmana Densa Farta-Laie-Gainet
69 5353 4792 8590 6226 4979 7408
92 5833 5705 9263 6811 5748 8037
115 6571 6042 9968 7372 6218 8670
LSD (0.05) 864 1060 1442 1530 750 1139
P level * * NS NS xx *
Phosphorus (P20s)
46 5748 5513 9327 6934 5591 8130
69 6090 5513 9220 6672 5705 7946
LSD (0.05) 705 867 1177 1249 612 930
P level NS NS NS NS NS NS

P level (N*P) NS NS NS NS NS NS
CV (%) 17.5 334 26.9 39.0 28.4 35.1

Partial budget analysis

All biological yields (grain + biomass) of food barley showed a highly significant difference
(p<0.0001) between districts, which subjected us to analyzed the partial budgets for each
district separately. Based on CIMMYT (1988) partial budget analysis principle as shown in
Table 11 and 12, 115 kg N with 69 kg P2Os and 115 kg N with 46 kg P,Os ha™* showed the
highest net benefit values (55,012 and 76,342 Birr/ha) and takes as the first optimum
economical profitable rates for Yilmana Densa and Farta-Laie-Gainet districts, respectively.
The above combined fertilizer rates gave 224.7% and 81.7% yield advantages over the control
(zero input) at Yilmana-Densa and Farta-Laie-Gainet districts, respectively. For Farta-Laie-
Gainet district, the economical profitable recommended phosphorus rate in this study overlaid
with the rate recommended by (AARC, 2002).
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N P20s NPS Urea GY STY Urea  NPS

kg hat kgha! kgha' kghat (kg hat) (thal)y Gl cost  cost TVC NB Dominance
0 0 0 0 798 0.99 16942 0 0 0 16942

69 46 121 100 2139 2.86 45640 1400 1816 3216 42424

69 69 182 75 2158 2.80 45956 1050 2724 3774 42182 D
92 46 121 150 2487 3.37 53104 2100 1816 3916 49188

92 69 182 125 2493 3.15 53004 1750 2724 4474 48531 D
115 46 121 200 2628 3.29 55851 2800 1816 4616 51235

115 69 182 175 2825 3.69 60185 2450 2724 5174 55012

N P.0s  TVC (ETB ha?) NB (ETB ha) MRR (%)

0 0 0 16942

69 46 3216 42424 792

92 46 3916 49188 966

115 46 4616 51235 292

115 69 5174 55012 677

NB: 1kg grain=20 ETB, 1t straw=1000 ETB, 1kg Urea=14 ETB, 1kg NPS=15 ETB

Where: GY=grain yield, STY=straw yield, Gl=gross income, TVC=total variable costs, NB=net benefits, MRR=marginal rate of return,
ETB=Ethiopian birr
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Table 18. Partial budget analysis for Farta-Laie-Gainet district

N kgha! P.Oskgha! NPSkgha'! Ureakgha! GY(kgha!) STY (t/ha) Gl ureacost NPScost TVC NB  Dominance

0 0 0 0 1965 2.72 42022 0 0 0 42022
69 46 121 100 3058 4.34 65497 1400 1816 3216 62281

69 69 182 75 3123 4.30 66766 1050 2724 3774 62993

92 46 121 150 3536 4.92 75634 2100 1816 3916 71718

92 69 182 125 3443 4.18 73045 1750 2724 4474 68571 D
115 46 121 200 3811 4.73 80958 2800 1816 4616 76342
115 69 182 175 3659 5.14 78325 2450 2724 5174 73152 D
N P20s TVC (ETB ha) NB (ETB ha) MRR (%)

0 0 0 42022

69 46 3216 62281 630

69 69 3774 62993 128

92 46 3916 71718 6140

115 46 4616 76342 661

NB: 1kg grain=20 ETB, 1t straw=1000 ETB, 1kg Urea=14 ETB, 1kg NPS=15 ETB

Where: GY=grain yield, STY=straw vyield, Gl=gross income, TVC=total variable costs, NB=net benefits, MRR=marginal rate of return,
ETB=Ethiopian birr
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Conclusions and recommendations

In general, relative to Yilmana-Densa district, higher biological yields (grain + biomass) at Farta-
Laie-Gainet district were observed. This made a confirmation of how much high altitude areas
have a higher potential for barley production and productivity than low and mid land areas. From
the two years experiment, application of N-fertilizer showed significant response on biological
yields (grain + biomass) at both districts with linear increment. However, sole P and interaction
of N and P fertilizers didn’t show any significant change on biological yields (grain + biomass)
of food barley among treatments at each district. Application of 115/69 and 115/46 N/P.Os kg
ha showed the highest net benefit values (55,012 and 76,342 Birr/ha) and takes as the first
optimum economical profitable rates with the yield advantages of 224.7% and 81.7% from the
control (zero input) treatment at Yilmana-Densa and Farta-Laie-Gainet districts, respectively.
From cumulative result, both grain and biomass yields of the food barley showed more response
for the applied nitrogen fertilizer rather than the applied phosphorus fertilizer at each district.
Therefore, we confidently recommended that anyone can be maximized the production of food
barley by applying the above mentioned nutrient levels with the integration of other food barley
production technologies.
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Abstract

Teff is one of the nutritious cereal crops grown in most agro-climatic zones in wag-last areas. The
experiment was conducted to determine the optimum rates of nitrogen and phosphorous fertilizer for tef
production in Sekota (Woleh) and Lasta-Lalibela (Medagie and Kechin-abeba) during 2019 and 2020
cropping seasons. A factorial experiment with four level of nitrogen (N) 0,46,69,92 kg ha-1 and three
level of phosphorous (P205) 0, 23, 46 kg ha-1 arranged in randomized complete block design (RCBD)
with three replications was used. Sources of N and P205 were Urea and triple super phosphate (TSP)
respectively. The maximum grain yields of 1900.91 and 1755.36 kg ha-1 were obtained from 92 kg N ha-1
at Sekota and Lasta-Lalibela respectively while the minimum grain yield was recorded from the
unfertilized plots. Applications of N fertilizer increased the grain yield from 786.56 kg ha-1 to 1900.91 kg
ha-1 in Lasta-Lalibela and from 925.86 to 1755.36 kg ha-1 in Sekota. This showed that N fertilizer
increase the grain yield by 141.66% in Lasta-Lalibela and by 89.59 % in Sekota districts. The cost benefit
analysis also showed that combined application of 92 N and 23 P205 kg ha-1 is economically optimum

rate for tef production in Sekota and Lasta-Lalibela.

Key words: Biomass, Grain yield, Nitrogen fertilizer, Phosphorous fertilizer Sekota, and
Lalibela
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Introduction

Tef (Eragrostis tef) is an important cereal crop grown in Ethiopia (Abeba., 2009). It is estimated
to be grown by 6.3 million farmers every year in Ethiopia (Alemu et al., 2016). It has also
recently been receiving global attention particularly as a ‘health food’ due to the absence of

gluten and gluten-like proteins in its grains (CSA, 2013).

It has the highest share in Ethiopia for area of production. Out of the total grain crop area,
81.27% (10,219,443.46 hectare) was under cereals and the share of tef is about 24.11%
(3,101,177.38 hectares). Cereals contributed 87.42% (about 25,384,723.96 ton) of the grain
production of which tef contributes 17.11% (5,735,710.14 ton), the national average yield of tef
is 1.85 t/ha. In Amhara National Regional State 1,156131.09 ha of land was covered by tef with
the average productivity of 1.89 t/ha and its coverage in Waghimra and N/wollo zones was
27,603.46 ha and 71,227.59 ha respectively with average productivity of 1.01 t/ha at Waghimra
1.69t/ha N/Wollo (CSA, 2021).

Tef is grown under diverse agro-climatic zones. It grows from sea level to 2800 masl with
rainfall of 750-850 mm and temperatures between 10 and 27°C (Seyfu 1993). Moderately fertile
clay and clay loam soils are ideal for tef. Interestingly, it can also withstand both water logged
and drought conditions (Alemu et al., 2016).

On nutritional value, the grain is basically utilized for preparing injera (favorite national dish of
Ethiopians), and it is a staple food crop for millions of people. Nutritionally tef is comparable to
other major cereals (wheat, rice, oats, maize, and sorghum) and it provides more of the daily
dietary protein intake for most Ethiopians ( Kebebew et al., 2019). Unlike other cereals, the
seeds of tef can be easily stored under local storage conditions without losing viability since the
grains are resistant to attack by storage pests (Seyfu 1997). Its straw is used as fodder for cattle
besides other household activities.

Regardless of its wider adaptation, nutritional value and economical use, productivity of tef is
low in the country with the national average grain yield of 1.85 tons hal (CSA,2021).This is
mainly because of low soil fertility (Alemu et al., 2016) and severe organic matter depletion (
Getachew et al,. 2010) aggravated by low rate of chemical fertilizer application. The rate of

chemical fertilizer application is low in the country due to unaffordable price for resource-poor
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smallholder farmers (Endale, 2016). Many scholars suggested that application of chemical
fertilizer increase grain yield and related parameters. Many studies in Amhara Agriculture
Research Institute revealed that most of the yield limiting nutrients were N and P. Amare et al.,
(2021) stated that the yield limiting nutrient of maize was N followed by P. Addis et al (2018)
also showed that the application of additional nutrients like S, K, Zn, and B do not have any
yield advantage over the recommended NP fertilizer on grain yield of barley. Abebe et al.,
(2018) also stated that the application of blended fertilizer did not have any yield advantage over
the recommended NP fertilizer. Similarly, Gizaw Desta et al., (2022) stated that grain yield of
sorghum is increased on N and P fertilizer. Grain yield of tef was highly significantly affected by
the main effect of NP fertilizer and the interaction of NP fertilizer and compost (Alemu et al.,
2016). According to Fissehaye et al., (2009), the highest grain yield of tef was recorded from
plots that received the maximum NP nutrients. Getahun et al., (2018) also reported the maximum
grain yield from the application of NP while the smallest grain yield was from the unfertilized

plots.

Effective use of chemical fertilizer is one of the main solutions to ensure food security in short
run. The current fertilizer application rate in Ethiopia is too low to improve production and
ensure food security. Applications of 100 kg DAP and 50 kg urea ha all over the Wag-Lasta
irrespective of soil, crop types, and agro-ecological zones has resulted in wide gap between the
potential and the actual crop yields. Hence, this research was conducted to determine the
economically optimum rates of nitrogen and phosphorous for tef production in Wag—Lasta.

Materials and methods

Description of the study area

The study was conducted in Lasta-Lalibela (Medagie and Kechin abeba) and Sekota (Woleh)
districts for two consecutive years of 2019 and 2020 rainy season. The site is situated at about
2061 at Woleh, 2208 at Medagie and 2204 at Kechin-Abeba m.a.s.l. respectively. These areas are
usually referred as by undulated topography, uneven distribution and erratic rain fall, very
shallow soil depth, high soil erosion, sloppy farming practice and scattered forest coverage. Soil
erosion by water and low productivity are a serious problem in the study areas (Girmay et al.,
2021). The major crops: - sorghum, tef, wheat, barley, maize, fababean, and check pea are grown
in these districts. Sorghum is the leading crop (45.1% of area of cultivated cereals) followed by
tef (20.6%), barley (19.1%), wheat (12.01%) and maize (2.18%) in Waghimra zone. Whereas
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Tef is the leading crop (31.8% of area of cultivated cereals) followed by sorghum (25.3%), wheat
(23.0%), barley (15.5%), and maize (3.4%) in north Wollo (CSA 2021). Intercropping and
rotation of cereals with legumes are commonly practiced in those districts to improve soil
fertility. The annual rainfall of Sekota districts is about 589.2 mm, with mean minimum and
maximum temperatures of 12.7 and 26.7 °C, respectively whereas the annual rainfall of Lasta
Lalibella districts is about 799.3 mm, with mean minimum and maximum temperatures of 11.8

and 27.4 °C, respectively (Kombolcha metrological station).

Location map of Lasta and Sekota
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Figure 1. Location map of the study sites
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Figure 2. Monthly rain fall distribution at Sekota and Lalibela in 2019-2020

Treatments and experimental design

The experiment is conducted in eight farmers’ land of which six farm from Lasta-Lalibela and
two farms from Sekota. Four farm are in 2019 and the remaining four farms conducted in
2020.The treatments consisted of factorial combinations of four levels of N (0, 46, 69 and 92 kg
N ha™1) and three levels of P,Os (0, 23 and 46 ha™!) with total of 12 treatments. The experiment
was laid out in a randomized complete block design (RCBD) with three replications on a plot
size of 3m x 3m with the net plot size of 7.8m?2. The Source of N and P fertilizers were Urea and
triple super phosphate (TSP) respectively. Application of urea was in two splits half at planting
and half at vegetative, while the full rate of phosphorus was applied at sowing. Quncho variety
was used as a test crop which is adapted to the agro-ecology with high yielding in the study area.

The spacing between block, plot and row were 1m, 0.5m and 0.2m respectively.

Soil sampling, preprocessing and analysis

The representative composite soil samples were collected before planting to 0-20cm and
subjected to analysis of texture, pH, organic carbon, total nitrogen, available P, and electrical
conductivity (EC) following the standard procedure. The determination of particle-size
distribution was done by using the hydrometer procedure (Sahlemedhin and Taye, 2000).
Organic carbon was determined following the wet digestion method (Walkley and Black, 1934).

Total nitrogen was analyzed by the Micro-Kjeldahl method (Horneck et al., 2011). The pH of the
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soil was determined using a 1:2.5 soil sample to water ratio using a digital pH meter (FAO,
2009), and available phosphorous was determined by Olsen's method (Olsen et al., 1954). The
soil was analyzed at Sekota Dryland Agriculture Research Center soil laboratory.

Data collection

The biological data were collected from five representative plants per plot. That includes plant
height (cm), panicle length (cm), while biomass (kg hal) and grain yield (kg ha) were collected
from the net harvestable plots.

Partial Budget Analysis

The actual biomass and grain yield were adjusted down by 10%. The costs that vary among all
the treatments were fertilizer cost. The partial budget analysis was done based on the procedure
developed by CIMMYT (1988).

Data Analysis

Analysis of variance was carried out using R studio 1.4.1106. Whenever treatment effects were
significant, the mean differences were separated using LSD test at a 5% level of significance.

Results and Discussion

Soil properties of experimental sites

The results of the laboratory analysis for some chemical properties of the experimental soil
indicated that the soil pH (H20) was range between 6.2 to 7.25 which were slightly acidic to
neutral Tekalign (1991) and good for plant growth (FAO, 2000); the organic carbon content of
the soil was in between 0.04% to 0.68% indicating that the SOC was very low to low range
(Tekalign,1991) ; the total N amount vary between 0.01% to 0.03% classified as very low
(Tekalign, 1991), the available P content of the experimental soil was also ranged from 14 to
45.6 ppm classified as high. The available p was just sufficient for plant growth (Olsen et al.,
1954). The high available P might have occurred due to the continuous P fertilizer application.
The electrical conductivity of soil at all experimental sites was also ranges from 0.03 to 0.16

ms/m grouped under normal, free from salt.
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Table 1. Soil properties of experimental site at planting time
Year 1 Year 2

Soil parameter Farml Farm2 Farm3 Farm4 Farml Farm2  Farm3  Farm4

pH 6.9 6.8 7.25 6.7 6.2 6.2 6.6 6.6
SOC% 0.35 0.37 0.04 0.62 0.66 0.59 0.68
TN (%) 0.01 0.01 0.01 0.02 003 0.01 0.02 0.03
P(ppm) 27.02 456 22 14 38.03 43.94 22.05 21

EC(ms/m) 0.03 0.03 0.03 0.16 013 0.12 0.13 0.11

Effect of NP fertilizers on growth parameters

Plant height

Based on the analysis of variance the plant height was significantly affected (p<0.05) by the
main effect of N and P fertilizer application but not by their interactions. As the NP fertilizers
increased the plant height was also increase in Lasta-Lalibela and Sekota districts’ except P that
did not show any significant effects on plant height in Sekota districts. The tallest plant (106.1cm
and 98.8cm) were obtained from combine application of 69 kg N ha? and 46 kg P.Os hal
respectively, while the lowest (77.5 cm and 95.9 cm) were from the control treatment in Lasta-
Lalibela district (Table 4). But (69, 92) kg ha! N and (23, 46) kg ha® P.Os did not bring
significant difference. Similarly, in Sekota district the highest plant height was 108.5 cm at rate
of 92 kg ha*, while 85.8 cm from unfertilized treatment. In this area application of P2Os did not
show any significant difference in plant height, but numerically103.3cm obtained from 46 kg ha
1 P,0s. Dereje et al., (2018), Haftom et al. (2009) and Yared et al.,(2019) also reported that

every increase in NP increase tef plant height.

Panicle length

Panicle length of tef was significantly (P<0.05) affected by the application of NP fertilizer. Every
increase in NP fertilizer boosts the panicle length in both areas. In Lasta- Lalibela the highest
panicle length was 43.7 recorded from the highest NP fertilizer, while the lowest (35.2 and
40.55cm) was from the control plots. Likewise, in sekota district the highest panicle length
(43.7cm and 41.46cm) was recorded at the highest rate of N (92 N) and 46 P.Os respectively the
lowest panicle length was recorded from the control plots, (Table 4). This research was par with

Giday, (2014), reported that an increase the nitrogen fertilizer from zero to 46 and 69 increase the
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panicle length significantly. In the same way Yared et al., (2019) and Alemu et al., (2016)

reported that increased the panicle length with increased NP fertilizers.

Biomass yield

Based on the result biomass was also significantly (P < 0.001) affected by the main effect of
nitrogen and phosphorous fertilizer but not by their interactions. Generally, application of N and
P resulted in increased straw yields (Table 4). The highest biomass yield 6003.9 kg ha™ and
4728.28 kg ha' was recorded from the application of 92 kg N ha?® and 23 kg P,Os ha'
respectively at Lasta-Lalibela. In Sekota districts, application of 92 kg N ha™ resulted in the
highest biomass yield, but application of P did not show any yield advantage over the control.
Application of N fertilizer leads to gain yield increment about 137% compared to the control in
Lasta district. In Sekota district use of 92 kg ha™ contributed 103.5% yield advantage over the
control. The lowest (2530.64 and 2913.5kg ha™) biomass yield was recorded from the control
treatment in Lasta-Lalibela and Sekota districts separately. This showed that NP fertilizers
contributed in increasing biomass yield. The increased biomass yield might be due to the effect
of high N application on the production of effective large numbers of tillers, increased plant
height, and panicle length and the low to very level of nitrogen nutrient in soil (Table 1). It is in
agreement with this finding, Temesgen (2012), Haftamu et al. (2009) and Mitiku (2008) who
indicated that the highest straw yield was obtained in response to the application of higher rates
of N application, which enhanced the production of significantly longer panicle sizes and taller

plants, and as a result greater biomass yield.

Effect of NP fertilizer on grain yield

The analysis of variance showed that grain yield of tef was significantly (P < 0.05) influenced by
the main effect of N and P fertilizer rate in Lasta-Lalibela and the main effects of N in Sekota
districts but without interaction effects. The maximum grain yields (1900.91 and 1755.36 kg ha-
1) were obtained from application of 92 kg N ha* for Lasta-Lalibela and Sekota respectively.
The minimum grain yield of tef was recorded from the unfertilized plots in both locations (Table
4&6). Applications of N fertilizer increase the grain yield from 786.56 kg ha™ to 1900.91 kg ha
in Lasta-Lalibela and applications of N fertilizer increased the grain yield from 925.86 to
1755.36 kg ha! in Sekota. This showed that N fertilizer increase the grain yield by 141.66% in
Lasta-Lalibela and by 89.59 % in Sekota districts. Application of nitrogen had more significant
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effect on grain yield of crop in both location this may be in case of the soil nitrogen content was
too low to complete the full growth and get optimum grain yield. The increase in crop yields
may be due to N fertilizer associated with increase in panicles length, Improvement in grain or
seed weight. This research also par with Jabesa, and Abraham, (2016) an increase NP fertilizer
also increased the grain yield of tef. Similarly, Alemu et al., (2016) indicated that NP fertilizer
and compost rate increased the grain yield. In this experiment an increased N fertilizer from zero
to 92 kg ha! increased the grain yield of tef, the increase of P,Os from 23 to 46 showed a non-
significant but decreasing trend. This activity was in lined with Dereje, (2018) application of P
from 10 to 20 and 30 kg ha™ decreased the grain yield of tef significantly. In contrary Abay et
al., (2011), reported increased N rate, decreased the grain yield and increased in P increased the
grain yield. The P rate didn’t have significant effect on in teff grain yield at Sekota. This might
be attributed to the high content of the soil. This finding is supported by Abay et al., (2011) who
reported application of any type of fertilizer did not show a yield advantage over unfertilized plot

in Awassa.

92



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Table 2. The main effects of N and P rates on plant height, panicle length, biomass and grain yield of tef in Lasta-Lalibela district at 2019.

Nitrogen Farm 1 Farm 2 Farm 3

rate (kgha') PH(cm) PL(cm) BM GY PH (cm) PL (cm) BM GY (kgha') PH(cm) PL(cm) BM GY (kg
(kg ha') (kg ha-1) (kg hat) (kghat) ha?)

0 77.23° 34.73° 82.43° 35.42° 4183.00° 1418.68° 2035.30¢ 698.61¢ 70.53° 35.98° 2473.00¢  758.81¢

46 98.80° 40.54° 83.88%  37.662 5833.00° 1996.39°  4658.30°  1423.32° 102.96*  42.09° 5493.90°  1901.85°

69 104.82%  43.25° 83.03®  35.89% 6084.40° 1946.47¢  5441.60°  1576.50° 103.54*  42.90° 6620.10°  2198.49°

92 106.85*  43.90° 86.26% 36.992 6960.40 1781.72® 6011.60°  1725.08° 103.43*  43.13° 7265.80*  2403.09°

LSD (5%) 2.71 1.36 3.61 1.94 291.39 9454 318.52 92.25 2.27 1.89 366.96 109.11

P205 rates

(kg ha't)

0 96.91% 40.05° 83.76% 36.13%® 5827.80 1633.03°  4551.30°  1365.37% 92.31° 40.21° 5099.00°  1678.37°

23 95.49° 40.16° 83.03% 35.81° 5620.10 1823.41*  4434.00® 1311.01° 95.31° 40.98®  5787.70°  1936.69°

46 98.38% 41.6% 84.90% 37.532 5847.80 1901.00*° 4624.80*  1391.25° 97.73% 41.922 5502.80  1831.62°

LSD (%) 2.35 1.18 Ns 1.67 Ns 81.88 275.84 79.89 1.97 1.64 317.8 94.49

CV (%) 2.88 3.43 4.45 5.45 5.45 5.19 7.21 6.99 2.45 4.74 6.90 6.17

*Means in a column with same letter are not significantly different at 5% probability level. Ns=not significant
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Table 3. The effects of N and P rates on plant height, panicle length, biomass and grain yield of tef in Lasta-Lalibela district at 2020.

Nitrogen rate Farm 1 Farm 2 Farm 3
(kg hal) PH PL BM GY PH(cm) PL(cm) BM GY PH (cm) PL BM GY

(cm) (cm)  (kgha') (kg ha?) (kgha') (kg ha?) (cm) (kg ha') (kg ha)
0 87.10°  39.07° 2754.40¢ 841.40¢ 73.20° 31.43" 1705.20¢  608.80¢ 70.40° 31.47° 2202.70° 584.93°
46 106.30° 44.22% 3689.20° 1278.37¢  99.92° 40.10*  2930.00°  920.24° 97.72° 39.52° 4021.50° 1181.28°
69 114.30* 44.80* 5017.70° 1823.40° 104.73* 41.93%  3452.40° 1239.78" 106.06° 42.97% 4912.80* 1513.35°
92 116.33%  46.30® 6111.10° 2123.90® 105.33* 41.76*°  4987.70° 1941.98%  98.65° 42.04*  4865.90° 1474.02°
LSD (5%) 5.6 2.37 225.58 86.86 5.18 2.95 376.18 85.25 2.58 1.49 319 146.17
P205 rates
(kg ha)
0 105.07  43.90 442365  1394.83° 92.44P 37.85 3025.8° 998.78° 92.75 38.70  3932.30 1190.37
23 106.95 43.88 438229  1655.19*°  99.08° 39.50 3658.12 1263.14*  93.01 38.70 4153.90 1238.98
46 105.98 43.00 4373.38  1500.29° 95.87*  39.07 3122.5° 1271.18*  93.86 39.60 3916 1135.84
LSD (%) Ns Ns Ns 75.22 4.4 Ns 325.78 73.83 Ns Ns Ns Ns
CV (%) 5.43 5.59 5.28 5.88 5.56 7.8 11.83 7.44 2.84 3.93 8.19 12.64

*Means in a column with same letter are not significantly different at 5% probability level. Ns=not significant
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Table 4. The over year combined main effects of N and P fertilizer rates on plant height,
panicle length, biomass and grain yield of tef in Lasta-Lalibela.

Nitrogen rate PH (cm) PL (cm) BM (kg ha™) GY (kg ha®)
(kg ha™)

0 77.5¢ 35.2¢ 2530.644 786.56¢
46 101.2° 41.6° 4552 .85° 1421.58¢
69 106.12 43.3? 5352.20° 1714.27°
92 105.72 43.72 6003.90? 1900.912
LSD (5%) 1.75 0.84 193.64 129.22
P,Os rate (kg hat)

0 95.9° 40.55° 4447 65° 1367.85°
23 098.12 40.80%® 4728.282 1528.15?
46 08.8? 41.46% 4653.242 1471.50%
LSD (5%) 1.52 0.73 167.70 111.90
CV (%) 4.73 5.40 11.05 23.58

*Means in a column with same letter are not significantly different at 5% probability level.

Table 5. The main effects of N and P fertilizer rates on plant height, panicle length, biomass
and grain yield of tef in Sekota district at 2019 and 2020

Nitrogen rate 2019 2020
(kg hat) Farm 1 Farm 1

PH PL BM GY PH PL BM GY
0 81.98° 3153 363.5° 1162.94°  89.82° 38.44° 2193.60° 688.78°
46 98.21° 390.18* 5611.9° 1786.05°  115.51* 45.13* 4600.30° 1279.56"
69 97.03° 38.58" 5683.8° 1862.84°  114.70° 4553 5218.40° 1265.59°
92 101.37*  40.53* 6064.5 2022.15*  116.13* 46.42* 5793.70°  1488.59%
LSD (5%) 291 1.68 368.38 92.53 3.21 1.90 316.61 59.43
P.Os rates
(kg ha!)
0 97.62° 46.00* 5727.70* 1673.39® 105.67°¢ 43.00° 4012.90°  1108.14°
23 91.87° 36.38" 4965.80° 1696.51* 109.05° 43.75% 4507.40°  1228.07°
46 94.46° 36.23> 5051.70° 1755.09° 112.41* 44.80° 4834.10° 1205.68?
LSD (5%) 2.52 1.46 319.03 80.14 2.78 1.65 274.19 51.47
CV (%) 3.16 4.62 7.21 5.67 3.03 4.45 7.31 5.57

*Means in a column with same letter are not significantly different at 5% probability level.
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Table 6. The over year combined main effects of N and P fertilizer rates on plant height, panicle
length, biomass and grain yield of tef in Sekota district.

Nitrogen rate (kg ha) PH PL BM GY
0 85.90°  34.99° 2913.5° 925.86°
46 106.86%®  42.15° 5106.1° 1532.812

69 105.86°  42.02P 5451.1° 1564.212
92 108.752  43.472 5929.12 1755.372
LSD (5%) 2.55 1.27 366.58 218.91

P205 rate (kg hat)

0 101.64%  39.73° 4870.3 1390.76
23 100.45°  39.98° 4736.6 1462.29
46 103.43%  42.252 4942.9 1480.63
LSD (5%) 2.12 1.13 Ns Ns

CV (%) 3.75 4.7 11.31 21.92

*Means in a column with same letter are not significantly different at 5% probability level.
Ns=not significant

Correlation analysis of agronomic parameters

Correlations among parameters are presented in Table 7. Grain yield of tef was significant and
positively correlated with plant height (r=0.74**), panicle length (r=0.71**) and biomass
yield (r=0.9**) in Lasta-Lalibela while only biomass was correlated (0.79**) at Sekota. This
indicated that grain yield significantly increased with the increased in plant height, panicle
length, and biomass yield. This was in line with the report of Bekalu and Arega (2016) who
reported that grain and straw yields of tef were significantly and positively correlated with
plant height and panicle length. Dereje (2018) also showed that grain yield significantly
increased with the increased in plant height panicle length and biomass yield.

Table 7. Correlation analysis {Bibliography}between Tef agronomic parameters at lasta-

Lalibela and sekota districts

Lasta lalibela
Ph pl Bm Gy
Ph 1
Pl 0.86** 1
Bm 0.68** 0.69** 1
Gy 0.74** 0.71** 0.9** 1
Sekota
Ph 1
Pl 0.89** 1
Bm 0.53** 0.35* 1
Gy 0.14ns 0.07ns 0.79** 1
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Fig 3. Regression and response curve of tef on N in Sekota districts
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Fig 3. Regression and response curve of tef on N in Lasta -Lalibela districts

The response curve showed that the grain yield of tef to nitrogen fertilizer is still in increasing
from 0 to 92 kg ha! in both Sekota and Lasta-Lalibela. The result showed that the increase of

N fertilizer rate from lower to each fertilizer rates were increased the grain yield of tef.

Partial Budget Analysis

The partial budget analysis of the research showed that 92 kg ha™ N earned the maximum net

benefit in both locations. The highest net benefits were 73321.79 and 67796.53 ETB ha! with
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corresponding MRR of 919.88 and 883.75% in Lasta-Lalibela and Sekota districts
respectively (Table 8&9).

Table 8. Partial budget analysis of N for tef production in Lasta-Lalibela

Adjusted yield Benefit

Urea TVC
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the lower yield and yield-related parameters were recorded from control (unfertilized) plot.
Generally, from this work, it could be concluded that using 92 kg ha™ N rate resulted in higher
grain yield of tef in both locations. Based on the partial budget analysis, the first
recommendation fertilizer rate at Lasta-Lalibela, and Sekota is 92 kg ha*N, and while the
second recommendation is 69 kg ha® N in for both locations. Even if P did not show any
significant effect on yield, it should be applied at the rate of 23 kg ha™* as maintenance.
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irrigation at Abergelle, Waghimra, eastern Amhara
Ewunetie Melak”, Workat Sebnie, Tilahun Esubalew
Sekota Dryland Agriculture Research Center
*Corresponding author: Ewunetie Melak, Email: ewunetie2017@gmail.com
Abstract

Hot pepper is one of the most important spice crops widely cultivated around the world. Due to
nutrient deficiency and disease the productivity of hot pepper is very low as compared to the other
country. Therefore, the experiment was conducted to investigate the response of green pod yield and
yield component of hot pepper for urea and NPS fertilizers under irrigated condition. It was conducted
during 2019 and 2020 irrigation season at Abergelle district of Wag-himra eastern Amhara Ethiopia
consisting of four rates of urea (0, 100, 150 and 200 kg/ha urea) and three rates of NPS (0, 100, and
150kg/ha NPS) levels were used and laid out in randomized complete block design with three
replications. Result of current study revealed that N and P.Os fertilizer had significant effect on plant
height, number of pod number, pod weight and green pod yield of hot pepper. Highest green pod yield
(13.86 t ha) was obtained from combined application of 97.5 kgha™ N and 57 kgha™ P,Os followed
by (12.98 t ha™) was gained from 74.5 kgha™ N and 57 kgha™ P,Os. The cost benefit analysis also
showed that application of 97.5 N and 57 P,Os is the first and followed by 74.5 kgha™ N and 57 kgha™
P,Os second appropriate rates for optimum green pod pepper yield in Abergelle district of saka

irrigation command area under irrigation season.

Keywords: hot pepper, green pod, urea, NPS
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Introduction

Hot pepper (capsicum annuumL.) belongs to genus Capsicum and family Solanaceae. It is one
of the most important spice crops widely cultivated around the world for its pungent flavor
and aroma (lkeh et al., 2012). Fine spicy powder of the hot pepper (‘berbere’) is an
indispensable flavoring and coloring ingredient in the daily preparation of different types of
Ethiopian sauces(wot), the green pod also consumed as a vegetable with other food items
(MARC, 2004). In Ethiopia, the total production share of green pod pepper was estimated to be
7449.59 ha total production of 45853.7 ton with the average productivity of 6.2 ton ha’. In Amhara
National Regional State, it covers 1331.46 ha with a total production of 8521.1 ton and the average
productivity of 6.4 ton ha* and in Waghimra zone , the total area under hot pepper for the green pod
(Karia) was 27.65 ha with a total production of 68.2 ton in the average productivity of 2.5 ton ha®
(CSA, 2016). This shows that the productivity of pepper in Waghimra is much lower than both from
the national and regional production.

The productivity of hot pepper is constrained by lack of proper nursery and field agronomic
management practices; these are lack of adequate and balanced nutrient supply, diseases, poor
aeration, and absence of high yielding cultivars. Amongst these, nutrient deficiency is the
most yield-limiting factor in vegetable crop production in Ethiopia (Alemu and Ermias,
2000). Many scholars reported that chemical fertilizers are the major nutrient sources to
improve crop productivity (Tamene et al., 2017).

Soil fertility decline (nutrient deficiency) is one of the most limiting factor for vegetable
production including hot pepper in different agro-ecology of Ethiopia. The main limiting
nutrients are N, P and other macro and micronutrients such as K, S, B and Zn scarcities
(Alemu and Ermias, 2000). The key problem in achieving the first growth and transformation
plan (GTP) of doubling up agricultural production by the end of the five years plan period
was lack of soil fertility map and absence of site and crop-specific fertilizer recommendation
(IFDC, 2015). Plant nutrients have a vital role in improving crop production and productivity
on a sustainable basis; fertilizers are an effective source of plant nutrients. Accordingly,
(Akram et al., 2007, Gezahegn et al., 2020) the application of NP fertilizer can boost the
production of hot pepper in their work the higher yield and yield related traits were high in
higher rates of NP fertilizers. Knowing crop and site-specific recommendations of fertilizer
are ideal for the production of hot pepper. Hence, this study was aimed to determine optimum
and economical feasible urea and NPS fertilizer rates for sustainable production of hot pepper

in Abergelle district of the Waghimra zone in eastern Amhara.
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Materials and methods

Description of the study area

The study was conducted for two years during 2019 and 2020 in Saka, Abergelle district,
Waghimra Administrative Zone of the Amhara Region, by irrigation. The area is
characterized by undulated topography, very shallow soil depth, high soil erosion, and
scattered forest coverage. The major crops on the main season were sorghum, sesame,
pearlmilet and lowland pulses and in irrigation Onion, tomato, and hot pepper are the main
dominance horticulture crops are grown in the district. Sorghum is the leading crop in the
district. The trial sites of the two consecutive years are located with 1426417 N latitude
494322.5 E longitude with the altitude of 1313 m.a.s.l and 1426352.36 N latitude, 494288.57
E and 1316 m.a.s.| (fig. 1).The climate of the area is categorized by unimodal rainfall
characteristics, and the rainfall pattern has a high amount of rainfall occurring during the main
rainy season of July and August the study area indicates that the mean annual rainfall is
622.37 mm with erratic and uneven distribution over seasons and years. The mean minimum
and maximum annual air temperatures of the area are 19.19°C and 36.08°C, respectively, with
a mean annual air temperature of 24.54°C. The geology of the area also is characterized by a
Precambrian basement unconformable overlain by a Paleozoic-Mesozoic sedimentary

succession capped by Tertiary volcanics (Sembroni et al. 2017)
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Figure 1. Location map of Abergele wereda and Saka irrigation scheme
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Soil sampling, pre-processing and analysis

The representative composite soil samples were collected before planting from a depth of 0-
20cm. It was sun dried under shadow, grinded and sieved for the analysis of texture, pH,
organic matter, total nitrogen, and available P following with the standard procedure. The
determination of particle-size distribution was done using the hydrometer procedure
(Sahlemedhin and Taye, 2000). Organic carbon was determined by wet digestion method
(Walkley and Black, 1934). Total nitrogen contents were analyzed by the Micro-Kjeldahl
method (Horneck et al., 2011). The pH of the soil was determined using a 1:2.5 soil sample to
water ratio using a digital pH meter (FAO, 2009), and Available phosphorous was determined
by Olsen's method (Olsen et al., 1954).

Table 1. Properties of the soil at the experimental field

Soil properties Values Rating

pH (by 1:2.5 soil water ratio) 7.05 Neutral. (Murphy, 1968, and Tekalgn, 1991)

Total nitrogen (%) 0.01 Very low (Murphy, 1968 Tekalign, 1991 and Berhanu,
1980)

Available phosphorus(ppm) 0.84 Low. (Olsen et al. 1954)

Organic carbon (%) 1.05 Low (Murphy 1968, Tekalgn, 1991 and Berhanu 1980

Electrical conductivity(ms/cm  0.42 Low

Seedling management and transplanting

The seedlings were raised on a seedbed with 5 m length and 1 m width by hand drilling the
seeds at the inter-row spacing of 15 cm and mulched with grass. After planting 3-4 leaf
stages, healthy and vigorous seedlings were transplanted to the well managed and prepared

farmland.

Design of the experiment and treatments

The experiment was organized in a randomized complete block design (RCBD) with three
replications. The fertilizer levels were, four levels of urea (0,100,150.200), and three levels of
NPS (0, 100,150) kg ha* arranged a factorial and have a total of 12 treatments (Table 2).
Mareko Fana hot pepper variety was used as a test crop which is adapted to the agro-ecology
and high yielder in the study area. The plot size of the experiment was 17.64 m? (4.2m wide
and 4.2 m long), with the spacing of 0.5m and 1m between plots and blocks respectively and

the spacing between plant and row was 0.3m and 0.7m respectively, which were six rows per
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plot and 14 plants per row with a total of 84 plants per plot. Data was collected from net

harvestable 4 rows.

Table 2. Fertilizer amount in kg ha* applied to each treatment was

Treatment NO.  Treatment N:P20s5:S

1 Urea 0+NPS 0 0:0:0

2 Urea 0+ NPS100 19:38:7

3 Urea 0+NPS150 28.5:57:10.5
4 Urea 100+NPS0O 46:0:0

5 Urea 100+NPS100 65:38:7

6 Urea 100+NPS150 74.5:57:10.5
7 Urea 150+NPS0O 69:0:0

8 Urea 150+NPS100 88:38:7

9 Urea 150+NPS150 97.5:57:10.5
10 Urea 200+NPS0 92:0:0

11 Urea 200+NPS100 111:38:7

12 Urea 200+NPS150 120.5:57:10.5

Data Collection

The agronomic data were collected from the representative samples. The collected parameters
were growth parameters (plant height) and yield and yield component parameters (number of
pods per plant, average pod weight (gm.), green pod yield (t ha't).

Partial Budget Analysis

To consolidate the analysis of variance (ANOVA) of the agronomic data, an economic
analysis was used for every treatment. For economic valuation, cost and return, and benefit to
cost ratio was calculated according to the procedure given by CIMMYT (1988). The actual
green pod yield was adjusted down by 10% .The costs that vary among all the treatments was
fertilizer cost. The economic analysis was done based on the formula developed by CIMMYT
(1988). Treatments (dominance analysis) were carried out first by listing the treatments in
order of increasing cost variation to identify the economically preferable treatment.

Data Analysis

Analysis of variance was carried out for the growth, yield, and yield components using R-
software version 4.0.5. Whenever treatment effects were significant, the mean separation was

done by Duncan multiple range tests (DMRT) at 5% level of significance.
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Results and discussion

Table 3. Response of green pod yield, plant height. number of pod per plant, and pod weight
of hot pepper to urea and NPS fertilizers in 2019 and 2020.

Urea rate (Kg/ha)
NPS rate Green pod yield (kg hat)
Urea 0 Ureal00 Ureal50 Urea200
NPS 0 (0 P20s) 6407¢ 8867¢% 10274%® 7960°%
NPS 100 (38 P20s) 7025¢ 109782¢ 7813¢% 9143¢de
150 (57 P20s) 75420 12980 138412 12176%
P level (0.05) *x
CV (%) 24.28
Plant height(cm)

NPS 0 (0 P20s) 44.75f 54.57¢ 61.02°¢ 57.97¢
NPS 100 (38 P20s) 50.23¢ 63.27% 56.46% 63.87%
150 (57 P20s) 58.4¢ 63.9% 63.97% 65.982
P level (0.05) *x
CV (%) 4.64

Number of pod per plant
NPS 0 (0 P20s) 15.48" 20.57¢ 19.47¢ 22.42%
NPS 100 (38 P20s) 21.69° 29.47" 27.37 31.20°
150 (57 P20s) 26.3% 35.972 29.47°¢ 26.06%
P level (0.05) **
CV (%) 14

Average pod weight (g)
NPS 0 (0 P20s) 5.9 6.18° 6.07¢ 6.44°
NPS 100 (38 P20s) 7.29¢ 8.14P 6.41° 7.26¢
150 (57 P20s) 7.4% 8.4 8.5 7.94P¢
P level (0.05) **
CV (%) 6.8

*Means within a column sharing common letter(s) are not significantly different. NPS are Fertilizer

that contains nitrogen, phosphorous and sulfur, Ns non significance, ** highly significant level (P=
0.05), CV (%) = Coefficient of variation in percent.

107



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Response of Green pod yield to urea and NPS fertilizers

The current investigation revealed that the green pod yield was highly significantly (P <
0.001) affected by rates of nitrogen, phosphorus (Table 3). Based on the analysis, the highest
total green pod yield (13.84 t ha') was attained by the rate of (Urea 150 plus NPS 150) kg ha"
! followed by 12.98 t ha (Ureal00 with NPS 150) kg ha™. Whereas the lowest (6.41t ha™)
was recorded form 0 kg ha™of urea and NPS. There is no significantly different from the rate
of (100kg with 150 kg, 200kg with 150 kg, 150kg with Okg, and 100 with 100) kg ha™* urea
and NPS respectively. The difference in green pod yield might be due to varying levels of
fertilizer treatment and the nutrient status of the cultivated area. The application of 150 kg ha
urea and 150 kg ha* NPS increases the green pod yield by 7.45 t ha™ or increased by 116%
the over the control treatment. Research conducted in many parts of Ethiopia shows those
applications N and P.Os increase the dry pod of hot pepper (Tesfaw & Sadik, 2013, Gezaheg
et. al., 2020, Hintsa et.al. 2019, Wakuma et al., 2021).

In the contrary extra increases in applied fertilizers from 150 Urea and 150 NPS to 200 urea
and 150 NPS kg ha? reduced green pod yield. This work is supported by Mebratu et al.,
(2014) further increases in applied nitrogen from 100 to 150 kg N ha® reduced marketable
yield by about 42%. Similarly, Nimona et.al. (2018) stated that the more increases in applied
fertilizers from 150 to 200 NPSBZn kg ha* reduced marketable pod yield. Likewise, Hintsa
et.al. (2019) they reported that more increase NPS fertilizer decreases the marketable yield of

hot pepper.

Response plant height for urea and NPS fertilizer

The application of urea and NPS fertilizer were highly significantly (p < 0.001) increase the
plant height of the hot pepper as compared with unfertilized one (Table 3). The highest plant
height was recorded at the rate of Urea 200+NPS 150 kg ha? about 65.98cm but not
significantly different from (150+ 150, 100+ 150 , 200+ 100 , 100+ 100) kg ha* urea and
NPS respectively, whereas 44.75 cm was the lowest plant height recorded from control plot.
This implies the application of urea and NPS fertilizer can increase the plant height to 21.23
cm. This might be shows that the soil nutrient status of the experimental area is deficiency or
low fertility levels. The nutrient NP used for cell division and elongation. Many scholars
stated that application of N and P fertilizer increase the plant height of hot pepper (Ayodele,
2017). Kassa et.al. (2018) reported that the tallest and shortest plants were observed in plots
that received high amount of NP fertilizer plus FYM and unfertilized plot, respectively.

108



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Similarly, Fufa et al., (2018a) says that application of high rate of blended fertilizer increase
the plant height of the hot pepper compared with the unfertilized plots. Gezahegn et.al. (2020)
also reported that the highest plant height recorded from the plots they received maximum

amounts of NP fertilizers.

Response of number of pod per plant and average pod weight on urea and NPS fertilizer
Application of urea and NPS fertilizer had highly significant (P=0.001) effect on the number
of pod per plant and on average pod weight of hot pepper (Table 3). The highest number of
pods was recorded as 35.97 at a rate of (Ureal00 plus NPS 150) kg ha™, but not statically
difference at a rate 200 with 100 kg ha* Urea and NPS correspondingly and the lowest pod
number also recorded from unfertilized plot which were 15.48. This showed that urea and
NPS fertilizer used for pod production. It was increased the pod number by 20.49 in number
and 132.4%. Similarly, Mebratu et al., (2014) reported that Plants that received nitrogen at the
rates of 50, 100, and 150 kg N ha* produced a higher number of pods and about 60, 133, and
152%, yield improvement over the unfertilized treatments respectively. Gezahegn Assefa et
al., (2020), showed that the maximum number of pod recorded from the maximum NP
treatment. The highest pod weight also observed from Urea 150 combined with NPS 150
about 8.5g, but non-significant with 100 with 150 kg ha* urea and NPS whereas the smallest
pod weights recorded from control or unfertilized plot which was 5.9g.

Correlation of agronomic parameters

Green pod of hot pepper was significant and positively correlated with plant height
(r=0.0.65**), NPPP (r=0.0.6**) and APW (r=0.58**) (Table 4). This indicates that every
increases green pod yield with the increase in PH, NPPP, GP and APW of hot pepper. This
work par with Gezahegn A et.al. (2020), and Munda & Shumbulo (2020), stated that an
increase in dry fruit weight due to increase the fruit number per plant fruit weight and plant

height of hot pepper.
Table 4; Correlation of PH, NPPP, GP and APW of hot pepper
Parameters GP PH NPPP APW
GP 1
PH 0.65** 1
NPPP 0.6** 51** 1
APW 0.58** .59 0.47** 1

*PH implies plant height, NPPP, no of pod per plant, GP: green pod yield, APW: average pod weight,
and *** very highly significance
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Partial Budget Analysis

The partial budget analysis of the research showed that 150 with 150 kg ha™* Urea and NPS
earned the maximum net benefit of 493809 ETB ha™* with MRR of 4083% and followed by
100 with 150 and 100 with 100 kg ha™ Urea and NPS with a net benefit of 463554 and
392230 ETB respectively and MRR of 3240% and 3256.82% (Table 5).

Table5. Cost benefit analysis for the application of urea and NPS fertilizers rates on hot
pepper production at Abergelle, Waghimra Eastern Amhara.

Urea NPS GPY TVC APY GB NB MRR%
0 0 6407 0 5766.3 230652 230652

100 0 8867 1482 7980.3 319212 317730  5875.71
0 100 7025 1496 6322.5 252900 251404 D

150 0 10274 2223 9246.6 369864 367641 6735.63
0 150 7542 2244 6787.8 271512 269268 D

200 0 7960 2964 7164 286560 283596 D

100 100 10978 2978 9880.2 395208 392230  3256.82
150 100 7813 3719 7031.7 281268 277549 D

100 150 12980 3726 11682 467280 463554  9535.29
200 100 9143 4460 8228.7 329148 324688 D

150 150 13841 4467 12456.9 498276 493809  4082.99
200 150 12176 5208 10958.4 438336 433128 D

*GPY =green pod yield, AGPY=adjusted green pod, GB gross benefit, TVC=total variable cost NB= net benefit
MRR=marginal rate of return

Conclusion and Recommendation

Soil fertility problem is one of the yield limiting factors of crops, including hot pepper in
Ethiopia. Optimum levels of fertilizer applications and sustaining soil fertility improvement

can enhance for higher crop yields.

The results with our research showed that most of the agronomic parameters considered were
highly significant affected by both N and P nutrients. Most of the yield and yield components
were significantly enhanced when N and P,Os fertilizer rate of 97.5 and 57 kg hal
respectively. Whereas the lower yield and yield-related parameters was recorded at control
(unfertilized) plot. Generally, from this work, it could be concluded that using 97.5 and 57 kg
hal N and P,Os fertilizer rate was the most appropriate rate on hot pepper green pod yields.
Based on net benefit 493809 Eth birr followed by 463554 Eth birr could be achieved by the
application of (150:150 and 100:150) kg ha™ urea and NPS fertilizer level and their respective
MRR% of this rate was 4083% and 9535.294% (Table 5). Therefore, the first appropriate
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fertilizer rate for hot pepper at Abergelle, Waghimra and similar agro-ecology to be 97.5 and
57 kg ha* N and P,0s, and the second most appropriate was also 74.5 and 57 kg ha® N and
P2Os fertilizer respectively. Additional research should be also conducted on yield limiting
nutrient and times of nitrogen fertilizer application at different vegetative stages to enhance

the productivity of hot pepper.
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Abstract

Depletion of soil nutrient is among the major factor that affects crop production and
productivity in Ethiopia. From the nutrients, nitrogen is the most yield-limiting which governs
bread wheat production. Therefore, the study was conducted to examine the effect of nitrogen
on yield and yield components of bread wheat. The experiment was implemented in the 2019
and 2020 cropping seasons at Sekota and Lasta districts on the farmer’s field. The treatments
consist of a factorial combination of four levels of nitrogen 0, 46, 69, and 92 kg ha-1 and two
varieties of wheat (Sekota-1 and Hibst) which were replicated three times in a randomized
complete block design. The amount of phosphorous was 23 kg ha-1 P205 for all treatments.
The results of the study indicated that grain and yield-related traits were significantly affected
by nitrogen fertilizer. The increasing rate of nitrogen up to 92 and 69 kg ha-1 increases the
grain and biomass yield of wheat at Sekota and Lasta districts respectively. The highest grain
yield (2562.1 and 2980.25 kg ha-1) was obtained from the application of 92 and 69 kg ha-1 N
at Sekota and Lasta respectively. Therefore, the application of 92 and 69 kg ha-1 N is the
appropriate rate and recommended for Sekota and Lasta districts respectively.

Keywords: Nitrogen, Variety, Grain yield, Biomass yield

Introduction

Wheat (Triticum aestivum L.) is one of the major global cereal crops; ranking second after
paddy rice both in area and production, and provides more nourishment than any other food
crop (Curtis, 2002). Ethiopia is one of the largest wheat producers in sub-Saharan Africa
(FAOSTAT, 2014) with an estimated area of 1 million hectares (ha) (CSA, 2000). Despite
this large area coverage, the productivity of this crop is very low because of the high depletion
of soil fertility, low levels of chemical fertilizer usage, limited knowledge on time and rate of
fertilizer application, and the unavailability of other modern crop management inputs
(Asnakew et al., 1991; Amsal et al., 1997). Especially nitrogen is often the most limiting
nutrient for crop yield in many regions of the world. The increase in agricultural food
production worldwide over the past four decades has been associated with a 7-fold increase in
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the use of N fertilizers (Hirel et al., 2007). Nitrogen is the most limiting nutrient for wheat
production that affects rapid plant growth and improves grain yield. Many researches showed
that nitrogen application increased grain yield and other parameters of wheat (Subedi et al.,
2007; Asif et al. 2012; Bereket et al. 2014; Bekalu and Arega 2016; Abrham et al., 2020).
Abedi et al. (2011) reported that higher grain yield (8230 kg ha') was produced in a treatment
receiving 240 kg N ha* than in control (3930 kg ha-1), 120 kg N ha* (4400 kg ha'), and 360
kg N ha! (6530 kg ha'). Research conducted in Tigray (Northern Ethiopia, by Belaynesh et
al., (2017) indicated that increasing the rate of nitrogen increases the grain and biomass yield.
Tilahun and Temado (2019) also reported that increasing the N level from 23 to 92 kg ha*
significantly increased the grain yield of bread wheat. Similarly, Alemu et al (2019), reported
that increasing N up to 96 kg haincreased the grain and biomass yield of wheat. The above
mention findings showed that the application of nitrogen fertilizer had a positive impact on
the yield and yield component of Wheat. Despite, the positive response of nitrogen fertilizer
on bread wheat production there are no research recommendations on nutrient management to
enhance the productivity and profitability of wheat production in the study areas. Therefore,
the objective of this experiment was to investigate the effect of N rates on yield and yield
components of bread wheat and find economically appropriate rates of N fertilizer rates for

the study area.

Materials and Methods

Description of the study area

The experiment was conducted for two consecutive years 2019 and 2020 in Sekota and Lasta
districts of eastern Amhara Region, Ethiopia (Fig 1). The districts are located in Wag-himra
and north Wollo zones of the Amhara regional State. These areas are usually referred as by
undulated topography, uneven distribution and erratic rainfall, very shallow soil depth, high
soil erosion, scattered forest coverage, and sloppy farming is commonly practicing. The major
crops: - sorghum, tef, wheat, barley, maize, fababean, and check pea are grown in these
districts. Sorghum is the leading crop (45.1% of the area of cultivated cereals) followed by tef
(20.6%), barley (19.1%), wheat (12.01%), and maize (2.18%) in Wag-himra zone. Whereas
Tef is the leading crop (31.8% of area of cultivated cereals) followed by sorghum (25.3%),
wheat (23.0%), barley (15.5%), and maize (3.4%) in north Wollo (CSA 2021). Intercropping
and rotation of cereals with legumes are commonly practiced in those districts to improve soil

fertility.
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Fig 1: Map of study area

The maximum amount of rainfall during the growing season was 386.84 mm and 265.37 mm
in August 2020 at Lalibela and July 2020 at Sekota districts respectively (Fig 2). Relatively
the highest rainfall was recorded at Lasta district as compared with Sekota district (Fig 2).
Whereas the mean minimum and maximum temperatures of the growing season were 16.01
and 26.51°C, respectively (NASA 2019 and 2020).
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Mean max and min T°C of the growing season
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Fig 2: amount of rainfall, max and min temperature of during the growing season at Lasta and

Sekota district
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Treatment setup

The treatments were four levels of nitrogen 0, 46, 69, and 92 kg ha*and two varieties of bread
wheat (Sekota-1 and Hibst) combined in factorial arrangement with randomized complete
block design (RCBD). The amount of phosphorous used for all treatments was 23 kg ha*
P205. The plot size was 3X3, and the distance between the plots and blocks (replications)
was kept at 0.5 m and 1 m apart, respectively. Fertilizer sources used for the study were N in
the form of urea [CO (NH2)2] (46% N) and phosphorus in the form of triple superphosphate
(46% P205). Row planting with a spacing of 20cm between rows and a 125 kg ha-1 seed rate
was used. Land preparation such as ploughing and weeding was carried out as per the
recommendation for wheat crop production.

Data Collection

At crop maturity, five plants were randomly selected from the middle rows of each treatment
for measuring the plant height, spike length, and seeds per spike. Grain and biomass yield
were measured from the central thirteen rows of each experiment.

Prior to planting composite soil samples were collected from surface soil (0 - 20 cm) from the
experimental sites for soil physicochemical analysis. Samples were air-dried and ground to
pass through a 2-mm sieve to get the fine earth fraction (< 2 mm separates). Particle size
distribution (sand, silt, and clay separate) was determined by hydrometer method as outlined
by Bouyoucos (1962). Soil pH was determined from the filtered suspension of 1:2.5 soils to
water ratio using a glass electrode attached to a digital pH meter (Carter and Gregorich 2008).
The organic carbon of the soil was determined following the wet digestion method as
described by Walkley and Black (1934). Total nitrogen was determined by the Kjeldahl
digestion, distillation, and titration method (Bremner and Mulvaney 1982), and available
phosphorus was determined by the standard Olsen method (Olsen et al. 1954). The result of
the soil analysis with their respective rating is presented in Table 1.
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Table 1: soil analysis result

Soil parameter

Experime pH EC/ms SOC  Total AvP Textural class %
ntal sites  (1:2.5) % N% ppm Sand Silt clay Class
Site 1 6.6 0.14 0.88  0.017 17.6 43 31 26 loam
Site 2 6.7 0.21 0.8 0.031 32.45 53 25 22 Sandy clay loam
Site 3 6.7 0.16 0.68 0.021 14.65 33 35 32 Clay loam
Site 4 7.8 0.049 0.3 0.0042 25.4 52 13 35 Sandy clay
Site 5 6.9 0.022 0.31  0.0014 34.69 77 13 10 Sandy loam
Site 6 8.2 0.033 0.38  0.0013 21.3 72 17 11 Sandy loam
Site 7 7.3 0.035 0.42 0.0014 17.45 60 23. 16.8 Sandy loam
2
Rating Sl acidic Non- Lowto verylow High
to mo saline very
alkaline low
Source Tekalign Hazelton  Tekali Tekalign  Olsen USDA
(1991) & gn (1991) 1954
Murphy (1991)
(2007)

Sl=slightly, mo= moderately, SOC soil organic carbon, Avai P=available phosphorous

Partial budget Analysis

The cost of fertilizer (15.56 and 14.6 ETB kg™?) and wheat grain price of 30 ETB kg™ was
used for the partial budget analysis for Lasta and Sekota districts. The marginal rate of return
was calculated as a change of benefit divided by a change in total cost that varies as described
by CIMMYT (1988). The grain yield was adjusted downwards by 10 % of the actual yield to

reflect the difference between the experimental yield and the yield of farmers.
Data analysis

Analyses of variances for recorded data were done using SAS software to determine the
relationship between yield and yield components due to application of N fertilizer rates and
variety. Least significant difference (LSD) test at 5% probability was used for mean

separation when the analysis of variance indicated the presence of significant differences.
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Results and discussion

Anova for Lasta and Sekota areas

The results of combined analysis over years on the effects of N application, variety and their
interactions are presented in (table 2). Nitrogen levels were significantly (p < 0.01) affected
plant height, spike length, seed per spike, biomass yield, grain yield and thousand seed weight
of bread wheat at all location. Furthermore, seed per spike and grain yield were affected by
variety at Lasta and Sekota whereas biomass yield and thousand seed weight were
significantly affected by varieties at Sekota district only.

Table 2: the mean square values main and interaction effects of nitrogen and variety on yield and yield
component of bread wheat

Mean Square

Source  DF Lasta district
of PHcm  SLcm SP BY kg ha* GY kg hat TSW
Variation

N 3 1054.99” 30.95"  1344.63" 66916201.7 17113197.15™ 20.51™

V 1 7.91™ 0.04™ 595.01" 2857802.6™ 1059404.79™ 11.15™
Rep 2 10.88™ 1.52™ 45.82" 703538.3™ 24635.45™ 0.56"™
N*V 3 110.81" 2.38" 74.61™ 5164855.6™ 483261.23™ 3.47™
Error 71 30.65 0.72 80.50 2166306.8 39601.51 10.95

Sekota district

N 3 301.59™ 3.717 90.82" 25573503.72" 3613358.56™ 0.13™

V 1 49.66"™ 0.23™ 640.56™ 17572739.46™ 1690073.89™ 19.88"
Rep 2 5.39™ 1.43® 20.83™ 20481.82™ 6148.41™ 117
N*V 3 39.10™ 1.91™ 8.92"™ 4450875.33" 405407.65" 3.49™
Error 71 16.29 0.70 25.58 13107715 139733.03 453

PH=plant height, SL=spike length, SP= seed per spike, BY=biomass yield, GY= grain yield, TSW=thousand seed weight
Effects of nitrogen on yield components of bread wheat

Application of nitrogen was significantly affected the growth parameters of bread wheat at
Lasta and Sekota districts. The increasing rate of nitrogen up to 92 kg ha* increases the plant
height, spike length and seed per spike of wheat but, statistically similar with the plant height,
spike length and seed per spike obtained at N rate of 69 kg N ha™. The highest plant height
(76.6 and 75.12 cm) was obtained from application 92 kg ha* N and the lowest plant heights
(62.41 and 67.30 cm) were recorded from control treatment from Lasta and Sekota districts

respectively (Table 3). By applying nitrogen, the plant height was increased by 22.74 and
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11.62% as compared with control. This increment with application of nitrogen might be due
to the fact that N is the essential constituent of proteins; it is involved in all the major
processes of plant development and yield formation. A good supply of nitrogen for the plant
is also important for the uptake of the other nutrients (Bell, 2016). The current result is similar
with finding of Bereket et al. (2014) who reported that by applying nitrogen up 92 kg ha* the
plant height was increased by 17.44%.

The highest spike length (7.98 and 7.79 cm) and maximum seed per spike (42 and 46) were
recorded from application of 92 and 69 kg ha N at Lasta and Sekota districts respectively,
which were statistically at par with application of both fertilizer rate (69 and 92 N kg ha™).
Spike length and seed per spike were significantly increased with increasing nitrogen rate.
Study conducted by Bekalu and Arega (2016) in southern Ethiopia showed that by applying N
at rate of 69 kg ha' gave the highest spike length. Similar results were also reported by
Hameed et al., (2002) who said that increasing rate of nitrogen increases the spike length of
bread wheat. Seed per spike was significantly affected by variety at Sekota and Lasta district.
High number of seed per spike was recorded from Hibst variety and the lowest was recorded

from Sekota 1.
Effects of nitrogen on grain and biomass yield of bread wheat

The result showed that application of nitrogen had a significant effect on the grain and
biomass yield of bread wheat in the tested districts. The increasing rate of nitrogen increased
the grain yield of bread wheat in the two districts ((Table 3&4)). The highest grain yield
(2980.25 and 2562.1 kg ha) were obtained from the application of 69 and 92 N kg ha* which
was statistically similar with the grain yield obtained at N rates of 92 and 69 kg N ha™ at Lasta
and Sekota respectively, whereas the lowest was obtained from the control treatment. By
applying 69-92 kg ha? nitrogen the grain yield was increased by 150.29 and 54.05% as

compared to the control at Lasta and Sekota districts respectively.
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Table 3: effects of nitrogen and variety on growth and yield of wheat at Lasta district

Treatment PHcm  SLcm  Seed/spike  BY kgha!  GY kg ha' TSWg
N kg hat
0 62.41° 5.44¢ 25.85° 3751.7° 1190.71° 37.61°
46 72.99° 7.29° 40.38% 5548.9° 2210.22° 39.38%®
69 76.21% 7.65% 41.55? 7349.3? 2980.25? 39.592
92 76.60? 7.98% 40.40? 7138.82 2965.75? 39.39%
LSD 3.18™ 0.48™ 5.16™ 847.19™ 114.55™ 1.90"
Variety
Sekota-1 71.76 7.11 34.55° 6119.7 2441.78% 39.34
Hibst 72.34 7.07 39.53% 5774.7 2231.68° 38.65
LSD (5%) ns ns 3.65" ns 80.99™ ns
CV (%) 7.68 11.99 24.21 24.21 8.51 8.48

PH=plant height, SL=spike length, BY=biomass yield, GY= grain yield, TSW=thousand seed weight

Table 4: effects of nitrogen and variety on growth and yield of wheat at Sekota district

Treatment PHcm  SLcm  Seed/spike  BY kgha!  GY kgha' TSWyg
N kg ha '
0 67.30° 6.91° 41.49° 4166.1° 1663.2° 34.07
46 73.28% 7.36% 43.88%® 5537.3° 2297.6° 34.11
69 74.28% 7.68% 46.19° 5745.5° 2356.4% 34.24
92 75.12% 7.792 44452 6665.72 2562.1° 34.19
LSD (5%) 2.32" 0.48" 2.91" 659™ 215.17" ns
Variety
Sekota-1 71.77 7.38 41.42° 5956.52 2352.512 33.70°
Hibst 73.21 7.48 46.59? 5100.8° 2087.14° 34.612
LSD (5%) ns ns 2.05* 465.98™ 152.14" 0.86"
CV (%) 5.56 11.26 11.49 20.70 16.83 6.23

PH=plant height, SL=spike length, BY=biomass yield, GY= grain yield, TSW=thousand seed weight

The increase in grain yield of the wheat with increasing N rates might be due to the role of N
in increasing the leaf area and promoting photosynthesis efficiency. This again promoted dry
matter production and increase yield; which showed N is crucial as a constituent of all
proteins and is essential for the growth of plants (Johnston et al., 1994). A study conducted by
Belaynesh et al., (2017) in northern Ethiopia (Enderta areas) showed that increasing the rate
of nitrogen application up to 69 kg ha* N significantly increased the grain yields of the wheat
by 159 %. Belete et al., (2018) reported that increasing the rate of nitrogen up to 120 kg ha
increases the vyield by 220.53%. Similarly, Bekalu and Arega (2016) reported that the
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application of nitrogen at a rate of 69 kg ha had increased the grain yield of wheat by
64.80%. Concomitant with the results of this study, higher grain yields in response to
increased application of nitrogen fertilizer were also reported by (Haile et al 2012, Bereket et
al., 2014, Belete et al.,2018, Tilahun and Temado 2019).

The rate of N fertilizer application was significantly affected the biomass yield of bread
wheat in both districts (Table 3&4). The highest total biomass (7349.3 and 6662.1 kg ha™)
was obtained from application 69 and 92 kg ha® N at Lasta and Sekota districts whereas the
lowest (3751.7 and 4166.1 kg ha') was found from the control treatment. By application of
nitrogen, the total biomass yield was increased to 95.89 and 59.91%. Similar results were
reported by Bekalu and Arega (2016) by applying N at a rate of 69 kg ha. These authors
reported that the biomass yield was increased by 33.6 %. Belaynesh et al., (2017) also
reported that increasing the rate of nitrogen up to 69 kg ha increased the biomass yield of
wheat by 341.84%. The current study is in line with the findings of Hameed et al., (2002),
Abebe (2012), Bereket et al., (2014).

Sekota-1 bread wheat variety gave a higher yield than Hibst in both districts. Nitrogen
fertilizer significantly affected the grain yield of Sekota 1 wheat variety than Hibst which
indicated Sekota 1 bread wheat variety was more responsive to nitrogen fertilizer than Hibst.
Thus, the grain yield of this variety Sekota 1 exceeded that of Hibst by 9.41 and 12.71% at
Lasta and Sekota districts respectively.

Partial budget analysis

Table 5 partial budget analysis for Lasta and Sekota districts

(N Unadjusted yield Adjusted yield  Gross benefit  Coststhat vary ~ Net Benefit MMR
levels)

Lasta district

0 1190.71 1071.639 32149.17 0 32149.17 0
46 2210.22 1989.198 59675.94 1556 58119.94 1669
69 2980.25 2682.225 80466.75 2334 78132.75 2572
92 2965.75 2669.175 80075.25 3112 76963.25 D

Sekota district

0 1663.2 1496.88 41912.64 0 41912.64 0
46 2297.6 2067.84 57899.52 1460 56439.52 994.99
69 2356.4 2120.76 59381.28 2190 57191.28 102.98
92 2562.1 2305.89 64564.92 2920 61644.92 610.08

For a treatment to be considered as advisable to farmers, between 50 and 100% marginal rate
of return (MRR) is the minimum acceptable rate of return (CIMMYT 1988). The partial
budget analysis showed that the highest net benefit of 78132.75 Birr ha! and 61644.92 Birr
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ha* with the highest MRR was obtained from the treatment that received 69 and 92 kg N ha™
(Table 5) at Lasta and Sekota districts respectively. The next higher net benefit 57191.28 with
MRR % 102.98 was recorded for the treatment with 69 kg N ha! at Sekota district. Therefore,
the application of 69 and 92 N ha is profitable and recommended for farmers in Lasta and
Sekota areas as the first option respectively and 69 kg N ha™ is the second option at Sekota

and other areas with similar agro-ecological conditions.

Conclusion and recommendation

For sustainable crop production, appropriate fertilization application based on actual limiting
nutrients is a very important task for farmers to boost the production and productivity of bread
wheat. This study shows that the application of nitrogen can improve the yield and yield
components of bread wheat in the study areas. Among the rates of nitrogen, 92 and 69 kg ha*
were identified to be the most economical optimum rates of nitrogen fertilizer for bread wheat
production at Sekota and Lasta districts. Therefore, 92 and 69 kg ha™* is the appropriate rate
for maximum yield of wheat at Sekota and Lasta districts and are recommended for these and

similar areas and soil types respectively.

Acknowledgements: The Authors thank the Amhara Agricultural Research Institute for financial
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Abstract

A field study was conducted to determine the optimum rate of lime for potato production at
Banja and Machakel. The experiment comprising twelve levels of lime rates (0%,
11.1%,12.5%,14.3%,16.7%,20%,25%,33.3%,50%, 75%,100%,125%) with common 138N and
69P20s laid out in randomized complete block design (RCBD) with three replications. The
study showed that the application of different rates of lime was not significantly affected the
yield of Potato. But the Application of 14.3% lime rate at Banja gives 6.41 and 4.51tha™* tuber
yield advantage over the control at year one site one and year two and site two(Y1S1&Y2S2)
respectively. Similarly, the application of 20% lime at Machakel provides 4.04, 1.13, and 0.94
tuber yields than the control treatment at Y1S1, Y2S1&Y2S2 respectively. On the contrary,
soil properties changed by the application of lime. This might be due to the reclamation
activity of lime through the substitution of aluminum (Al+3) and (H+1) with (CaCO3) on soil
exchangeable site that makes the formation of aluminum hydroxide and water than free
hydrogen and aluminum. Based on this finding the application of minimum lime rate 14.3% at
Banja and 20% at Machakel is important for acid reclamation with recommended fertilizer
(138N, 69P205) for potato production. But for concrete recommendation we suggest further
research on lime residual effect and time of application with the different lime requirement
calculation methods.

Key Words: Potato, lime, soil Physico-chemical properties
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Introduction

Potato was one of the major strategic crops to the United Nation’s Millennium Development
Goals of achieving food security and eradicating poverty. Moreover, 2008 was recognized as
the year of potato by the United Nations. Its contribution to food security with a stable price
might be continued as price of potato mainly depends on local demand and supply than global
trade. It is a short cycle and early maturing additional advantages of double cropping and crop
intensification than other crops that take longer days for maturity. Ethiopia has a vast potential
to increase the production and productivity of potato, especially in the highlands
(Gebremehdin et al., 2012; Haverkot et al., 2012). About 70% of the cultivated land in
Ethiopia is suitable for potato production (FAO, 2008) but only 2% of the potential has been
used (Adane et al., 2015). About 40% of potato producers in the country are in the South
Gonder, North Gonder, East Gojam, West Gojam, and Agew Awi zones of the Amhara region
(Adane et al., 2015) where the Adet Agricultural Research center is mandated for this
potential. Potato is the fourth crop globally in terms of production and area coverage. It also
ranks first among root and tuber crops in Ethiopia (CSA, 2016). Potato is cheap and nutritive
food security crop, because of its high production per unit area and time with good nutritive
values than other major cereal crops. However, the productivity of potato in Ethiopia is
below 10 tons per hectare (Adane et al., 2015; Asresie et al., 2015; Haverkort et al, 2012).

On the contrary, Gebremehdin et al., 2012 indicated that released potato varieties have high
yielding potentials of up to 54 tons/ha in Ethiopia under farm conditions. Furthermore,
Haverkot et al., (2012) reported up to 64 tons/ha around Shashemene area. We also recently
assured that the achievable potentials of potato with nutrient management (Gudene variety)
are above 40tons/ha (unpublished data). Soil fertility is one of the factors that limit
agricultural productivity in Ethiopia including potato (Adane et al., 2012; Degefu and
Mengistu, 2017; Tadele et al., 2018). Then can further improve the productivity of potato
through acid soil management? Soil acidity is one of the challenges of crop production in the
high rainfall areas of the country where potato is the staple crop (Getachew et al.,2021).
About 30% of the world’s total land area consists of acid soils (< pH 5.5), and as much as
50% of the world’s potentially arable lands are acidic (Kochian et al., 2004). Due to
Transportation costs and labor intensiveness, farmers are not interested to apply fully
calculated lime rate at once on their farmland. However, Birhanu et al., (2016), reported that
25% of the lime calculated based on the exchangeable acidity applied in row at planting gave
an equivalent bread wheat yield with a full dose. Hence, based on this finding, wider

demonstration activities were conducted on the row application of lime by Adet Agricultural
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Research Center and was successful with the production of wheat in areas where it has been
out of production (Asmamaw et al., 2020). This result has been scaled up to end users
(farmers) that are getting a high rate of acceptance. This method significantly reduces the
amount of lime which has a problem for the adoption of the lime technology by the farmers.
Due to the large area coverage of acid soils in Ethiopia, it is also difficult for the government
to supply the total lime required. That is why using only 25% by row application at planting is
the best approach to increase the rate of adoption and productivity of crops. Accordingly, the
question of other crops to develop the rate of lime with row application at planting has been
requested by the stakeholders including the bureau of agriculture. The recommendation given
for wheat may not be equally work for other crops. One of the targets of the growth and
transformation of the program of the soil and water research directorates is also to improve
the productivity of crops in the highland through soil fertility management including acid soil
management. Therefore, the research was initiated to improve the productivity of potato
through the application of optimum lime rate both economically and biologically.
Objective

e To determine the economical and biological optimum micro dozing level of lime for

potato production in highly acidic areas of North West Amhara region

Materials and methods

Description of the study area

The experiment was conducted at Banja and Machakel woredas on a farmer’s field in North
West Amhara region Ethiopia. The site is located to southwest 175 and 230 km away from
Bahir-Dar respectively. Geographically the sites at Banja lies at (10°55'00" latitude and
37°05'00'longitude) and Gozamen (10°19'75" latitude and 37°16'46"longitude). The study
areas receive a mean annual rainfall of 2348 and 1700 mm with an altitude of 2312 and
2200m above sea level respectively. Major Crops grown in the areas include Potato, Barley,
Wheat, Oat, Teff, Faba-Bean, and Triticale.
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Figurel.Geographical location of the study Area

Soil sampling and experimental procedure

Before and after planting, representative soil samples were collected from 0-20 cm depth in a
random sampling method from 10 spots in the field by using auger. All samples were mixed
together and one composite sample was formed. The composite sample was grounded using a
mortar and pistil as well as passed through 2mm sieve for analysis of soil texture,
exchangeable acidity, CEC, pH, and available P whereas 0.5 mm sieve was used for
determining the soil organic carbon (OC) and total N. Bulk density was determined by core
sampling method. Major chemical properties of soil such as exchangeable acidity, OC, pH,
CEC, total N and available P were analyzed following the compiled laboratory manual of
Sahlemedhin and Taye (2000). Soil pH was measured in water at the ratio of 1:2.5 using glass
electrode pH meter. The soil OC content was determined following the wet digestion method
as outlined by Walkley and Black which involves digestion of the OC in the soil samples with
potassium dichromate (K2Cr207) in sulphuric acid solution. AvP was determined by Olsen
extracting method. Total N content in the soil sample was determined following the Kjeldahl
method. CEC was determined by extracting the soil samples by ammonium acetate (1N

NH40Ac) followed by repeated washing with ethanol (96%) to remove the excess
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ammonium ions in the soil solution. Percolating the NH4+saturated soil with sodium chloride
would displace the ammonium ions adsorbed in the soil and the ammonium liberated from the
distillation was titrated using 0.1N NaOH. Simultaneously the core samples per site were
collected for the determination of the bulk density which is important for the calculation of
the amount of lime as shown below. The soil samples were air-dried, ground, and sieved
according to standard procedures. Then exchangeable acidity (sum of exchangeable Al*3 and
exchangeable H™) of the collected soil samples were determined at Adet Agricultural
Research Center Laboratory. Following the determination of the exchangeable acidity of the
samples, the lime requirement was calculated with the following formula and applied in rows

at planting.

~1 idi —1 )= ES ES — &
LimE(CHCOE)kgh _ Exacidity(cmolkgha—1) 0.21’2!10;300!}[:12 BD(Mgm-3 ) 1001}*1.5

Accordingly, the optimum rate of lime for the production of potato was examined based on
the following treatments. Fertilizers with a rate of 138N and 69 P>Os were uniformly applied.
Nitrogen was applied by three splitting: one third at planting, one third at about 30 days after
planting and the remaining was at the beginning of flowering. The total phosphorus was
applied at planting with the following treatments:

1) Full amount of Equation 1+25% (125%) 7) One-fifth of Equation-1(20%)

2) Full amount of Equation-1 (100% 8) One-sixth of Equation-1(16.7%)
3) Three-fourth of Equation-1 (75%) 9) One-seventh of Equation-1(14.3%)
4) Half of Equation-1 (50%) 10) One-eighth of Equation-1(12.5%)
5) One-third of Equation-1 (33.3%) 11) One-tenth of Equation-1(11.1%
6) One-fourth of Equation-1 (25%) 12) Control (without lime) (0%)

The experiment was laid out in Randomized Complete Block Design (RCBD) with three
replications carried out under rain fed condition while potato variety Gudene was used as a
test crop. The total area of each plot was 3 m x 4.5 m (13.5m?) having 1m space between plots
and blocks. The spacing between plants was 0.3m and each plot consisted of six rows at
0.75m interval. Data were collected from the middle four rows.

Data collection

Collected agronomic data

Number of tubers per plant was measured at harvesting by counting tubers from randomly
selected five plants and averaged for a single reading while Total tuber yield was measured
by harvesting both fresh marketable and non-marketable tubers from the net middle plot area
of 3m x 3m to avoid border effects
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Statistical Analysis

All data were subjected to analysis of variance by using SAS software program version
9.4(SAS Institute, 2002). List significant test (LSD) at 0.05 probability level was employed to

separate treatments means where significant differences exist (Gomez and Gomez, 1984).
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Results and discussion

Soil Chemical Properties before and after planting at Banja and Machakel

Results of soil chemical analysis before and after harvest from each experimental site was
presented in Table 1,2&3. The soil analysis result of before planting revealed that the soil was
acidic with a exchangeable acidity 2.78, 1.52 and 3.55cmolkg™ and pH 5.03,5.30&5.13 at
Banja, on first year site one and second year site one and two respectively. Similarly, the
laboratory analysis result for the composite soil sample from Machakel district also indicated
that the soil was highly acidic with the exchangeable acidity of 6.09, 6.44 & 5.12 cmolkg™
and pH values 4.8,4.76 & 4.73 for site one (first year) and for site 1 and 2 (second year)
respectively; which is out of the critical range of optimum soil exchangeable acidity and low
pH for crop production (Tekalign 1991).

On the other hand, after harvest soil pH and exchangeable acidity was affected by the
application of different lime rates in table 3&4 at Banja and Machakel districts respectively.
These might be due to the chemical reaction of the applied calcium carbonate (CaCO3z) on
aluminum (AI*®) and hydrogen (H*}) in the soil exchangeable site. And make them
unavailable in soil solution through a substitution reaction of Aluminum and Hydrogen by
Ca*? that makes decreasing the exchangeable acidity by increasing soil pH. The result was in
line with the finding of Athanase (2013) who reported that the application of different lime
sources and rate affected on exchangeable acidity and soil pH. And the same author
concluded that the application of 4.2tha™* Rusizi lime decreased exchangeable Acidity by a
unit of 2.67 cmolkg™ as compare to control treatment.

Tablel. Soil physical and chemical properties across locations for Year 1 and 2 before planting

Banja
Campsit  pH Ex Ex Ex A BD TN% OC% AvP CEC LR(tha
e sample H* Al*  (cmol (gcm (mg kg-  (cmol h
kg™) ) 1) kg-1)

Y1S1 503 114 164 278 12 028 355 15.64 27.70 51
Y2S1 530 034 118 152 1.27 019 2.67 17.43 30.92 2.9
Y2S2 513 125 23 3.55 1.30 012 157 10.15 29.04 6.9

Machakel

Y1S1 480 127 482 6.09 1.23 012 171 15.04 28.56 10.3
Y2S1 476 111 533 6.44 1.16 0.17 247 9.36 24.80 11.2
Y2S2 473 032 479 512 1.27 018 191 4.94 20.72 9.7

Y1S1= year one site one, Y2S1=year two site one, Y2S2=year two site two LR= calculated lime requirement
each site and Ex A=exchangeable acidity
Calculated lime per site
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Table2. Soil chemical properties at Banja sites after haresting for year 1 and 2

Y1S1 Y2S1 Y?2S2
Treatment pH Ex ExAI™ ExA (cmolkg™?) pH Ex  ExAI" EXA pH Ex  ExAI" EXA
H* H* (cmolkg™) H* (cmolkg™)

125%lime 6.05 0.0 0.12 0.12 5.40 0.33 0.0 0.33 6.53 0.18 0.0 0.18
100%lime 6.80 0.0 0.59 0.59 5.15 0.53 0.0 0.53 6.20 0.26 0.0 0.26
75%lime 6.89 0.0 0.20 0.20 4.80 0.55 0.54 1.09 6.97 0.11 0.0 0.11
50%lime 6.56 0.0 0.09 0.09 4.83 0.77 0.0 0.77 6.51 0.15 0.0 0.15
33.3%lime 5.93 0.15 0.58 0.73 5.26 0.34 0.46 0.80 5.87 0.26 0.0 0.26
25%lime 6.48 0 0.15 0.15 4.98 0.52 1.01 1.53 6.02 0.16 0.0 0.16
20%lime 4.78 3.6 0.05 3.6 4.89 0.49 1.18 1.67 5.67 0.19 0.0 0.19
16.7%lime 6.08 0.27 0.31 0.58 4.94 0.60 1.25 1.85 5.88 0.22 0.0 0.22
14.3%lime 5.72 0.75 0.15 0.90 4.74 0.69 152 2.21 578 0.31 0.0 0.31
12.5%lime 4.96 2.27 0.33 2.61 4.85 0.42 1.20 1.62 6.72 0.16 0.0 0.16
11.1%lime 5.13 2.15 0.08 2.23 4.76 0.56 1.65 2.21 590 0.21 0.0 0.21
0%lime 4.76 5.15 0.04 5.19 4.82 0.43 1.47 1.90 546 0.74 0.0 0.74

Y1S1= year one site one, Y2S1=year two site one, Y2S2=year two site two and ExA=exchangeable acidity
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Table3. Soil chemical properties at Machakel sites after haresting for year 1 and 2

Y1S1 Y2S1 Y2S2
Treatment  pH  Ex ExAI*3 ExA pH Ex H'! ExXAI™  ExA pH Ex HY  ExAI™®  ExA
H* (cmolkg™) (cmolkg™) (cmolkg™)
125%lime 553 0.81 1.96 2.77 5.47 0.05 1.60 1.65 7.03 0.39 0.0 0.39
100%lime 512 0.27 3.63 3.90 5.40 1.03 4.16 5.19 6.83 0.21 0.0 0.21
75%lime 517 0.71 3.57 4.29 4.88 0.27 4.46 4.73 6.78 0.12 0.0 0.12
50%lime 520 0.88 3.52 4.40 4.86 0.46 3.47 3.93 6.15 0.19 0.0 0.19
33.3%lime  5.07 0.40 4.01 441 4.84 1.11 3.86 497 6.09 0.18 0.0 0.18
25%lime 474 0.50 4.64 5.14 4.82 0.37 3.69 4.06 6.27 0.20 0.0 0.20
20%lime 489 0.33 4.55 4.88 4.47 0.82 4.42 5.24 6.42 0.12 0.0 0.12
16.7%lime  4.76 0.68 4.46 5.14 4.76 0.92 3.50 4.42 5.76 0.23 0.0 0.23
14.3%lime  4.79 0.25 4.65 4.90 4.93 0.42 4.27 4.69 5.14 0.29 1.27 1.56
12.5%lime 4.76 0.53 4.61 5.14 4.69 0.55 4.10 4.65 4.80 0.62 2.25 2.87
11.1%lime  4.70 0.53 4.60 5.13 4,77 0.87 4.07 4,94 4.99 0.43 1.89 2.32
0%lime 478 0.54 4.61 5.15 4.87 0.43 4,78 5.21 4.76 0.56 4.42 4.98

Y1S1=year one site one, Y2S1=year two site one, Y2S2=year two site two and ExA=exchangeable acidity
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Effect of different lime rates on Potato total tuber yield at Banja and Machakel

The analysis of variance revealed that the tuber yield of potato is not significantly different at (P
< 0.05) due to lime application rate across different testing sites (Tables 4 and 5). Even if the
application lime rate reaches 125% tha it doesn’t give a significant tuber yield as compared to
other lower rate treatments including control. Although the result is statistically not significant
some treatments have a yield advantage as compared to the control that gives the lowest fresh
total tuber yield in both areas of Banja and Machakel (Tables 4&5). For instance, in Banja, the
application of 14.3% of recommended lime gives 4.57 and 6.41 tha™ tuber yield advantage as
compared to control on Y1S1 and Y2S2 respectively. Similarly, in Machakel, the application of
20% full recommended lime gives 4.04, 1.13 &0.94 thaof total tuber yield advantage over
control treatment @Y1S1, Y2S1andY2S2 respectively. This might be due to the neutralization
activity of lime that helps to plant get nutrients in the plant root system, especially phosphorus
deliver into the soil solution beyond its sorption by Aluminum and Iron in acidic soil conditions.
In addition, non-significant results in all lime-applied treatments as compared to the control and
even with each other might be from the biological acid tolerance capacity of potato as compared
to other crops like Barley, Faba-bean, wheat, and Maize. The finding in line with the study of
Natalia et al., (2019) who revealed that the Supplement of dolomitic limestone did not increase
plant growth and tuber yield of potato even when soil correction was performed with calcitic
limestone to elevate the base saturation to 60%. Another study conducted by Hajduk et al.,
(2016) indicated that Liming had no statistically significant impact on potato tuber yields even if
the mean value of potato yield from non-limed and limed fields varied depending on mineral
NPK nutrition; the yield from the non-limed field ranged from 19.3 to 29.7 thaX. While the limed
field was 20.6-32.5 t ha™
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Table 4. Effect of lime rates on Potato tuber yield and yield components of at Banja

Treatment Y1S1 Y2S1 Y2S2
MY UMY TY (thaa MY UMY  TY (tha MY UMy TY (thal)
(thal)  (tha™) h (thal) (thal) Y (thal)  (thad)

125%lime 12.82 0.63 13.44 20.52 2.22 22.74 13.37 0.3 13.67
100%lime 11.7 0.24 11.94 21.78 4.15 25.93 135 0.29 13.79
75%lime 11.89 0.57 12.46 19.89 2.78 22.67 13.44 0.2 13.64
50%lime 12.3 0.4 12.70 17.15 1.85 19.00 18.14 0.28 18.42
33.3%lime 10.74 0.19 10.93 1659 241 19.00 17.72 0.33 18.05
25%lime 11.56 0.38 11.94 18.41  2.37 20.78 10 0.31 10.31
20%lime 10.52 0.35 10.87 16.93 1.7 18.63 14.89 0.3 15.19
16.7%lime 11.78 0.22 12.00 19.37 2.07 21.44 14.39 0.76 15.15
14.3%lime 13.93 0.62 14.55 18.74  2.07 20.81 16.78 0.24 17.02
12.5%lime 11.7 0.23 11.93 1896 3.04 22 17.78 0.25 18.03
11.1%lime 10.74 0.72 11.46 1956 2.74 22.3 14.59 0.16 14.75
0%lime 9.63 0.35 9.98 1444  2.33 16.77 10.17 0.44 10.61
LSD (0.05) NS NS NS NS NS NS NS NS NS
CV (%) 22.3 80.6 22.1 25.2 90,0 23.1 30.2 45.6 29.8

Y1S1= year one site one, Y2Sl=year two site one, Y2S2=year two site two, MY=marketable tuber yield,
UMY=unmarketable tuber yield and TY =total tuber yield

Table 5. Effect of lime rates on Potato tuber yield at Machakel

Treatment Y151 Y251 Y252
MY umMmy TY MY umMy TY MY UMy TY

(tha-l) (tha-1)  (thal) (thal) (tha-1) (tha-l) (tha-l) (tha-l) (tha-1)

125%lime 101 067 1078 62 08 71 719 042 761
100%lime 896  0.22 919 81 071 88 559 066  6.27
75%lime 101 096  11.04 7 07 774 541 026 567
50%lime 941 026 967 88 092 973 659 0.3 6.89
33.3%lime 8.89 1.7 1059 87 086 957 6.3 061 691
25%lime 9.44 052 9.96 73 074 80 637 042 679
20%lime 10 085 1089 97 058 103 656 045 701
16.7%lime 967 093 1059 66 078 733 593 056  6.49
14.3%lime 796  0.89 885 84 064 901 541 078 6.9
12.5%lime 715 193 907 88 043 921 652 016  6.68
11.1%lime 852 052 904 94 089 103 6 083 683
0%lime 567 119 6.85 7 036 736 578 029  6.07
LSD (0.05) NS NS NS NS NS NS NS NS NS
CV(%) 202 795 186 223 373 212 271 694 281

Y1S1= year one site one, Y2S1=year two site one, Y2S2=year two site two, MY=marketable tuber yield,
UMY=unmarketable tuber yield and TY =total tuber yield
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Conclusion and recommendation

It is concluded that the application of lime rates on acidic soils of Banja and Machakel did not
significantly improve the tuber yield of Irish potato as compared with control treatment on
experimental fields of each district. However; the application of 14.3% lime at Banja gives 6.41
and 4.51tha™* tuber yield advantage over the control at Y1S1&Y2S2 respectively. Similarly, the
application of 20% lime at Machakel provides 4.04, 1.13, and 0.94 tha™tuber yields than the
control treatment at Y1S1, Y2S1&Y2S2 respectively. The soil was affected due to the
application of different lime rates on selected soil properties such as decreasing exchangeable
acidity (exchangeable aluminum and hydrogen concentration). This might be due to the
reclamation (neutralization) activity of lime through the substitution chemical reaction of
(CaCOs) with aluminum (AI*®) and (H™) on soil exchangeable site that makes the formation of
aluminum hydroxide and water than free hydrogen and aluminum. So in the study areas further
cost to lime for potato production is not necessary or by using recommended fertilizer it is
enabled to produce potato but in order to fulfill the principle of reclamation acidic soil for
production of subsequent crops, it is important to use the minimum rate of lime. Based on this
application of 14.3% of the lime rate at Banja and 20% of the lime rate at Machakel with
recommended fertilizer (138N,69P205) would be important for potato production. But for
concurrent suggestion and recommendation is vital to do further research findings on lime like its
long-term residual effect and time of application with the different lime requirements calculation
methods by including potential verities. In addition, it is also important to do integrated nutrient
management in permanent plots in order to back up the depletion of soil organic matter
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Abstract

Food crop productivity is still low due to the decline of soil fertility in Ethiopia in general and western
Ambhara in particular. This is mainly associated with deficiencies of macronutrients N, P, K, and S as well
as micronutrients. Satisfying nutrient deficiencies with the addition of synthetic fertilizer is one of the
major options to boost crop productivity. However, the responses to fertilizer application are varied
across geographical locations and environments. As a result, fertilizer use efficiencies and economic
profitability are different across different environments. Thus, fine-tuning the use of nutrients through the
right fertilizer source is needed to solve soil fertility problems. Therefore, this study was initiated to
investigate the need for applying selected nutrients on teff and wheat in acidic soils of North West
Amhara. This study was conducted in 74 farmers’ fields in Gozamen and Machakel districts. The
experiment employed an omission trial design. The omitted nutrients were sulfur (S), Zinc (Zn), and
boron (B). Potassium (K) was added rather than omitted that consisting of N, P, S, Zn, B, and K (All).
Nitrogen and Phosphorus (NP) treatment was included as a positive control. Additional two treatments:
50% and 150% of the ALL+K were also included. High-yielding bread wheat (Ogalcho) and teff variety
(Quncho) were used for the study. The outcome of the experiment shows that the application of different
nutrient types with different rates has a significant role in grain and biomass yield of teff and bread wheat
across landscape positions with and without lime application in acidic soils of the East Gojjam zone. Teff
yield was not obtained without fertilizer application in the study area whereas the lowest yield of bread
wheat was also obtained without fertilizer application (no input) treatment. The application of all nutrient
types (NPKSZnB) has no significant yield advantage compared to NP fertilizer alone. This implies that N
and P are the most yield-limiting nutrients in producing teff and bread wheat whereas KSZnB nutrients
are not yield-limiting. However, this should be supported with grain quality analysis. Therefore, refining
the rate of NP in acidic soils is important for the economical use of inorganic inputs. Finally, the use of
blended fertilizer without empirical evidence for test crops is not recommended to smallholder farmers in

the study area.

Keywords: Acidity, Deficiency, Fertilizer, Landscape, Omission.
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Introduction

Achieving food security through increased productivity of food crops is the main problem in
Ethiopia. Crop productivity is not improved due to the decline of soil fertility (Hirpa et al., 2012;
Kebede, 2017; Tadele et al., 2018). To enhance crop yield, adding synthetic fertilizer is one of
the major components. Thus, the national annual fertilizer use raised by about 30 % from 1994 to
2005, and 63 % from 2005 to 2010 (Birhan et al., 2017; Tefera et al., 2012). Recently the use of
synthetic fertilizers for crop production was increased drastically even though the expected crop

yield is not achieved.

Many studies in the last decades indicate that crop production constraints are mainly deficiencies
of macronutrients N, and P, to some extent K and S (Ayalew, 2011; Aleminew and Legas 2015;
Argaw, and Tsigie 2015; Tamene et al., 2017). The addition of sulfur is also recommended in lowland
parts of the country (Habtegebrial, and Singh 2009; Habtegebrial, 2013). Contrary to these reports, other
studies show that the deficiency of K is not a major problem for most agricultural soils in Ethiopia
(Tadele et al., 2018; 2019). Recently, limitations of secondary nutrients and deficiencies of micronutrients
are also obtaining attention (EthioSIS, 2016).

The responses to fertilizer application are varied across geographical locations (Tamene et al., 2017;
Tadele et al., 2018) and environments. Site-specific fertilizer applications should consider landscape
position in farms with undulating topographic features (Amede et al., 2020). The response of fertilizers is
ranged from low too high for any nutrient combination. Moreover, the responses can be happened due to
management factors and biophysical attributes. As a result, fertilizer use efficiencies and economic
profitability are different. Thus, optimizing the use of nutrients through the right fertilizer source,
rate placement, and time of application during crop growing season is critical to solve soil
fertility problems (Ferguson, 2006; Ahmad et al., 2018; Bartdg et al., 2022) and economic use of

fertilizers.

Fertilizer rates are better recommended based on the available nutrient in the soil and the crops’
requirement for that nutrient (Scherer, 2001). The demand for the plant should be addressed
through the supply of required plant nutrients in adequate amounts. However, this is not done in
previous soil management efforts to halt soil fertility declines in Ethiopia. This is due to a lack of
site-specific fertilizer use and the right fertilizer combination. On the other hand, there is a yield
gap between teff and wheat production in Ethiopia due to sub sufficient fertilizer use (Tadesse et
al., 2000; Zeleke et al., 2010; Mann, and Warner 2015; Birhan et al., 2017). The yield gaps in
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these crops suggest that there is potential for increasing production through the lime application,
selection of acid-tolerant crop varieties, increased use of fertilizers amount, and identification of

the right nutrient types for each location and crop type, particularly in acidic areas.

In designing site-specific fertilizer recommendations, an understanding of the effects of each
nutrient/fertilizer application on crop yield is required. Moreover, increasing crop production
with the use of synthetic fertilizer must be profitable to smallholder farmers to promote
sustainably (Tamene et al., 2017). Inefficient use of chemical fertilizer might cost the farmer
and pollute the environment (Vanlauwe et al., 2011). In addition, the high variability between
and within farms calls for site-specific recommendations that will reduce wastage and reap
maximum benefits from fertilizer use. Therefore, fine-tuning fertilizer recommendations is
required via selecting the right nutrient types in acidic soils for wheat and teff crops. Hence, the
objective of this study was to identify the major yield-limiting nutrients for wheat and teff

production in acidic-prone areas of North West Amhara, Ethiopia.

Materials and Methods

Location and description of the area

On-farm plant nutrient omission experiments were conducted in acid-prone areas of the Northern
highlands of Ethiopia (Gozamen and Machakel districts), within the geographical coordinates of
10°00°N - 10°40°N latitudes and 37°20’E - 37°50’E longitude (Figure 1). Gozamen district is
found at a distance of about 305 and 251 km from Addis Ababa (the capital city of Ethiopia) and
Bahir Dar (the capital city of Amhara regional state), respectively. Whereas Machakel district is
located 330 km on the road from Addis Ababa to East Gojjam, and 235 km east of Bahir Dar.
The elevation of the Gozamen and Mackakel districts ranges from 1200 to 3510 and 1200 to
3200 m.a.s.l., respectively.
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Figure 3. Location map trial sites in Gozamen and Mackale districts

In Both districts, the average annual rainfall ranges between 1300 mm and 1900 (EMA, 2020),
with the highest amount of rainfall received in July and August. The maximum and the minimum
annual average temperatures are 27 °C and 8 °C, respectively. Wheat (Triticum vulgare), tef,
(Eragrostic tef), maize (Zea mays), barley (Hordeum vulgare), white lupine (Lupines albus), and
food oat are the dominant cereal crops that are grown in both districts. Nitisols followed by

vertisols are the most dominant agricultural soils in study districts.

This experiment was superimposed in previously lime-amended farmer fields in both districts.
The lime was applied based on the blanket recommendation of 100 kg ha™ by farmers with the
help of development agents. For this experiment, lime-amended and not amended farmers’ fields

were selected and implemented side by side at all landscape positions for both test crops.

A total of 74 trial sites were used for this study. Out of these, 44 trial sites have been carried in
Gozamen and 30 trial sites in Machakel districts that represent the acid soils of North West

Amhara, Ethiopia (Table 1). About 38 sites were amended by lime whereas the remaining 36
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sites were not amended by lime before experimentation. A total of 37 sites were used as common

experimental sites for both teff and bread wheat in the study areas.

Table 19. Details of the number of sites in study districts

District Landscape Test crop Soil acidity management Total number
position of sites [N]
Lime Not lime
amended amended
Gozamen _ 2 22 22 44
Hill Tef and Wheat 6 6 12
Mid Tef and Wheat 12 12 24
Foot Tef and Wheat 4 4 8
Machakel _ 2 16 14 30
Hill Tef and Wheat 6 4 10
Mid Tef and Wheat 6 6 12
Foot Tef and Wheat 4 4 8
Total [N] 2 38 36 74
Trial design

The core set of treatments was harmonized with the All-Ethiopian Coordinated Fertilizer
Research (AECFR) Project. Recommended N and P rates for each location to teff and wheat
were used as a positive control. The core treatment set was employed as an omission trial design
(Table 2). The omitted nutrients were S, Zn, and B. “ALL” treatment consists of N, P, S, Zn, and
B. K is an addition rather than omission treatment consisting of N, P, S, Zn, B, and K. In
addition to the omission treatment and the K adding treatment, NP-only treatment is included
such that the cumulative effect of S, Zn, and B omission were evaluated; this treatment then is
effectively ALL- (S Zn B). Additional two treatments: 50% and 150% of the ALL+K were
included. These treatments permit an evaluation of the fertilizer rate response according to
landscape position and soil type. A non-fertilized control treatment was included in the core
harmonized treatment set. Treatments were arranged in completely randomized designs by

considering farmers as replicas in three landscape positions (foot, mid, and hill).
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Table 20. Treatments were applied in the nutrient omission trials conducted in acidic soils of Gozamen
and Machakel districts.

Treatments Fertilizer rate (kg ha?)
Bread wheat Teff

N P205 S Kzo Zn B N ons S Kzo Zn B
NPSZnB 120 76 7 1 03 80 57 7 1 03
NPZnB 120 76 1 03 80 57 1 03
NPSB 120 76 7 0.3 80 57 7 0.3
NPSZn 120 76 7 1 80 57 7 1
NPKSZnB 120 76 7 30 1 03 80 57 7 30 1 03
NP 120 76 80 57
50%NPKSZnB 60 38 35 15 05 015 40 285 35 15 05 0.15

150%NPKSZnB 180 114 10.5 45 15 045 120 855 105 45 15 045

Fertilizer sources and test crop

Urea, triple super phosphate, potassium chloride, and borax are used as a source of fertilizer for
nitrogen, phosphorus, potassium, and borax, respectively. Whereas zinc sulfate was used as a
source for both S and Zn. The test crops used for this study were bread wheat (Ogalcho variety)
and teff (Kuncho) at a seed rate of 150 and 10 kg ha™.

Experimental management

All trials were on farmers’ fields, and soil and crop management practices were done following
research recommendations. After preparing the trial sites, all the sites were planted by drill
method at 20 cm spacing from 21 July 2020 to 31 July 2020. All fertilizers were applied by band
application at plating except split urea for top dressing. The first split of nitrogen was applied
one month after emergence. Weed management was started just after 2 weeks of seed emergence
of the trials mainly for bread wheat (July 2020). Each site has been weeded twice. All
experimental sites were harvested from 15 December 2020 to 06 January 2020. Then, the

threshing is done after drying of harvested test crop.
Data collection
Soil sampling

Before planting, one composite soil sample at 0-20 cm of depth was collected from each trial site

to see the status of selected soil chemical properties. The composite samples were collected from
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11 sites on lime-amended farmers and 12 not lime amended sites in Gozamen whereas 8 sites
from each lime-amended and not amended farmer in Machakel district. Major soil parameters
such as soil pH-H20, organic carbon (OC), available phosphorus (AP), exchangeable acidity, and
total nitrogen (TN) analysis were conducted in Adet Agricultural Research Center's soil

laboratory.
Biological data

Measurements such as plant height, spike/panicle length, number of kernels per spike for wheat,
total aboveground biomass, and grain yield were done for each test crop and undertaken at the
appropriate times. Plant height was measured from the soil surface to the tip of a spike (awns
excluded) from 5 randomly selected plants from the net plot area at physiological maturity. Spike
length/panicle length was measured at physiological maturity at the same time as plant height
using 5 randomly selected plants for measuring plant heights. Spike/panicle length was measured
from 5 plants starting at the base of the spike to the tip of the spike (excluding the awns) and
averaged. The number of kernels per spike for wheat was determined from the five randomly
sampled spikes mentioned above. Harvesting will be done from the middle rows of 3.2 m by 3 m
area (9.6 m? net plot area), leaving the outside rows as a buffer to avoid border effects. Then,
total biomass was determined from plants harvested from the net plot area after sun drying to a
constant weight and converted to kg per hectare for statistical analysis. Grain yield was also
determined after threshing the total biomass harvested from the net plot area and converted to kg

ha! for statistical analysis. The grain yield was adjusted to 12.5% moisture content.

Soil analysis

All collected soil samples were air-dried and crushed to pass a 2-mm sieve. Analyses were
performed on surface samples (0-20 cm) including pH, organic carbon (OC), total nitrogen (N),
available phosphorus (P), sulfur (S), zinc (Zn), boron (B), and exchangeable aluminum (Al)

following standard soil laboratory procedures.

Soil pH-H20 was determined in soil-water suspensions of 1:2.5 ratios (Lean, 1982). Available
phosphorus was also done following the Olsen method (Olsen, and Sommers, 1982) while total
nitrogen was done using the Kjeldahl method (Bremner, and Mulvaney, 1982). The wet

oxidation method was used to determine soil organic carbon (Walkley and Black, 1934). Cation
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exchange capacity was also determined by ammonium acetate extraction procedures (Houba et
al., 1986).

Data Analysis

For all the sites, yield and yield-related data were arranged in excel and subjected to analysis of
variance using R software. Analyses of variance were performed for yield data for each
landscape and all sites combined. A test of significance for the treatment by-site interaction of
the combined analysis was performed as outlined by Cochran and Cox, (1992) for situations with
heterogeneous variance among sites. Mean separation was carried out by DMRT at a 5% level of

significance when ANOVA is significant.

Results and Discussion

Soil physical and chemical properties of the study sites

In Machakel district, the soil pH (H20) of the experimental sites (without lime amendment)
ranged between 5.4 and 5.8 across three landscape positions (Table 1) and rated strongly to
moderately acidic soils (Tadesse et al., 1991), whereas experimental sites that are previously
lime amended were found between 5.3 and 6.0 (Table 2) with a similar range of soil acidity. The
variation of soil organic carbon between limed and un-limed soils was low in all experimental

sites except at site 3 in both conditions (Table 3).
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Table 21. Soil characteristics of experimental sites at planting time in Gozamen and Machakel district

District ~ Lime Landscape  Statistical Soil parameters
staus of  position  description “gairsHT Ey P (Olsen) SOC CEC [cmol.
trial Acidity  [mgkgl] [%] kg™]
sites [meq
/100g soil]
Foot[2]  Range 4854 0434 45145 1517 25.0-29.0
2 e Mean 5.1 2.2 8.8 16 273
S £ Hill3 Range 4964 0208 44200 1421 27.0-380
25 Mean 5.4 2.0 11.4 18 317
c = & mid[g] Range 5054 0224 8817  1.0-1.9 28.0-35.0
g Mean 5.2 0.8 12.7 1.6 32.0
N i Foot[2]  Range 5155 02-138  7.7-10.7 1519 28.9-37.6
© E_ Mean 5.3 0.9 9.2 16 35.3
>8 Hill[3] Range 5160 0135 51208 1.1-1.8 28.8-3L7
B Mean 5.5 1.8 12.9 15 303
3 Mid[6] Range 5061 0126 108193 1422 256355
& Mean 5.4 1.1 14.3 17 33.0
Foot[2]  Range 5558 0208  108-132 1.2-1.3 30.0-32.0
2 s Mean 5.7 0.5 12.0 1.2 30.8
Z£ Hil[ Range 5455 07-12 7390 1123 342-347
25 Mean 5.4 0.9 8.1 14 345
_ T E "Mid[3] Range 5456 04-15 5874  12-131 227-29.8
£ Mean 5.5 1.0 6.6 13 26.3
E . Foot[2]  Range 5354 06-13  72-10.7 1113 293-312
= E_ Mean 53 09 75 12 303
>8 Hill[3] Range 5156 0321 3261 1327 263279
22 Mean 5.3 1.2 4.4 2.2 27.0
3 Mid[3] Range 53-60 01-16 47241 1417 223-3L1
& Mean 5.7 0.7 11.9 15 275

CEC: cation exchange capacity, P: available phosphorus, SOC: soil organic carbon, Numbers in parenthesis
indicates the number of observations in each landscape.

The highest soil organic carbon content of 2.7 and 2.3 % was recorded from hill landscapes in
lime-amended and non-amended sites, respectively (Table 1), while the lowest soil organic
carbon content of 1.1 was obtained from foot landscapes in lime-amended soils. This result is in
agreement with many previous studies that reported that cropland had low soil organic carbon
due to frequent tillage and removal of residue (Nega and Heluf, 2009; Tamene et al., 2017). The
soil pH (H20) of the experimental sites (without lime amendment) was found between 4.8 (foot)
and 6.4 (hill) in Gozamen district (Table 3) and ranked very strongly to slightly acidic (Tadesse

et al., 1991). Whereas experimental sites that are previously lime amended were found between
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5.0 and 6.0 (Table 3) with a strong to slightly acidic range of soil acidity. Some sites at hill and
mid have an exchangeable acidity value of 2.1 and 1.6 (meq /100g soil), particularly in Gozamen
district. These values were found higher exchangeable acidity that is above a critical level. The
mean value of available phosphorus ranged between 6.6 to 12.9 mg kg™ which is ranked low to
medium (Tadesse et al., 1991).

Teff grain and biomass yield response to nutrients

For all the sites and landscape positions, application of all nutrient types (N, P, K, S, Zn, and B)
was not resulted from significant teff yield increments (p >0.05) as compared to NP nutrient
alone at Machakel district (Table 4 and 5). Only increasing the rate of all nutrients by 150% gave
a higher biological yield over NP alone. Nevertheless, we are not sure whether the higher yield
of 150% in all nutrients comes from the increase of NP nutrients only or due to other nutrients as
the experiment did not have a treatment with NP with a 150% increment. Even though the trial
was designed with one no fertilizer treatment, teff yield was not recorded at all in acidic soils.
This shows that without fertilizer application, it is difficult to produce teff under the current
farming system in the study area. In the nutrient omission trials, teff grain yields ranged between
447.9 and 1260.4 kg ha™t in Machakel district (Table 4). The trend of biomass yield was similar
to grain yield to nutrient types and amounts. From this result, K, S, Zn, and B are not yield-

limiting for teff in the study area.
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Table 22. Teff grain and biomass yield without lime amended farm sites of three landscapes in Machakel
district

Landscape
Foot [2] Mid [3] Hill [2]

Nutrient types Grainyield  Biomass Grainyield Biomass Grainyield  Biomass

NPSZnB 692.7 3020.8 508.3P¢ 4437.5% 781.3°¢ 3052.1%
NPZnB 666.7 2656.3 556.3 4608.3 760.4¢  2555.6“
NPSB 447.9 2265.6 636.3° 3875.0" 847.2  2979.2 %
NPSZn 661.5 2838.5 595.8° 3316.7°¢ 687.5¢ 2336.8%
NPKSzZnB 666.7 3046.9 704.2% 49417 % 989.6°  3402.8°
NP 682.3 2500.0 641.7° 5175.0% 736.1¢ 2725.7¢
50%NPKSZnB 401.0 1250.0 327.1¢ 3643.8" 642.4°¢ 1961.8¢
150%NPKSZnB 937.5 4302.1 895.8% 633042 1260.4°  4836.8°
CV (%) 15.1 16.9 29.3 26.2 13.1 10.5
P level (0.05) ns ns ** FHx Fhx ikl

CV: coefficient of variation, ***: significant at 1 %. Numbers in parentheses indicate the number of observations in
each landscape.

Table 23. Teff grain and biomass yield at previously lime-amended farm sites of three landscape positions
in Machakel district

Landscape
Foot [2] Mid [3] Hill [3]
Nutrient types Grainyield Biomass Grain yield Biomass Grainyield Biomass
NPSZnB 942.7 3614.6 377.1¢ 1404.2 ¢ 491.7" 1633.3°%
NPZnB 1005.2 2958.3 514.6  1722.9" 670.8% 2247.9°
NPSB 802.1 2765.6 427.1¢  1697.9°% 504.2 1702.1"%
NPSZn 776.0 2947.9 495.8  1627.1% 466.7° 1575.0
NPKSZnB 963.5 3218.8 664.6%  2227.1° 633.3% 2079.2°
NP 859.4 2880.2 489.6°  1795.8bc 485.4% 1727.1%
50%NPKSZnB 505.2 1520.8 308.3 ¢ 1102.1°¢ 306.3¢ 1045.8°
150%NPKSZnB 1119.8 5479.2 852.1*  3162.5° 818.8% 3243.8°
cv 12.9 171 28.7 27.7 31 27.4
P level (0.05) ns ns FHx FHx ** FHx

CV: coefficient of variation, ***: significant at 0.1 %, **: significant at 1 %, ns: non-significant. Numbers in
parentheses indicate the number of observations in each landscape.
The productivity of tef in the acidic highlands areas was very low and it was not possible to

harvest yield from those plots without fertilizer. The analysis of variance indicated that there is
no significant teff grain and biomass yield difference due to nutrient types and amounts at
different landscapes and liming conditions except the mid-landscape position in Gozamen
district (Tables 6 and 7). For both lime-amended and not amended sites, a relatively better yield
was obtained from NP and 150% NPKSZnB treatments (Tables 6 and 7).
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Table 24. Teff grain and biomass yield without lime amended farm sites of three landscapes in Gozamen
district

Landscape
Foot [2] Mid [5] Hill [3]

Nutrient types Grainyield Biomass Grainyield Biomass Grainyield  Biomass

NPSZnB 764.3 2791.7 % 926.3 3386.9 871.9 3482.6
NPZnB 699.2 2932.3" 1043.9 3809.5 993.1 4388.9
NPSB 584.6 2237.0% 831.1 2614.6 902.8 3347.2
NPSZn 563.8 2554.7 b¢ 1035.7 3651.8 984.4 3510.4
NPKSZnB 658.9 3099.0° 1157.7 3474.0 923.6 3833.3
NP 713.5 2744.8 ¢ 1037.2 3522.3 944 .4 3506.9
50%NPKSZnB 505.2 1700.5°¢ 873.3 2841.1 819.4 3454.9
150%NPKSZnB 1056.0 5471.4° 1026.8 4075.9 861.9 3295.1
CV (%) 34.2 25 33 29.1 15.2 21.9
P level (0.05) ns okl ns ns ns ns

CV: coefficient of variation, ns: non-significant, ***: significant at 1 %. Numbers in parentheses indicate the
number of observations in each landscape.

Table 25. Teff grain and biomass yield at previously lime-amended farm sites of three landscape positions
in Gozamen district

Landscape
Foot [2] Mid [6] Hill [3]

Nutrient types Grainyield Biomass Grainyield Biomass Grainyield Biomass

NPSZnB 868.5 4420.6 910.3 3094.3 b 739.6 3289.9
NPZnB 914.1 4078.1 935.8 ¢ 3256.9 965.3 4130.2
NPSB 1001.3 4404.9 859.4 b¢ 3024.3 849.0 3529.5
NPSZn 885.4 4242.2 957.8 % 3686.9 788.2 3187.5
NPKSZnB 1128.9 4386.7 828.1 % 2931.1 "¢ 925.3 3673.6
NP 791.7 4658.9 979.2 3464.1 " 854.2 3262.2
50%NPKSZnB 688.8 2819.4 703.7°¢ 2478.6 ¢ 675.3 2342.0
150%NPKSZnB 1096.4 4153.6 1151.6° 4861.7 849.0 3588.5
CV (%) 27.8 30.02 25.1 31.3 21.8 31.1
p (0.05) ns ns * *x ns ns

CV: coefficient of variation, ns: non-significant, *: significant at 5 %. Numbers in parentheses indicate the number
of observations in each landscape.

Response of teff to omitted nutrients

There was no significant difference across trial sites in teff yield resulting from the omission of a
macronutrient from the K and S treatment and micronutrients from Zn and B treatments (Figure.
2). The omitted treatment did not show a significant yield difference in both previously lime
amended and not amended trial sites. The omission of sulfur (All-S) led to a reduction in yield

compared to the NPKSZnB treatment in mid and hill landscape positions in previously lime-
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amended sites, but this reduction was not significantly varied with All (below 100 kg ha™) in
Machakel districts. The omission of K, Zn, and B nutrients did not show a statistically significant
teff grain yield compared to the combined application of NPKSZNB (ALL) and recommended
NP nutrients. This result was consistent with earlier research showing that adding K, S, Zn, and
B did not substantially boost crop yield in the majority of Ethiopia's teff-growing regions (Tadele
etal., 2018, 2019).
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Figure 4. Effect of omission of S, K, Zn, and B on tef yield difference (5) relative to NPKSZnB
in Machakel district trial sites. Error bars are confidence intervals.

Similarly, the omission of S led to a non-significant reduction in yield compared to the
NPKSZnB treatment in foot and mid-landscape positions in both study districts, it was relatively
low (below 200 kg ha™) in Gozamen districts (Figure 3). It had a similar trend in K omitted
treatment that shows a no significant decline of yield in foot and mid landscape in previously
lime amended and not amended trial sites, respectively. The omission of born had resulted from
a decline of teff grain yield in mid-landscape sites in both without lime application and lime
amended sites in the Gozamen district. This decrease was not statistically significant (p < 0.05).
This result is supported by Tadele et al. (2018, 2019) who indicate that the addition of KSZnB
with NP did not boost yield compared to NP alone. The finding agreed with Rawal et al. (2018)
who reported that nitrogen and phosphorous are found to be the most limiting nutrient for wheat

production in all sites.
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Response of bread wheat to applied nutrients

The statistical analysis of bread wheat grain and biomass yield in Machakel district showed that

there was a significant difference among nutrient types and rate as compared to control (no

fertilizer) except biomass yield at hill landscape position (Tables 8 and 9). Higher rate and all

nutrients received treatment gave maximum yield but no significant (p>0.05) as compared to NP

fertilizer. This finding was similar to the finding of teff in the same district. Bread wheat grain
yields ranged between 145.8 and 2678.6 kg ha™* in Machakel district (Table 8) whereas it ranged
from 300.7 to 3942.5 kg ha™*in Gozamen district (Table 10).

Table 26. Bread wheat grain and biomass yield from without lime amended farm sites of three landscapes

in Machakel district

Landscape
Foot [2] Mid [3] Hill [3]

Nutrient type Grain yield Biomass Grainyield Biomass Grainyield Biomass

Control 145.8 484.4 255.8 ¢ 1554.2 ¢ 261.0¢ 819.4
NPSZnB 2106.7 4739.6 1863.5° 44375 1268.6 ™ 3641.7
NPZnB 2025.6 4614.6 2075.8" 4608.3 ¢ 1484.4 ¢ 4023.4
NPSB 2187.5 4885.4 1782.3° 3875.0 ¢ 13135 3630.2
NPSZn 2123.4 4687.5 2139.9° 3316.7 ¢ 1301.6 ™ 3893.0
NPKSZnB 2110.4 5057.3 1941.2° 4941.7 % 1692.9° 4592.2
NP 2069.4 4531.3 1868.7 ° 5175.0 % 1369.9 4083.3
50%NPKSZnB 1180.8 2541.7 1327.0°¢ 3643.8 ¢ 996.9 © 3653.6
150%NPKSZnB 2678.9 6500.0 2641.6 ° 6330.4 ° 2261.9 @ 3942.7
CV (%) 13.2 17.3 15.7 26.2 24.3 35.1
P Ievel (005) * * * k% * k% *k*k ns

CV: coefficient of variation, ns: non-significant, *: significant at 5 %.***: significant at 0.1 %. Numbers in

parentheses indicate the number of observations in each landscape.
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Table 27. Bread wheat grain and biomass yield at previously lime-amended farm sites of three landscape
positions in Machakel district

Landscape
Foot [2] Mid [3] Hill [3]

Nutrient types Grainyield  Biomass Grainyield  Biomass  Grain yield Biomass

Control 72.9 218.8 343.4¢ 819.4 333.7° 819.4
NPSZnB 1278.0 3036.5 2317.3" 3641.7 1864.4 2 3641.7
NPZnB 1488.2 3395.8 2459,9 ® 4023.4 2025.1° 4023.4
NPSB 1520.3 3474.0 2319.6° 3630.2 1828.4 2 3630.2
NPSZn 1596.9 1958.3 2456.1 3893.0 1810.0° 3893.0
NPKSZnB 1750.7 3963.5 24955 @ 4592.2 2030.3 @ 4592.2
NP 1636.6 3682.3 2394.8" 4083.3 1964.4° 4083.3
50%NPKSZnB 1073.2 2484.4 1696.3 ¢ 3653.6 1377.9% 3653.6
150%NPKSZnB 2653.6 6000.0 2955.5¢ 3942.7 1942.12 3942.7
CV (%) 14.1 16.7 17.1 35.1 26.9 35.1
P level (0.05) * * FHx ns il ns

CV: coefficient of variation, ns: non-significant, *: significant at 5 %. ***: significant at 0.1 %. Numbers
in parentheses indicate the number of observations in each landscape.

There were grain and biomass yield differences among the experimental sites to bread wheat.
The statistical analysis result at Gozamen district showed that there was a significant difference
(p<0.01) in grain and biomass yield when all other treatments were compared to the control
treatment (Tables 10 and 11). Generally, a higher and more significant yield was recorded when
150% NPKSZnB was applied. However, the relatively equal biological yield of bread wheat was
obtained from the NP compared to the NPKSZnB fertilizer type with equal rates. So, the
application of NP fertilizer alone has a yield advantage for smallholder farmers in highlands
areas. Phosphorus and nitrogen are critical nutrients to improve bread wheat production
(Kolawole et al., 2018). The omission of potassium, sulfur, zinc, or boron did not affect the
yields of bread wheat. This result is supported by Nziguheba et al. (2009) who indicate that K

and B omission are not reduced cereal crop yield.
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Table 28. Bread wheat grain and biomass yield without lime amended farm sites of three landscapes in
Gozamen district

Landscape
Foot [2] Mid [6] Hill [3]
Nutrient type Grain yield Biomass  Grainyield Biomass Grainyield Biomass
Control 2209° 861.1°¢ 265.0° 551.2°¢ 329.2°¢ 819.4
NPSZnB 1814.2 % 4825.5 2510.8¢@  5886.2° 1338.0° 3641.7
NPZnB 1937.3% 4656.3 2 3441.2% 6773.1°2 1787.9 % 4023.4
NPSB 1464.9° 4875.0 28255  5720.2° 2033.1 % 3630.2
NPSZn 1821.0% 5112.0 % 3468.4%  6601.32 1991.9 3893.0
NPKSzZnB 2325.0% 5838.5 2 3020.83°  6561.02 2223.7° 4592.2
NP 2238.3 % 5697.9 @ 29148  6639.92 1740.0 % 4083.3
50%NPKSZnB 1630.1 % 3697.9° 2025.49 4113.1° 1807.6 3653.6
150%NPKSZnB 2535.6 ° 6455.7 @ 3618.4°2 7103.4°¢ 2067.7 ® 3942.7
cVv 34.1 23.7 21.2 20.2 28.4 35.1
P IeVeI (005) ** *kx **kx *kx **x ns

CV: coefficient of variation, ns: non-significant, ***: significant at 1 %, **: significant at 5 %. Numbers in
parentheses indicate the number of observations in each landscape.

Table 29. Bread wheat grain and biomass yield at previously lime-amended farm sites of three landscape
positions in Gozamen district

Landscape
Foot [2] Mid [6] Hill [3]

Nutrient types Grain yield Biomass Grainyield Biomass Grainyield  Biomass
Control 300.7° 916.7 ° 41959 1218.8¢ 566.6 ° 1222.2°
NPSZnB 2112.9+% 5099.0° 3126.6° 7283.6° 2536.7 2 5644.1 @
NPZnB 2437.2® 6059.9 @ 3081.3°  7030.7° 2965.2 ? 6982.6 ?
NPSB 2364.8 @ 5904.9 @ 2924.8°  6877.3" 2295.9 2 5191.0°
NPSZn 2418.4¢ 5346.4* 2945.4°  6588.0° 270452 5704.9 @
NPKSZnB 2066.8 ? 6615.9 @ 3270.2° 7071.8° 2570.3 ® 5362.8 @
NP 2697.1° 5113.3% 3226.7°  7134.3° 2703.5° 6053.8 @
50%NPKSZnB 1772.7¢% 4147.2 2 2409.3 ¢ 48715¢ 2352.8¢ 5215.3%
150%NPKSZnB 2615.1° 6163.8 ® 39425% 8383.1% 2535.7 ® 5474.0
CV(%) 26.3 28.8 17.1 15.9 18.0 19.2
P |EVE‘| (005) **kx **kx **k%* **k* **k* *k*x

CV: coefficient of variation, ***: significant at 0.1 %. Numbers in parentheses indicate the number of observations
in each landscape.

Response of bread wheat to omitted nutrients

There was variability between sites from the omission of a macronutrient from the K and S
treatment and micronutrients from Zn and B in bread wheat yield in study areas (Figure 3). The
omitted treatments did not show significant yield differences in both previously lime-amended

and not amended trial sites. The omissions of zinc (All-Zn) and boron (All-B) led to a non-
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significant reduction of yield compared to the NPKSZnB treatment in previously lime-amended
sites. This result is harmonized with Tadele et al. (2018, 2019) which indicates that the addition
of K is not increased crop yield significantly in most bread wheat growing areas of Ethiopia. In
the Machakel district, the omission of Zn in sites of hill landscapes exhibited a negative Zn index
(Figure 4). This finding, however, does contradict that of Kihara et al. (2022), who stated that

micronutrients are required to increase wheat output.

50
All S All Zn BEaLL B HalL K

[ TR VS T Y
o o O
|

Yield difference frim All (%)
)

0
-10
-20
-30 _ _ _ _ _ _ _ _
No lime Lime No lime Lime
Machakel Gozamen

Figure 5. Effect of omission of S, K, Zn, and B on bread wheat yield (%) compared to NPKSZnB
in Machekel and Gozamen districts. Error bars are confidence intervals. Note: All = NPKSZnB
applied

Response of teff and bread wheat to lime amendment

The result indicated that previously lime amendment plus nutrient type and rate have a relatively
higher yield of tef and bread wheat across all landscape positions except with deviation at the hill
(teff) in Machakel and Gozamen districts and foot (bread wheat) in Machakel district (Figure 4
and 5). This might be associated with blanket rate lime application during 2019/20. The fertilizer
application was varied across landscapes. Because when the slope is increased, there is a
decrease in crop yield (Amede et al., 2020). It might be related to the decline of soil fertility. The
highest mean grain yield of tef 872, and 994 kg ha* were recorded in lime amended at foot, and

without lime amended at mid landscape positions (Figure 4), while the bread wheat yield 2846
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and 2160 kg ha were observed from lime amended at mid landscape position, respectively
(Figure 5).
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Figure 6. Effect of lime amendment and landscape on teff grain yield and biomass in Machake
(a) and Gozamen (b) districts. Short lines at the top of each bar represent the standard error of

lime amendment, lowercase letters indicate significant differences (p<0.05) among lime
amendments.
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Figure 7. Effect of lime amendment and landscape on bread wheat grain yield and biomass in
Machake (a) and Gozamen (b) districts. Short lines at the top of each bar represent the standard

error of lime amendment, lowercase letters indicate significant differences (p<0.05) among lime
amendments. :

Teff and bread wheat response to the nutrient type and rate across three landscapes and
lime amendment

The combined analysis of variance revealed that the mean tef yield was highly significantly

different among nutrient types (p < 0.001) whereas there was no significant variation in tef yield

due to the interaction effect of nutrient types, lime amendment, and landscape position in the
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study districts (Table 12). The grain yield of tef was significantly varied with lime amendment (p
< 0.01) and landscape positions (p < 0.05) in Machakel district (Table 12).

Table 30. Analysis of variance for different factors to teff in acidic soils of East Gojjam zone districts

Gozamen Machakel

Factors Grain yield Biomass Grain yield Biomass
Nutrient types 0.09" 0.003**  1.gt*** 2.2716%xx
Landscape 0.03* 0.7 0.0001*** 5.510%x*
Amendment 0.9 0.2 0.003** 9,25
Nutrient types *Landscape 1.0m 0.9™ 1.0m 0.4
Nutrient types *Amendment 1.0m 0.9™ 1.0m 0.9
Landscape * Amendment 0.02* 0.007**  1,9°%%** 2.2°5%xx
Nutrient types *Landscape* Amendment 1.0 1.0m 1.0 0.9™

***: significant at 0.1%, **: significant at 1 %, *: significant at 5 %, ns: non-significant.

Likewise, teff, the result for bread wheat at Gozamen and Machakel districts on acidic soils
indicates that there was a highly significant (p<0.001) yield difference among nutrient type and
the rate at three landscapes with lime amendment (Table 13). Maximum and significant
biological grain and biomass yield were recorded when 150% NPKSZnB was applied in both
districts. A highly significant yield of bread wheat was obtained due to the application of
nutrients compared to no input at all (control). However, there was no significant difference
among nutrient types (between NP and NPKSZnB) in both districts.

Table 31. Analysis of variance of bread wheat yield and biomass response across landscapes and lime
amendment in acidic soils of study districts

Gozmen Machakel

Factors Grainyield Biomass  Grain yield Biomass
Nutrient types 2.2716%xx 2.2716xxx D D16k 2.2716%xx
Landscape 3.3 Mxxx 4.3 1%kx 3 fBkkk 1.4°6%xx
Amendment 0.002** 4.50%*x  (.0003*** 0.0005***
Nutrient types *Landscape 0.7 0.8"™ 0.9™ 1.0m
Nutrient types *Amendment 0.7 0.04* 0.9 0.8™
Landscape * Amendment 0.047* 1.0ns 0.0002*** 0.0001***
Nutrient types *Landscape*Amendment ~ 0.9™ 0.9™ 0.8™

***: significant at 0.1 %, **: significant at 1 %, *: significant at 5 %, ns: non-significant, CV: coefficient of
variation, amendment: lime management

The maximum grain (1026 and 942 kg ha-1) and biomass (4246 and 3703 kg ha) yields were
recorded from 150% NPKSZnB treatment (Table 14). In Gozamen district, there was a non-
significant grain yield between NP, NPKSZnB, and 150% NPKSZnB. This is supported by
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Alemayehu et al. (2022) who stated yield of tef is not maximized due to the application of
KSZnB nutrients. However, the result disagreed with Gessesew et al. (2022) who described that
applying higher rates of NPSZnB nutrients enhances crop yield. how

Table 32. Combined tef and biomass yield response to nutrient types and rate across landscapes and lime
amendment in acidic soils of East Gojjam zone districts

Gozamen Machakel
Factors Grainyield  Biomass Grain yield Biomass
Nutrient types
NPSZnB 868.1% 3357.5 ¢ 568.2 1252.4 9
NPZnB 935.22 3652.6% 651.5 b¢ 2129.3 %
NPSB 838.4%® 3090.6 585.4 ¢ 2178.0 ¢
NPSZn 896.6 3535.0 ® 578.6°¢ 2120.1 "
NPKSZnB 941.8* 3438.7° 738.2° 2058.2 ¢
NP 916.3%® 3606.4 * 608.0 b 2557.8 °
50%NPKSZnB 736.0° 2636.2 ¢ 384.0¢ 2170.0 ¢
150%NPKSZnB 1026.1° 4245.8* 942,22 3703.1°
Landscape
Foot 807.5° 3543.5 758.1%° 2954.1 @
Mid 94952 3488.5 562.2 ¢ 1967.0¢
Hill 869.3 @ 3385.6 656.3 2309.7 °
Amendment
Lime 901.3 3553.5 588.3 " 2091.0°
No lime 888.7 3326.0 684.42 2487.2 2
CV(%) 38.3 40.4 34.4 29.2

***: significant at 0.1%, **: significant at 1 %, ns: non-significant, CV: coefficient of variation.

A higher yield of bread wheat was obtained from the mid-landscape position. Yield variability
has occurred across landscape positions within farmers’ fields with a range of 588 and 901 kg
ha™ (Table 15). This finding was contrary to Amede et al. (2020) who stated higher yield is
recorded in foot landscapes due to relatively improved soil fertility at the lower slopes.
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Table 33. Overall bread wheat yield and biomass response to nutrient types and rate across landscapes
and lime amendment in acidic soils of East Gojjam zone districts

Gozmen Machakel
Factors Grain yield Biomass  Grain yield Biomass
Nutrient types
Control 351.8¢ 941.9° 267.5¢ 1067.5f
NPSZnB 23995  5740.42 1805.8 ° 4351.6“
NPZnB 2753.7%  6148.22 1968.9 ° 4492.9 «
NPSB 2465.8°  5650.02 1818.1° 4193.6 “
NPSZn 2704.1®  5807.12 1915.8° 3806.9
NPKSZnB 27339%  6059.32 2021.7° 5274.3"
NP 2758.9%  6316.22 1891.7° 4706.2 ¢
50%NPKSZnB 2167.5¢ 4548.1° 1318.2°¢ 3294.4¢
150%NPKSZnB 2999.5%  6457.0? 2486.3 ¢ 6387.0¢
Landscape
Foot 1958.6°  4922.0° 1663.3° 3713.4°
Mid 2789.2%  6028.2° 1963.02 4733.3%
Hill 2010.4° 4336.3°¢ 1535.4° 3868.1°
Amendment

Lime 2568.72  5808.3% 1844.62 4475.8°
No lime 2220.0° 4883.4° 1626.5° 3933.0°
CV(%) 32.9 21.7 28.8 30.6

***: significant at 1 %, **: significant at 5 %, ns: non-significant, CV: coefficient of variation, treatment: nutrient
type and rate, amendment: lime management

Conclusions and Recommendations

The application of different nutrient types has a significant grain and biomass yield of teff and
bread wheat across landscape positions with and without lime application in acidic soils of the
East Gojjam zone. Teff yield cannot obtain without fertilizer application in the study area.
Similarly, the lowest yield of bread wheat was obtained without fertilizer application (no input).
There was vyield variability among trial sites and applied nutrients in the study area. The
application of all nutrient types (NPKSZnB) has no significant yield advantage compared to NP
fertilizer alone. This implies that N and P are the most yield-limiting nutrients compared to other
applied nutrients in the acidic soils of Machakel and Gozamen districts whereas the application
of KSZnB nutrients was not yield-limiting. Therefore, refining the rate of NP in acidic soils is
important for the sustainable use of inorganic fertilizer. The application of sulfur fertilizer with
NP needs further study. Future research is looked-for to finetune crop response to micronutrient
element’s limitations for grain yield with the support of grain quality analysis to meet the demand
for food nutrition.
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Abstract

In Ethiopia, phosphorus (P) is the second major yield limiting nutrient next to nitrogen. Hence efficient
management of P nutrient is critically needed in Northwestern Ethiopia where higher amount of crop is
produced. Six years (2014-2019) research on permanent fields were conducted to develop phosphorus
requirement equation to recommend P fertilizer based on soil test results for improving wheat (Triticum
aestivum L.) productivity. The experiment was started by creating different artificial phosphorus
gradient fields in the first 2 years (2014-2015). For the other three consecutive cropping years (2017-
2019), plot based field experiment was conducted on different P level gradient fields. The field experiment
had seven treatments (0, 10, 20, 30, 40, 50 and 60) P kg ha™*. Randomized complete block design (RCBD)
with 3 replications was used. All treatments received equal levels of N, K and S nuutreints in all gradient
fields through out the cropping years. Urea, Triple Supper-Phosphate (TSP), Muriate of Potash (KCI)
and Calcium sulfate (CaSO4) were used as N, P, K and S sources, respectively. Improved bread whaet
variety (TAY) was used as a test crop. In all cropping years, P, K and S fertilizers were applied in band
at planting while, N was applied in three equal splits (1/3 at planting, 1/3 at 40-45 days after planting
and 1/3 at booting). All other crop management practices were implemented as per the recommendations.
Soil samples were taken in P gradient formation period, as well as in all cropping years from each
experimental plot from 0-20cm depth and selected chemical soil parameters (pH, SOC, and available P)
were analyzed. The yield and yield components such as plant height, grain and biomass yield of bread
wheat showed a highly significant difference (p<0.0001) among treatment means due to different
phosphorus rate for both each and combined years. Soil phosphorus values also showed increasing trend
as the applied phosphorus amount increased within the defined treatments. Finally, 10 mg kg™ of soil P
was determined as phosphorus critical point (Pc) and 7.5 phosphorus requirement factor (Pf) values were
obtained from over-year combined analysis result using the Cate-Nelson graphical method. Using these
two critical values, it is better to conduct a verification study on the farmer’ fields with similar agro-
ecology and soil types to validate whether the developed equation is economically acceptable or not.

Keywords: Bread wheat, Crop Response, Phosphorus, Soil test based
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Introduction

Bread wheat (Triticum aestivum L.) is one of the most staple food crops in the world as well as in
Ethiopia. In Ethiopia it stands fourth in both area coverage and total annual production. But, in
yield potential, it is 2" ranked next to maize (CSA, 2017). Ethiopia is the largest wheat
producer in sub-Saharan Africa (SSA) with about 0.75 and 1 million ha of durum and bread
wheat respectively. Even though its area coverage is over 1.7 million ha, its productivity is as
low as 2.9 t ha* compared to the average cereal yields of 3 t ha! in the developing world due to
poor soil fertility and crop management practices (Kiflemariam et al., 2022).

However, soil fertility depletion became critical challenge for bread wheat production in
Ethiopia. To reverse the situation and advices best fit recommendations for small holder farmers,
monitoring and frequent reviewing of soil fertility status are important. In Ethiopia nitrogen (N)
and phosphorus (P) are the most yield limiting soil nutrients (Tadele et al., 2018). It has been
considered as a major factor for limiting crop productivity and recommended to apply in large
amounts on the soil since the green revolution to sustain production of agricultural systems
(Tilman et al., 2002). Relative to N, recovery of P fertilizers by plants is very low due to its high
fixation capacity in the soil (Balemi and Negisho, 2012).

One of the best methods for nutrient recommendations is to calibrate and validate the nutrient
requirements using long term experimental data. Nutrient calibration is a means of establishing a
relationship between a given soil test value and the yield response from adding nutrient to the
soil as fertilizer. It provides information how much nutrient should be applied at a particular soil
test value to optimize crop growth without excessive waste and confirm the validity of current
nutrient recommendations (McKenizie and Kryzanowski, 1997). It enables to revise fertilizer
recommendations based on soil and crop types, pH and soil moisture content at time of planting.
Soil tests are designed to help farmers to know the available nutrient status of their soil. Once the
nutrient status determined, it is possible to decide how much nutrients to be applied to get
economically acceptable yields (Getachew and Berhane, 2013 and (Getachew et al., 2015).
However, for P calibration and validations, determination of soil P critical and soil P requirement
factor for bread whaet on major agro ecology and soil types for Western Amhara is lacking.
Hence, to bridge this gap, Adet Agricultural Research Center (AARC) proposed a long-term soil
test-based and site-specific P calibration study under balanced fertilization for bread whaet on

nitisols. Therefore, the objective of this research was to develop P calibration equation and
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recommendations of P fertilizer requirement factor for bread wheat on nitisol for western
Ambhara region.
Materials and Methods

The experiment was conducted from 2014-2019 on Nitisols permanent plot of AARC research
station. At the beginning of the study (2014) the experimental field was divided into 4 sub plots
which received equal doses of N, potassium (K) and sulfur (S) using the rates of 92 kg ha N, 90
kg hal K20 and 30 kg ha* S, respectively. By considering 115 kg ha™* P,Os as base line rate, the
four fields were received 0, half (57.5 kg ha®), full (115 kg ha') and double (230 kg ha™') rates
of P20s. In 2015, each sub-plot divided in to four sub-sub plot and received 0, half (57.5 kg ha™®),
full (115 kg ha') and double (230 kg ha?) rates of P,Os and formed 16 total fields having
different P gradient levels. The same amount of NKS fertilizers was applied on the sub-sub plots
for the second year.

After creating different P gradient fields (2014-2015), plot based experiment was started on each
P gradient fields using seven levels of P nutrient rates (0, 10, 20, 30, 40, 50 and 60 kg ha™).
Randomized complete block design (RCBD) with three replications was used. Similar to the
gradient formation years, equal amount of N, K and S were applied on each experimental plot.
The plot based experiment was implemented for two cropping years (2018-2019) at all P
gradient fields. Artificially created P gradient fields were used as a simulation for three
categories of soil with low; medium and high P content.

Improved bread wheat variety (TAY) was used as test crop for this experiment. Urea, triple
supper-phosphate (TSP), muriateof potash (KCI) and Calcium sulfate (CaSQO4) were used as the
sources of N, P, K and S, respectively. P, K and S fertilizer sources were normally applied in
band at planting while, N was applied in 3 equal splits which was 1/3 at planting, 1/3 at 40-45
days after planting and the remaining 1/3 at booting stage. The other crop management practices

were implemented as per the recommendation.

169



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Figure 8. Schematic field layout for the above mentioned experiment

Soil Sampling and Analysis Procedure

One initial, 4 in 2015 (from 1% year gradient fields) and 16 in 2016 (from 2"

fields) composite soil samples were taken at the depth of 0-15cm. All the collected composite
soil samples were subjected for some chemical soil parameters analysis (pH, SOC, and available
P) in AARC soil laboratory. According to Landon (1991) available P value for initial soil was
under low ratting level (009P mg kg') (Table 1). Similarly, artificially created fields were
catagorized as low (<5 P mg kg?), medium (5-15 P mg kg?) and high (>15 P mg kg™).
Therefore, from the total

gradient fields which served as experimental field. Each experimental field was taken as

repilication (Table 2).

Similar to gradient formation years, soil samples were collected continuously from each
experimental plot at 0-15cm depth before the testing crop planted and were taken as avialble P

values for phosphorus critical (PC) value determination. The sampled soils in each year were air
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dried and sieved (<2 mm) for analysis. From these, soil pH-H20 was determined in soil-water
suspensions of 1:2.5 ratios according to Taye et al. (2002) while, available phosphorus (AP) was
analyzed using Olsen method (Olsen, 1954) and soil organic carbon (SOC) was determined

following the method stated by Nelson and Sommer (1982).

Table 34. Initial and four P gradient fields (2014) soil data values

Year 1 (2014)
Plot received Half Plot received Plot received
Soil parameters  Initial control plot  (57.5 kg ha'P,0s)  Full (115 kg ha*P,Os)  Double (230 kg ha* P,Os)
pH- H.0 (1:2.5) 5.70 5.79 5.54 5.61 5.59
Ava. P (ppm) 3.30 3.04 4.08 5.50 7,51
SOC (%) 1.659 1.505 1.881 1.610 1.756

Table 35. Each P gradient field soil data values in the second year (2015)

Year 2 (2015)
Soil
parameters Z2Z ZH ZF zD HZ HH HF HD FZ FH FF FD DZ DH DF DD
pH 558 558 556 556 557 545 534 539 56 553 555 546 564 557 551 556

Pppm 434 265 699 7.25 421 414 447 654 1211 511 6.99 984 10.36 12.63 12.37 15.16
SOC 0.837 0.817 1.111 1.045 0.898 1.431 1.266 0.893 1.061 1.396 1.623 1.130 1.023 0.963 1.372 1.252

Note: zZ=zero, zero, ZH=zero, half, ZF=zero, full, ZD=zero, double, HZ=half, zero, HH= half, half, HF=half,
full, HD=nhalf, double, FZ=full, zero, FH=full, half, FF=full, full FD=Full, double, DZ= double, zero, DH= double,
half, DF= double, full, DD=double, double.

Determination of critical P concentration (Pc)

Critical P value was determined following the Cate-Nelson graphical method where soil P
(available form) values were put on the X-axis and the relative grain yield values on the Y-axis.
Relative yield was calculated using equation 1 in excel. The Cate-Nelson graphical method was
divided the Y-X scatter diagram into four quadrants and maximizing the number of points in the
positive quadrants while minimizing the number of points in the negative quadrants (Nelson LA
and RL Anderson, 1997).

Steps for Cate-Nelson graphical methods in Pc determination:

1. Relative grain yield percentage values were obtained from all artificial created fields using

the formulas indicated below.

Yield from each unit

Relative Grain yield percentage (RGY) = * 100 .......Eq 1

Maximum Yield
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2. Soil test values for the nutrient being studied should be obtained from all the locations. The
control plot test values should be averaged. Thus, there will be a single percentage yield and
one soil test value for each location.

3. The scatter diagram of relative percentage yield (Y-axis) versus soil test value (X-axis) is
plotted on arithmetic paper. The range in values on the Y-axis is 0 to 100%.

4. A piece of clear plastic having roughly one and one-half the dimensions of the graph is cut
out for use as an overlay. A pair of intersecting perpendicular lines is drawn on the overlay
with black ink in such a way that it is divided in to four quadrants.

5. The overlay is moved about horizontally and vertically on the graph, always with the two
lines parallel to the two axes on the graph, until the number of points showing through the
overlay in the two positive quadrants is at a maximum (or conversely, the number of points
in the negative quadrants is at a minimum). The positions of the lines on the overlay with
respect to the axes of the graph are transferred to the graph by making marks on the edges of
the graph. The two intersecting lines are then drawn lightly on the graph with pencil. The
point where the vertical line crosses the X-axis is defined as “critical soil test level.

Determination of P requirement factor (Pf)

Phosphorus requirement factor is the amount of P in kg needed to raise the soil P by 1 mg kg™
soil. Pf is used to determine the amount of fertilizer required per hectare to bring the level of
available P above the critical level. It was calculated using available P values in samples
collected from unfertilized and fertilized plots. Therefore, Phosphorous requirement factor and the
rate of Phosphorus fertilizer to be applied were calculated as follows:

_ kg P applied
Asoil P 7

Pf

i .E2Q 2

Rate of P205 kg/ha fertilizer to be applied = (Pc — Pi)* Pf ......... ...Eq 3

Where: Pc=critical P concentration, AP= available P value taken after one year P fertilizer
applied in each treatment —minus initial P values for the site, Pi= initial P values for the site and

Pf=P-requirement factor
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Agronomic data collected

Agronomic parameters such as mean plant height (5-10 plants), mean spike length (5-10 spikes),
grain and dry biomass yields were collected. To estimate above ground biomass and grain yields
of the test crop (bread wheat) 7.8-m? was harvested at crop maturity stage in each year. The
actual grain yield was adjusted to 12.5% of moisture content.

Data management and analysis

All the collected agronomic and soil data were properly managed using Microsoft excel. The
collected data were analyzed using general linear model in SAS software version 9.0 (SAS
Institute, 2002). When ever treatment difference existed, Least Significant Difference (LSD) at
5% probability was used for mean sepration.

Results and discussion

Yield and yield components

Plant height and spike length

In each and over year combined results, plant height (PH) of bread wheat showed highly
significant difference (p<0.0001) among treatment means due to the applied P fertilizer rates
which is in agreement with the findings mentioned by (Getachew et al., 2015). Over year

combined result
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Treatment P Plant height (cm) Year Spike length (cm) Year
kg ha* 2017 2018 2019  Combined 2017 2018 2019  Combined

0 100.0 93.7 69.1 87.6 8.96 9.48 6.83 8.43

10 102.9 97.3 74.6 91.6 9.01 9.54 7.33 8.63

20 104.1 98.6 76.4 93.0 9.09 9.37 7.40 8.62

30 104.2 103.5 77.5 95.1 9.10 9.35 7.39 8.61

40 104.5 101.0 77.5 94.3 9.10 9.67 7.48 8.75

50 104.6 100.9 77.9 94.5 9.09 9.41 7.23 8.58

60 105.3 101.8 77.9 95.0 9.06 9.40 7.29 8.58

Mean 103.7 99.5 75.8 93.0 9.06 9.46 7.28 8.60

LSD (0.05) 15 3.8 1.8 15 0.17 0.60 0.20 0.22

Pr ** ** ** ** NS NS ** NS

CV (%) 35 9.6 5.8 6.9 4.6 15.9 7.0 11.0

Grain and Biomass yields

As shown the in Table 4, grain yield (GY) of bread wheat showed a highly significant difference
(p=0.0001) among treatment means due to the applied P levels in each cropping season as well
as in the combined analysis over-year. Including the over-year combined result, GY showed a
linearly increasing trend without a turning point as the rate of P applied increased in all cropping
years which is in lined with the results reported by (Getachew et al., 2015). Therefore, minimum
and maximum values of GY values were recorded on the control treatment (zero P) and

treatment which received maximum P levels (60 P kg hal), respectively.

Similar to the GY values, biomass yield (BMY) of bread wheat also subjected for a highly
significant difference (p<0.0001) among the treatment means due to the use of different levels of
P fertilizers which is again agreed with the findings stated by Getachew et al. (2015). Although
some irregularity (in 2017 and 2018) observed on BMY trends, the overall biomass mean values
showed an increasing trend as P levels added increased. The minimum and maximum BMY
values were recorded on the control treatment (zero P) and treatment which received maximum P

level (60 P kg hal), respectively in all cropping years (Table 4).
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Table 37. Response of applied P fertilizer on bread wheat grain and biomass yields

Grain yield (kg ha?) Year Biomass yield (kg ha?) Year
Treatmeqt P 2017 2018 2019 Combined 2017 2018 2019 Combined
kg ha®
0 3761.0 2997.1 2262.2 3006.8 8763.4 8397.4 5203.0 7454.6
10 4042.5 3557.3 29594 3519.8 9214.7 9254.8 6725.4 8398.3
20 4208.9 3890.8 3310.1 3803.3 9738.2 9647.4 7505.3 8963.7
30 4297.9 4048.0 3498.6 3948.2 10098.0  10029.4 7943.4 9356.9
40 4357.6 4101.5 3583.4 4014.2 10109.5 9783.7 8295.9 9396.4
50 4386.8 4292.2 3698.8 4125.9 10162.9 9978.6 8450.9 9530.8
60 4489.9 4411.1 3716.4 4205.8 10154.9 10272.4 8476.0 9634.4
Mean 4220.7 3899.7 3289.8 3803.4 9748.8 9623.4 7514.3 8962.2
LSD (0.05) 158.6 171.3 166.3 98.5 356.1 711.2 337.1 298.1
Pr- ** ** ** ** *%* *%* *%* **
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The critical P concentration (Pc) values were determined from the scatter diagram drawn using
relative grain yields of wheat and the corresponding soil test P values obtained one year after the
application of P levels (0-60 kg ha'). Based on Cate-Nelson Pc determination method, the Pc
values in 2017, 2018, 2019 and over-year combined were 9, 12, 9 and 10 P mg kg soil,
respectively (Figure 3).

All Pc values could help to achieve a minimum of 70% of the wheat grain yeild production
without any stress if other factors were found normal. However, if an initial soil P value found
below the critical levels, additional P nutreint is needed. Hence, to quantify the required P to
achieve the required grain yield, calculating of P nutrient based on equation 3 is required. The P
requirement factor (Pf) one the other hand the amount of P required to raise the soil P by (1 Ppm)
and could be computed from the difference between available soil test P values from plots which
received (0-60) kg P ha! and initial P using the formula indicated in (Eq 2). Therefore, in this
study, the calculated Pf values in 2017, 2018, 2019 and their over-year combination were 12.0,
5.2, 6.9 and 7.0, respectively (Table 5).
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Figure 10. Cate-Nelson graphics for Pc values determination. The point on arrows indicates Pc for wheat on Nitisols
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Table 38. The three years and their over-year combined phosphorus requirement factors (Pf) values.

P (kg 2017 2018
ha)
P increase over P increase over
range Mean control Pf range Mean control Pf
0 1.4-17.6 7.4 - 48-17.4 8.7 -
10 4.2-17.7 8.4 1.1 9.5 5.5-19.0 11.1 2.3 4.3
20 4.0-18.2 9 1.6 12,5 5.5-22.3 13.6 4.8 4.1
30 4.0-26.3 9.8 2.5 12.1 6.5-19.8 15.4 6.7 45
40 4.3-17.8 10 2.7 14.9 6.2-19.9 16.1 7.4 5.4
50 4.4-23.8 12.3 4.9 10.1 10.0-22.4 17 8.3 6.1
60 4.4-25.3 12.1 4.7 12.7 10.9-28.4 17.7 8.9 6.7
12.0 5.2
2019 Combined over year
P (kg P increase over P increase over
ha?) range Mean control Pf range Mean  control Pf
0 48-17.4 5.9 - 1.4-17.6 7.3 -
10 5.5-19.0 7 1.1 8.8 4.2-17.7 8.8 15 6.7
20 5.5-22.3 8.7 2.8 7.1 4.0-18.2 10.4 3.1 6.5
30 6.5-19.8 10.8 49 6.1 4.0-26.3 12 4.7 6.4
40 6.2-19.9 11.3 5.4 7.4 4.3-17.8 12.5 5.2 7.8
50 10.0-22.4 143 8.4 6 4.4-23.6 145 7.2 7
60 10.9-28.4  16.3 10.5 5.7 4.4-25.3 15.4 8 7.5
6.9 7.0

Conclusion and recommendations

Plant height, grain and biomass yield of the testing crop showed a highly significant difference
(p<0.0001) among treatment means due to phosphorus fertilization in both separate and over-
year combined analysis results. Except some inconsistancey, all the above mentioned parameters
showed linearly increasing trends as the amount of applied phosphorus increased in both separat
and over year results. The obtained Pc and Pf values could be helpful to calculate site specific
soil test based P2Os fertilizer to acuire the required bread wheat yield on Nitisols in North West
Ethiopia.Avialable soil phosphorus values showed an overall increasing trend due to the applied
phosphorus amounts over years. Finally, 10 mg kg Pc and 7.0 mg kg* soil Pf values were
obtained from over-year combined analysis result. Using these two important values, it is better
to do a validation study on the farmer fields having similar agro ecology and soil types to

determine either the developed equation is economically acceptable or not.
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Abstract
Phosphorus is the second yield limiting nutrient next to nitrogen in the major maize growing area of west

Amhara, Ethiopia. Hence, efficient management of P nutrient is critically required. A field experiment
was conducted for six years (2014-2019) on permanent fields to develop phosphorus requirement
equation to recommend P fertilizer based on soil test results for improving maize (Zea mays L.)
productivity. The experiment was started by creating different artificial phosphorus gradient fields in the
first 2 years (2014-2015). For the two consecutive cropping years (2018-2019), plot based field
experiment was conducted on different P level gradient fields. The field experiment had seven treatments
with the levels of (0, 10, 20, 30, 40, 50 and 60) P kg ha. Randomized complete block design (RCBD)
with 3 replications were used. All treatments received equal levels of N, K and S fertilizers in all gradient
fields through the cropping years. Urea, Triple Supper-Phosphate (TSP), Muriate of Potash (KCI) and
Calcium sulfate (CaSO4) were used for N, P, K and S fertilizer sources, respectively. Improved maize
variety (BH-540) was used for this experiment. In all cropping years, P, K and S fertilizers were applied
in band at planting while, N was applied in three equal splits (1/3 at planting, 1/3 at 40-45 days after
planting and 1/3 at knee height). All other crop management practices were implemented as per the
recommendations. Soil samples were taken in P gradient formation period, as well as in all cropping
years from each experimental plot at 0-20cm depth and selected chemical soil parameters (pH, SOC, and
available P) were analyzed at Adet Agricultural Research Center (AARC) soil laboratory. The yield and
yield components such as plant height, grain and biomass yield of maize showed a highly significant
difference (p<0.0001) among treatment means due to different phosphorus rate for both each and
combined years. Soil phosphorus values also showed increasing trend as the applied phosphorus amount
increased within the defined treatments. Finally, 8 mg kg™ of soil P was determined as phosphorus critical
point (Pc) and 17.3 phosphorus requirement factor (Pf) values were obtained from over-year combined
analysis result using the Cate-Nelson graphical method. Using these two critical values, it is better to do
a verification study on the farmer fields with similar agro ecology and soil types to validate whether the
developed equation is economically acceptable or not.

Keywords: Cate-Nelson, equation, maize, phosphorus, requirement,
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Introduction

Maize is one of the three most important cereals following wheat and rice for food security at the
global level and very important in the diets of the poor in Africa and Latin America (Bekele et
al., 2011 and FAOSTAT, 2010). In many developed countries and the emerging economies of
Asia and Latin America, maize is increasingly being used as an essential ingredient in the
formulation of livestock feed (Bekele et al., 2011). In Ethiopia, maize is the most widely
cultivated cereal crop with 16% area coverage, 26% production potential and 6.5 million tons of
production (CSA, 2014). Estimated average yields of maize for smallholder farmers in Ethiopia
is about 4.2 tons ha* (Kiflemariam et al., 2022). To solve soil fertility problems and maximizing
maize yield, different research activities have been undertaken in Ethiopia using various fertilizer
sources (Birhan et al., 2017).

However, soil fertility depletion became critical challenge for maize production in Ethiopia. To
reverse the situation and advices best fit recommendations for small holder farmers, monitoring
and frequent reviewing of soil fertility status are important. In Ethiopia nitrogen (N) and
phosphorus (P) are the most yield limiting soil nutrients (Tadele et al., 2018). It has been
considered as a major factor for limiting crop productivity and recommended to apply in large
amounts on the soil since the green revolution to sustain production of agricultural systems
(Tilman et al., 2002). Relative to N, recovery of P fertilizers by plants is very low due to its high
fixation capacity in the soil (Balemi and Negisho, 2012).

One of the best nutrient recommendations is to calibrate and validate the nutrient requirements
using long term experimental data. Nutrient calibration is a means of establishing a relationship
between a given soil test value and the yield response from adding nutrient to the soil as
fertilizer. It provides information how much nutrient should be applied at a particular soil test
value to optimize crop growth without excessive waste and confirm the validity of current
nutrient recommendations (McKenizie and Kryzanowski, 1997). It enables to revise fertilizer
recommendations based on soil and crop types, pH and soil moisture content at time of planting.
Soil tests are designed to help farmers to know the available nutrient status of their soil. Once the
nutrient status determined, it is possible to decide how much nutrients to be applied to get
economically acceptable yields (Getachew and Berhane, 2013 and (Getachew et al., 2015).
However, for P calibration and validations, determination of soil P critical and soil P requirement

factor values for major crops at major agro ecology and soil types for Western Amhara is
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lacking. Hence, to bridge this gap, Adet Agricultural Research Center (AARC) proposed a long-
term soil test-based and site-specific P calibration study under balanced fertilization for maize on
Nitisols.Therefore, the objective of this research were to develop P calibration equation and

recommendations of P fertilizer requirement
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Phosphorus calibration study
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Figure 1. Schematic field layout for the above mentioned experiment

Soil Sampling and Analysis Procedure

One initial, 4 in 2014 (before second gradient formation) and 16 in 2015 (before plot level
experiment started) composite soil samples were taken from each artificially created low,
medium and high P containing field with the depths 0-15cm. All the collected composite soil
samples were subjected for some chemical soil analysis (soil pH, SOC, available P). Following
Landon (1991) available P value for initial soil was under low ratting level (3.3 P mg kg™)
(Table 1). Similarly, artificially created fields were classified as low (<5 P mg kg™), medium (5-
15 P mg kgl) and high (>15 P mg kg™) categories after 2015 cropping season. Therefore, from
the total of 16 sub-sub plots, 3 were in low category, 9 were in medium and the remaining 4 were
in high category and we considered as replications (Table 2).

Similar to gradient formation years, during experimentation period soil samples were collected
continuously from each piece of plot at a depth 0-15cm before the next crop planting. All the sampled
soils were air dried and sieved (<2 mm) for analysis of the required parameters. From these, soil
pH-H20 was determined in soil-water suspensions of 1:2.5 ratios according to Taye et al. (2002)
while, AP was analyzed using (Olsen, 1954) and SOC was also determined following (Nelson
and Sommer, 1982) method.
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Table 1. Initial soil data values of the four P gradient fields (2014)

P gradient fields (2014)
Initial ~ Zero (0 kg ha' Half (57.5kgha®  Full (115kgha'  Double (230 kg ha

Soil parameters

P,0s) P,0s) P-0s) P20s)

pH- H.0O 5.70 5.6 5.63 5.73 5.68
Ava.P (Ppm) 3.30 3.56 4.79 3.1 5.44
SOC (%) 1.659 1.812 1.592 1.372 1.847

Table 2. Soil data values for each P gradient field in the second year (2015)

Soil P gradient fields (2015)
paramelers 7z zH zF  ZzD  HZ HH HF HD FZ FH FF__FD DZ DH DF DD

pH-HO 550 558 564 551 566 572 564 561 578 563 555 541 564 558 558 5.30
Ava.P (Ppm) 4.08 531 855 1652 505 401 7.19 9.65 459 6.99 14.38 16.00 7.64 8.35 18.40 21.32
SOC (%) 1.3841.1651.321 1.137 1.3191.514 1.5371.3111.402 1.376 1.277 1.341 1.404 1.260 1.704 1.521

Note: ZZ=zero,zero, ZH=zero,half, ZF=zero,full, ZD=zero,double, HZ=half,zero, HH= half,half, HF=half,full,
HD=half,double, FZ=full,zero, FH=full,half, FF=full full FD=half, double, DZ= double,zero, DH= double,half,
DF= double,full, DD=double, double.

Determination of critical P concentration

Critical P value was determined following the Cate-Nelson graphical method where soil P values
were put on the X-axis and the relative grain yield values on the Y-axis. The Cate-Nelson
graphical method was divided the X-Y scatter diagram into four quadrants and maximizing the
number of points in the positive quadrants while minimizing the number of points in the negative
quadrants (Nelson LA and RL Anderson, 1997).

Steps for Cate-Nelson graphical methods for Pc determination:

1. Relative grain yield percentage values were obtained from all artificialy created fields using

the formulas indicated below.

Yield from each unit

Relative yield percentage (RYP) = *1oo.......Eql

Maximum Yield

2. Soil test values for the nutrient being studied should be obtained from all the locations. The
control plot test values should be averaged. Thus, there will be a single percentage yield and
one soil test value for each location.

3. The scatter diagram of relative yield percentage (Y-axis) versus soil test value (X-axis) is

plotted on arithmetic paper. The range in values on the Y-axis is 0 to 100%.
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4. A piece of clear plastic having roughly one and one-half the dimensions of the graph is cut
out for use as an overlay. A pair of intersecting perpendicular lines is drawn on the overlay
with black ink in such a way that it is divided in to four quadrants.

5. The overlay is moved about horizontally and vertically on the graph, always with the two
lines parallel to the two axes on the graph, until the number of points showing through the
overlay in the two positive quadrants is at a maximum (or conversely, the number of points
in the negative quadrants is at a minimum). The positions of the lines on the overlay with
respect to the axes of the graph are transferred to the graph by making marks on the edges of
the graph. The two intersecting lines are then drawn lightly on the graph with pencil. The
point where the vertical line crosses the X-axis is defined as “critical soil test level.

Determination of P requirement factor (Pf)

Phosphorus requirement factor is the amount of P in kg needed to raise the soil P by 1 mg kg
soil when the initial soil available P is below the Pc value. It was calculated using available P

values in samples collected from unfertilized and fertilized plots. Therefore, Pf
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Results and discussion

Yield and yield components

Plant height and Ear length

The plant height of maize showed highly significant difference (p < 0.0001) among treatment
means due to the applied phosphorus fertilizer rates through both the cropping years and the
combination of the two cropping seasons. Including the combined mean result, minimum plant
height means in each year was recorded at zero input of phosphorus fertilizers used. However,
the maximum plant height values were observed at different levels of phosphorus fertilizer used.
However, as compared to other treatments maximum plant height was observed when 50 P kg

ha phosphorus fertilizers was applied (Table 3).

In contrast to plant height, ear length of maize didn’t show any significant difference among the
treatment means. In this parameter, we observed an irregular trend of ear length among the

treatment means (Table 3).

Table 3. Response of the applied phosphorus fertilizer on maize plant height and ear length

Plant height (cm) Ear length (cm)
Treatment
2018 2019  Year-combined 2018 2019  Year-combined
0 190.5 209.8 200.2 17.5 18.5 18.0
10 196.3 212.8 204.5 17.5 18.7 18.1
20 197.3 219.6 208.5 17.8 18.8 18.3
30 197.5 220.8 209.1 17.4 184 17.9
40 196.2 222.3 209.2 17.3 18.5 17.9
50 200.1 229.2 214.6 17.2 18.5 17.8
60 199.9 227.0 213.5 17.6 18.2 17.9
Mean 196.8 220.2 208.5 17.5 18.5 18.0
LSD(0.05) 4.8 5.3 4.9 0.5 0.5 0.4
Pr. ** ** ** NS NS NS
CV(%) 6.1 6.0 8.3 7.2 7.0 7.6
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Grain and Biomass yields

As shown in the results in Table 4, grain yield of maize showed a highly significant difference

(p<0.0001) among the treatment means due to the applied phosphorus fertilizers in each cropping

season as well as the combined result over years. Except slightly irregularities, grain yield of

maize showed linearly increasing trend as the rate of phosphorus fertilizer used increased in all

cropping years as well as in over-year combined result. The minimum value of grain yields was

recorded at the control treatment (zero P input). While, the maximum one recorded at treatments

received 50 and 60 P kg ha (Table 4). Similar to the grain yield values, the minimum maize

biomass yield was recorded on the control treatment (zero P input) in each cropping years as well

as in combined result. Furthermore, maximum biomass yields were also obtained at treatments
received 50 and 60 P kg ha in 2018 and 2019, respectively (Table 4).

Table 4. Response of the applied phosphorus fertilizer on maize grain and biomass yields

Grain yield (kg) Biomass yield (kg)
Treatment
2018 2019  Year-combined 2018 2019 Year-combined

0 5992.3 5186.6 5589.4 14050.9 16800.9 15425.9
10 6663.4 6447.6 6555.5 16074.1 20511.6 18292.8
20 7302.4 7076.0 7189.2 17722.2 22412.0 20067.1
30 7551.7 7414.1 7482.9 18259.3 24201.4 21230.3
40 7489.5 7641.5 7565.5 17546.3 24171.3 20858.8
50 7574.3 7792.8 7683.6 18652.8 247454 21699.1
60 7747.0 7754.7 7750.9 18606.5 25270.8 21938.7
Mean 7188.7 7044.8 7116.7 17273.1 22587.6 19930.4
LSD(0.05) 442.8 384.7 295.3 1291.8 1168.2 1164.6

Pr. kol kel kel kel kel x

CV(%) 15.3 13.6 14.6 18.6 12.9 20.6

Critical P concentration (Pc) and P requirement factor (Pf)

Available soil P values showed a linear increasing trend as the applied P fertilizer increased in all

cropping years as well as in the combined years result. However, when we compare across years,
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2019 available P values showed slightly a decreasing trend from 2018 result which might be

happened due to climatic variations (Figure 2).

Over-year and each croping season available soil P values
) 10.0
& 9.0
2 8.0
S 6o
: 5.0 -
2 4.0 -
o~
N 3.0 -
< 2.0 -
1.0 -
0.0 B 1 1 1 1 1
0 10 20 30 40 50 60
applied P kg/ha
W 2018 m 2019 Over year

Figure 11. Applied P verses available soil P values for two trial seasons and combined over years

The critical P concentration (Pc) values were determined from the scatter diagram drawn using
relative grain yields of maize and the corresponding soil test P values for all P levels (0-60 kg
hal). Based on the Cate-Nelson Pc determination method, Pc values in 2018, 2019 and over-
year combined were 7, 8 and 8 P mg kg, respectively (Figure 3) which is by far different from
the findings reported by (Yihenew et al, 2003). All the mentioned Pc values could help to
achieve a minimum of 70% of the maize grain yield production without any stress if other factors
were found normal.

However, if the soil test values found below the critical levels, additional information is needed
on the amount of P required for elevating the soil P to the required level. This is the P
requirement factor (Pf) which is defined as the amount of P required to raise the soil P by 1 mg
kgsoil and computed from the difference between available soil test P values from plots which
received (0-60) kg P ha* using the formula indicated at (Eq 2). Therefore in the study, calculated
Pf values in 2018, 2019 and their over-year combined results were 14.7, 16.3 and 17.3,
respectively (Table 5).
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for maize on Nitisols
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Table 5. The two years and over-year combined phosphorus requirement factors (Pf) values on maize

P(kg 2018 2019 Over-year combined
/ha)

P increase P increase

over over P increase

Range Mean  control Pf Range Mean control Pf Range Mean  over control  Pf
0 2.1-14.8 6.31 3.3-9.6 6.40 2.08-14.83 6.35
10 2.7-14.4 6.98 0.9 11.0 4.6-9.9 6.71 0.6 156 2.65-14.43 6.84 0.6 17.2
20 3.0-18.3 7.72 1.7 12.1 48-109 7.4 1.4 146 3.03-18.29 7.58 1.3 15.2
30 3.0-17.8 8.33 2.3 13.3 46-12.8  8.15 2.1 14.4  297-17.75 8.24 2.0 15.2
40 3.5-19.3 8.48 2.4 16.6 5.1-135 8.18 2.1 19.0 3.47-29.30 8.33 2.1 19.3
50 4.0-20.6 9.33 3.3 15.3 5.1-236  9.28 3.2 15.6  4.01.8-23.60 9.31 3.0 16.4
60 3.2-21.7 9.05 3.0 20.1 5.7-16.1 9.34 3.3 18.3 3.14-21.66 9.20 2.9 20.4
14.7 16.3 17.3

Pf =is phosphorus requirement factor
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Conclusion and recommendations

The study provided acceptable Pc and Pf values which could help users as a baseline for soil-test
crop response based phosphorus fertilizer recommendation for increasing maize productivity on
Nitisols in North West Ethiopia after a validation study done. In this study, the yield and yield
components such as plant height, grain and biomass yield of maize showed a highly significant
difference (p<0.0001) among treatment means due to different phosphorus rate application for
both individual and over years combined analysis.

Soil phosphorus values also showed an overall increasing trend due to the accumulation of
applied phosphorus amounts over years. Finally, 11.5 P mg kg Pc and 23.8 Pf values were
obtained from over-year combined analysis result. Using these two important values, it is better
to do a verification study on the farmer fields having similar agro ecology and soil types with the
study site to determine either the developed equation is economically acceptable or not in farm
get price level on maize production.
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I1. Agricultural water management
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Abstract

Crop modeling is a powerful tool for estimating yield and water use efficiency in this regard, and it plays
an important role in determining water management strategies. This study was performed in Lasta
district, for two successive years. The aim was to evaluate the performance of Aquacrop model for potato
producing area and study the effects of water shortage on potato production and water use efficiency. The
irrigation water levels for potatoes were 100% ETC, 75% ETC, and 50% ETc. A randomized complete
block design was used to arrange six treatments. Observed weather parameters for specific site together
with measured crop parameters from optimum experiment conducted during 2018/19 were used to
develop climate, soil and crop files in Aquacrop and to calibrate the model. Observations from the
2019/20 growing season and independent data were used to validate the model. Model calibration
showed a good fit Coefficient of determination (R?) = 0.98, Root mean square error (RMSE) = 9.6%,
Nash-Sutcliffe efficiency (E) = 0.92, index of agreement (d) = 0.98 and coefficient of residual moss
(CRM) = -0.07 for canopy cover (CC) as well as good prediction for biomass (R?>= 0.98, RMSE = 1.8t/ha,
E = 0.96, d = 0.99, CRM = -0.13). Model validation showed good simulation for CC by 100% water
application at development and mid growth season and the other stages applied 75% (T3) (R? = 0.98
RMSE = 9.4%, E = 0.94, d = 0.98, CRM = -0.12) conditions. The model prediction biomass (R* = 0.98,
RMSE = 2.2t/ha, E = 0.94, d = 0.98, CRM = -0.2) reasonably well for field with pooled data (T3). The
highest yield (33.27t/ha) and water use efficiency (8.23kg/m®) were obtained when 100% irrigation water
was applied during the development and mid-growth seasons, and 75% irrigation water was applied
during the other stages, while the lowest yield (22.21t/ha) and water use efficiency (6.67kg/m?) 75%
irrigation water applied through out the growth stages was recorded. As a result, we conclude that the
irrigation water used (75, 100, 100, and 75% ETc) is better adapted to the agro-ecological conditions in
Lalibela and other similar areas. The AquaCrop model is therefore easy to use, requires fewer input data,
and its sufficient degree of simulation precision makes it a valuable instrument for estimating crop
production under deficit irrigation and for water management to improve the efficiency of agricultural

water use.

Keywords: Biomass, Calibration, Canopy cover, Validation, Water use efficiency
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Introduction

Potatoes (Solanum sp.) are the fifth most common crops globally, after sugar cane, maize, rice,
and wheat (Montoya et al., 2016). It is one of the tuber crops full-grown in Ethiopia by more
than one million farmers (CSA, 2018/2019). Potato is gazed as a high-potential sustenance
security crop since of its bent to convey a high yield of high-quality product per unit input with a
little crop cycle usually less than 120 days than main cereal crops (Hirpa et al., 2010). Ethiopia
is blessed with suitable climatic, soil, and topographic conditions for potato production. The
national average yield is about 7-8 tons/ha, which is currently low as opposed to the world’s
average output of 15t ha (FAO, 2011). Some of the teething troubles for the small yield of
potato production are drought and flood, pests and diseases, soil erosion, the shift in rainfall
pattern, and deterioration in available water (Deressa et al., 2009).

As a result, better water utilization efficiency for potato production is needed in order to produce
more crops per drop while reducing irrigation resources. The limited availability of water
resources needs the development of new approaches to save water and energy, the utmost of
which should emphasize on improving water use efficiency (Shahnazari et al., 2007, Soomro et
al., 2020). To ensure food security, it is essential to use the water wisely in order to increase food
production while saving water as much as possible or to increase field crops water use
productivity. The world's population is growing by the day, posing a serious threat to future
agricultural production, particularly in areas where water is the scarcest resource. Deficit
irrigation is a technique, which enhances the economic use of water (Fereres and Soriano, 2006,
Dominguez et al., 2012); moreover, this approach can have a resilient effect on potato crops, by
means of declines in crop yield and tuber quality (Shock et al., 1998, Fabeiro et al., 2001,
Kashyap and Panda, 2003, Onder et al., 2005, VVos and Haverkort, 2007, lerna and Mauromicale,
2012, Gebremedhin et al., 2015).

AquaCrop, a water-driven model for use as a decision-making support mechanism in planning
and scenario analysis in various seasons and locations (Foster et al., 2017, Mibulo and
Kiggundu, 2018, Corbari et al., 2021). Even if the model is comparatively simple, it elaborates
on the fundamental process involved in crop productivity and the response to water deficits, both
from a physiological and agronomic perspective (Tefera and Mitiku, 2021). It is intended to
combine simplicity, precision, and robustness, and is suited to resolve situations where water is a

primary limiting factor in crop production (Banchu, 2020). It necessitates fewer input data than
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other models (Hsiao et al., 2009; Steduto et al., 2009). Once validated, the model is easy and
needs fewer resources and it could be a useful tool in irrigation scheduling to reduce crop risk
(Tsubo et al., 2005, Soltani and Hoogenboom, 2007). As well, AquaCrop may be used to
investigate and evaluate another management that increases water productivity and achieves
more sustainable water use (Bessembinder et al., 2005, Amirouche et al., 2021). It simulates
crop yield and biomass variation under various irrigation water scenarios. Observing the regular
water balance is needed to understand the inward and outgoing water. A critical issue is the
development of the most favorable strategies for using and managing available water resources
in agricultural production (Smith, 2000, Boudhina et al., 2017).

The model related to water input as the primary constraint to crop development, particularly in
arid and semiarid areas(Bradford and Hsiao, 1982, Boudhina et al., 2019). Deficit irrigation is a
good potential irrigation approach, according to several reports, (Ali and Talukder, 2008, Behera
and Panda, 2009, Blum, 2009), in which less water is used than expected during in the planting
season.

Zand-Parsa et al. (2006), created a maize simulation model, whereas (Farahani et al., 2009,
Garcia-Vila et al., 2009) used the AquaCrop model besides cotton both full and deficit irrigation
agriculture. They stated that in order to evaluate the effect of changes in irrigation water quantity
for quinoa, sunflower, and maize in the AquaCrop model, the critical parameters for calibration,
including such normalized water productivity, canopy cover, and total biomass, should be tested
under a variety of environment, soil, cultivar, irrigation technique, and field management
conditions (Geerts and Raes, 2009, Heng et al., 2009). The model, according to both scientists,
can be used for scenario analysis and provides a good balance of robustness and performance
precision.

Drought is the main climate-linked risk in the northeastern Amhara especially north wollo and
wag-himra and generally in some parts of northern Ethiopia. The rainfall is, however, short,
inconsistent, and inadequate, and also the landscape of the area is rising and falling, which
impacts the crop productivity in the area. So, deficit irrigation could be a promising irrigation
water management technique for these areas, allowing farmers to apply restricted amounts of
water to their crops in the time and amount necessary for optimum crop water productivity. Crop
type and cropping pattern, soil, depth and fertility, climate, water quality, and irrigation system

type all contribute to this degree of water deficit. Most of the farmers were using the furrow
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irrigation system, but the irrigation is not properly managed on top of the prevailing water
scarcity in the area calling for more interventions such that water has to be managed properly and
efficiently. The goal of this research was to use the AquaCrop model to better understand deficit
irrigation and develop optimal deficit irrigation water management strategies for potato
production.

Material and methods
Study area description

The research was conducted two years in 2018/19 and 2019/20 at Kechne Abeba irrigation
schemes at Lasta woreda, North Wollo (Figurel). The geographical location of the area is
between 11°57738.44” north of latitude and 39°4°4.91” east of longitude with an altitude of 2103
m.a.s.l. The rainfall is seasonal varying in-depth, space, and time. The mean long-term annual
rainfall (January 2000-March 2020) in the area is about 799.3mm and it is erratic and uneven in
distribution. The average minimum and maximum temperatures in the area are11.8 °c and 27.4 °c
respectively (Figure 2 a & b). The study site was chosen to be representative of the woreda's
diverse soil and climate conditions. The area is intensively cultivated and the production is

subsistence farming. Rain-fed agriculture is the main practice in the study area.
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Figure 2. (a) and (b) weather conditions for the 2018/19 and 2019/20 crop growing season
respectively.

Experimental design and treatments

The design of the experiment was based on a randomized complete block design with three
replications. Three irrigation treatments (100, 75, and 50%) with the fourth growth stages of
potato of water application methods were tested in the field experiment. The plot size of the
experiment was 3m * 3.75m and the spacing among plots and each block was 1m and the total
experimental area was 23m *13.25m. The test crop potato (Belete variety) was selected since it
is widely used in the area and also recommended for the area. The tubers were directly sown on
October 16, 2018, and November 20, 2019. Well, sprouted potato tubers were planted on
prepared ridges with the spacing of 75 and 30cm between row and plants, respectively (Abdalhi
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and Jia, 2018, Beshir et al., 2018, Gebremedhin et al, 2015). In the 2018/19 and 2019/20
growing seasons, harvesting occurred when tubers reached maturity, which occurred 105 days
after planting.

Fertilizer was applied at the rate of 300kg/ha urea half at planting and a half at 45 days after
sowing and 50kg/ha triple super phosphate (TSP) at planting. The frequency of irrigation water
was used at five days interval (Gebreslassie, 2009). Prior to planting all plots were irrigated with
an equivalent volume of water up to the field capacity limits. Weeding, furrow maintenance,
fertilizer application, water application, diseases, and pest management techniques were all
completed on time and in the same order for each treatment.

Table 1.1 Total number of treatment combinations
Potato crop growth stages

Treatment Initial stage Development stage Mid-season stage Late season stage
Tl 100% 100% 100% 100%
T2 75% 75% 75% 75%
T3 75% 100% 100% 75%
T4 50% 100% 100% 50%
T5 75% 100% 100% 50%
T6 100% 75% 75% 50%

Water requirement of potato

The fixed schedule and crop water demand for irrigation were determined using the CROPWAT
computer model version 8.0, according to FAO 56 methodology (Allen et al., 1998). The crop
coefficients (Kc) used in the reference irrigation treatment (100%) depending on FAO 56 which
would have been the different as per the vegetative growth stage of the potato crops 0.5 at the
onset of growth, 1.15 at tuber formation, and 0.75 before ripening. Crop factor (Kc) for each
growth stage was obtained from (Allen et al., 1998) and ETc was determined using equation 1.
ETc=ETo*Kc 1)

Where; ETc is crop evapotranspiration in mm and ETo is reference crop evapotranspiration in
mm. Since it would be based on evapotranspiration, it is able to quantify net irrigation water
demand (NIR) by subtracting effective rainfall(Pe) during the experimental season, which can be
described using equation 2.

NIR = ETc- Pe )
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Furrow irrigation application efficiencies, in general, vary from 45-60% (Allen et al., 1998).
Using equation 3, the requirement of gross irrigation (GIR) was calculated with an application
efficiency (Ea) of 60%.

GIR = NIR/Ea (3)

Statistical analysis

The effects of different treatments were statistically evaluated using the analysis of variance
methodology, and mean separation was calculated using Least Significance Difference (LSD) at
5% significance levels using XLSTAT 2018 to identify optimal deficit irrigation management

practices based on yield-related parameters and water use efficiencies.

AquaCrop model input data

It's a crop water productivity model that simulates herbaceous crop yield to water (Steduto et al.,
2012). The setup of the model needs input data containing climatic parameters, crop, soil and

field, and irrigation management data.

Climate data

The weather parameter was collected from Lalibela meteorological station located closer to the
experimental farm. Meteorological data required by the model are daily values of minimum and
maximum temperature, rainfall, reference crop evapotranspiration, and mean annual atmospheric
carbon dioxide concentration. ETo was estimated using the ETo calculator using the daily
maximum and minimum temperature, wind speed at two-meter above the ground surface, solar
radiation and mean relative humidity. The model uses 369.41ppm as a reference standard for
atmospheric carbon dioxide concentrations, which would be the average of CO, concentrations
in the atmosphere from 1902 to today at Mauna Loa Observatory in Hawaii, according to IPCC
projections for the A1B scenario (Abedinpour et al., 2012, Gebremedhin et al., 2015, Montoya et
al., 2016).

Crop parameters

Canopy cover, above-ground biomass, tuber yield, and plant height data samples were taken out
every 20 days for each irrigation treatment and replicate based on the recommendation stated in
(Bitri et al., 2014, Karunaratne et al., 2011). The overhead mobile camera was used to capture
the canopy cover. Then the captured picture was analyzed using GreenCrop Tracker image

analyzer software (Kale, 2016). At each sample, two plants were removed from each
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experimental plot, and the dry biomass of leaves, stems, and tubers was collected (Montoya et
al., 2016). The above-ground dry biomass of each sample was determined by weighing it after it
had been held in an oven for 48 hours at 65°c (Abedinpour et al., 2012) and the tuber dry matter
for 72 hours at 65°c (Gebremedhin et al., 2015). The date of emergence, initial and maximum
canopy cover, period of flowering, the start of senescence, and maturity were recorded. In
addition, the coefficient of the crop for transpiration at full canopy cover, canopy decline
coefficient, soil water depletion beginnings for prevention of leaf growth and transpiration, and
canopy senescence acceleration are used (Hsiao et al., 2009). These criteria should apply to a

wide range of conditions and should not be limited to a single crop cultivar (Heng et al., 2009).

Soil characteristics

The physical and chemical properties such as soil texture, EC, PH, organic matter, bulk density,
field capacity, permanent wilting point, and saturation of soil were analyzed and characterized in
samples taken from the study area at different depths of 0-20cm, 20-40cm, and 40-60cm
(Demelash, 2013) (Table 2). The saturated hydraulic conductivity was determined using the
empirical equations' pedo transfer function (Saxton and Rawls, 2006). Because the soils were all
the same texture, the soil water retention curves did not show any variation for most superficial
horizons.

The hydrometer process was used in the laboratory to estimate the soil texture of the field. The
bulk density was calculated from an undisturbed soil sample taken with a core sampler and
considered as the proportion of the oven-dry weight of soil to a known core sampler volume. It
differs considerably and the measurements were taken at three different soil depths of the soil
profile (0-20, 20-40, 40-60) and three samples across the experimental field. The gravimetric
approach was used to assess the soil moisture content and measured as a dry weighted fraction
(Demelash and Alamirew, 2011). In the laboratory, the water content at field capacity and
permanent wilting point were determined by applying 0.33 and 15 bars to a saturated soil
sample, respectively, using a pressure plate. Soil PH was determined from saturation pest extract
using a PH meter (Demlash, 2013, Gebreslassie et al., 2015).

Irrigation and field management
Irrigation management consists of data applying to both the conditions of full irrigation and

deficit irrigation with four growth stages. In the deficit, irrigation water was applied on the same
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day as the entirely irrigated plot, but the irrigation depths were decreased to 75 and 50% of the
full irrigation. Water was applied in a known volume of watering-can which could be converted
and the handheld watering-can was used to control the quantity of water entering each furrow of
the experimental plot (Yihun, 2015). The volume of applied water can be calculated as follows
equation 4.
V = A*D (4)
Where V = volume of applied water (lit)

A = area of irrigated plot (m?)

D = depth of application (mm)
The field management components were recorded like the soil fertility levels, weed infestation,
irrigation method, application depth and time of irrigation event, and furrow end bunds to
remove surface runoff. Equation 5 was used to calculate water use efficiency (WUE), which
indicates the amount of yield (Y, kg ha) given per unit of water used (ETc, m® hal)and

evaluates the most efficient use of water.

-
WUE = — (5)

c

Model Calibration

The model was performed via an iterative method that provided the data values which better
simulated the primary crop growth variables canopy cover, biomass, crop yield, and water use
efficiencies. These parameters are calibrated for the optimal goodness of match between both the
measured and the simulated values (Afsharmanesh et al., 2014, Afshar and Neshat, 2013,
Gebreselassie et al., 2015). The values were used to form the findings of the study data from the
2018/19 irrigation season. The crop cultivar-dependent conservative and non-conservative
parameters were regarded as constants. The non-conservative parameters were adjusted
according to the field measurements. The crop growth coefficient (CGC) and crop senescence
coefficient (CDC), as well as normalized water productivity (WP*), are conservative parameters
that are calibrated using field sample results. The CGC and CDC were calculated using the
estimates suggested by Raes et al. (2012b) and data such as maximum canopy cover (CCx) and
initial canopy cover (CCo). Thus, the CGC and CDC are determined using a nonlinear resolve to

achieve the best possible match between the measured and simulated canopy cover.
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Model Validation
The model was run out with the experimental data for the year 2019/20 growing season

(Afsharmanesh et al., 2014, Afshar and Neshat, 2013, Gebreselassie et al., 2015). The calibrated
model was used to simulate with the data input of the experimental during the year 2018/19 to
predict the yield, water use efficiency, biomass, and canopy cover. Furthermore, such predicted
values were compared to the experiment's actual results, and the model validation output

statistics were assessed.

Model Evaluation Criteria

During the calibration and validation processes, the AquaCrop model simulation findings of
water use efficiency, biomass, yield, and canopy cover were evaluated. The prediction error
statistics were used to verify the internal consistency between the simulated and observed values.
To evaluate the model's efficiency (performance), the following statistical approaches were used.
The total values or average deviation of measured values from determined values is indicated by
the normalized root mean square error (NRMSE or CV). Equation 6 was used to calculate the
NRMSE formula.

|| 1
NRMSE = |—
I

N
Where Si and Mi are the simulated and measured values, separately, and n is a number of

Z(Si—Mijf x 100/ (8)

i=1

observations. The NRMSE unit is the same for all variables, and the average of the n measured
results was used.

The root mean square error (RMSE) represents a measurement of the total, or it is the mean
values of Mi mean deviation between the observed and simulated values which is a synthetic
predictor of the absolute model uncertainty. Values of mean residual and mean relative error
close to O indicate minor deviations between simulated and observed mean thus suggesting
slightly systematic deviation and bias in the entire data collection.

The RMSE (Heng et al., 2009) was calculated in equation 7.

| n

= | i — iy2
RMSE Nllfn;[:Sl Mi) (7)
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The coefficient of determination (R?) estimates the combined distribution against the
independent dispersion of the measured and simulated series. The values of 0 mean there is no
correlation at all, while a value of 1 means that perhaps the dispersion of the simulated is equal
to that of the observed, in equation 8.
RZ — (Zf=i(Mi — M)(Si—8) )
VEL (M- [ I, (Si—8)?

The coefficient of efficiency (E) varies from —oo to one (perfect fit), and an efficiency of less
than zero indicates that the calculated mean values might have been a better simulator than the
model.

The E (Nash and Sutcliffe, 1970) was determined using equation 9.

I, (Mi—si)®
2, (Mi— M)2

E=1— (9)

The Willmott index of agreement, d (Willmott and Matsuura, 2005) was also used and
determined through equation 10.

Te L (si—0i)?

d=1-— =
2L, (Isi— Mol + |01 —MOl)?

(10)

Where; Oi is the measured value; MO is the mean value of n measured values, and n is the
number of measurements.

Using equation 11, the Coefficient of Residual Moss (CRM) was measured, which shows the
model's tendency for exaggeration or underestimation of value relative to observed values

(Eitzinger et al., 2004)

To, Mi— XL, Si

CRM =
T, Mi

(11
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Results and discussion

Soil properties

Water at field capacity and permanent wilting point of the soil is determined to be 33.50 and
21.13%, respectively (Table 2). On a volumetric basis, the water content at field capacity varied
between 35.3 and 33.5%. The top 0 to 20cm had a larger average water content of field capacity
value of 35.3%, while the subsurface 40 to 60cm had a lower value of field capacity that was
33.5%. The moisture content at the permanent wilting point varied with depth, with values as
high as 21.9% at the top (0 to 20cm) and as low as 20.2% at the subsurface (40 to 60cm). The
difference in field capacity and the permanent wilting point is directly related to total available
moisture (TAW), which is the depth of water that a crop can absorb from its root system. The
total average available soil moisture was 133.67mm m™ of soil depth and the maximum
infiltration rate of the soil was 40mm h. As a result, the optimum degree of TAW is present in

topsoil; while lower concentrations are located in the subsurface soil (Table 2).

Table 2. Physical and chemical characteristics of the soil at the research site.

Soil parameters Soil depth (cm)

Particle size distribution (%) 0-20 20 -40 40 - 60 Average
Clay 35.15 32.39 36.50 34.68
Silt 31.72 32.56 30.83 31.70
Sand 33.13 35.05 32.67 33.62
Texture Clay loam Clay loam Clay loam Clay loam
Bulk density (g/cm3) 1.441 1.522 1.535 1.499
OM (%) 1.12 1.01 1.01 1.05
PH 6.5 6.6 6.8 6.63
TN (%) 0.06 0.05 0.03 0.05
Ava.P (ppm) 13.72 18.28 9.57 13.86
ECe (ds/m) 0.11 0.23 0.17 0.17
Water content

FC (vol. %) 35.3 34.7 335 34.50
PWP (vol. %) 21.9 21.3 20.2 21.13
Sat (vol. %) 45.3 44.9 44.4 44.87
TAW (mm/m) 134 134 133 133.67
Ksat (mm/day) 61.2 66.96 80.4 69.52
Irrigation water

PH 6.9

ECw (ds/m) 0.21

Yield of potato
The result indicates that the yield was substantially (p<0.05) affected by the deficit irrigation for

certain treatments and showed no significance for other treatments when evaluated with T1 and
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among treatments (Table 3). The highest tuber yield was obtained in T1 (33.94t/ha) which
corresponds to the whole growth stage at full irrigation application 100% of ETc. This was
similar to the findings of Patel and Rajput, (2013) which were reported that water application
with no deficit of 100% of ETc at any stage of plant growth gave the highest yield. T3 produced
comparable yield (33.27t/ha) with T1 despite a water deficit at the beginning and end of the
season (75% of ETc), while the other stages were irrigated at full demand (100% of ETc).
Stressing the potato crop by 25% deficit irrigation at the early and late growth stages with
roughly the same irrigation period resulted in a tuber yield compared to a 0% deficit with the
entire growing season of potato. This result was consistent with both the finding of Yihun
(2015), Bekele and Tilahun (2007) that shows’ stressing the crops during initial and late-season
stage does not impact the crop yield significantly. The lowest tuber yield was found under T6
(21.80t/ha) which would have been a 25% deficit at the development and mid-season stage, 50%
deficit at late-season stages as compared to T1, T3, and T5 (Table 3). This result shows that the
potato crop is sensitive at the development and mid-season that are affected by deficit irrigation
on tuber yield. The result agrees with the finding of Pereira and Shock (2006) that states the
potato is a relatively sensitive crop in terms of both yield and quality under conditions of
restricted water supply at development and flowering/tuber bulking. Other findings have also
reported that potato is known to be very prone to water stress during the initiation of tuber and
bulking stages (lerna and Mauromicale, 2012, lerna and Mauromicale, 2006, Pavlista, 2015).
The result was also similar to those found in other studies (Fabeiro et al., 2001, Ferreira and
Carr, 2002) the optimum irrigation applications at a sensitive stage of potato would increase
tuber yield and water consumption efficiency. Total potato tuber yield was proportional to the
availability of water but as stress intensity increased total tuber yield decreased (Demelash,
2013).

Water use efficiency (WUE)

The outcput of this analysis showed that water consumption efficiency was variable based on the
treatments of irrigation applications (Table 3). The optimum WUE was obtained from T3 and T1
which were 8.23kg/m? and 7.65kg/m?3, respectively. Water consumption efficiency was found to

be lowest in T2 and T4. During the early and late stages of the growing season, applying 75% of
the maximum irrigation water depth instead of 100% with a five-day irrigation interval improved

water use efficiency.
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These results are similar to those reported by Demelash (2013) and Onder et al. (2005).
Implementing deficit irrigation techniques would result in major cost savings in irrigated
agriculture without sacrificing yield. The result is now in line with Fabeiro et al. (2001), Shock
and Feibert (2002) which described that water deficit is effective in improving water
consumption and water productivity without causing significant yield reductions for the different
crops, including potato. Similarly, Kirnak et al. (2005), Sarkar et al. (2008), and Woldetsadik
(2003) reported that the efficiency of water use was higher at lower levels of available soil
moisture. The difference in total tuber yield between T1 and T3 was only 0.67t/ha, which was
statistically insignificant in terms of yield change.

However, a significant depth of water was saved 9% in T3 (Table 3). The result showed that a
significant depth of water (387m%ha) was saved without significant yield reduction in T3 as
compared to T1. Hence diverting this saved water to another irrigable land to improve the field
irrigated can account for decreases in agricultural productivity. This will be used to irrigate an
additional land of 0.1ha with a yield benefit of 3.33t/ha of potato crop production.

The results from field trials confirmed that with deficit irrigation strategies it is possible to
increase WUE and save water for irrigation. This could be especially important for areas facing
drought and limited water resources for the agricultural production of potatoes. Mansouri-Far et
al. (2010) stated that irrigation water could be preserved and yield maintained (as a responsive
crop to drought stress) in water-limited conditions. The deficit irrigation treatments saved a
significant depth of water to irrigation, leading to an increase in WUE. Similar data were
obtained by other authors (Liu et al., 2005, Shahnazari et al., 2007). Water productivity and
water use efficiencies increase under deficit irrigation, relative to its value under full irrigation,
as shown experimentally for many crops (Fan et al., 2005, Zwart and Bastiaanssen, 2004).

This result described that adding 75% of ETc during the beginning and late-season stages of the
crop growth stages have improved water efficiency than applying other deficit treatments in
potato tuber yield. The highest amount of water was saved in T6 (28.6%) and 9% water was
saved in T3 taking into account T1 as control 100% of ETc. When the treatments are compared
in terms of yield reduction T3 had 1.9% which shows there is the lowest yield reduction than
other treatments and T6 (35.7%) the highest yield reduction (Table 3).
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Plant height of potato

The irrigation treatments on the mean plant height of potatoes were statistically significant
(P<0.05) (Table 3). During the sensitive stages of potato, variation in the level of the water
application had a major impact on plant height. When full irrigation was used during the growing
season, the plants reached a maximum height of 45.53cm. The shortest plant height (37.43cm)
was obtained with a 0% deficit at the development and mid-season stages, and a 50% deficit at
the early and late-season growth stages of the potato. There were no statistically significant
variations in plant height between the irrigation treatments T1, T3, and T5 (P<0.05).

The beneficial effect of water in maintaining the turgidity of the cell, which is a major
prerequisite for growth, is demonstrated by the growing plant height with sufficient application
depth of irrigation in the development and mid-season stages (Vaux Jr and Pruitt, 1983). On the
contrary, shortening of plant height underwater moisture stress may be due to stomatal closure
and reduced CO. and reduce nutrient uptake by the plants, hence, photosynthesis and other
biochemical process are hampered, affecting plant growth (EI-Shawadfy et al., 2014). The plant's
height is a good indicator of water stress. Deficit irrigation, according to some authors, causes
plant height to be reduced (Pandey et al., 2000). This result is consistent with Gadissa and
Chemeda (2009), who reported that pepper plant height decreased with reduced irrigation levels
and increased with increased irrigation levels. The availability of water in the sensitive stage of
the plant was proportional to its height.

The findings of this study were also in line with those of Al-Moshileh (2007), who noticed that
increasing soil water supply increased plant growth parameters significantly. Irrigation,
according to Kumar et al. (2007), had a major impact on plant height, which in turn affected crop

yield.
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Table 3. Effects of various parameters on irrigation techniques.

Treatments  Marketable ~ Unmarketable  Total yield Water use Plant height  Irrigation water Water Yield reduction
yield (t/ha) yield (t/ha) (t/ha) efficiency (kg/m?®) (cm) (m®/ha) saved (%) (%)

T1 32.66a 1.27a 33.94a 7.65ab 45.53a 4437 0 0

T2 21.14c 1.06a 22.21c 6.67d 38.46b 33295 25 34.6

T3 31.84a 1.43a 33.27a 8.23a 41.56ab 4050 9 1.9

T4 22.48c 1.23a 23.71c 6.50d 37.43b 3662.3 17.5 30.1

T5 26.51b 1.29a 27.80b 7.38bc 41.50ab 3775.3 14.9 18

T6 20.67c 1.13a 21.80c 6.89cd 38.65b 3166.7 28.6 35.7

LSD(0.05) 2.06 0.42 2.06 0.58 4.58

CV (%) 6.21 26.83 591 6.29 8.79
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Model sensitivity, calibration, and validation
Sensitive parameters

The most important variable in AquaCrop was obtained by sensitivity analysis testing (Geerts et
al. 2009 and Salemi et al.2011). The result of the sensitivity of the model (Table 4) shows that
the crop transpiration coefficient when canopy cover is complete, canopy growth coefficient,
canopy decline coefficient, reference harvest index, maximum canopy cover, and normalized
water productivity had the highest sensitivity. The finding of Afshar and Neshat (2013), who
conducted a potato experiment and found that the model is sensitive to the normalized water
productivity and reference harvest index. Incomparable research by Casa et al. (2013) conducted
a field experiment to simulate potato crop yield, maximum canopy cover, canopy growth
coefficient, canopy decline coefficient, and water productivity are sensitive parameters. In
another study, Montoya et al. (2016) performed a field experiment, where the effects of various
potato irrigation treatments, the canopy growth coefficient, the coefficient canopy decline, and
the normalized water productivity are sensitive parameters.

Table 4.1 Sensitive parameters from calibrated during 2018/19

Parameters Calibrated values Original values
Crop transpiration coefficient(Kcrr) 1.45 1.1
Canopy growth coefficient(CGC) 20%/day 17.3%/day
Canopy decline coefficient(CDC) 17%l/day 8.0%/day
Reference harvest index(HIo) 85% 70.0%
Normalized water productivity(WP*) 20.0g/m2 17.0g/m2
Maximum canopy cover(CCx) 95% 85%

Model calibration

The conservative and non-conservative crop input parameters were calibrated through the
AquaCrop water productivity model. The calibrated model was validated with the independently
measured experimental dataset to verify the model for a series of data under different deficit
irrigation scenarios. For all levels of water application scenarios, the AquaCrop model simulates
the observed canopy cover, biomass, water use efficiency, irrigation water, and yield. The full
100% irrigation water application scenario was used to describe crop development under the
non-limiting condition in the model. Based on the computed data of full and deficit irrigation

water application treatments, the model has been adjusted.
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The main calibrated parameters for canopy cover are the CGC, CDC, water stress (Pupper, Plower,
and the shape factor) which affect the leaf expansion and early senescence. Canopy cover per
seedling was determined according to the knowledge of the crop characteristics by specifying
row spacing and plant spacing. Then, the simulation was done for the above crop phenology and
the effects were correlated with the observed values. In the model initial canopy cover (CCo)
was estimated based on the data from agronomic practices from row planting, row spacing
0.75m, and plant spacing 0.30m. Hence, the estimated initial canopy cover for the given potato
crop has been found 0.22% (4.4 plants/m? or 44,444 plants/ha). To estimate the canopy
expansion rate, the phenological data of the crop criteria described in Table 5 such as dates of
emergency, maximum canopy cover, senescence, and maturity were used. The model results in
the fast canopy expansion and moderate canopy decline coefficient. The canopy decline
coefficient and canopy growth coefficient were used 17%/day and 20%/day, respectively. The
stress parameters such as canopy expansion and canopy senescence coefficient were modified
and readjusted to approximate the measured canopy cover. The reference harvest index was
calibrated as 85%, which was well within the range recommended by Raes et al. (2012b) for
potato crops (70-85%).

Table 5.2 Crop parameters and their calibrated model values during 2018/19
Parameters Unit Value

Crop phenology

Planting to emergence DAS 7
Planting to maximum canopy DAS 50
Planting to start tuber formation DAS 54
Planting to maximum rooting depth DAS 60
Planting to start of canopy senescence DAS 85
Planting to maturity DAS 105
Crop growth and development

Base temperature °c 10
Upper temperature °c 30
Planting density Plants/m? 4.4
Initial canopy cover (CCo) % 0.22
Canopy growth coefficient (CGC) %/day 20.0
Canopy decline coefficient (CDC) %/day 17.0
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Maximum canopy cover (CCXx) % 95

Length to build up of HI DAS 46
Normalize water productivity (WP%*) g/m? 20

Water extraction pattern throughout the effective root zone % 40,30,20,10
Maximum root extraction over the effective root zone mm/day 18.0

Crop transpiration coefficient - 1.45
Canopy shelter in late season % 60
Maximum rooting depth (m) Meters 0.6

Shape factor for effective rooting deepening % 1.5

Yield formation

Reference harvest index (Hlo) % 85
Water stress before the start of yield formation positive impact on Hl as - Strong
a consequence of restricted growth in the vegetative cycle

Water stress during yield formation positive effect on HI result of - Strong
affecting leaf expansion

Water stress during yield formation negative effect on Hl as just a result - small
of water stress-inducing stomatal closure

Water stress

The upper threshold for water stress for canopy expansion(Pupper) - 0.1
The lower threshold for water stress for canopy expansion(Piower) - 0.45
The upper threshold for soil water stress effect on stomatal - 0.45

closure(Pypper)

Water stress on early canopy senescence (Pupper) - 0.55

Aeration stress sensitivity for waterlogging Vol% 8.0

Shape factor for canopy expansion - 3

Shape factor for stomatal closure 3

Shape factor for early canopy senescence 3
Canopy Cover (CC)

Crop parameters were used to model the CC to obtain a good agreement between both the
simulated as well as the values of the observed potato crop (Table 5). Just after the method of
calibration, the normalized water productivity was calculated as 20.0 gm2, and so this value was
within the range suggested by Raes et al. (2012b) for Cs crops (15-20 gm) and the confidence

level defined within the field results. The result of the calibration indicating that the model was
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capable of simulating CC under different water conditions (Figure 3). In general, the model
predicted the seasonal trend in CC as well. However, the model tended to overestimate CC
during 80 days after sowing in all treatments (Greaves and Wang, 2016).

The observed and the simulated CC developments were fitted well for treatment receiving full
irrigation throughout the growth stage was confirmed by the statistical values in Figure 3. The
result of this study revealed which model was able to simulate correctly the CC development, but
it was seen that the value of CC was overestimated from the senescence to the end of a cropping
season in the calibration period 2018/19.

Montoya et al. (2016) showed that a strong ability of AquaCrop in simulating CC of potato in the
calibration of various water application scenarios. This research is in accordance with other
authors (Ngetich et al, 2012) who describe a remarkable match between both the measured and
simulated CC on different irrigation treatments. The statistical parameter, coefficient of residual
moss having values of negative meant that the model exaggerates the CC. From Figure 3 it is
clear that the CC was overstated by the model especially 80 and 100 days after sowing, during
crop senescence of potato. Pawar et al. (2017), Amirouche et al. (2021) who confirmed that the
model overestimates CC during the mid-season stage of the crop supported with the CRM value
was negative. The calibration was satisfactory as the measured and expected CC values of E
ranged from 0.67 to 0.93 at different water application scenarios.
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Figugre 3. Model calibration of simulated and observed canopy cover during 2018/19

Biomass

The model simulated and measured biomass within full and deficit irrigation conditions (Figure
4). Most of the treatment receiving both irrigation applications shows overestimated biomass at
40, 60, and 80 days after sowing. This was maintained by the mathematical values of the CRM
was negative values. The finding of Ndambuki (2013) which indicated that the model
overestimated the biomass on flowing and maturity of the correctly simulated, the values of a
CRM is negative. The treatment delivery of deficit irrigation (T3) described a good fit with the
simulated biomass. As seen from Figure 4 the calibrated of deficit irrigation (T3) there was a
close association between the observed and predicted biomass. The model was calibrated with
model efficiency E of 0.96. This study is in agreement with Greaves and Wang (2016) who
identified that the AquaCrop model is a good fit with the measured and simulated biomass of the
statistical values of R?=0.99, RMSE = 1.16, E = 0.97, and d = 0.99 getting deficit irrigation.

In general, the observed and estimated values are in good condition, as shown by the low RMSE,
high D, and E values. The value of the statistics mentioned in the current study is similar to those
found in other crops. Abedinpour et al. (2012) confirmed that the coefficient of efficiency found
that various irrigation treatments were applied between 0.65 and 0.99. The AquaCrop model can
be adjusted to simulate potato biomass, yield, and efficiency of water in the study site and

becomes a valuable method to help the decision for irrigation purposes.
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Figure 4. Model calibration of simulated and observed during 2018/19

Harvest index

The value of the harvest index for the different irrigation water application scenarios is derived
from the field experiment. For the treatment receiving full irrigation, the harvest indexes
obtained was 0.82. The harvest index value displays a decreasing trend under water stress
condition that is 0.81, 0.69, and 0.68 for T3, T2, and T6, respectively. A similar trend was
reported by Demelash (2013), Farré and Faci (2009), and Yihun (2015) for potato, maize,
sorghum, and teff for water stress conditions. Karunaratne et al. (2011) also reported on
Bambara groundnuts in critical growth stages to show a decreasing trend in the harvest index for

water stress conditions.
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Since soil water stress has a strong impact on the potato harvest index, the effect of soil water
stress on different growth stages was recorded and modified in the model. According to the
study, water stress prior to flowering has a strong positive impact on the harvest index due to
reduced vegetative growth. Water stress during yield formation had a strong positive and small
negative impact on harvest index (Table 5) as both a result of water stress affecting leaf
expansion and inducing stomatal closure respectively. The result indicates that irrigation

application stress at the development and mid-season periods affect potato yield.

Yield, WUE, and Irrigation water

The measured potato tuber yields in the field experiment range between 22.89 and 35.15t/ha,
while the simulated values range between 18.99 and 34.08t/ha (Table 6). The experiment in
2018/19, deviations of -3.02 and -20.53% values of both the simulated and measured were found.
The yield reduction mainly occurs when stress is experienced during the potato-sensitive growth

stages like development and mid-season. This result
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Table 6.3 Selected parameters of simulated and measured values for calibration period

Treatment Yield WUE W

Simulated Measured Dev Simulated Measured Dev Simulated Measured Dev
T1 34.08 35.15 -3.14 7.35 8.06 -9.65 483.1 435.80 9.79
T2 19.95 23.29 -16.74 6.12 7.43 -21.40 386.8 326.85 15.49
T3 335 34,51 -3.02 8.31 8.78 -5.66 433.1 393.12 9.22
T4 22.01 24.81 -12.72 6.21 7.08 -14.01 404.2 350.45 13.29
T5 26.01 28.88 -11.03 7.15 7.91 -10.62 412.3 364.97 11.47
T6 18.99 22.89 -20.53 6.03 7.31 -21.22 376.7 313.22 16.85

Model validation

The crop parameters that were calibrated were used to validate the model. The validation
simulation of the seasonal growth of canopy cover and the accumulation of biomass was carried
out during the 2019/20 irrigation season.

Canopy cover (CC)

The data obtained for the 2019/20 irrigation season were used for validation of the model (Figure
5) and show the result of the statistical parameters. The AquaCrop model overestimated the
canopy cover during the crop senescence 80 &100 days after sowing, in all treatments because of
high evapotranspiration during these periods (Figure 5). The model, overestimated comparatively
high canopy cover from flowing to the harvesting of deficit irrigation, was obviously insufficient
in deficit irrigation at critical growth stages (flowing and tuber bulking) due to water stress.
Similarly, Casa et al. (2013), Greaves and Wang (2016) announced which model overestimated
the estimated canopy cover under the water deficit condition of sensitive stages of potato and
maize. The validation of critical stages of potato at development and mid-season phases indicates
the application of 100% and 75% irrigation water offers good match between the predicted and
observed canopy cover of the T3 (Figure 5).

The high values of E and d for the T1 and T3 indicate the overall good agreement between the
projected and measured CC. The T6 recorded a high d value of 0.93 but a moderate efficiency
value of 0.68. T3 compared to other deficit treatments, showing high model accuracy simulating
canopy cover. The test statistics reflect the fitness of the model seen between observed and
estimated canopy cover, as shown in (Figure 5). The stress in the development and mid-season
phases of the potatoes, as measured and simulated by the coefficient of efficiency, was poor,

indicating that the model's output was acceptable in this level's stressed condition. During the
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validation period, the model's overall performance was overestimated canopy cover, and the

coefficient of residual moss value was negative.
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Figure 5. Model validation of simulated and observed canopy cover during 2019/20
Biomass

To validate and calibrate crop parameters for field-grown potato, the biomass obtained at 20-day
intervals during the field experiment was compared to the AquaCrop model prediction (Figure
6). There is generally a fair match between the data sets measured and simulation, with the
exception of the crop deficit sensitive stages and the 50% deficit in the early and late seasons.
Except for the initial stage at 20 days after sowing in all treatments, the model tends to indicate
an overestimation of biomass. The model's efficiency in potato biomass was overestimated, and

the value of the residual moss coefficient was negative.
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Figure 6. Model validation of simulated and observed biomass during 2019/20

Yield, efficiency of water use, and irrigation water

Potato yields measured in field experiments ranged from 20.72 to 32.74 t/ha, while simulated
values varied from 16.82 to 31.67 t/ha (Table 7). During 2019/20, a difference of between -3.3
and -23.2% was found between the simulated and measured values. The reduction in potato yield
usually occurs when stress occurs during the sensitive growth stages, such as development and
mid-season. The above result is in agreement with the finding of Casa et al. (2013) and Montoya
et al. (2016). For the deficit at critical points, the simulated yield deviation from the observed
yield was greater than 12%, signifying that the model accuracy decreases under conditions of
extremely stressed water environments. Similar observations were discussed by (Evett &Tolk,

2009).
220



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

For the various irrigation treatments, the disparity in seasonal crop water between simulation
results and measurements identified in the field experiment. The seasonal crop water
requirements were consistently overestimated by AquaCrop, and the deviations grew as the
water deficit increased. For the experimental treatments, the variations range from 4.6 to 12%
(Table 7). The findings are consistent with those of Katerji et al. (2013), who found that
AquaCrop overestimated the seasonal ETc and that the deviations increased as stress levels
increased. The gap between measured and simulated water use efficiency of potato yield is high
for T2 and T6 as compared to other deficit treatments, due to a significant mismatch between
simulated and observed crop water requirement values. However, calculated water use efficiency
appeared to be better in the T3, implying the potential for water savings, provided that the yield
was comparable to that obtained in the full irrigation during the growing season of potato and

other deficit treatments.

221



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Table 7. Validation parameter of measured and simulated results.

Treat Yield WUE \
ment
Simulated  Measured Dev Simulated Measured Dev Simulated Measured Dev (%)
Tl 31.67 32.74 -3.4 6.54 7.25 -10.9 4789 4516 5.7
T2 17.78 21.12 -188 492 6.23 -26.6 3789 3390 10.5
T3 31.03 32.04 -3.3 7.22 7.69 -6.5 4369 4169 4.6
T4 19.82 22.62 -141  5.05 5.92 -17.2  4156.5 3819.5 8.1
T5 23.85 26.72 -12.0  6.09 6.85 -125 41735 3900.5 6.5
T6 16.82 20.72 -23.2 519 6.47 -24.7  3636.5 3201.5 12.0
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Conclusion and recommendation

One of the irrigation management strategies that could save water is deficit irrigation. By
keeping the moisture content of the soil below the optimum level during particular growth
stages of the season or during the growing season, it is possible to define the periods during
which the water deficit will have a limited impact on crop production. Deficit irrigation saves
water and improves water productivity while maintaining an optimal yield close to maximum
irrigation. According to field experiments, 75 and 50% late-season (T6) of the total
requirement of crop water showed higher yield reductions than other deficits irrigation.
Deficit irrigation, on the other hand, had a yield reduction of 75% at the beginning, late
season, and 100% at all other stages of irrigation water application on potato production.

It proposed that the water deficit could have a major effect on yield at the development and
mid-season stages of the potato. With deficit irrigation strategies, it's indeed possible to
increase yield, water use efficiency, and save significant water depth for irrigation, according
to the findings of this report. T1 and T3 produced the highest yields of potato tubers, with
yields of 33.94t/ha and 33.27t/ha, respectively. T6 had the lowest yield of potato tubers (21.8
t/ha). Meanwhile, the yield difference between T1 and T3 was P<0.05, which was not
important. Taking the above findings into account, it can be concluded that the potato crop
has responded positively to mild water stress conditions at our study site. ldentifying the
sensitive growth stages of a specific cultivar under local weather and soil fertility conditions
allows for irrigation scheduling that maximizes crop yield while conserving scarce water. As
a result, we discovered that the most vulnerable times for potatoes to be irrigated at 100% ETc
were during the second and third periods.

The AquaCrop model must be calibrated and validated for each crop, soil, and environment.
Data from 2018/19 was used to calibrate the system, and data from 2019/20 was used to
validate it. The sensitivity analysis on canopy cover and biomass of calibration treatments
showed that Kctr, CGC, CDC, Hlo, WP*, and CCx had the highest sensitivity. The findings
of this study revealed that such a model can simulate biomass, canopy cover, yield, and water
productivity/use efficiency for full supplied irrigation and treatment with some stages of water
deficit; however, the model was less satisfactory under water deficit (75 and 50%) at the most
important physiological stage of potato compared to the full irrigation at sensitive stages. The
highest and lowest accuracy for predicting canopy cover, biomass, yield, and water use
efficiencies were obtained at T3 and T6, respectively. According to field experiments and
modeling, the AquaCrop model can predict potato biomass, canopy cover, water efficiency,

and yield with reasonable accuracy under various irrigation and growth conditions.

223



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

The highest yield of potatoes and water efficiency was found from T3 (33.27t/ha) and
(8.23kg/m3) by providing 75% ETc during the early and late seasons, while 100% receiving
the development and mid-season stages, which is still better than 100% ETc all through the
growing period. As a result, we believe that irrigation water applied (75, 100, 100, and 75%
ETc) is better suited to Lalibela and other similar agro-ecological conditions. This finding
could help to improve food security by increasing crop yields, particularly in areas where
water is scarce.
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Abstract

Irrigation technologies that save water are necessary to assure the economic and environmental
sustainability of commercial agriculture. Precision irrigation scheduling is critical to improving
irrigation efficiency. A field experiment was conducted in two consecutive years at Abergelle
irrigation schemes. The aim of the study was to determine crop water requirement and irrigation
schedule of onion (when and how much to irrigate) for most market-oriented crops. The treatments
were arranged with a factorial randomized complete block design with three replications. Three levels
of CROPWAT, fixed application depth (125, 100 and 75%) and three levels of irrigation interval (3, 4,
and 5days) were used as experimental treatments. Additionally, one treatment, farmer practices
irrigation depth and interval were included as a control. These results showed that 75% CROPWAT
fixed depth in 3-day interval achieved high WP values as compared to others, and it saved 2873m? ha™
and 253.8 m® ha™* of irrigation water as compared to farmers' practices and 100% of CROPWAT fixed
application depth in 3-day interval (optimum irrigation) respectively. That would irrigate an
additional land of 0.84ha and 0.074ha with a yield gain of 10.44ton ha™ and 1ton ha™ respectively.
Therefore, 75 % of irrigation water depth every 3 days of irrigation interval was recommended for the

optimum yield and water productivity of onion crop.

Key words: Irrigation, Onion, Water productivity, Yield
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Introduction

In arid and semiarid areas, irrigation may supply all or most of the crops water needs (Peji¢ et
al., 2008). All crops require certain amount of water during each stage of development mainly
their initial stage, crop development stage, mid-growing and maturity stage and will transpire
water maximum rate when the soil water is at field capacity. However, the amount, intensity,
duration, frequency and distribution of rain needed to meet the actual water requirement of the
crop to achieve full production potential is rarely realized in nature (Shaibu et al., 2015,
Bossie et al., 2009). To ensure the highest crop production with the least water use, that is
important to know the water requirement of the crop. The right amount of water for the crop
appropriate irrigation scheduling can be designed, which can lead to improvements in yield,
income, and water-saving (Dirirsa et al., 2020, Woldetsadik, 2003).

Determination of crop yield response to irrigation is crucial for crop selection, economic
analysis, and for practicing effective irrigation management strategies. This enables to know
the time of irrigation as well as to optimize yield, water use efficiency, and ultimate profit
(Payero et al., 2009). Water scarcity is the most common factor for crop production in the dry-
land areas of the Abergele district. Lack of crop water requirement studies for major crops is a
challenge for appropriate utilization of water resources in irrigated agriculture and it leads to
low water use efficiency through improper irrigation scheduling.

Determination of water requirement of the crop, appropriate irrigation scheduling can be
designed, which can lead to improvements in the yield, income, and water-saving (Bossie et
al., 2009, Mebrahtu et al., 2019). The management of water is important for getting

optimizing crop production per unit of water and sustaining irrigated agriculture on permanent
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(PWP) of the sites are 20.46, 23.3 and 24.29, and 12.61, 15.65, and 15.05 percent respectively
for Abergelle at bare small scale irrigation scheme.
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Figurel. Location map of the study area
The Input requirements for CROPWAT 8.0 model

The CROPWAT under windows version 8.0 interfaces was used for determining the irrigation
scheduling. The CROPWAT 8.0 version with an input of climatic parameters, soil type, root
depth, depletion fraction, crop data (crop type, planting date, crop coefficient/Kc values, stage
days) was used. Then, ETC was calculated as the product of reference evapotranspiration

(ETo) and crop coefficient (Kc) (Equation 1). Climate data as inputs for ETo determination

ETc=KcxETo (1)

Crop type and growth stage

Due to the lack of actual Kc of onion in the study area, it was accessed from FAO irrigation
and drainage paper No. 56 (Allen et al., 1998). The total period of onion from the instant of
planting was fixed as 120 days (25 initial stages, 40 development stages, 30 mid-stage, and 25

late stages).
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Experimental procedures and design
The experiment was designed with three irrigation depths (75, 100, and 125% of the
CROPWAT 8.0 generated depth) and three-irrigation frequency (3, 4 & 5 days) with a
randomized complete block design. The treatments and their arrangements in the
experimentation are shown in Table 1. The treatments were replicated three times. All
agronomic practices were carried out uniformly for each treatment. The plot size of 2.4m x
3m double row planting of onion variety Bombay red with a spacing of 40cm x 20cm x10cm.
Urea fertilizer was applied at a rate of 92 kgha™ half at planting and half at 45 days after
planting.
The mode of applying water used in this experiment was a canning system. The ETC of
onion were determined from CROPWAT 8.0 and the treatments were set by using the model
as a reference. Common irrigation was applied up to the onion vegetative as per the
treatments code arrangement. Then, the set treatments were applied accordingly to each plot.
Unexpected rainfall was recorded with a rain gauge and it was converted to effective rainfall
by USDA methods in the CROPWAT 8.0 model.
NIR = ETC- Pe (2)

GIR = NIR+ losses, or GIR = NIR/Ea (3)
Where ETC is evapotranspiration of the crop (mm/Season), Pe is effective rainfall in
mm/Season, NIR is net irrigation requirement in mm/Season, GIR is gross irrigation

requirement in mm/Season and Ea is application efficiency (taken as 70%)
Data collection

The data collected were number of stand count, plant height, bulb diameter, bulb weight,
marketable yield, unmarketable yield, and water use efficiency. Water use efficiency was
calculated as the ratio of total yield (kg) to total water delivered up to the harvesting (m?)
(Equation 4).

. . Totalyield of onion
Water use efficiecy = Y , 4)
water delivered up to harvesting
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Table 1. Treatment combination and amount of applied water (mm)

Treatments Amount of applied water (mm)
125% Cropwat fixed depth and optimal time of application at 3 days interval 507.3
100% Cropwat fixed depth and optimal time of application at 3 days interval 368.2
75% Cropwat fixed depth and optimal time of application at 3 days interval 342.95
125% Cropwat fixed depth and optimal time of application at 4 days interval 457.35
100% Cropwat fixed depth and optimal time of application at 4 days interval 354.3
75% Cropwat fixed depth and optimal time of application at 4 days interval 336.65
125% Cropwat fixed depth and optimal time of application at 5 days interval 440.1
100% Cropwat fixed depth and optimal time of application at 5 days interval 358.1
75% Cropwat fixed depth and optimal time of application at 5 days interval 331.7
Farmer practice irrigation depth and irrigation interval in days 630.25

NB. Farmers practice are not at fixed days interval, rather than own interest of users.
Data analysis

Analysis of variance (ANOVA) and correlation was performed using SAS (Statistical
Software
Version 9.1). Mean comparison was done by using least significant difference test at 5%

probability level.

Result and Discussion

Crop growth and physiology parameter

Analysis of variance has shown non-significant (P< 0. 05) in plant height and unmarketable
yield and significant in bulb diameter and bulb weight yield of onion (Table 2 & 3).
Numerical among the treatments the highest plant height, bulb diameter, bulb weight and
unmarketable yield of onion were recorded from 75 and 125% with 3 days interval, 75% with
5 days interval and 100% cropwat fixed application depth using 4days irrigation interval with
the values of 45.8cm, 46.5mm, 61.97gm and 1.34tha™* respectively. The shortest plant height,
bulb diameter, bulb weight and unmarketable yield of onion was obtained from 125% in 3
days, 100% in 4 days and 125% cropwat fixed application depth using 5 days irrigation
interval with the values of 42.8cm, 43.0cm, 54.88gm and 0.7814 tha® respectively. In plant
height there is numerical difference among treatments but there is no statically significance

difference.

236



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Table 2. Interaction effect of depth and frequency on plant height and bulb diameter of onion.

Plant height (cm) Bulb diameter (mm)
Frequency Depth Depth
125% 100% 75% Fq 125% 100% 75% Fq
3 days 428 436 458 46,5 459 445
4 days 430 455 443 46.2 43.0 449
5 days 437 443 428 442 448 437
Ff 45.5 61.15
LSD(0.05) Ns 3.5
CV(%) 6.19 6.65

NB: fq = farmer practice irrigation depth, Fr= farmer practice irrigation interval

Table 3. Interaction effect of depth and frequency on bulb weight and unmarketable yield.

Bulb weight (gm) Unmarketable yield (tha?)
Frequency Depth Depth
125% 100% 75% Fq 125% 100% 75% Fad
3 days 59.19 59.15 58.15 1.16 1.14 1.06
4 days 56.66 54.88 55.97 0.98 1.34 1.04
5 days 56.26 55.14 61.97 0.78 0.96 0.99
Ff 61.15 1.12
LSD(0.05) 6.79 Ns
CV(%) 10.04 53.15

Marketable yield

The marketable yield of onion was highly significant (P< 0. 05) difference on the different
treatment of irrigation depth and frequency. The highest marketable yield of onion recorded
from 125% CROPWAT fixed application depth using a 3 days irrigation interval with the
value of 11.88 thaand The least marketable yield of onion was obtained from 125%
CROPWAT fixed application depth using a 5 days irrigation interval with the result of 8.96
tha™l (Table 4). The interaction effect of irrigates depth and frequency on marketable yield

(Table 4). The results of 75% CROPWAT fixed application depth using 3 days irrigation
interval best marketable yield of onion crop production. This result was line with the finding

of Taha et al. (2019)they reported that to meet the requirements of full irrigation with the crop
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that develop sufficient biomass and root system leading to increase in marketable yield under

deficit irrigation.
Total yield

The total yield of onion was a highly significant (P< 0. 05) difference on the different
treatment of irrigation depth and frequency. The highest total yield of onion was recorded
from 125% CROPWAT fixed application depth using a 3 days irrigation interval with the
value of 13 tha. On the other hand, the lowest total yield of onion was recorded from 125%
CROPWAT fixed application depth using a 5 days irrigation interval with the result of 9.74
tha® (Table 4). The interaction effect of irrigates depth and frequency on total yield (Table 4).
The results showed that 75% CROPWAT fixed application depth using 3 days irrigation
interval was the best yield (12.5 thal) and the yield-related component of onion crop
production. Farmer's practice irrigation depth and irrigation intervals are low yields because
of excess irrigation water to irrigate and irrigation intervals. The result was in agreement with
the finding of Taha et al. (2019) they reported that to meet the requirements of full irrigation
along the crop to develop sufficient biomass and root system leading to an increase in
marketable yield under deficit irrigation, Demelash (2013) reported that applying the right
depth of irrigation and frequency of application increased the total tuber yield of potato

production.
Water productivity

The interaction effect of depth and frequency was significant (P< 0.05) on water productivity
of the crop. As shown in Table 4, the highest (4.29 kgm™) and the minimum (2.44 kgm®).
The water productivity of onions was recorded from the fixed application depth of
CROPWAT at 75% and 125% using irrigation intervals of 3 and 5 days, respectively. These
results showed that 75% CROPWAT fixed depth in 3 day interval achieved high WP values
as compared to others, and it saved 2873m3ha and 253.8 m*ha? of irrigation water as
compared to farmers' practices and 100% of CROPWAT fixed application depth in 3 day
interval respectively. That would irrigate an additional land of 0.84ha and 0.074ha with a
yield gain of 10.44 t ha and 1 tha® respectively.

The result was in agreement with the finding of Bekele and Tilahun (2007) and (2003)
reported that water productivity decrease with increasing irrigation depth. Demelash
(2013)reported that deficit irrigation strategies it is possible to increase WUE and save water

for irrigation.
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Table 4. Interaction effect of depth and frequency on marketable yield, total yield and water

productivity.
Marketable yield (tha™) Total yield (tha) Water productivity (kgm)

Frequency Depth Depth Depth
3 days 125% 100%  75% Fd 125% 100%  75% Fd 125% 100% 75% Fd
4 days 11.87 11.67 11.40 13.03 1281 1246 3.03 411 4.29
5 days 9.45 10.62 11.28 1044 1195 12.33 2.59 4.08 4.22
Ff 8.96 10.34  9.66 9.74 11.31  10.57 2.44 3.97 3.86
LSD(0.05) 0.97 1.27 0.48
CV(%) 7.97 9.42 11.56

239



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Table 5. Correlation coefficient of plant height, bulb diameter, bulb weight, marketable yield, unmarketable yield, total yield and water productivity from the

study data.
PH BD BW MY umMy TY WP

PH 1
BD 0.236895386ns 1
BW 0.108385009ns 0.098121835ns 1
MY 0.36135229ns 0.41670998ns 0.073847643ns 1
umMy 0.473049228** 0.521414195** 0.146233718ns 0.197240809ns 1
TY 0.424763217* 0.485519357** 0.045249925ns 0.985890561*** 0.358544502* 1
WP 0.208950034ns 0.18009817ns 0.118680048ns 0.668471291*** 0.136289697ns 0.659530619*** 1

(p<0.05) *** Very highly significant, ** highly significant, * significant and "™ non-significant
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Conclusion and recommendation

The irrigation depth and schedules had a significant effect on the yield and water productivity
of crops. The study shows that the interaction of irrigation scheduling and depth had a
significant effect on the yield and water productivity of onion at bare small-scale irrigation
schemes. The result showed that 12.5 tha! within 3 days intervals and 4.3 kgm™ water
productivity was achieved with appropriate depth and schedule in 75% CROPWAT, fixed
application depth at bare irrigation scheme. Therefore, the irrigation schedule is aimed at
maximized yield per unit of irrigated area, 75% CROPWAT fixed application depth using a 3
days irrigation interval saved 2873 m®ha™ and 253.8 m*ha of irrigation water, that would
irrigate an additional land of 0.84ha and 0.074ha with a yield gain of 10.44 tha* and 1tha® as
compared to farmers' practices and 100% of CROPWAT fixed application depth in 3 day
interval respectively. Key policy for the control of agricultural water management for dry
land and water scarcity areas primary to improve agricultural productivity and thus income
farmers applying an optimum amount of water and saving a significant amount of water for
irrigation additional onion cropland. Considering this, 75% of CROPWAT fixed application

depth using a 3 days irrigation in
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Abstract

Weather data is profoundly an important input for crop simulation models and soil and water
management models. However, the metrological data cannot be easily accessed and time consuming
and costly. This study was designed to describe the temporal trends and spatial distribution of long-
term weather data, to validate and test the performance of different weather generator tools, and to
select the best-fit weather generator tools. Some of the weather generators employed in this study
include ClimaGen, Markisim DSSAT, NewLocClim, and NASA data source. Long-term climatic data
(1990-2020) from the three agro ecologies of North Shewa (Kewat and Majete, Minjar Shenkora and
Alem ketema, Debre Birhan and Mehal Meda) was collected. In validation procedures, statistical
indicators like mean, RMSE, CV, Correlation and Regression analysis was done. The temporal
variability of Tmax is smallest (C.V<10%) and for rainfall (7-10%), and a bit higher in Tmin in most
of stations. The spatial Variability of Rainfall and Twin is higher, having a C.V of nearly above 30%.
As the analysis of PCI, the rainfall distribution shows a uni-modal nature in all stations except Kewat
and Majete. From Man Kendall trend analysis, rainfall has decreasing trends, while Tmax and Tmin
have increasing trends. The smallest RMSE was observed in NewlocClim and NASA for rainfall and
temperature. Similarly, the smallest C.V also was observed in NewlocClim and NASA for rainfall and
temperature in most of the stations. The higher value of correlation and index of agreement for
rainfall, Tmax and Tmin was observed in NewlocClim and NASA nearly at all stations. In general, the
best-fit tools for reproducing temperature and rainfall data over space are NewLocClim and NASA.
Therefore, from this study for rainfall data generation one may use NASA and NewLocClim for

reproducing maximum and minimum temperature over locations.

Key words: Climate variability, North shewa, Trend analysis, Validation, Weather generators.
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Introduction

Climate variability affects the overall environment (Agriculture, health, construction,
education.... etc.). Weather is a major influencing factor in agricultural production and
management systems like hydrologic system, cropping system, and environmental effects in
the World and the same is true in Ethiopia also. To attain a balance in crop production and
productivity to the current fast-growing population, sustainable agriculture should be
promoted. According to (Chinnachodteeranun et al., 2016), climate data is used to simulate
crop growth, planning agricultural management and farm decisions. Now a day, weather
information is playing a great role in precise climate smart agricultural activities. This long-
term weather data are an input for the analysis of crop simulations models and water
management models. Having access to this data can guide farmers in making significant and
potentially costly decisions, such as when to sow, when and how much to irrigate, when to

drain and harvest.

The users can use the data to fill out missed data; to assess the impact of climate change like
droughts, rainfall pattern changes and extreme temperature (Wilks and Wilby, 1999).
However, these data are not easily available over locations, and hence, introducing the use of
a weather generators tools is of an important. Weather generators are statistical models that
are used to generate sequences of daily variables that are natural and logically consistent
including daily precipitation, maximum and minimum temperature, and humidity. As per the
investigation of (Chena and Brissette, 2014), the generation of precipitation and temperature
are the two main components for most stochastic weather generators, especially for climate
change impact studies. Similarly, these parameters are widely used by researchers in their
impact models and standard component of decision support systems in agriculture,
environmental management, and hydrology (Tingem et al., 2007).

At present time, the output from global climate models is of a poor spatial and temporal
resolution and less reliable to be used directly in different models. Weather generators are
necessarily in climate change-related studies and are essential tools for temporal downscaling
of weather variables (Tseng et al., 2012). Some of the weather generators employed in this
study include ClimaGen, Markisim DSSAT, NewLocClim, and NASA data source.

The variability in monthly means of precipitation and maximum temperature in the generated
data by ClimGen and observed for all the sites was nearly smaller (Tingem et al., 2007).

ClimGen is a stochastic weather generator that generates daily precipitation, minimum and
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maximum temperature, solar radiation, humidity, and wind speed data series with similar

statistics to that of the historical weather data (Gayatri et al, 2014).

The MarkSim DSSAT weather file generator web application was used to acquire downscaled
future climate data on a daily time step. For instance, only 6 out of 17 projections were
significant trends over Metehara, namely: csiroMK3.0 (for 2030s in both scenarios),
gfdiCM2.1 (B1 2030's) and ukmoHADCM3 (except A2 for 2050s) (Mequanint et al., 2016).
As per Fenta and Dessie, 2018; canESM2 CMIP5 GCM was able to reproduce more accurate
long-term mean monthly precipitation but LARS-WG performed best in capturing the
extreme events and distribution of daily precipitation in the whole data range. To get a
metrological data, most of the times users are refer to the national metrological service agency
of the country. However, this takes a too long time and sometimes it may costly. The option
to address this problem is accessing WG platforms that offer Spatial and temporal climate
data on a global basis. Well-validated climate models are needed to produces meteorological

information for the given locations and altitudes.

However, limited information exists in the peer-reviewed literature regarding testing and
validation of these tools. A rapid method of obtaining downscaled future climate data by
using globally validated models to the observed datasets would therefore greatly expand the
availability of such data to scientists and policy planners wishing to conduct future climate
impact analyses (Trotochaud et al., 2016). Therefore, this proposal was initiated to the
objectives of: - to describe the temporal trends and spatial distribution of long-term weather
data in the three agro ecological zones, to validate and test the performance of different
weather generator tools across different locations, to select the best fit weather generator tools
for each parameter.

Materials and methods

Description of the study area

North Shewa is one of the administrative zones in Amhara Regional state, which includes the
three agro-ecological zones. The study was conducted in three agro-ecological zones of North
Shewa; Shewarobit and Antsokia Gemza, Minjar Shenkora and Merhabete, Basona werena
and mehalmeda wereda from low lands, mid-altitude, and high altitudes respectively (Figure
13). Actual observed daily weather data was collected from these weather stations from the
National metrology service agency. Long-term climatic data (1990-2020) from the three agro

ecologies of North Shewa was collected from national metrology agency and data
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arrangement was done accordingly. Data quality management like outlier detection and
handling of missing data was done. Outliers are values, which are greater than a threshold
value. It was filled with interquartile range test on excel sheet and treated as a missing values
and filled by normal ratio methods. Based on the type of weather generators a set of
parameters may include long-term means of monthly rainfall amounts, maximum

temperature, and minimum temperature.
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Figure 13. Geographical location of the study areas.
Weather generator’s description

Marksim DSSAT weather file generator

It is an easy-to-use online web application (http://gismap.ciat.cgiar.org/MarkSimGCM), and a valid

weather simulator model that produces rainfall, temperature, and solar radiation, soil type
information for other model applications. It produces either continuous daily data in single
year segments or the assembles of more than two years data depending on the replication
fields. It follows the procedures of global climate models (GCM) sequence by requesting the
geographical location data. MarkSim GCM is a weather generator that works on the principle
of a third order Markov chain process (Jones and Thornton, 2000). Marksim DSSAT was
downscaled about 17 GCM with a resolution of 18km *18km; among these, four of them are

validated in this study (
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Table 39). According to (Dhakal et al, 2018), the four models of GCMs; Had-GEM2-ES,
MRI-CGCM3, MRIOCS5, and CSIRO-Mk3.6.0 were specifically chosen as they had the finest

spatial resolution.

MarkSim® DSSAT weather file generator
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Figure 14. The Marksim DSSAT weather files generator web windows
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Table 39. The global climatic models tested in this study

No Model Institution Resolution
abbreviation

1 CSIRO- Commonwealth Scientific and Industrial Research 1.875Xx 1.875
Mk3.6.0 Organization and the Queens land Climate Change Centre
of Excellence

2 HadGEM2-ES Met Office Hadley Centre, UK 1.2414 x 1.875

3  MIROCS Japan Agency for Marine-Earth Science and Technology, 1.406 x 1.4063
Atmosphere and Ocean Research Institute

4  MRI-CGCM3 Meteorological Research Institute 1.125x 1.125

New_LocClimV 1.10

It is a new version of LocClim, developed in collaboration with the Deutscher wetterdienst
(German weather service) and the Global Precipitation Climatology center (GPCC). The users

make it at single point mode and fed the geographical co-ordinates of the points (Figure 15).

It allows all the interpolation methods (Nearest neighbor, IDW, kriging, modified IDW,
polynomials methods) to determine the desired variables like, Maximum and Minimum

Temperature, Precipitations, Wind speed, Sunshine hours (Gommes et al., 2004)

Coordinates for Single-Point Investigations

Location (decimal) : Longitude:| 335°, Lacticude:| S7°, Amtude 2530 2™
Locaction (®,°,™):= Longictude:[ 33°, | <R | o~. |[e Cancel
Lacicude:| S=rul a1, | Sg*, N oK ]

(Source: FAO and GPCC)

Figure 15. The New_LocClimV1.1 windows
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NASA data source

Climatological data, from 1983 onwards can be obtained from NASA at the following link:

http://power.larc.nasa.gov/cgi-bin/cgiwrap/solar/agro.cgi?email=agroclim@larc.nasa.qov

The NASA Prediction of Worldwide Energy Resource (POWER) gives an estimation of
certain climatological parameters, based primarily upon solar radiation derived from satellite
observations and meteorological data from assimilation models. In other words, they are not
“recorded” values, but are derived from satellite imagery. A detailed description of the
methodology, including an accuracy assessment IS found at

http://power.larc.nasa.gov/documents/Agroclimatology Methodology.pdf.

ClimaGen weather generators

It is a weather generator based on SIMMETEO, as developed by (Geng et al. 1988). It needs
an input of name of weather station, Latitude, longitude, altitude, number of years to be
generated and gives an output of solar radiation (MJ/m2/day), maximum temperature (°C),
minimum temperature (°C), total monthly rainfall (mm), number of rainy days, wind speed

(m/s), vapor pressure (kPa). It also makes a summary of descriptive statistics.
Spatial and temporal distributions of observed data

Precipitation concentration index (PCI) was determined for each agro-ecological zone by
dividing the square of the monthly rainfall amount to the square of the yearly rainfall. The
PCI value less than 10 % indicates uniform rainfall distribution (low rainfall
concentration),values between 11% and 15% a moderate rainfall concentration; values
between 16% and 20% an irregular rainfall distribution, and greater than 20% shows highly
irregularity of rainfall distribution (i.e. high rainfall concentration) of rainfall distribution (De
Luis et al, 2011). The coefficient of variability was also determined to determine the rainfall
pattern and temperature variation in each agro-ecological zone. It is the ratio of standard
deviation to the mean values for each parameter. ArcGIS was used to map the distributions of
extreme climate trends across the study area by using inverse distance weighted interpolation

methods.
Trend analysis of observed data

To determine the trend analysis of observed maximum temperature, minimum temperature
and rainfall over the three agro-ecologies, Sen's slope method and Mann-Kendall’s trend test
(non-parametric method) was used. The Sen’s slope estimator was employed after Mann-
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Kendal test statistics in order to determine the change and variability of rainfall and
temperature trends through time series (Worku et al., 2018). The equation of test statistic is

given by -
Ts = Y B, sign(Xj —xi)

Where Ts is the Mann-Kendal’s test statistics; x; and x; are the sequential data values of the
time series in the years jand | (j > i) and N is the length of the time series. A positive S value
indicates an increasing trend and a negative value indicates a decreasing trend in the data
series. The variance of S, for the situation where there may be ties;

Var (Ts) = [n(n —1)(2n+5) — Ztl(tl — 1)(2ti +5)

Where, m is the number of tied groups in the data set and tie is the number of data points in
the i tied group. For the values of ’n’ larger than 10, Zmk approximates the standard normal
distribution (Partal, 2006).

Ts—1

e Ts>1
Jvar(Ts)
Zmk=+4 0, ifTs=20
Ts+ 1
Ts <1

,,’var(Ts)'

In a two-sided test for trend, the null hypothesis Ho should be accepted if | Zmd < Z1.ad at a
given level of significance. Z1.¢12 is the critical value of Zmnk from the standard normal table.

Validation criterion

The outputs from each generator compared with the observed climatic data with statistical
methods to select the best-fit models. To check the predicted climatic parameters: - a
statistical procedure (mean, RMSE, CV, R? and Correlation analysis) was employed. Among
descriptive statistics of error or deviation between actual value and estimate, error mean is the
representative value of the error. The S.D of error indicates the deviation from mean values.
The coefficient of determination, R? is defined as the squared value of the Pearson correlation

coefficient. It ranges from zero to one; values close to 1 indicating a good agreement.

 ¥(0i - 0 )(gi — gi)
= loi—or2(gi —gi )2

]2

gi = generated value, Oi= observed value, O; =mean of O; and gi =mean of P;
250



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

RMSE measures the average magnitude of error, calculated as the square root of the average
of squared differences between prediction and observation data. A lower RMSE indicates that

better performance of the model.

RMSE = [ 3" (gi — 0i)?[S

n

Where, gi=model generated value; oizobserved value; n=number of observations.

1 ’E(gi — 0i)?
NRMSE = —=* |————— =100
0i” N

NRMSE (C.V) generated value considered as excellent if smaller than 10%, good if between
10 and 20%, fair if between 20 and 30% and poor if larger than 30%.

The index of agreement was proposed to measure the degree to which the observed data are
approached by the predicted data (Willmott, 1982). It ranges between 0 and 1, with “0”
indicating no agreement and “1” a perfect agreement between the predicted and observed
data.

¥ (Pi — 0i)?

d=1- Sp—or/+/0i— 0r )"z

Where, d = Willmott’s index of agreement, pi = predicted value Oi= observed value,

Oi =mean of Oi

Correlation analysis was done to determine the association between the observed and

generated value of among these weather generators.
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Results and discussion
Spatial and temporal variation of parameters

The temporal variation for observed monthly rainfall distribution over stations is enough
good, having a coefficient of variability of fewer than 10%, indicates that the rainfall amount
distributed uniformly over years. This implies well impacts on agricultural activities of the
community and hence assures the well-being of the community. The C.V for maximum
temperature and rainfall nearly for each stations is in acceptable range, which is 6°C (Mehal
Meda) to 10°C (Minjar Shenkora) and 7 mm (kewat) to 13 mm (Debre Birhan) respectively.
The higher rainfall variability was observed in the low lands areas. Minimum temperature for
all stations is highly variable except Alem ketema. In general, the temporal variability of
maximum temperature is smaller (C.V<10%), uniform distributions over stations. Whereas,
the C.V for minimum temperature over stations ranges from 15 to 33%, indicates that

satisfactorily distributions (Figure 16)

DB MM AK MS KW MJ
Parameters in stations

DB-Debre birhan, MM-Mehal meda, AK-Alem Ketema, MS-Minjar shenkora, KW-Kewat, MJ-Majete.
Figure 16. The temporal variability of rainfall and temperatures over stations

The C.V nearly in all stations shows that rainfall in North Shewa has high inter-annual
variability. The result indicated that annual rainfall and temperature over stations are highly
variable. The spatial Variability of Rainfall and minimum temperature is higher, having a C.V
of nearly above 30%. However, the C.V for maximum temperature is 15-25%, which
indicates that satisfactorily distributions over seasons (Figure 17). This primarily influences
all the agricultural activities either positively or negatively. The map of the annual rainfall,
maximum temperature, and minimum temperature across the study location were determined

by inverse distance weighted interpolation methods. It revealed that the rainfall distributions
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over high land areas (900-1050mm), mid lands (850-1000mm), and low lands (1000-
1100mm). Similarly, the maximum temperature and the minimum temperature ranged from
17 to 39 °C and 3 to 20 °C respectively shown (Figure 18) and (Figure 19).

Jun  July

Months

Figure 17. The spatial variation of rainfall and temperatures over seasons

38 38 38 39 39 39 40 40 40
N North shewa zone annual rainfall
° + + + + +’ “ + + + e
L b'a -
L LY m/ : . N
- -
1
Merahbete \?
Legend
E + + + + + + + -
* & metrology stations Basona W L
Study wereda's
[:] North Shewa zone
<VALUE>
E -+ + 4 ks s + i+ F
L 800-850 )
[ 851-900 >
901-950
I o51-1000
] Mig*ar Shenk |
o] Il 1001-105 + + faCay. Sheakoratl + + + =
I 1051-1100 N N W Viles
: : ! : T el S !
38 38 38 39 39 39 40 40 40

Figure 18. The map of rainfall extremes distribution across locations.
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Figure 19. The map of minimum and maximum temperature distribution across locations

As the analysis of PCI, the rainfall distribution shows a bimodal nature from March to May
and July to September in Kewat and Majete stations, whereas in others stations it shows uni-
modal pattern from July to September. The PCI value across the stations for kiremt season
rainfall is ranged from 5 to 15, indicates that there were moderate rainfall distributions (higher
rainfall concentration). While, on other months the value of PCI is nearly 0 and 1, indicates
the more uniformity of rainfall (no rainfall, or small amount of rainfall concentration) over the

three-agro ecological zones of North Shewa (Table 2).
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Table 40. The PCI (%) values for each month over stations

Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
DB Ave 9 12 33 36 32 41 239 316 64 16 4 3
PCI 0 0 O 0 0 0 9 15 1 0 0 0
MM Ave 16 23 45 55 40 41 268 252 74 24 7 5
PCI 0 0 0 0 0 0 10 9 1 0 0 0
AK Ave 7 19 46 48 55 70 280 308 141 24 10 9
PCI 0 0 0 0 0 0 8 9 2 0 0 0
MS Ave 10 29 51 62 32 76 232 233 94 42 15 9
PCI 0 0 0 0 0 1 7 7 1 0 0 0

KW Ave 28 48 58 86 81 24 144 182 84 39 14 48
PCI 0 0 0 1 1 0 3 5 1 0 0

MJ Ave 31 40 72 99 64 25 221 297 104 45 28 23
0 0 0 1 0 0 4 8 1 0 0 0

DB-Debre Birhan, MM-Mehal Meda, AK-Alem Ketema, MS-Minjar Shenkora, KW-Kewat,
MJ-Majete, PCI----precipitation concentration index, Ave-----average.

Trend Analysis of parameters

Seasonal rainfall trends: The Mann—Kendall trend test shows a decreasing trend (p<0.05)on
monthly and annual rainfall in the three agro ecologies of North Shewa except in
Alemketema stations, but the trends were found to be statistically non-significant (p<0.05) in
both decreasing and no trends.The trend detection framework resulted in the identification of
some significant decreasing trends of rainfall especially in January, February, and September
(Partal,2006). This could be due to higher variability of rainfall in the areas over years, eratic
avaiablity and uneven distribution. This similar with that of (Gebre et al., 2013), the trends
were found to be statistically non-significant (P>0.05) at most of the stations where they were
studied.

Maximum temperature and minimum temperature: There was highly significant (p<0.01)
increasing trend of maximum tempreture in highlands and mid lands and significantly
increasing trends at low lands, which ranges from 0.12 °C/year at Majete to 0.37 °Clyear at ;
and for minimum temprature the increase rate ranged at low lands (Majete) 0.01 °C and mid
lands (Alemketem) 0.2°C respectively. There was a significantly increasing trend of minimum
temperature at highland areas and Alem ketema stations. Whereas, at Arerti from mid lands
and at low lands there were statistically insignificant increasing trends. Generally, Maximum
temperature and Minimum temperature at highlands, mid lands and low lands shows an
increasing trend (below). This results agreed to (Worku et al., 2018), the long-term minimum

and maximum temprature have significant increasing trend over the stations.
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Table 41. Trends of Rainfall, maximum and minimum temperature over stations from 1981-2020.

Stations  Rain fall Maximum Temperature Minimum Temperature

Znk Sen'sslope P-value Zm Sen'sslope P-value Zm Sen'sslope P-value

DB 0.35 -0.007 0.79ns  0.24 0.168 ** 0.19 0.2 *x
MM 0.03 0 0.41ns 031 0.199 ** 0.2 0.146 **
AR 0.01 0 0.89ns  0.42 0.37 ** 0.09 0.131 0.45ns
AK 0.03 0.11 0.42ns 0.28 0.277 ** 0.23 0.202 **
KW 0.01 0 0.84ns 0.15 0.184 * 0.03 0.042 0.64ns
MJ 0.03 -2.66 0.367ns 0.1 0.121 * 0.05 0.01 0.26ns

ZMK is Mann-Kendall trend test, Slope (Sen’s slope) is the change in mm per annual; **,* is statistically
significant at 0.05 and 0.1 probability level; ns is non-significant trend at 0.1;

Validation of weather generators

The generated data from the weather generators were compared with the historical records of
weather data in the three agro-ecological conditions of North Shewa. The suitability of
weather generators is decided by how the RMSE is as much to be smaller and close the
estimates to historical values are in a given time series. The minimum RMSE was observed
for NewlocClim in most of the stations for maximum and minimum temperature, whereas for
rainfall the minimum RMSE observed with NASA and followed by NewlocClim except

Minjar Shenkora.

The higher RMSE for minimum and maximum temperature were observed in Climagen. The
RMSE for minimum temperature in low lands are relatively smallest than that of the
highlands and mid altitude agro ecologies for most of the weather generators. The RMSE of
Rain fall for lowlands is larger than mid and high lands agro ecologies in most of the tools.
That means, there is greater rainfall variability in the lowland’s areas. Lowland agro ecology
shows high RMSE for rainfall and low RMSE for temperature in NASA (Figure 20).
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Newloc_clim
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Figure 20. The root mean square error values for each weather generator over stations

The C.V for maximum and minimum temperature in NewlocClim was found to be minimum

at all stations except Mehal meda and Kewat stations (Figure 21). However, the C.V values of

minimum temperatures for all weather generators tools are higher. The C.V values for rainfall

in all station except shewarobit are smaller in NewlocClim, followed by NASA, HadGEM2-
ES CSIRO-MK3.6.0. The maximum C.V found in ClimaGen models for both temperature
and rain fall. For HaddGEM2-ES, CSIRO-MK3.6.0, the variability of minimum temperature

decreased tangentially from highlands to lowlands. In regards with C.V, the best-fit tools are

NewLocClim for temperature and NASA for rainfall (the variability in temperatures and
rainfall is smaller in NewLocClim and NASA). Nextly, Had-GEM2-ES and MIROC-5 best fit

for maximum temperature and minimum temperature.
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Figure 21. The Coefficient of variations values for each weather generator over stations

Correlation Coefficient is an indicator for the strength of the relationship between
observations and estimates. Higher correlation coefficients indicate that the generated data is
high or low when observed data is high or low respectively giving evidence about the
suitability of the generator tools. The correlation coefficient for maximum temperature and
minimum temperature in NASA and NewlocClim was found to be higher (> 80 %) at all

stations (Figure 22).

The coefficient of determination R2 is the squared value of the Pearson correlation coefficient.
For the three agro ecologies, NASA and NewLocClim well predicts for maximum
tempratures and minimum tempratures better than others do. Similarly, the rainfall
distribution over stations well predicted by NASA and NewlocClim. However, ClimaGen
poorly predicts both temperature and rainfall for all stations. Therefore, NewLocClim and
NASA are alternatively predicts temperature and rainfall. Similar to RMSE, the results of this

parameter also agreed tangentially for most of the tools except ClimaGen.

Generally, for most station the correlation coefficient for rainfall, maximum and minimum
temperature has good correlation for all tools. From Figure 23, the coefficient of
determinations is higher for maximum and minimum temperature in NASA at all stations
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except Alemketema. Rainfall highly predicted with NewLocClim over stations except

Shewarobit, nearly 90% coefficient of determinations.

._::::“ :'_?1
! e 02
i o
- = 2.0
P ] -
: EOATS T GF Do T T
_A i i %':‘;i& i 0. PR
irhan BMehal meda Arert Alomketerms  Shoewarob E"‘-._ﬂ;;'_(-:h-. 0 debrek
0.6
0.8
NASA —— Climagen «— Newloc_dim Miroc5 SRl Al
. -1
MRI_CGC —e— Had —+=—(siro —k—

Figure 22. The values correlation coefficient for each weather generator over stations
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Figure 23. The values coefficient of determinations for each weather generator over stations

The observed and generated rainfall from all-weather generators is in enough agreement for
all stations. Unlikely, maximum and minimum temperature have higher index of agreement at
high lands and mid lands in NewLocClim, and followed by NASA. However, for low lands
the index of agreement for NASA is higher than NewLocClim. Climagen performs poor
agreement to the observed maximum and minimum temperature at all stations (Figure 24).

According to (Kumar, et al, 2008), there was good agreement between observed and
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generated weather data for monthly period parameters in majority of the weather parameters

for study areas. In general, there was enough agreement for rainfall and temperature for

NewlocClim and
NASA.
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A
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Figure 24 . The willmot index of agreement values for each weather generator over stations.
Conclusion and recommendation

In this research, spatial extensions and temporal trends analysis of rainfall, maximum and
minimum temperature, validations of different weather generators tools under various climatic
agro ecological zones were done. The study aims to validate different weather generators
models in reference with the historical rainfall records with designing Marksim DSSAT
weather generators, Climagen, NASA data source, and New LocClim tools as a generator of
weather data. The Mann-Kendall trend test shows a decreasing trend of monthly rainfall in
the three agro ecologies in some of stations and no trends in some of stations except Alem
ketema. This might be due to large variation of rainfall in the area over years. As the analysis
of PCI, the rainfall distribution shows a uni-modal nature in all stations except Kewat and
Majete. The rainfall event was not having a significant trend. There was variability in
maximum temperature, having significant increasing trends in the three agro ecologies, while
the variability in minimum temperature at highland areas, but at mid and low lands variation
in minimum temperature and have not significant increasing trends in the three agro
ecologies. The smallest RMSE was observed in NewlocClim and NASA for rainfall and
temperature in most of stations. Similarly, the smallest C.V also was observed in NewlocClim
and NASA for rainfall and temperature in most of the stations. The higher value of correlation

and index of agreement for rainfall, Tmax and Tmin was observed in NewlocClim and NASA
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nearly at all stations. Both NASA and NewLocClim are well performed with respect to
representing the statistical characteristics of observed rainfall and minimum and maximum
temperatures. Since agriculture is directly related to climatic variability; this actual observed
increasing temperature and rainfall variability, well-validated weather generators are needed.
This works provide an input climatic data for crop simulation models, soil erosion models,
and water management system models where no actual weather stations are present.
Therefore, from this study for rainfall data generation one may use NASA and NewLocClim.
Similarly, for reproducing maximum and minimum temperature over location and time,
NASA and NewLocClim are better to reproduce. Furthermore, to get precise results, others
similar studies should be conducted with a greater number of metrological stations and others

more weather generators tools.
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Table 1. Global climatic models in Marksim DSSAT weather generators
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No Model Institution Resolution
1. BCC-CSM1-1 Beijing Climate Center, China Meteorological Administration 2.81x 281
2 BCC-CSM1-1-M Beijing Climate Center, China Meteorological Administration 2.81x2.81
3 CSIRO-Mk3.6.0 Commonwealth Scientific and Industrial Research Organization and 1.88 x 1.88
the Queens land Climate Change Centre of Excellence

4 FIO-ESM The First Institute of Oceanography, SOA, China 2.81x 281
5 GFDL-CM3 Geophysical Fluid Dynamics Laboratory 20x25

6 GFDL-ESM2G Geophysical Fluid Dynamics Laboratory 20x25

7 GFDL-ESM2M Geophysical Fluid Dynamics Laboratory 20x25

8 GISS-E2-H NASA Goddard Institute for Space Studies 20x25

9 GISS-E2-R NASA Goddard Institute for Space Studies 20x25
10 HadGEM2-ES Met Office Hadley Centre 1.24 x 1.88
11 IPSL-CM5A-LR Institute Pierre-Simon Laplace 1.88 x3.75
12 IPSL-CM5A-MR Institute Pierre-Simon Laplace 1.26x2.5
13 MIROC-ESM Atmosphere and Ocean Research Institute 2.81x2.81
14 MIROC-ESM- Atmosphere and Ocean Research Institute 2.81x2.81

CHEM
15 MIROCS Japan Agency for Marine-Earth Science and Technology, 1.41x1.41
Atmosphere and Ocean Research Institute

16 MRI-CGCM3 Meteorological Research Institute 1.13x1.13
17  NorESM1-M Norwegian Climate Centre 1.875x2.5
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Table 2. The spation temporal variability of rainfall and temperature

Stations  Parameter Jn Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Mean RME C.V (%)
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Table 3. Validations of weather generators
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Effect of irrigation regimes (frequency and water depth) on yield of onion in Metema,
western Amhara, Ethiopia
Melkie Desalegn*, Eritban Wondifraw, Edimealem Getu, and Meka Tahir

Email contact: mickyupgona@gmail.com
Abstract

Farmers did not know how much and when to apply irrigation water for irrigating crops resulted in
under or over-irrigation. They apply more water at one time and lost the water through deep
percolation beyond the root zone and runoff. The study was conducted in 2017and 2018 at Gondar
agricultural research center irrigation station. The objective of the study was to determine irrigation
regimes for a better yield of onion. Treatments were a combination of irrigation interval (4, 7, and
10days) with (60%, 80%, 100%, and 120% of Etc. The experimental design was a split-plot design
with three replications. Irrigation interval and depth were the main plot and subplot respectively. The
combined result revealed that there were interaction effects and main effects on tested parameters at
a=0.05. Irrigating every 4days gave the highest Bulb weight (61.18g), Bulb Diameter (52.41 mm), and
total yield (22.93th™) followed by watering every 7days. On the other hand, 7days irrigation interval
gave the highest water productivity (4.39 kg/m®) than 4days with 10days irrigation interval. Applying
120%ETc provided the highest value concerning all yield components considered, while the lowest
values were obtained from 60%ETc. The highest and lowest water productivity obtained from
treatment 80%ETc with 120%ETc respectively. The interaction result revealed that the maximum total
yield (27.66t/ha) and bulb weight (72.5g) obtained from 120%ETc with 4days intervals. This is
statistically the same with 120%ETc with 7days intervals. Besides, the least amount of total yield
(15.36 th') and bulb weight (45.47 th™> were recorded from 60%ETc with 10days intervals. In the
area, there is no water scarcity for irrigation. Therefore, in the advantage of the less frequent
watering day and minimizing of operational and labor cost, irrigating every 7 days with 120%ETc is

more appropriate for the command area and others those have the same ecology and soil type.

Keywords: irrigation interval, Metema, water depth, water productivity, yield
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Introduction

Onion is considered as one of the most important vegetable crops produced on small scale
farming in Ethiopia. It also occupies an economically important place among vegetables in
the country. The area under onion is increasing from time to time mainly due to its high
profitability per unit area, ease of production, and the increases in small scale irrigation areas.
In different areas of the country, the offseason crop (under irrigation) constitutes much of the
area under onion production. Nigussie et al., (2015) described that the range of altitude for
onion production is between 500-2400 m.a.s.l. The best growing altitude so far known in
Ethiopia is between 700-1800 m.a.s.l.

In Ethiopia, the crop is believed to be more intensively consumed than any other vegetable
crops and a lion share of 95% of the vegetables and fruits produced in the country (Belay et
al., 2016). In most irrigable lands, the role of horticultural crops particularly Vegetables being
cash crop with high nutritional value become important and irreplaceable to contribute the
household food security and income. Higher profits can be achieved by increasing the
production of a particular vegetable throughout the year when an efficient irrigation system is
used. In Ethiopia, it contributes substantially to the national economy apart from overcoming
local demand. Onion is among the largest production and highly commercialized vegetable
crops in the Amhara region grown under irrigation. Currently, farmers in most irrigable areas
of the Amhara region produce a large number of onion bulbs every year (Agumas, Abewa,
and Abebe, 2014).

All crops require a certain amount of water during each stage of development mainly their
initial stage, crop development stage, mid-growing, and maturity stage, and will transpire
water maximum rate when the soil water is at field capacity. But the amount, intensity,
duration, frequency, and distribution of rain needed to meet the actual water requirement of

the crop to achieve full production potential is rarely realized in nature (Pejic, B. et al., 2008).

Water management of onion is extremely important at all stages of plant development. Also,
irrigation strategies with appropriate water restriction during mid and late-season growth
stages are recommended in a way a significant amount of irrigation water could be saved
without any significant decrease in onion yield and quality. The great challenge faces for the
onion producers in achieving a high yield that meets the quality standards and market

requirements with less water use (Zayton, 2007).

The interval between irrigations and the amount of water applying to each irrigation depends

on how much water is held in the root zone and how fast the crop uses it. This is determined
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by -soil texture, soil structure/water penetration, depth of effective root zone of the soil, the
crop has grown and the stage of development of the crop. Proper irrigation scheduling will
improve profitability and water use efficiency by - maximizing crop yield and quality,
decreasing water loss through deep percolation and runoff and, optimizing pumping, and

other costs.

Different water application schedules on the growth and yield of onion, yield components,
and morphological characteristics of the onion crop had significantly affected all the studied
parameters, except for the fresh weight of leaves. Therefore to achieve a high production
potential of onion, appropriate soil moisture should be maintained during the entire growing
season (Pejic, B., et al., 2008).

The production of onion in the Metema district is mainly under irrigation but there were poor
agronomic practice and water management skills. Farmers did not know how much and when
to apply irrigation water for irrigating crops. Which lead crops under irrigation or over-
irrigation. They apply more water at one time and lost the water through deep percolation
beyond the root zone and the crop suffocates for some days. Therefore this study was initiated
for the objective of determining the optimum irrigation water depth and irrigation interval for

a better onion yield.

Materials and methods
The study area

The experiment was conducted in the lowland of western Amhara region Metema which is

located 13°00’'N and 36°15'E, it is one of the zones in the Amhara Region of Ethiopia named

as “west Gondarzone administration”. Metema is bordered on the south by Quara, on the west

by Sudan, on the north by Mirab Armachiho, on the northeast by Tach Armachiho, on the east

by Chilga, and on the southeast by Takusa. Altitude ranges between 550 and 1600 meters
above sea level. Rivers include the Atbarah, the GendaWuha, the Guang, and the Shenfa.

Guang River is where the irrigation station of Gondar Agricultural Research center is situated.

The experimental site domain is one of the high potential areas for agriculture in the country.
It can grow cash crops like sesame, cotton, soya bean, haricot bean, groundnut, and different
horticultural crops (fruits: mango, banana, orange, onion, tomato). It has also a potential area
for livestock. The soil is deep enough dominantly clay soil and it has a shallow groundwater
table and surface water. Irrigation is very infant for the area but it is expanding in a short time.

Generally, it is possible to grow three to four times within a year in the area.
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The maximum and minimum temperature of the area was 35.88°c and 19.48°c respectively.
The metrological information of the Metema district was average reference evapotranspiration
of 5.21mm/day using penman-monteith and the total and effective rainfall were 885 mm and
636.5mm respectively by USDA S.C. Method.

Table 1. Climatic data for the study area

Month T. Min T. Max Humi  Wind Sun Rad Eto Rain Eff rain
[°C] [°C] dity [km/da  [hour [MJ/m2/d [mm/d [mm] [mm]
% yl s] ay] ay]
January 18.7 35 45 156 8.5 19.1 5.1 1 1
February 20.2 39 39 156 9.1 21.5 6.06 0 0
March 20.2 40 34 147 8.7 22.3 6.49 0 0
April 175 40.2 28 130 8.8 23.1 6.47 1 1
May 18.3 39 69 156 8 21.6 5.78 67 59.8
June 19.8 35.7 84 156 7.3 20.3 4.83 160 119
July 20.2 31.8 93 104 7 19.9 4.15 209 139.1
August 20.1 317 93 86 5.1 17.2 3.64 211 139.8
September 20.2 31.7 65 104 7.1 20 4.49 187 131
October 20.1 345 41 138 8.8 21.3 5.44 45 41.8
November 19.8 35.9 40 138 9.4 20.6 5.32 4 4
December 18.7 36 44 112 9.2 19.5 4,71 0 0
Average 195 35.9 56 132 8.1 20.5 5.21 885* 6.36.5*

Source: FAO-newLocclim; *total
Methodology

The experiment was performed in the 2017 and 2018 irrigation seasons from January 2017 to
May 2017 at Metema irrigation station specifically Mender 6, 7, and 8. The experimental
design was a split-plot with three replications in two factors. The first factor was irrigation
interval consisted of three levels (i.e., four days, seven days, and ten days) and the second
factor has consisted of four irrigation water depths (120%ETc, 80%ETc, 100%ETc, and
120%ETc). Generally, the experiment had twelve (12) treatment combinations. The spacing
between blocks and plots was 1.5meter and 1meter respectively. The plot size was 3 meters
by 3 meters. Crop spacing was 40*20*10, double row (i.e., 40 cm between ridge, 20 cm
between rows, and 10 cm between plants). Fertilizer has been applied as the recommendation
of EIAR (2007) which was 92kg/ha nitrogen. Data analysis was performed using SAS
software window 9.0, and also multiple All-Pair wise Comparisons Test were done using LSD

comparison method at 0.05 significant levels.

Water productivity in agriculture and landscape irrigation may be generically defined as the
ratio between the actual crop yields achieved (Ya) and the water use, expressed in kg/m3
(Pereira, 2012).

272



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

Therefor water productivity was determined by the equation (Pereira, 2012)

Where, Ya is bulb yield (kg/ha) and TWU is total water used (m?)

Table 2. The crop has four stages and its kc values (Science, 2015)

Growth stages Growth length Crop coefficient (kc)
Initial stage 15 0.6
Developmental stage 25 0.6
Mid stage 40 1.1
Late stage 30 0.9

Materials used

During the experiment execution materials were used as; a Siphon tube which was used to
deliver water from the tanker to the plot field, and this was also used as the water
measurement by calibrating flow rates. The weighing balance was also used as a weighing of
harvested bulb samples and soil samples which were collected by plastic bags. Besides tape
meter and caliper were important for measuring the experimental area and plot dimensions,

plant height, and diameter of bulbs.

Results

Determination of irrigation regimes for better yield of onion in Matema district tested for its
interaction effect and main effects. The result revealed that there were interaction effects and
main effects on tested parameters at a 0.05 level of significant difference. Analysis of
variance table (3) showed that there was a highly significant difference in total yield, bulb
weight, bulb diameter, and water productivity among irrigation intervals. Moreover, irrigation
water depths affected highly significantly total yield, bulb weight, bulb diameter, and also
significantly affect water productivity. On the other interaction between irrigation interval and
water, depth affected total yield and bulb weight significantly. However, there were no

differences in bulb diameter and water productivity among treatment interactions.
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Table 3. Analysis of variance (ANOVA) for total yield, bulb weight, bulb diameter, and water

productivity.

Source DF Total Bulb Bulb Water
Yield weight diameter productivity

REP 4 38.15* 156.59* 9.89* 1.24*
Interval(IN) 2 240.60** 718.86** 67.61** 10.07**
REP*IN(Error) 8 31.15 165.92 19.01 1.1
Water depth(D) 3 238.26** 1146.04** 114.1** 2.12*
IN*D 6 22.76* 90.15* 6.33 0.58
Error (pooled) 0 8.47 34.49 4.58 0.35

*significant, **highly significant, DF= degree of freedom, REP= replications

Table 4 showed that irrigating onion every 4 days gave the highest Bulb weight (61.180),
Bulb Diameter(52.41 mm), and Total yield(22.93 th%), followed by a 7days irrigation interval
with the Bulb weight (59.33g) Bulb Diameter (51.97mm), and Total yield (22.3th™?). 7days
irrigation interval gave the highest water productivity (4.29 kg/m®) and water productivity
(4.39 kg/m®). However, there was no statistical difference between 4days with 7days irrigation
intervals. 10-day irrigation interval provided the lowest value for all variables.

On the other hand application of 120%ETc, provided the highest result on bulb weight (64.61
g), bulb diameter (54.09 mm), and total yield (24.07 th'!). The lowest values for bulb weight,
bulb diameter, and total yield obtained from treatment 60% ETc. The highest and lowest
water productivity was obtained from treatment 80% ETc with 120% ETc respectively.

Table 4. Effects of irrigation interval and depth on the mean of bulb weight (gram), bulb diameter
(mm), total yield (t h'%), and water productivity (kg/m?)

Irrigation Bulb weight ~ Bulb diameter ~ Total Water productivity
Interval yield

4days 61.18° 52.412 22.932 4.29
7days 59.33%® 51.97% 22.302 4.39°
10days 50.89° 49.33° 17.16° 3.23°
LSD(0.05) 8.58 2.90 3.72 0.7
depth

120%ETc 64.612 54.09% 24.07% 3.53°
100%ETc 61.972 51.66° 22.83% 3.93®
80%ETc 55.31° 51.23° 20.48° 4.27°
60%ETc 46.65° 47.97° 15.81° 4.152
LSD(0.05) 3.97 1.45 1.97 0.40
CV(%) 10.28 4.18 14.0 14.95

Values with the same letters have no significant difference

According to table 5, the interaction result revealed that the maximum total yield (27.66t/ha) and bulb
weight (72.5g) obtained from 120%ETc with 4days intervals. Which is statistically the same with
120%ETc with 7days intervals. Also, the least amount of total yield (15.36 th-1) and bulb weight
(45.47 th-1) were recorded from 60%ETc with 10days intervals.
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Table 5. Interaction effects on bulb weight (gram) and total yield (th™)

Water Depth Bulb Total

Weight Yield

Irrigation interval- days
4 7 10 4 7 10

120%ETc 72.50? 66.27% 55.05% 27.66% 25.84% 18.71¢
100%ETc 68.38% 63.80% 53.73% 25.66% 24.17* 18.65¢
80%ETc 58.05% 58.55¢ 49.32¢f 22.24° 23.28" 15.91¢
60%ETc 45.80f 48.68°" 45.47° 16.17¢  15.9¢ 15.36¢
Cv(%) 10.78 14.00
Lsd(<0.05) 6.88 3.41

ETc= crop evapotranspiration; values with the same letters have no significant difference
Discussion

Yield, individual bulb weight, and individual bulb diameter are the important criterion to be
considered when a plan to produce an onion bulb. Before planting and growing the crop under

irrigation, irrigation interval and water depth should be decided.

Yield

Irrigation interval and water depth interaction result displayed in table 5, which showed
interactions effect on yield of onion crop. The result revealed that the maximum bulb yield
was recorded from 120%ETc with 4day irrigation intervals (27.66t ha) followed by
120%ETc with 7day irrigation intervals (25.84t hal). Increasing the Application of water
from 60%, 80%, 100% to 120%ETc will increase the total bulb yield. This is in line with
(Kumar, Imtiyaz, Kumar, & Singh, 2007) who reported that irrigating onion from 60%ETc,
80%ETc, 100%ETc to 120%ETc increased onion yield. The same result was also obtained by
Tsegaye et al., (2016), who reported that increasing irrigation water from 25%ETc to
50%ETc, 75%ETc, and 100%ETc increase marketable yield from 15.48 t027.59tha™*. Patel
and Rajput, (2013) also found that irrigation from 60%, 80% deficit to full irrigation had
increase yield from 39.2 to 44.4tha™’. In the same trend Enchalew et al., (2016) found that an
increase in water depth from 50 to 60, 70, 80, 90 to 100%ETc has been increased in
marketable(10.9t ha) and total bulb yield(15.69t hal).

Bulb weight

Irrigating onion at increasing of 4 to 7 and 10-day irrigation interval (main plot) has been
decreased bulb weight from 72.5 to 66.27 and 55.05¢g. Beyond the 7day interval, bulb weight
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had significantly affected by water stress. On the other hand, increasing of application of
water from 60%ETc, 80%ETc, 100%ETc, and 120%ETc water depth (subplot) will increase
the bulb weight. The application of water below 100%ETc of crop water requirement
significantly decreases the individual weight of the bulb. A similar result on bulb size was
observed by Kumar et al. (2007). The maximum bulb weight (72.59) lied on the interaction
of 4-day and 120%ETc, which is statistically identical with 4day with 100%ETc (68.38g) and
7 days with 120%ETc (66.279).

Water productivity

Increasing water depth from 80%ETc to 100%ETc and 120%ETc would decrease water
productivity from 4.27 to 3.93 and 3.53 kg/m3. Independent of water depth, irrigating every 7
days (4.39kgm?q) is optimal for the water productivity of the onion. than 4days (4.29kg/m?)
and 10days (3.23kg/m?3).

Conclusion and recommendation

Production of onion under irrigation in Metema district and the same ecology, application of
water every 4-day irrigation interval with 120%ETC water depth followed by 7day with
120%ETc is appropriated. Moreover, there is no yield and quality penalty among them.
Independence of water depth irrigating every 7 days is best in terms of water productivity but
it is in contrast on the point of water depth that will prefer 80%ETc. however, in the area,

there is no water scarcity for irrigation.

Therefore, in the advantage of the less frequent watering day and minimizing of operational
and labor cost, irrigating every 7 days with 120%ETc water depth with a net amount of
seasonal water of 664mm will more appropriate for the command area and others those have

the same ecology and soil type.
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Abstract

In Ethiopian highlands including the study area, the livelihoods of an increasing human
population are dependent on tillage-based soil management for intensive crop production.
This farming practice combined with the dynamic climate change leads to soil degradation.
This degradation eventually leads to loss of soil and water, crop productivity, and
deterioration of vital soil physicochemical properties. Moreover, farmers have to face
challenges such as the consumption of much time, labor, energy, agrochemicals, and other
production inputs required by intensive cropping. The objective of this study was to evaluate
the effects of conservation agriculture (CA) on runoff, soil loss, soil properties and crop yield.
To achieve the objective, five treatments as no-tillage combined with mulching and
intercropping (NT + M + In), no-tillage combined with mulching and rotation (NT + M + R),
conventional tillage combined with mulching and rotation (CT + M + R), potato production
as farmers practice and conventional tillage (CT) were evaluated in simple plot design. The
over-year effect of treatments on runoff and soil loss was compared using analysis of variance
at a 95% level of confidence. The result verified that the significant difference among
treatments in reducing runoff and soil loss is mainly due to minimum soil disturbance for the
case of treatments combined with no-tillage and due to ridges for the case of potato plots as
compared to local practices. There is also significant runoff reduction due to mulching as
compared to farmers’ practices. These practices (NT + M + R, potato, NT + M + In, and CT
+ M + R) have a significant effect on soil and water conservation with a runoff reduced by
73, 62, 56 and 38 % and soil loss reduced by 78, 68, 63, 27 % respectively as compared to the
local practices or CT. Based on the result of the study no-tillage, ridges and mulching
maximize the water and soil conservation effect of CA and should be recommended as
important elements and be implemented widely. Consequently, these elements help to stabilize
crop yields against weather extremes since often, CA increases average Yyields in the long
term

Keywords: conservation agriculture, mulching, ridge
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Introduction

The growth of human population and climate change cause the world’s agricultural systems
need to produce more food through intensified farming (Page et al., 2020; Struik and Kuyper,
2017). This agricultural practice leads to declining in the quality of basic natural resources
particularly soil and water, which eventually lead to loss of crop productivity and
environmental risk such as on-site and off-site effects on land and also on water bodies,
(Blum, 2013; Kopittke et al., 2019; Issaka and Ashraf, 2017). Moreover, farmers have to face
high costs for energy, labor, agrochemicals, and other production inputs required by intensive
cropping.

This needs to adopt more sustainable and cost-effective agricultural practices by considering
the relationship between natural resources and community lifestyle (Gomiero, 2016). Most of
the above challenges could be tackled through conservation agriculture (CA) for all farmers
and rural communities that depend on the agri-environment in the area such as Ethiopian
highlands including Yilmana Densa (Gonzalez-Sanchez et al., 2016). Araya et al. (2011)
stated that CA aims to improve soil quality and crop yield whilst reducing runoff and soil
erosion. Rusinamhodzi et al. (2011) also mentioned that CA includes important elements such
as reduced tillage, permanent soil cover and crop rotations to optimise food supply through
improving soil fertility and reducing soil loss and runoff. Due to mulching CA provides a
protective blanket of leaves, stems and stalks. Consequently, it enhances soil productivity by
improving its physicochemical properties through soil and water conservation and improving
soil OM, the population of micro-organisms (which take over the function of traditional
tillage such as loosening of the soil and mixing the soil components), humus formation
(Fuhrer and Chervet, 2015; Shokati and Ahangar, 2014; Amini and Asoodar, 2015;
Khursheed et al., 2019).

Moreover, CA saves energy such as fuel for machines and calories for humans and animals
and time required for cultivation. For instance, Wijewardene (1979) found that no-tillage
required 52 MJ of energy and 2.3 hours of labour per hectare whereas conventional tillage
needed 235 MJ and 5.4 hours to cultivate the same area of land. Therefore, it is very crucial to
test and amend alternatives to existing technologies for their effectiveness on soil and water
conservation and ease of use by the farmers, i.e., to improve soil productivity in representative
areas of the Amhara region.

Materials and methods

The study was conducted during 2016-2020 cropping seasons at Adet agricultural research

center on the station and during 2018-2020 at Debre Mawi watershed in Yilmana Densa
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district of Amhara region which is one of the soil erosion-prone areas of the region. For this
experiment, five treatments with a simple plot design were set. Although crop rotations were
not used as a treatment, we used maize and faba bean crops as a rotation which has also the
benefit to control pests and diseases by breaking their cycles. Besides, faba bean is a legume
crop that can fertilize the soil when used for crop rotation. To achieve soil cover, 30% of the
crop stand (residue) was retained after harvest.

From the total treatments implemented in the simple plot design, the first treatment was potato
planting as a farmers’ practice where the ridge and early land cover are expected as
functioning as soil and water conservation practice as compared to faba bean and maize
prlanting as a farmers’ practice; the other four treatments were no-tillage (NT) combined with
30% stubble retention or mulching (M) and intercropping(In), NT combined with M and
rotation (R), conventional tillage (CT) combined with M and R, and farmers practice (CT) as
mentioned in Table 1. During this experiment, the management of land in CA included no
tillage leaving crop stubbles in the field and zero grazing. Other agronomic practices and
fertilizations were the same for all plots, and the crop rotation was cereal by legume (pulse
crops), i. e., maize and fababea except for the potato plot. Potato has different fertilizer and

agronomic practices requirements.

Table 42. Experimental design and treatments description

Treatment Description

Ti:  Potato Conventional tillage

T: NT+M+In No tillage + Mulching (30%) + Intercropping

Ts: NT+M+R No tillage + Mulching (30%) + Rotation

Tss CT+M+R Conventional tillage + Mulching (30%) + Rotation
Ts: CT Farmers’ practice (conventional tillage)

*Plot size: 10 m x 10 m (Adet on station); 5 m x 22 m at Debre Mawi

*Design: simple plot design

Regarding data collection, runoff and sediment were harvested using rectangular tanks which
were installed at the end of each experimental plot; these data were recorded in every 24
hours of the day; then sediment data were oven-dried. Besides, crop agronomic data
particularly grain yield (i.e., very important component of crop performance) and soil samples
at 0-20cm soil depth (for pH, organic matter, bulk density and soil moisture analysis) were
collected. Finally, the effects of treatments were compared, using analysis of variance and

graphical presentation.
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Results and discussion

The CA practices and conventional potato production were implemented for five and three
cropping seasons at Adet on station and Debre Mawi watershed respectively. Except for the
fixed potato plot, the other four plots were planted with maize and faba bean test crops in
rotation. Runoff and soil loss showed responses to some treatments implemented during these
years. It is confirmed that the first three treatments (Figure 1, 2) particularly treatments with
no-tillage and potato plots are effective to reduce runoff and soil loss significantly as
compared to farmers' practice. The conventional tillage combined with mulching and rotation
is also better in runoff reduction than farmers’ practice due to the mulching effect (Figure 1).
Such effectiveness of CA on runoff and soil loss reduction is supported by different studies
such as Ghosh et al. (2015) and Araya et al. (2011). This effect is primarily due to no-tillage
that leaves the soil undisturbed (Khursheed et al., 2019; Seitz et al., 2019). It is also confirmed
that mulching reduces runoff and soil loss by enhancing infiltration of rainfall with an
efficient mulch application found to be 0.25-0.50 kg/m? (Adekalu, et al., 2007; Mannering
and Meyer, 1963; Kavian, et al., 2020; Wang et al., 2021).
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Figure 25. Effect of CA practices on 2016 to 2020 average runoff and soil loss at Adet on
station
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Figure 26. Effect of CA practices on 2018 to 2020 average runoff and soil loss at Debre Mawi
watershed

Unlike runoff and soil loss, a significant difference was not observed in crop yield in this a
short-term study. However, NT+M+R and CT+M+R show some maize and faba bean yield
advantages as compared to farmers’ practices. As compared to local practices, NT+M+R
improves maize yield by 1.4 and 0.3 t/ha at Adet and Debre Mawi respectively (Figure 3-4 A)
and faba bean yield by 0.6 ton/ha both at Adet and Debre Mawi (Figure 3-4 B). Whereas
CT+M+R improves maize yield by 2 and 0.7 ton/ha at Adet and Debre Mawi respectively
(Figure 3-4 A), and faba bean yield by 0.6 and 0.1 ton/ha at Adet and Debre Mawi (Figure 3-4
B). In this study, the farmer’s practice was better than one of the CA practices (i.e.,

NT+M+IN) in maize and faba bean yield except in maize yield at Adet.
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Figure 27. Average grain yield at Adet; A: Maize grain yield in kg/ha during 2017 and 2019;
B: Faba bean during 2018 and 2020
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Figure 28. Average grain yield at Debre Mawi; A: Maize grain yield in kg/ha in 2019; B:
Faba bean during 2018 and 2020

Similar to crop yield there was no significant difference in soil parameters including pH,
organic matter (OM) and bulk density (Table 2).
Table 43. Soil chemical and physical properties (2018-2020 average values)

Treatment pH (Adet) %O0M (Adet) Bulk density, g cm (Adet)
Potato 5.2 2.5 1.19
NT +M+ In 5.5 3.0 1.30
NT+M+R 55 2.8 1.35
CT+M+R 5.4 2.6 1.27
FP 5.4 2.4 1.25

Treatment pH (Debre Mawi) %OM (Debre Mawi) Bulk density, g cm (Debre Mawi)

Potato 55 2.0 1.31
NT +M+ In 55 2.0 1.27
NT+M+R 5.6 2.2 1.20
CT+M+R 5.6 2.0 1.27
CT 5.7 2.4 1.31

Conclusion and recommendation

This study confirms that conservation agriculture especially with an element of no-tillage is
effective land management practice for a short period to reduce runoff and soil loss, in water-
induced soil erosion-prone areas such as in Yilmana Densa district and other similar regions
of the world. Rearding potato conventional farming treatment, the reasearch confirmed that in
soil erosion-prone areas where potato, maize and faba bean are major crops, potato
conventional production is preferable instead of maize ana faba bean conventional production
to minimize runoff and soil loss. .Therefore these practices are recommended to be used by
smallholder farmers to enhance soil and water conservation where soil erosion by water is
severe. However, a long-term observation is important to determine the effect of other CA

practices on soil properties and grain yield.
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Abstract

The vast potential of Vertisols in the study area is underutilized due to excess soil water content.
Conservation agriculture integrated with Vertisols drainage have a pronounced positive role to
improve crop yield under high rainfall areas. This study aimed to evaluate the effects of conservation
agriculture (CA) and Vertisols drainage on the productivity of sorghum and sesame. The study was
conducted in Metema experimental station and it has three replications with six treatments of a
permanent raised bed with minimum tillage (PRB+MT), permanent raised bed with minimum tillage
and mulch (PRB+MT+M), broad bed furrow (BBF), flatbed with minimum tillage and mulch
(Flat+MT+M), flatbed with minimum tillage (Flat+MT) and control. Melkam and Abassina varieties
were used for sorghum and sesame respectively while the recommended agronomic practices were
applied equally to all treatments. The results showed that the highest sorghum and sesame grain yields
were obtained from plots treated with PRB+MT+M and BBF respectively. These excess soil water
drainage technigues were able to improve the yield of sesame by 46.20 % and sorghum in the range of
20-39.74 %. On the other hand, the lowest grain yield and relatively highest soil moisture (43.87%)
were observed at the plots treated with farmers’ practices and flatbeds. Whereas, the soil moisture
contents were significantly different between treatments, while the lowest mean soil moisture content
(38.69 %) was obtained at BBF. Therefore, Vertisols-dominated fields should be treated with PRB
with minimum soil disturbance and BBF to enhance sorghum and sesame production, respectively.
Indeed, soil nutrients were not improved significantly within three years of experiments. Hence, to
identify the most efficient Vertisols management technique that helps to improve soil quality long-term

Vertisols management is required.

Keywords: Drainage; Sesame; Soil Moisture; Sorghum; Waterlogging

Introduction

Vertisols have crucial importance for improving and sustaining food production in Ethiopia
(Wubie, 2015). The advantages of Vertisols are their good chemical fertility and occurrence in
extensive flatland making it easy for reclamation and mechanical cultivation. However, they
are not easy to cultivate due to their poor internal drainage and waterlogging during the wet

season and are hard to cultivate during the dry season (Debele & Deressa, 2016; Rutherford,
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2008; Wubie, 2015). In Ethiopia, the tremendous potential of Vertisols for crop production is
severely constrained because of excessive soil water leading to yield reduction (Gebrehiwot,
2018). The problem of Vertisols is believed to be emanated from the intensity of seedbed
preparation and the grazing practices in wet conditions. These practices are supposed to cause
compaction and pan formation that hinder hydrological conductivity and create perched water

on the surface which usually leads to waterlogging.

Likewise, the study area mostly situated as a flatland with the vast potential of Vertisols is
underutilized because of excess soil water and conventional tillage. The above-mentioned
challenges could be tackled through conservation agriculture (CA). CA includes minimum
soil disturbance, permanent soil cover, and crop rotation to increase productivity by
improving soil quality (Busari et al., 2015; Rusinamhodzi et al., 2011). In the study area,
sorghum, cotton, and sesame have been produced for a long time conventionally with limited
farm inputs. To maximize crop production there have been Vertisol management practices
and technologies developed by research institutions in Ethiopia. Of the technologies so far
released for the extension system, the popular BBF, camber bed maker, raised bed system and

some other known traditional methods are some to mention.

The research conducted by Latham, Ahn, and Elliott (1987) showed that preparing broad beds
and furrows (BBF) and raised beds (RB) with shallow ditches in between them on Vertisol,
increased the grain and straw yields of the crops dramatically. However, there are few success
stories in the adoption of Vertisol management technologies by small-scale farmers due to the
lack of compatibility of the technologies with the farmers’ socio-economic conditions (Debele
& Deressa, 2016). Therefore, it is high time to test and amend alternatives to existing various
technologies and other experiences from around the world for their effectiveness and ease of

use by the farmers.

Hence, the amendments of excess soil water drainage techniques and CA with stable retention
are required to improve Vertisols' productivity. CA reduces the energy (fuel for machines and
calories for humans and animals) and time required. There is also greater production of
biomass in a system with cover crops and zero or reduced tillage compared to conventional
tillage. In this way, organic matter can be built up in the soil, which has a great influence on
the activity and the population of the micro-organisms. It is believed that such kinds of

research should receive high priority because of the vast underutilized potential of Vertisols
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for crop production. Therefore, the objective of this study is to evaluate the effectiveness of

CA and drainage techniques on the productivity of major crops in the northwestern lowlands.

Materials and methods

The study was conducted at Metema experimental station in the northwestern lowlands of the
Ambhara region in Ethiopia, which is geographically located between 12 17' 31" to 13 5' 40"
N latitude and 36 0' 15" to 36 46' 30" E longitude (Figure 1). The experiment was conducted
in 2017, 2018 and 2019 cropping seasons with sorghum-sesame-sorghum rotation. The test
crop varieties were Melkam for sorghum and Abasina for sesame. The recommended
fertilization for sorghum (100 NPS kg/ha and 150 kg/ha urea) and sesame (65 kg/ha urea)
were applied. The experiment, which has six treatments, was laid out in a randomized
complete block design (RCBD) with three replications and a 5m length by 4m width plot size.

The spacings between plots and blocks were 1.5m and 1.8m respectively.

The spacing between plants and rows for sorghum was 15 and 75cm respectively whereas, the
spacing between plants and rows for sesame were 10 and 40cm respectively. Different
drainage techniques and flatbeds with stable retention and minimum soil disturbance were
compared with local practice. Among the drainage methods, a permanently raised bed (PRB)
and broad bed furrow (BBF) were used to drain excess water. Approximately 30 % of crop
residue was left at harvest on permanently raised beds and flatbeds with minimum soil
disturbance.
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Figure 1. Location of the study area

Soil samples were collected from a depth of 0-20 cm to determine the physicochemical
properties of the soil. Whereas, the soil moisture data were collected within two weeks
intervals throughout the growing season. Soil moisture content was determined using the
gravimetric method by measuring initial weight and oven-dried weight at 105°C for 24 hours
and is defined as the ratio of the mass of water-held soil to the dried soil (Klute, et al., 1986).
Finally, the biological and soil data were analyzed using SAS software and an excel
spreadsheet while the means were compared using mean separation by LSD.

Result and discussion

The results in (Figure 2) showed that the soil moisture contents were significantly different
among treatments where the lowest soil moisture result was obtained at BBF as compared to
the other treatments. It could be because of the timely and orderly removal of excess water
using BBF to improve the growing conditions of the crop. Excess water drainage helps to
minimize the soil water content in the root zones of the plant and thereby crop vyield is
enhanced significantly. Similarly, Debele and Deressa (2016), reported as BBF performed
best in both excess rain and dry spells. It may be due to the provision of effective drainage
during excess rains and it serves as in-situ moisture conservation during dry spells (Ertiban et
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al., 2017; Verma et al., 2017). Whereas, the highest soil water contents were recorded from
local practice and flatbeds without stable retention that was supposed to cause compaction and
excess soil water under high rainfall conditions.
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Figure 2. The mean growing season soil water contents for the experimental years

In this research, the soil's physical and chemical properties were not significantly varied
among treatments except bulk density and organic carbon in the 2018 and 2019 experimental
years respectively. The results of organic carbon and bulk density were numerically improved
compared with the results of the initial year (2017). Generally, in this study, the treatment
variation on soil nutrients was not consistent across the experimental years. Several scholars
argued that nutrients and crop yield improvement could be enhanced by long-term Vertisols
management using CA practices (Pathak et al., 2011). This may require longer-term and more

data monitoring to identify the effectiveness of CA on soil quality improvement.
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Table 1. Soil physical and chemical properties

Years  Treatments Available P Ex. K (cmol  Bulk density
pH (H20) /ppm 0.C% CEC (cmol/kg) (+)/kg) (g/cm?3)
Initial 6.940 2.830 1.200 79.850 0.400 1.32
PRB+MT 7.040 6.716 1.799 62.188 0.342 1.23
PRB+MT+M 6.980 5.264 1.717 65.741 0.383 1.26
2017 BBF 6.750 8.168 1.759 65.398 0.356 1.25
Flat+MT+M 7.240 5.324 1.636 62.916 0.342 1.32
Flat +MT 7.040 5.506 1.718 63.044 0.315 1.34
control 6.700 6.111 1.677 61.118 0.342 1.33
PRB+MT 7.170 3.254 1.294 78.873 0.571 1.12°
PRB+MT+M 7.133 2.868 1.363 78.338 0.516 1.16%
2018 BBF 7.127 3.132 1.475 78.317 0.526 1.17%®
Flat+MT+M 7.303 3.254 1.349 81.313 0.621 1.19%®
Flat +MT 6.943 1.649 1.363 77.732 0.511 1.262
control 6.860 3.030 1.391 80.828 0.516 1.29°
PRB+MT 6.740 2.347 1.373® 72.060 0.437 1.03
PRB+MT+M 6.823 3.417 1.280 71.067 0.453 1.02
2019 BBF 6.820 1.953 1.223° 70.463 0.440 1.14
Flat+MT+M 6.880 1.593 1.250¢ 69.937 0.443 1.07
Flat +MT 7.073 2.010 1.213° 68.787 0.400 1.03
control 7.097 1.650 1.3932 70.157 0.387 1.10

The CA practice, i.e., the combination of the permanent raised bed, minimum tillage and

stable retention, PRB+MT+M resulted in the significantly highest sorghum grain yield

similarly in 2017 and 2019 (Table 2). Sorghum grain yield was improved by 20 to 39.74% as

a result of CA compared with conventional practice in 2017 and 2019 respectively. This yield

improvement could be related to timely removals of excess water, minimum soil disturbance

and crop residue retention. Whereas, the reasons that caused the lowest grain yield obtained

from the local practice, were supposed to be compaction and excess soil water resulting in

restricted air and water movements in the root zones of Vertisols (Abera, Beshir, & Liben,
2020; Liben et al., 2018).
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Table 2. Yield and yield components of sorghum for 2017 and 2019 experimental years

Treatments Plant Height (cm) Head length (cm) Biomass (ton/ha) Grain yield (ton/ha)
2017 2019 2017 2019 2017 2019 2017 2019
PRB+MT 183.33*  190.66 31.90% 27.03 24.192 23.702 5.42% 4.51%
PRB+MT+M 184.10*0  192.33 29.67% 26.73 27.132 23.902 5.622 5.29°
BBF 173.70*  190.67 30.40% 26.97 26.692 20.13° 5.06" 4,23
Flat+MT+M 177.73*  191.33 28.47%¢ 25.77 24.272 23.40% 4.88° 5.13%®
Flat +MT 161.90°  192.66 27.40% 27.43 19.63° 23.43%® 4.76° 4.91%¢
control 172.73%  196.33 26.90¢ 28.00 18.38° 22.77% 3.95¢ 4.16°
CV (%) 3.59 2.9 4.39 6.70 8.52 8.41 9.84 10.86
LSD(0.05) 11.46 10.16 2.35 3.29 3.55 35 0.44 0.93

* Note: PRB+MT is a permanent raised bed with minimum tillage, PRB+MT+M is a permanent raised bed with
minimum tillage and mulch, BBF is broad bed furrow, Flat+MT+M is flatbed with minimum tillage and mulch,
Flat+MT is flatbed with minimum tillage, BM is biomass, GY is grain yield.

Sorghum provides optimum grain yield under deep, fertile, and well-drained soils and is
relatively drought tolerant than soil with excess water. In drainage problematic soils, it is
obvious that soil water status stays above field capacity after effective rainfall (Ertiban et al.,
2017). The plant parameter result showed that the highest plant height and head length were
obtained in 2017 from CA treatments compared with the flat and control beds. Similarly, the
biomass yield in the two experimental years was significantly different between treatments
while the highest biomass (27.13 t/ha) was recorded in PRB+MT+M. The results showed that
the yield parameters are attributed to grain yield as explained in (Table 2). Generally, the
highest grain yield of sorghum in CA plots was supported by the results of plant height, head
length and biomass (Table 2).

Figure 2. Field performances of sorghum at different growing stages

Table 3 revealed that the grain yield, biomass, bearing zone height, and the number of

branches of sesame were significantly higher because of BBF than sesame yields produced by
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other treatments. The results confirmed that excess water drainage through BBF improved
sesame productivity by 46.20% compared with local practice while the recommended
agronomic practices and variety were the same for all treatments. Similarly, Sarkar et al.
(2016) found that 51.67-58.24% sesame yield losses were observed due to 36 hours of
waterlogging and suggested removing the standing water from the field as early as possible to
avoid drastic yield loss from excess soil water. Aslam et al. (2015), also reported as maximum
grain yield was obtained from beds (843 kg ha*) followed by ridge planting (811 kg ha?) than
the conventional method (349 kg ha™). Whereas, Agegnehu and Sinebo (2012), found that
BBF and ridge and furrow (RF) increased the chickpea yield by an average of 45% over the
flatbed.

Table 3. Yield and yield-related components of sesame (2018)

Bearing zone height Biomass GY

Treatments (cm) Number of branches (ton ha') (kg ha')
PRB+MT 65.53% 4,23 5.63%® 1044.31°
PRB+MT+M 64.07%¢ 4.27° 5.7% 1014.35P
BBF 71.87° 4978 6.59° 1138.522
Flat +MT + M 52.20¢ 4.17b% 5.48%® 823.73°
Flat +MT 55.13¢ 3.87¢ 4.81% 825.35¢
Control 56.80b% 3.90¢ 3.35¢ 778.77°
CV (%) 8.25 4.46 17.98 7.95
LSD (0.05) 9.14 0.35 1.72 84.38

Meanwhile, the lowest sesame grain yield was obtained from local practices and flatbeds
compared with other treatments that may be related to excess soil water content. Sesame is
considered a drought-tolerant oil crop and is typically susceptible to harmful effects of
waterlogging that is detrimental to crop survival and grain yield (Dossa et al., 2019; Sarkar et
al., 2016; Terefe et al., 2012). A few hours of waterlogging (lasting over 36 hours) are
detrimental to crop growth, yield, and survival (Dossa et al., 2019). According to Sharaby and
Butovchenko (2019), the ideal soil for sesame cultivation is characterized by good drainage, is

well-ventilated, and is highly fertile to maximize crop yield.
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Figure 3. Field performance of sesame at different growth stages

Generally, most plant parameters and grain yields for sorghum and sesame were significantly
highest from PRB+MT+M and BBF respectively. PRB+MT+M and BBF allow the water to
drain away from the plant root zone and help to reduce the adverse effects of excess soil
water. That is why the highest grain yield was obtained at the lowest soil moisture content
resulting in timely removals of excess water from the root zone. The results of this study
showed that excess soil water drainage has a positive impact on yield and yield-related
parameters of sorghum and sesame. However, the soil's physical and chemical properties were
not significantly improved. Hence, a long-term study of conservation agriculture is needed to

identify the effectiveness of the technologies on soil quality improvement.

Conclusion

The study aimed to evaluate the effectiveness of various drainage techniques integrated with
conservation agriculture. It was conducted for the last three years (2017-2019) as a rotation of
sorghum-sesame-sorghum. The results of this study showed that sorghum production was
significantly varied between treatments while the highest yield was obtained from
PRB+MT+M. Based on the results of two experimental years the grain yield of sorghum was
improved by 20 to 39.74% compared with local practice. On the other hand, sesame
production was enhanced by 46.20 % as a result of surface water drainage using BBF
technology while the recommended agronomic practices and variety were the same for all
treatments. Meanwhile, the highest grain yield (1138.52 kg ha') and the lowest mean value of
soil moisture (38.69 %) were obtained at BBF than other treatments. Whereas, the lowest
grain yield (778.77 kg ha!) and relatively highest soil moisture (43.87%) were observed at the
farmers’ practice. The negative relationship between grain yield and soil moisture confirmed

that surface drainage has a significant positive impact on crop production enhancement under
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high rainfall conditions. However, the soil properties were not improved significantly among
treatments which may be due to the short duration. Generally, to enhance sorghum and
sesame production preparation of raised beds with minimum soil disturbance and broad bed
furrow should be considered accordingly. Furthermore, to identify the most efficient Vertisols
management technique that helps to improve soil quality, long-term Vertisols management is

required.
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Abstract

Soil erosion is the removal of the soil particle from its place of origin through the process of
detachment, transport and deposition. Ethiopia is losing 1.5 billion tons of topsoil with an average
rate of 22.3 tons ha™* yr* The loss of soil is affecting the economy by shortening the life of constructed
dams and reservoirs through sedimentation. The Godebe soil dam, which was built by the Amhara
water works construction organization in Menz Gera woreda for irrigation purposes, has a
sedimentation issue. Therefore, the purpose of this study was to identify the catchment's "hotspot" area
and to estimate the watershed's annual sediment yield as well as the rate at which soil is lost each
year. To accomplish those goals, this study used both primary (soil sample) and secondary data
(rainfall and satellite data for RUSLE parameter generation). The outcome shows that the watershed's
average annual soil loss is 47 tons ha™ yr with a range of 0 to 288 tons ha™* yr. The land along the
main drainage line is identified as an erosion hot spot area of the watershed which contributes about
76.6 % of soil loss from the total area. Additionally, it was determined that the watershed's sediment
delivery ratio was 0.48. With this ratio, the Godebe soil dam received an annual average discharge of
10653.51 tons (8710m3) of sediment. Around 74575 tons (60969 m3) of sediment were transported
and stored throughout the past seven years, beginning on the day the dam became operational for
water harvesting. As a result of this finding, it is advised that the high sediment-producing areas along
the river and the over cultivated land close to the inlet and side bank of the dam deserve considerable
attention.

Keywords: dams, delivery-ratio, Godebe, erosion, sediment yield, topsoil, yield
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Introduction

Erosion is the removal of soil particles from their place of origin through the involvement of
detachment, transport and deposition process of soil particles and aggregate (Kumar, et al.
2015). It is a universally recognized threat to human well-being. Erosion affects the
productivity of the land by removing the uppermost fertile layer of the soil (Suresh 2012). The
Ethiopian highland seriously affected by water erosion for a long time ago. While now a day
its impact reaches a peak level along with more land cultivated to meet the need of the highly
growing population (Hurni 1985). Ethiopia loses 1.5 billion tons of fertile topsoil from its
highland area which can add 1-1.5 million tons of grain to the county’s product (Taddese
2001). Specifically, (Desalegn, et al. 2018) reported that the soil loss of the central highland
of the country ranges from 0-291 ton ha® yr! with an average of 22.3 ton ha yrt. In the
Ethiopian highland, the sediment mobilization from cultivated land causes serious land
degradation (Guzman, et al. 2013). As it is difficult to quantify and mapping of soil loss in a
traditional way most researchers commonly use the USLE (Wischmeier and Smith 1978), and
RUSLE (Renard and Freimund 1994) empirical erosion models as predictive tools for hotspot
area identification of the watershed.

Sedimentation is the process of settling down of the particles carried out by water while
sediment yield is the total amount of eroded material delivered to the specific point under
consideration (Suresh 2012). This is mainly dependent on soil loss rate and transportation
mechanism (Kumar, et al. 2015). The fragmented soil particle and other materials transported
by water, wind, and ice are deposited when the transporting agent dissipates its energy of
transportation and when the slope becomes flat. The total eroded soil was not delivered to the
dam. Some of the eroded soil is deposited on different parts of the catchment area and the
other is directly delivered to the dam. The scholars develop the sediment transport efficiency
which is called the sediment delivery ratio. It is defined as the amount of sediment detached
and transported directly to the catchment outlet compared to the total amount of soil that is
detached over the area of the catchment above the common outlet. The sediment delivery ratio
is directly related to the catchment area (\Vanoni 2006). Direct estimation of sediment yield is
difficult due to its complexity (Kumar, et al. 2015). As the scholars reported (\Vanoni 2006)
sediment yield can be estimated using the correlation of sediment delivery ratio which has a
direct relation with the watershed area and total soil loss of the watershed.

The delivery of sediment from its place of origin can have on-site and off-site effects. The
sediment accumulation affects the reservoir's lifetime and water-holding capacity. In Ethiopia,

many dams are constructed for domestic and irrigation purposes. On the other hand, the
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catchment area of the dam is also cultivated including a steep slope. This causes siltation is
the main problem of the dam constructed in Ethiopia. Ayigebir watershed is ecologically not
conserved. Most parts of it are covered by cultivated land without enough soil and water
conservation practices. Due to this the soil depth, soil fertility and productivity have decreased
from year to year even though a high amount of artificial fertilizer has been applied. There is
an indicator on the land for the availability of sheet and rill erosion which are not easily
detectable by farmers.

The study was conducted at the Ayigebire watershed which is one of the most erosion-
susceptible watersheds in Menz Gera woreda. Most parts of the study watershed is covered by
cultivated land which does have not enough soil and water conservation measure. Because of
this reason, there are lots of erosion indicators such as sheet, rill and gully erosion. At the
outlet of the study area, there is a soil dam that covers 12.67 ha from 484.9 ha of the
watershed area which is called the Godebe soil dam. The dam was constructed by Amhara
water works construction enterprise from 2010-2014. For four years and based on the
information gained from Menz Gera Midir woreda agricultural office. The dam is installed
for irrigation purposes for around 378 households on 68 ha of land. This dam faces severe
siltation problems due to the high amount of soil erosion brought from the upper reaches of
the watershed. So identification of erosion hot spot areas and estimation of yearly sediment
yields of the watershed is essential to sustain the design life of the reservoir and for protection

of the watershed, from severe erosion.

In this regard, this research aimed to locate areas of the watershed that produce the most
sediment per year delivered to the dam and to quantify the amount of soil loss using the
RUSLE model and Arc GIS software.

Materials and methods

Description of the study area

The study was conducted at the Ayigebire watershed which is located in the southern parts of
the Amhara region of Ethiopia. The watershed is 152 km far away from Debre Birhan city
which is the capital city of the north Shewa zone. The elevation of the study area varies from
3160-3437 meters above mean sea level and is located between 39° 42' 40''to 39° 45'
32""longitudes and 10° 20'18" to 10° 21" 14" latitudes geographical coordinate.
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Figure 1: Location map of the study area

The region receives 923.2 mm of rain on average yearly. According to the rainfall statistics,
the watershed has a bimodal rainfall distribution between the two crop seasons in 2016 and
2019 (Belg and main season). The main season was seen between July 2016 and August 2019,
whereas the maximum rainfall record for the Belg season was observed between April 2016
and March 2019. The watershed's minimum and maximum average annual temperatures are
7.51 °C and 18.9 °C, respectively.

The watershed covers a 484.9 ha area. The dam (water body) covers 2.6% of the watershed
with 79.8% cultivated land, 13.83% grassland, 2.14% bare land, 1.29% forest land and 0.23%
bush land. The forest and bush lands are mainly covered with Eucalyptus globules and Asta
(Erica arborea L. (Ericaceae) respectively.

About 38.4 percent of the watershed area has 10-20 % slope class followed by 19.2% and

17.5 % area coverage of the watershed exhibits 20-30 and 5-10 percent of slop class
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respectively. On the other hand, 30-50, 0-5 and >50 percent slop classes have 13.1, 6.9 and

4.9 percent of the area coverage of the watershed respectively.

Barley, Fababean, lentil and potato are the main crops produced within the watershed.
Cultivation activity is mainly held in the main season (summer) and sometimes in the Belg
season within the wurchi agro-ecology zones of the watershed which are located in the
northeast parts of the watershed. In Belg season barley is the only crop produced in the
watershed. Plowing frequency in the watershed varies depending on crop type; usually, it is
three times for barley and two times for fababean and potato, but there is no plowing for lentil
production before sowing. The main objective of plowing is to minimize weed population and
improve soil aeration. About 55.5%, 26.7% and 17.8% portion of the watershed are

dominated by Loamy, silt and Sandy soil textural class respectively.

Cattle, sheep, goat, donkey, hoarse and chicken are the main domestic animals reared in the

study area. Crop residue, hay and natural grazing are the main sources of animal feed there.

Data collection and analysis

The secondary data (rainfall data and satellite images) were collected from different
governmental and non-governmental organizations. On the other hand, a soil sample was
collected for soil erodibility analysis; and consecutive field observations were carried out with
the help of GPS to gather and generate information regarding the ground truth for image
classification and accuracy assessment. Data analysis and processing were done by digitizing,
classifying, calculating, and overlaying the necessary information of each thematic layer using
GIS software. The conceptual framework followed during the life cycle of this study was
illustrated in the chart (Fig. 2)
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Figure 2: Conceptual framework chart of the study

Generation of RUSLE factors
The annual soil loss was calculated by overlying all six RUSLE factors in a raster format

using a raster calculator in GIS software.
A=R*K*[s*C* P (@)

Where, A = mean annual soil loss (tone ha year?), R is rainfall erosivity factor, K is soil
erodibility factor, Is is slope length and steepness factor, C is land use land cover factor, P is

land management factor

Rainfall erosivity (R) Factor
The daily recorded rainfall data on the nearby station (7 km from the watershed) which were

obtained from the east Amhara metrological information center were used to generate the
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rainfall erosivity factor (R-value). The daily rainfall data were summarized to get mean
annual rainfall and then the rainfall erosivity factor was calculated using the formula adapted
for Ethiopia (Hurni 1985).

R =-8.21+0.562*P 2
Where R is the rainfall erosivity factor and P is the mean annual rainfall.

Soil erodibility (K) factor

Soil erodibility is more sensitive to soil texture and organic matter content because of its
ability to govern the permeability, infiltration rate and structural stability of the soil (Suresh
2012). Based on land use and slope variability the watershed was divided into several strata.
From all strata, 120 soil samples were collected. All sampling points were geo-referenced
using handheld GPS. These representatives collected soil samples were delivered to the soil
laboratory for soil texture (sand, silt, and clay) and organic carbon (OC) analysis. Depending
on the soil texture and OC content of the soil K factor was calculated using the following
equation (Williams 1975).

Kysie = Kw = fr:sand * fci—si * fm‘gc * fhisand 3

Where: fcsang is a factor that lowers the K indicator in soils with high coarse sand content and
higher for soils with little sand, fcisi gives low soil erodibility factors for soils with high clay-
to-silt ratios, forge reduces K values in soils with high organic carbon content, while fhisand

lowers K values for soils with extremely high sand content:
Finally, a k-factor map of 20m resolution was developed using ordinary kriging interpolation

Slope length and steepness (Is) factor

The Is factor shows the effect of topography on erosion, which is proportional to the length
and steepness of the slope. To get the Is factor ASTER DEM having a 20-meter resolution
was processed in Arc Map to generate flow accumulation and slope gradient. Finally, the
factor was computed using a raster calculator in Arc Map using the equation derived from
Griffin, et al. (1988).

LS=POW [(flow accumulation) *cell size/22.1, 0.6] *pow [sin (slope)*0.01745/0.09, 1.3 (4)

Land use land cover (C) factor

The C factor is directly related to the land use land cover class of the study area. The land use

map has been generated manually from Google earth. To avoid incorrect land use
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classification accuracy assessment was done by maximum likelihood algorism using recorded
GPS points as a reference on each land use class in addition to a detailed field survey and the
researcher gained 91.6% of the land use was accurately classified.

Finally, corresponding C-values were developed in a raster format having 20m resolution
after assigned cover factor values for each land use class proposed by (Hurni 1985).

Management practice (P) factor

The p-factor was assigned using major land use and slope interaction adopted by(Wischmeier
and Smith 1978).

Estimation of sediment delivery ratio

The sediment delivery ratio is the efficiency measurement of sediment transport of the
watershed. All the detached soils are not transported to the outlet of the watershed; some of
them are deposited near the eroding source. The sediment delivery ratio accounts for the
amount of sediment delivered to the outlet compared to the total amount of soil that is
detached throughout the watershed. In this research, the sediment delivery ratio and the total
amount of sediment that was transported and reached from eroding sources to the reservoir

were estimated using the relationship developed by (Mockus 1964).
Spr=0.5656*Aw 01! (5)
Sv= Sor*A (6)
Where: Spr=sediment delivery ratio
Aw=Area of the watershed (km?)
Sy = Sediment Yield (t/halyr.)
A= soil loss (t/ha/yr.) obtained by the RUSLE model

Estimation of the total sediment in the dam

To estimate the volume of sediment stored in the dam converting the gained mass of the
sediment into volume units by determining the bulk density of the sediment is the first step.
But practically taking soil samples for bulk density analysis from the sediment stored within
the dam is difficult. To overcome these challenge different scholars, develop different bulk
density estimation methods of sediment stored within the dam based on the proportion of soil
separates derived to the dam from their place of origin and their duration within the dam.
Scholars state that the bulk densities of the deposits vary with the proportion of soil separates
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and type of reservoir operation (exposed or submerged sediment deposits) and the
consolidation period (Rijn 2013). Based on data from reservoirs they derive an expression for
the initial (at t=0) bulk density as:

Pbulk=PclayPclay+PsiltPsilt+PsandPsand @)

Where: p=percentages of clay, silt and sand in sediment deposits; but the values of pclay,

psilt, and psand are given in (Table 1.)

Table 1. The initial density of soil texture adopted from (Rijin, 2013)

Reservoir Initial(t=0) Compacted after time t

type Pclay (kg/m3) Psilt (kg/m3)  Psand (kgym3)  Pelay,initial;K Psilt,initial;K Psand,initial;K (kg/m3)
(kg/m3) (kg/m3)

Always 415 1120 1550 480 K=255 1040 K=90 1550 K=0

submerged

After generating the initial bulk density of the sediment its bulk density after T years of
compaction due to later deposits was also estimated using the following formula (Rijn 2013).
Pbulk=Pinitial+KIog(T). )

Where, p initial= initial bulk density, K= coefficient, T=time (years)

Standing from a yearly and cumulated bulk density of the sediment stored in the dam total
sediment yield in metric tons was converted to the volume of soil in m® units. Finally, the

volume of the dam occupied by sediment was evaluated.
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Results and discussion
Result of RUSLE factors
Rainfall erosivity (R) Factor

The watershed's erosivity factor was found to be 483.3 MJ.ha*hly, Due to the similarity in
the watershed's rainfall pattern, the erosivity factor is the same for all grids. The erosivity map

of the watershed is illustrated in the (Figure 3).
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Figure 3: Rainfall erosivity factor map of the study watershed
Soil erodibility (K) factor

The soil of the study watershed has an organic carbon value between 0.6 and 3.1. The North-
East side of the watershed produced the highest amount of soil organic carbon. The Guassa
community protected area borders this side of the watershed; this might be the reason that this
area of the watershed has soil with a loamy texture and high levels of organic carbon. The
southwest side of the watershed, on the other hand, had a lower organic matter level.
Compared to the North-East side of the watershed, this side is primarily used for agriculture
and has sand-textured soil as its predominant soil type. The soil erodibility factor values for
the watershed were developed after the spatial overlaying of the texture and organic carbon
map of the watershed, and they were found to range from 0.123-0.190 according to equation

3. Although it has a clay texture soil, the northwest and southwest regions of the watershed
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have the highest soil erodibility due to their low organic carbon contents. In contrast, the
watershed's western and eastern edges, where a dominating loam soil texture and a loam

textured soil with high organic carbon content, had the lowest soil erodibility values.
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Figure 4: soil erodebility Factor Map

Slope gradient and length (Is) factor

Based on the equation 5, the Is factor of the watershed has a value ranging from 0- 29.5 was
generated using watershed slope steepness and flow accumulation. The result shows that Is
factor has mainly affected the western part of the watershed along the drainage line.
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Figure 5: Slope steepness and length (Is) factor map

Land use land cover (C) factor

The study area was classified into six land use type using Google earth manually with the
strong ground survey and the crop management factor assigned for each land type is presented
in (Table 2).

Table 2: C-factor value of the watershed adopted from Hurni (1985)

Land use type Area-ha Coverage (%) Corresponding C value
Cultivated land 386.97 79.8 0.15
Grassland 67.06 13.83 0.03
Reservoir 12.67 2.61 0
Bare land 10.38 2.14 0.05
Forest land 6.25 1.29 0.01
Bushland 1.55 0.32 0.01
Total area 484.9 100

Based on the assigned crop cover factor value the C-factor map was generated to make it

suitable for the final overlay.
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Figure 6: Land use land cover (C) factor map

Management practice (P) factor

The watershed was stratified into six land uses and slope classes. Next to slope and land use
classification P-factor values of 0.1,0.1,0.14,0.19,0.25,0.33 were assigned for cultivated land
use type with slope class of 0-5,5-10,10-20,20-30,30-50 and >50 respectively. On the other
hand bush, grass, forest and bare land uses were not considered individually but grouped into

other land uses and P-value 1 was assigned to all slope classes.

Table 3: P-factor value of the watershed adopted from Wischmeier and Smith (1978)

Land use type Slope (%) Corresponding P-value
Reservoir 0 0

cultivated land 0-5 0.1

cultivated land 5-10 0.12

cultivated land 10-20 0.14

cultivated land 20-30 0.19

cultivated land 30-50 0.25

cultivated land >50 0.33

other land use All 1
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Figure 7: Management practice (P) factor map

Estimated soil loss from the watershed

The spatial distribution of annual soil loss of the study watershed was significantly varied and
ranges from 0-288 tons halyr? according to the equation. It was 0 on the water body (dam)
and 288 tons ha yr' on the land along with the main river. The average annual soil loss of the
watershed was found to be 47 tons ha yrt. This result is in line with the soil loss rate
reported by other scholars (Gelagay 2016) is 47.4 tons hat yr! in the case of the Koga
watershed in the upper Blue Nile of Ethiopia similar to the finding of (Tesfaye and Tibebe
2018), i.e., about 62.98 tons hayr?! at Gilgel Gibe-1 catchment, southwest Ethiopia but out
of the range of the finding of (Yesuph and Dagnew 2019) 37 tons ha® yr! at Bashillo
catchment of Blue Nile basin in Ethiopia. On the other hand, the result of this research
showed that the watershed is two times more vulnerable than the finding of (Desalegn, et al.
2018) which is 22.3 tons ha® yr?! at Andit Tid watershed in the central high land of Ethiopia.
In contrast to the finding of this research, (Brhane and Mekonen 2009) and (Tiruneh and
Ayalew 2015) reported 9.63 and 4.81 tons ha™ yr? soil loss at the Medego watershed in
northern Ethiopia and Enfraz watershed in highland Ethiopia respectively. The annual soil
loss of the watershed is 22194.81 tons yr ™.
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The land along the drainage line is identified as an erosion hot spot area of the watershed

which contributes about 76.6 % of soil loss from the total area, even though 58.8% of the soil

loss arises from the lower parts of the watershed along the main drainage line which is fall

under a very sever soil erosion class as adopted from(Gelagay and Minale 2016). This is due

to the nature of the dominant sand texture class with a low organic carbon content that is

responsible to make the soil well-structured and makes resistance to erosion.

Table 4: Soil loss Summary of the watershed

Soil Iqss rage Average soil _erosion Area (ha) Areain total soil % of soil loss
t ha'lyr?! soil loss  severity Class % loss t ha-1yr-1
0-7 35 Low 466.6 96.4 1633.1 1.2
7-15 11 Moderate 9.48 2 104.28 3.7
15-25 20 High 3.84 0.8 76.8 6.8
25-45 35 Very high 2.6 0.5 91 11.8
45-60 52.5 Sever 0.6 0.1 315 17.8
>60 173.8 Very sever 1.08 0.2 187.704 58.8
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Estimated sediment delivery ratio

The sediment delivery ratio of the Godebe watershed is 0.48. This shows that almost half
(48%) of the eroded soil reaches the dam and 52% of the eroded materials are re-deposited
within the watershed. The result strongly disagrees with the finding (Gelagay 2016) in the
Koga watershed. This result may be due to the small drainage area (484.9 ha) of the
watershed, and the homogeneity of the watershed to land use, topography, and soil (\Vanoni
2006). For example, 79% of the watershed is covered by cultivated land use, 89.8% of the
watershed exhibits a 0-5% slope, and also the watershed exhibits a short distance to the main
drainage line having a slope of (4%). With this, the sediment delivery ratio which is the
amount of sediment delivered and reached the dam was found to be 22.56 tons ha* yr* based
on equation 6. This result strongly agrees with the finding of (Setegn, et al. 2010), i.e., 24.6
tons ha? yr! sediment yield in northern Ethiopia. On the other hand, the result strongly
disagrees with the finding of (Haregeweyn, et al. 2008) which was 9.89 tons hayr? and
determined using 11 reservoirs in the northern part of Ethiopia.

Estimated sediment yield

Every year, the Godebe soil dam receives an average of 10653.51 tons (8710 m®) of sediment.
Approximately 74575 tons (60969 m®) of sediment have been supplied and stored during the

past seven years, beginning on the day the dam became operational for water harvesting.

Conclusion and Recommendation

In this study, the RUSLE model was applied for annual soil loss rate estimation. Based on the
model the annual soil loss rate of the watershed was found to be 47 tons hayr. On the other
hand, the sediment delivery ratio was also found to be 0.48. With this sediment delivery ratio,
10653.51 tones (8710 m®) of sediment were delivered and stored in the dam yearly and 74575
tones (60969 m?®) of sediment was delivered and stored within the last seven years. That
information leads to the conclusion that the watershed is highly vulnerable to erosion.
Consequentially, the sediment delivery ratio and sediment yield delivered to the dam are also
high. This implies that the watershed is highly degraded and short life expectancy of the

reservoir due to this high siltation.

Based on our finding, in order to minimize the rate of soil erosion and the amount of sediment
yield delivered to the dam we recommend that (1) soil erosion hotspot area along with the
main drainage line as observed on the map should be given a serious attention for the
immediate and appropriate soil and water conservation measure implementation; (2) 79.8 %

of the watershed is covered with cultivated land on which soil is easily disturbed, detached
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and transported by rainfall runoff, ploughing and cultivation, hence attention should be given
to implement any activities that minimize soil disturbance and implementation of soil and
water conservation measure that can capture the transported sediment; (3) awareness about
proper land management for the farmers who are done their cultivation and ploughing
activities very closes to the reservoir should be delivered; and (4) the overall construction of
the reservoir that was done by Amhara water works construction enterprise is without any
feasibility study document (irrigation design document, catchment area, socioeconomic
feasibility study document) has been reserving in the woreda agricultural office who has been
administer the Godebe soil dam. The construction enterprise should conduct detailed
feasibility studies and management document to the office that make fellowship and
administer the dam.
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