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Abstract
Phosphorugs the second yield limiting nutrient nextrtiorogen inthe major maizgrowing areaof west

Ambhara, Ethiopia Hence efficient management of P nutrient is criticafigquired A field experiment

was conducted foris years (2014019) on permanent fields to develop phosphorus requirement
equationto recommend P fertilizer based on soil tessults forimproving maize (Zea mays L.)
productivity. The experiment was started by creating different artificial phosphorus gradient fields in the
first 2 years (2014015). For the two consecutive croppingays (2018019), 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 k§ Randomized complete block design (RCBD)
with 3 replicatons were used. All treatments received equal levels of N, K and S fertilizers in all gradient
fields through the cropping years. Urea, Triple SupPlépbsphate (TSP), Muriate of Potash (KCI) and
Calcium sulfate(CasS04) were used for N, P, K and S fertiligeurces, respectively. Improved maize
variety (BH540) 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, 1/3-45 4lays after
plarting 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 aBOcm depth and selectelemical soil parameters (pH, SOC, and
available P) weraanalyzed aAdetAgricultural Research CenteAQRC) soil laboratory. The yield and

yield components such as plant height, grand biomass yield of maize showed a highly significant
GLIITHUHQFH S” DPRQJ WUHDWPHQW PHDQV GXHchawhgd GLIIHUF
combinedyears Soil phosphorus values also showadreasing trend as the applied phosphorus amount
increased within the defined treatments. Finally, 8 mgdigoilP was determined as phosphorus critical
point (Pc) and 17.3 phosphorus requirement factor (Pf) values were obtained froipeavezombined
analysis result using the Cabtéelson graphical mébd. 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 valtiateer the
developed equation is economically acceptable or not.
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Introduction

Maize is one of the three most important ceréalswing wheat and rice for food security at the
global level and very important in the diets of the poor in Africa and Latin AméBekeleet

al., 2011and FAOSTAT, 2010) In many developed countries and the emerging economies of
Asia and Latin America, maize is increasingly fgeiused as an essential ingredient in the
formulation of livestock feedBekele et al, 2011) In Ethiopia, maize is the most widely
cultivated cereal crop with 16% area coverage, 26% production potential amdli®5 tons of
production(CSA, 2014) Estimated average yields of maize for smallholder farmers in Ethiopia

is about 4.2 tons ha(Kiflemariamet al., 2022) To solve soil fertility problems and maximizing
maize yield, differat research activities have been undertaken in Ethiopia using various fertilizer
sourcegBirhanet al.,2017)

However, sil fertility depletionbecame critical challenge fonaizeproducton in Ethiopia.To
reversethe situation and advices bestriicommendationBr small holder farmersnonitoring

and frequent reviewing of soil fertility status are important Ethiopia nitrogen (N) and
phosphorus (P) are the most yield limiting soil nutrieffiadéleet 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 plaigsery low due to its high
fixation capacity in the so{Balemi and Neigho, 2012)

One of the best nutrient recommendations is to calibrate and validate the nutrient requirements
using long term experimental dabtdutrient calibration is a means of establishing a relationship
between a given soil test value and the yieddponse 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
nutrientrecommendationgMcKenizie and Kryzanowski, 1997)It enables to revise fertilizer
recommendations based on soil and crop types, pH and soil maistiest 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 yiel@&etachew and Berhane, 204:3d(Getachewet al.,2015)

However for P calibration and validationdetermination of soil P critical and soil P requirement

factor values for major crops at major agro ecology and soil tigre¥Vestern Amhara is
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lacking Hence to bridge this gapAdet Agricultural Research Center (AARC) proposed a4ong
termsoil testbased and sitspecificP calibration study under balanced fertilization for maize on
Nitisols.Therefore, the objective of this research weredevelop P calibrain equation and

recommendations of P fertilizer requirement
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Phosphorus calibration study
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Figurel. 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 weaieert from each artificially createlbw,
medium and high P containirfgeld with the depths A5cm. All the collected composite soil
samples were subjected for some chemical soil analysis (soil pH, SOC, available P). Following
Landon (1991) available Ralue for initial soil was under low ratting level (3.3 P mgtkg
(Table 1). Similarly, artificially created fields were classified as low (<5 P mi, kgedium (5

15 P mg k¢f) and high (>15 P mg Ky categoriesafter 2015 cropping seasofherefore, from

the total of 16ubsub plots 3 were in low category, 9 were in medium and the remaining 4 were
in high category and we consideredgglicationgTable 2).

Similar to gradient formation years, during experimentation period soil samples were collected
continuously from each piece of plot at a depth58m before the next crop planting. Ale sampled
VRLOV ZHUH DLU GULHG DQG VLHYHG 7" PP IRU DQ@O\VLV RI
pH-H20 was determined in seiater suspensions of 1:2:&tios according to Tayet al. (2002)

while, AP was analyzed usin@lsen, 1954and SOCwas alsodetermined following (Nelson

and Sommer, 1982hethod.
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Tablel. Initial soil data valuesf the fourP gradient fields (2014)

P gradient fields (2014)
Initial  Zero (0 kg hd Half (57.5kgha Full (115kghd Double (230 kg h&

Soil parameters

P,Os) P,Os) P.Os) P.Os)

pH- HO 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

Table2. Soil data valuegor each P gradient field in the smad year (2015)

Saoll P gradient fields (2015)
Paramelers ;7 zH zF  zD Hz HH HF HD FZ FH FF__FD DZ DH DF DD
pH-H,O0 550 558 5.64 551 5.66 5.72 5.64 561 5.78 563 555 541 564 558 558 5.30

Ava.P (Ppm) 4.08 5.31 855 16.52 5.05 4.01 7.19 9.65 4.59 6.99 14.38 16.00 7.64 8.35 18.4021.32
SOC (%) 1.3841.1651.321 1.137 1.3191.5141.5371.3111.4021.3761.277 1.341 1.4041.2601.7041.521

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 Ghlelson graphical nteod where soil P values
were put on the >axis and the relative grain yield values on theax¥s. The Catéelson
graphical method was divided the¥XKscatter diagram into four quadrants and maximizing the
number of points in the positive quadrants whii@imizing the number of points in the negative
guadrantgNelson LA and RL Anderson, 1997)

Steps for CateNelson graphical methods foPc determination:

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

the formulas indicated below.

] ) Yield from each unit
Relative yield percentage (RYP)=

Maximum Yield *100....... qu

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

3. The scatter diagram of relative yield percentageax¥) versus soil test ua (X-axis) is

plotted on arithmetic paper. The range in values on thgi¥'is 0 to 100%.
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4. A piece of clear plastic having roughly one and-ba# the dimensions of the graph is cut
out for use as an overlay. A pair of intersecting perpendicular lindrsven on the overlay
with black ink in such a way that it is divided in to f@uadrants
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 poiowgrghthrough 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 wrépd 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 crossestheD{LV LV GHILQHG DV uyFULWLFDO VRI

Determination of P requirement factor (Pf)

Phosphorus requirement factor is the amount of P in kg needed to raise the sil Rdkg!
soil when the initial soil available B below the Pc value. It was calculated using available P

values in samples collected from unfertilized and feed 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 differenc S ” DPRQJ WUHDW
means due to the applied phosphorus fertilizer rates thrbatfhthe cropping years and the
combination of thewo cropping seasons. Including the combined mean result, minimum plant

height means in each year was recordetead 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 treatmentaximum plant height was observed whenFs@g

ha' phosphorus feilizers was applied (Table 3).

In contrasto SODQW KHLJKW HDU OHQJWK RI PDL]H GLGQYW VKRZ
treatment means. In this parameter, we observed an irregular trend of earalegity the
treatment mea(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 Yearcombined 2018 2019  Yearcombined
0 190.5 209.8 200.2 17.5 18.5 18.0
10 196.3 212.8 204.5 17.5 18.7 181
20 197.3 219.6 208.5 17.8 18.8 18.3
30 197.5 220.8 209.1 17.4 18.4 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 53 4.9 0.5 05 0.4
Pr. *x *x *x 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
S’ DPRQJ WKH WUHDWPHQW PHDAQ ViliZexsHn &dé¢h doppiigD SSOL F
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 owsar combined resuliThe 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 Ry ha! (Table 4). Similar to the grain yield valughe minimum maize
biomassyield was recorded on the control treatment (zero P imp@ch cropping years as well
as in combined resulEurthermore maximum biomass yields were also obtained at treatments
received 50 and 60 IRy ha' in 2018 and 2019, respectiveljable 4)

Table4. Response of the applied phosphorus fertilizer on maize grain and biomass yields

Grain yield (kg) Biomass yield (kg)
Treatment
2018 2019  Yearcombined 2018 2019  Yearcombined
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 74141 7482.9 18259.3 24201.4 21230.3
40 7489.5 76415 7565.5 17546.3 24171.3 20858.8
50 7574.3 7792.8 7683.6 18652.8 24745.4 21699.1
60 7747.0 77547 7750.9 186065 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. ok * * % % *
CV(%) 15.3 13.6 14.6 18.6 12.9 20.6

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

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

cropping years as well as tinecombired years resulHowever, when we compare across years,
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2019 available P values showed slightly a decreasing trend from 2018wbg&ih might be

happened due to climatic variations (Figure 2).

Over-year and each croping season available soil P values
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Figurell Applied P verses available soil P values for two trial seasons and combined oser year

The critical P concentratiorP¢) values were determined froret scatter diagram drawn using
relative grain yields of maize and the corresponding soil test P values for all P ek

hal). Based on the Cafdelson Pc determination methodPc values in 2018, 2019 and over
year combined were 7, 8 and 81/ kg, respectively (Figure 3) which is by far different from

the findings reported byYihenew 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 elewatithe soil P to the required level. This is the P
requirement factorRf) which is defined as the amount of P required to raise the soil P by 1 mg
kg'soil and computed from the difference between available soil test P values from plots which
received (@60) kg P ha using the formula indicated at (Eq 2). Therefore in the study, calculated
Pf values in 2018, 2019 and their owear combinedresults were 14.7, 16.3 and 17.3,
respectively (Table 5).
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Figurel2. CateNelson grahics for Pc values determination. The point on arrows indicates Pc

for maize on Nitisols
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Table5. Thetwo years and oveyear combined phosphorus requirement factors (Pf) values on maize

P (kg 2018 2019 Overyear 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 3.39.6 6.40 2.0814.83 6.35
10 2.7-14.4 6.98 0.9 11.0 4.69.9 6.71 0.6 15.6 2.6514.43 6.84 0.6 17.2
20 3.018.3 7.72 1.7 12.1 48109 7.44 14 14.6 3.0318.29 7.58 1.3 15.2
30 3.017.8 8.33 2.3 13.3 46128 8.15 2.1 14.4 2.9717.75 8.24 2.0 15.2
40 3.519.3 8.48 2.4 16.6 5.1-:13.5 8.18 2.1 19.0 3.4729.30 8.33 2.1 19.3
50 4.0-20.6 9.33 3.3 15.3 5.1-:23.6  9.28 3.2 15.6 4.01.823.0 9.31 3.0 16.4
60 3.221.7 9.05 3.0 20.1 5.7-16.1 9.34 3.3 18.3 3.1421.66 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 studyprovided acceptablec and Pf values which could helgersas a baseline for setiést

crop response based phosphorus fertilizer recommendatiamcfeasing maiz@roductivity on
Nitisols in North West Ethiopia after a validation study done. In this study, the yield and yield
components such as plant haiggrain and biomass yield of maize showed a highly significant
GLIITHUHQFH S~ DPRQJ WUHDWPHQW PHDQV GXH WR GLI
both individual and over years combined analysis.

Soil phosphorus values also showed an overalteasing trend due to the accumulation of
applied phosphorus amounts over years. Finally, 11.5 P MdPkgand 23.8 Pf values were
obtained from oveyear combined analysis resulising these two important values, it is better

to do a verification studgn 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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