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ABSTRACT
Received: August 23, 2024 Crop production has several biotic constraints, including soil nutrient
Revised: October 25, 2024 depletion in Ethiopia. Understanding crop response to different
Accepted: December 20, 2024 nutrient types is required to determine the right fertilizer source for
Available online: December 29, 2024 different soil types. Therefore, this experiment was conducted to fine-

tune fertilizer sources and identify the yield-limiting nutrient of maize in
Keywords: Fertilizer, Nitrogen, Northwestern Ethiopia. Nutrient omission trials were implemented at
Limiting, Phosphorus, diverse farmers’ fields. The treatments were composed of four omitted

nutrients such as K (NPSZnB-K), S (NPKZnBI-S), and Zn (NPKSB-Zn),
and B (NPKSZnl-B), control which is no added nutrient, three
NPKSZnB treatments from a single source of fertilizer, blended with K
split and without split which are denoted by All-1, All-2 and All-3.
Additionally, both N and P were added as one treatment (positive
control) which gives a total of nine treatments. Applied nutrients
significantly affected grain yield across locations and soil types. Both
mixed and fixed model analysis of variance was performed for each site
and across location yield datasets Maize grain yields ranged from 0.2
t0 2.8 t ha' from the control treatment. In Vertisols, applying NPKSZn-
B nutrients increased yields to 8.6 t/ha. The mean grain yield increased
by 5.8 t ha' in Nitisols and 7.8 t ha in Vertisols with NP nutrient
application. Without NP nutrients, yields dropped by 94% in Vertisols
and 70% in Nitisols. Grain yield did not significantly vary due to
applying different forms of fertilizers. We can conclude that, both
nitrogen and phosphorus were the major yield-limiting nutrients in
study districts. Therefore, we suggest right nutrient at site-specific rate
to improve maize productivity in the study areas and similar
agroecologies of the farming system.
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1. INTRODUCTION

Maize is the most staple food crop among cereals
in Ethiopia. It requires a large amount of nutrients
(Aguiar et al., 2023). The production of maize has
been increasing in area and productivity, along
with production inputs. However, the current
application of fertilizers in the mixed farming
system has not yet minimized the yield gap. The
major reasons are including to soil heterogeneity
(EthioSIS, 2016; Aliyu et al., 2021; Tadele et al.,
2022), soil nutrient depletion (Haileslassie et al.,
2005; Tilahun et al., 2023), unresponsive soils to
the applied different fertilizer types and climatic
fluctuations (Tilahun et al., 2023). The decline of
soil nutrients supply are among the main
constraints of low maize yield (Arvind et al., 2021;
ten Berge et al., 2019). Since soil nutrient depletion
adversely affects agricultural productivity and soil
fertility, it may be an issue for global food security
(Tan et al., 2005).

Crops have been responding differently to applied
fertilizers (Birhan et al., 2017). Maize yield,
nutrient uptake and yield-limiting nutrients vary
with soil types, environment and, management
(Kolawole et al., 2018). Inadequate information
about soil nutrient status could cause a mismatch
between fertilizer applications and soil nutrient
deficiencies for smallholder farmers (Kibrom et al.,
2021). The use of fertilizers has been crucial for
boosting agricultural productivity, crop production,
and food security (Prem et al., 2015). To develop
site-specific fertilizer recommendations needed by
considering  soil  fertility status, farmers’
affordability, and environmental conditions, and
determining yield-limiting nutrients is required
(Kenea et al., 2021). Thus, understanding the
factors affecting soil fertility that limit crop output
is crucial for formulating effective
recommendations for managing soil and nutrients
(Job et al., 2016). In this study, different fertilizer
forms are affects the efficiency of each nutrient
uptake and investigate the effectiveness of different
fertilizer types. The hypothesis tested was that
applying various fertilizer forms could improve
maize yield. Determining the right nutrient type for
different soil types and agro-ecological zones is
needed. Yet, the response of maize to applied
different nutrient types has not investigated in
Takusa and Alefa districts of Ethiopia. Thus, we
conducted this study to fine-tune the source and
form of fertilizers application and to identify the
yield-limiting nutrient in the study areas.
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2. Materials and Methods
2.1 Experimental location and design

Nutrient omission trials to identify yield-limiting
nutrients were implemented by randomly selecting
the farmers’ fields in Takusa and Alefa districts
(Figure 1). Both Nitisols and Vertisols were
included during site selection. The Alefa and
Takusa soils, part of the agricultural landscape in
the Tana Basin of Ethiopia, exhibit a range of
physicochemical properties that are crucial for
farming and environmental sustainability. The soil
properties indicates that a mean of pH level of 6.67
in the of study locations, which is slightly acidic
and generally suitable for a wide range of crops.
The availability of phosphorus is reported with
7.71 mg kg-1, along with a total nitrogen
percentage of 0.125, this suggests moderate
fertility. The mean organic matter content of study
areas 1s at 2.23%, which can enhance soil structure
and fertility. The cation exchange capacity is quite
high at 52.323 Cmol/kg of soil, indicating a good
potential for nutrient retention. The soil texture is
predominantly silt, followed by clay and sand,
classifying it as clay loam to heavy clay. This
texture is typically good for water retention and
nutrient supply but may require proper
management to ensure good root penetration and
air circulation.

Understanding soil characteristics is vital for
effective soil management and ensuring sustainable
agricultural productivity in Ethiopia (Mulat et al.,
2021). The Vertisols are recognized for their high
cation exchange capacity in the Alefa Takusa
areas, indicating a substantial ability to retain
essential nutrients (Getahun and Selassie, 2017).
The pH levels of these soils are generally neutral to
slightly alkaline, which is suitable for different
crops. However, available phosphorous is often
low to very low, necessitating careful management
for optimal plant growth. Total nitrogen and
organic matter contents also tend to be on the
lower end, which could affect soil fertility and
structure.

The treatments was arranged in a randomized
complete block design (RCBD) with three
replications. It was composed of 9 treatments with
omission of six nutrient types (Table 1). The
treatments included a control which is no nutrient
added (NF), and three treatments that have six
nutrient types (NPKSZnB) denoted with: All_1
(single source for each nutrient), All_2 (blended),



and All-_3 (blended + K split), four treatments
with the omission of K (NPSZnB_K), S
(NPKZnB_S), Zn (NPKSB_Zn) and B
(NPKSZn_B). Additionally, one treatment (NP
only), or KSZnB_NP was added as a positive

control which was used as a main source of
fertilizer in the country for many years. The gross
plot with a size of 4.5 m by 3 m and the net plot
with a size of 3 m by 3 m was used.

Figure 1. Location map of the study area

Table 1. Details of treatments
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Treatment Treatments Descriptions

numbers

1 All_1 All (NPKSZnB) in blending form

2 NPKZnB_S All-S

3 NPKSB_Zn All-Zn

4 NPKSZn_B All-B

5 NPSZnB_K All-K

6 NP NP(KSZnB_NP)

7 All_2 All 2 (NPKSZnB nutrients are individually applied)
8 All_3 All 3 (NPSZnB compound + K) OCP
9 NF Control (no fertilizer)




In the maize nutrient omission experiment
the nutrient rates were used as follows:
120 kg ha! of N, 76 kg ha-1 P205, 60 kg
ha! of K20, 14.8 kg ha'! of S, 1.5 kg ha’!
of Zn, and 0.5 kg ha™! of B. DAP (18-46-
0), NPS (19-38-70), and urea (46-0-0)
were used for the sources of nitrogen
whereas both DAP and NPS were also
used for phosphorus sources. KCl (0-0-
60), NPS (19-38-7), Zn sulfate
monohydrate, and borax solubor were used
as the sources of potassium, sulfur, zinc,
and boron, respectively. BH 540 maize
variety was used as a test crop.

All recommended agronomic management
was done at the appropriate stage of the
test crop. All amounts of PKSZnB
nutrients and half of nitrogen fertilizer
were applied at planting via drill method.
Half of the nitrogen fertilizer was applied
at as top dressing. However, half
potassium for All-3 treatment was applied
at tillering as split to see its effect on grain
yield.

Grain yield, biomass yield, plant height,
ear length, ear diameter, cob number, cob
weight, and stand count data were
collected and arranged for analysis.
Composite soil samples were collected at
planting from each trial site. The cost of
each nutrient was collected from the
nationally imported inputs. The farm gate
price of yield was obtained from local
market.

2.2 Data Analysis

Fixed model analysis of variance
(ANOVA) was used for analysis of yield
data at site level. The factors affecting
yield as random were used an input for
ANOVA analysis in mixed model. The
model is expressed as follows:

Yijk = p + Nti + (1|L) + (Nt x S);; + Sj+ Bk +
Eijk ————————————————————— Formula 1

Yijk: represents the grain yield, p: denotes
the overall mean, Nti: captures the impact
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of nutrient types, Sj: accounts for soil
types, (1|L): considers the random effect of
location, (Nt x S)ij: represents the
interaction effects of these factors, Bk:
represents the block effect and Ejjk:
represents the error associated with each
level of the factors.

Tukey's Honestly Significant Difference
(HSD) test is a post-hoc statistical method
used to determine a significant differences
between group means in a dataset. This
test is typically applied after an ANOVA

indicates that there are statistically
significant differences among the group
means. Contrast analyses were also

conducted to see the variability among the
treatments. This statistical method allows
for the comparison of specific predefined
hypotheses about the means of different
groups, when the ANOVA is significant.
Graphs were generated after analysis of
ANOVA using ggplot in R programing
software  version 4.1.3. Correlation
analysis was performed among yield and
yield related parameters to see their
association due to omitted nutrients.
Additionally, a partial budget analysis was
conducted to evaluate the economic
importance of the omitted nutrient types.
To account for potential yield discrepancy,
the mean grain yield was adjusted
downward by 10% (CIMMYT, 1988).

3. Results and Discussion

3.1 Results

3.1.1 Response of maize yield to applied
nutrients

Grain yield was significantly different for
applied nutrients across all sites at p< 0.01.
Figures 2 and 3 show that maize grain yiel
ds varied from site to site at both district a
nd soil types. Maximum grain yield (8.6 t
ha!) was obtained from the application of
NPKSZn-B at site 1 in the vertisols of Tak
usa district (Figure 3). Moreover, a higher
yield (8.6 t ha!) was also recorded from th
e application of NPKSZnB blended (All-1)



Higher grain yield was obtained from the
application of NPKSZn-B fertilizer at
nitisols in Alefa (Figure 3). While,
negative control or without fertilizer
treatment was given lower or no yield
across the sites in the study districts. The
lowest grain yield of 1.1 t ha' was
recorded from no fertilizer application
treatment at site 2 in Vertisols. Similarly,
yield was not recorded without fertilizer
application at site 7 in Nitisols. The grain
yield obtained from NP nutrients alone
ranged between 4.5-6.5 [5.8] and 5.5-7.0
[7.8] t ha'! in nitisols and Vertisols
respectively, however, not significantly
different from the application of NP plus
other added or omitted nutrients.

The vegetative performance of experiment
clearly indicates that the deficiency of
nitrogen and phosphorus was clearly
observed from control plot at two soil
types (Figure 4). The remaining treatment
had no visible deficiency symptoms of
other treatment in this study.

3.1.2 The comparison of nitrogen and
phosphorus with addition of KSZnB
nutrients

The contrast analysis showed that the
application of NP plus KSZnB had no
significant (p>0.05) yield advantage
compared to NP nutrients alone in
vertisols (Table 2). Higher maize yields
were recorded in vertisols compared to
nitisols. The omission of both NP
fertilizers was reduced yield by 94% in
vertosols. From the combined analysis, the
highest grain yields of 7.44 and 5.58 t ha!
were recorded from the application of
NPKSZn nutrients in vertisols and nitisols,
respectively (Table 2 and 3). A highly
significant (p<0.0001) and higher yield (5
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t ha!) was reduced when NP nutrients are
omitted in vertosols.

The omission of both NP fertilizers
reduced yield by 70 % in nitisols (Table
5). A contrast analysis also showed that
about 4.1 t ha! maize grain yield declined
when both nitrogen and phosphorus
nutrients were omitted. However, the
applications of NP plus KSZnB had no
significant yield advantage. The blended
application of NPKSZnB significantly
(p<0.019) varied with NP nutrients in
nitisols (Table 5).

The combined analysis revealed that
higher yield was observed from the
application of NPKSB-Zn treatment across
both soil types and locations (Figure 5).
The absence of nitrogen and phosphorus
nutrients significantly (p<0.0001) reduced
grain yield by 4.8 t ha! (Table 4). Whereas
the remaining nutrients did not show
significant  differences compared to
nitrogen and phosphorus in the study area.

The correlation analysis indicated that the
yield of maize obtained from the
applications of NPKSZnB in different
forms that is single sources (All_1) and
OCP blended + K split (All_3) treatments
compared with NP nutrients treatment
were  highly  significant  (p<0.001)
correlated with r equals to 0.69 and 0.70
values (Figure 6), respectively. Whereas
the association analysis between NP
nutrient and All_2 (NPKSZnB) applied
individually was  highly  significant
(p<0.000) with r equals to 0.78.
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Figure 5. Boxplot of combined grain yield over all sites

Table 2. Mean contrast of maize yield in vertisols

Contrast Estimate SE t. ratio p. value
All_1 vs NP 0.267 0.119 0.571 0.970
All_2 vs NP -0.933 -0.814 -1.998 0.257
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All_3 vs NP 0.111 0.224 0.238 0.999

NF vs NP -4.956 -4.541 -10.609 <.0001
NPKSB_Zn vs NP 0.289 0.176 0.618 0.961
NPKSZn_B vs NP 0.356 0.356 0.761 0.924
NPKZnB_S vs NP 0.100 0.129 0.214 0.999
NPSZnB_K vs NP 0.233 0.048 0.500 0.980

SE: standard error of the mean

Table 3. Mean contrast of maize yield in nitisols

Contrast Estimate SE t.ratio p.value
All_1 vs NP 0.008 0.236 0.035 1.000
All_2 vs NP -0.725 0.236 -3.076 0.019
All_3 vs NP 0.308 0.236 1.308 0.656
NF vs NP -4.122 0.257 -16.049 <.0001
NPKSB_Zn vs NP 0.092 0.236 0.389 0.992
NPKSZn_B vs NP 0.292 0.236 1.238 0.699
NPKZnB_S vs NP 0.150 0.236 0.636 0.957
NPSZnB_K vs NP -0.092 0.236 -0.389 0.992
SE: standard error of the mean

Table 4. Mean contrast of maize yield over location

Contrast estimate SE t.ratio p-value
All_1 vs NP -0.1048 0.119 0.50 0.980
All_2 vs NP -0.2238 -0.814 -3.43 0.006
All_3 vs NP -1.0381 0.224 0.94 0.857
NF vs NP -4.7643 -4.541 -18.28 <.0001
NPKSB_Zn vs NP 0.1326 0.176 0.74 0.930
NPKSZn_B vs NP -0.1762 0.356 1.48 0.543
NPKZnB_S vs NP -0.0476 0.129 0.54 0.975
NPSZnB_K vs NP -0.0952 0.048 0.20 0.999

SE: standard error of the mean

3.1.3 The effect of fertilizer form on
maize yield

The ANOVA result showed no significant
differences in the grain yields of maize
when different forms of nutrients were
applied (Figure 7). So, the fertilizer
application forms did not have a
significant impact on maize yield, as long
as all the necessary nutrients are applied a
reduction of 0.73 t ha-1 yield was
observed from NPKSZnB  applied
individually.

3.1.4 The role nutrients on harvest index

21

Similarly to grain yield, the results
indicated a  significant  difference
(p<0.000) in the harvest index between the
unfertilized control and the other
treatments (Table 5). The highest harvest
index of 52.8% was obtained with the
application of the NPKSB_Zn treatment.

The omission nutrients resulted variable
net benefits (Table 6). The plot that did not
receive fertilizer produced the lowest net
benefit (42934 ETB ha!). Among the
nutrient omission treatments, the omission
of Zinc (NPKSB_Zn) generated in the
highest marginal rate of return (322 %)



compared to the returns from the omission
of NP nutrients. Accordingly, all
treatments, except for the NPKSB_Zn
omission, exhibited a lower marginal rate
of return.

3.2 Discussion

3.2.1 Response of maize to applied
nutrients

The yield of maize varied across locations
and soil types due to numerous biotic and
abiotic limitations, such as nutrient deficits
(Wortmann et al., 2019). Both macro and
micronutrients are vital in enhancing crop
productivity; yet, their role is not well
studied in Gondar areas. Both nitrogen and
phosphorus omission significantly reduced
maize yield in the study area. This
indicates that both nutrients are essential
for crop production (Chaudhary and
Debbarma, 2023). As we know nitrogen is
a vital nutrient for maize and a key
determinant of grain yield, particularly
through its role in photosynthesis and
other biological processes (Yue et al,
2022). Nitrogen contributes about 45% to
the yield of maize. Therefore, the rational
application of N fertilizer is one of the
effective measures to improve corn yield
and quality (Asibi et al., 2019). Similarly,
phosphorus is also a critical nutrient for
cereal production and animals (Igbal et al.,
2003).
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The application of phosphorus
significantly increases maize grain yield
(Jiang et al., 2019). However, phosphorus
fertilizer efficiencies are once seen as very

low. Optimizing  the  phosphorus
application rate can increase grain yield
while  reducing  both  cost and

environmental impact (Igbal et al., 2003).
This result agreed with many previous
findings that reported that nitrogen and
phosphorus nutrients are highly
demanding nutrients to enhance maize
productivity in the mixed farming system
of Ethiopia (Habetamu et al., 2022; Tadele
et al., 2022). The lower yield was obtained
from no fertilizer treatment. This indicates
that the application of fertilizers to address
specific nutritional deficiencies can help
overcome limitations and increase maize
production.

Our finding confirmed that the omission of
K, S, Zn, and B did not add significant
(p>0.05) maize yield in both soil types,
and locations. This is because these
nutrients are naturally present in the soil,
as evidenced by the similar yields from
plots treated with only NP nutrients
compared to those treated with NPKSZnB
nutrients.
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From economic analysis, the application of
added nutrients were also not bring higher
marginal rate of return as compared to
both NP nutrients except omission of Zn.
This result is confirmed by Tadele et al.
(2022), who reported that the adding of
potassium, sulfur, zinc and boron nutrients
does not significantly increase maize yield
in farming systems of North West
Ethiopia. However, Abebe et al. (2018)
reported that K, S, Zn, and B nutrients are
yield-limiting to cereal crops in soils of the
Central highlands of Ethiopia. Contrary to
our results, Ao and Sharma (2021) found a
significant increase in maize yield with the
application of boron. Other findings also
reported that addition of K, S and B
fertilizers is improve crop yield (Mugo et
al., 2021). According to Khan et al.
(2015), applying K fertilizer is unlikely to
enhance crop yield. However, K
deficiency causes abiotic stress, reducing
crop yield (Adnan, 2020).
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In deficient conditions, K fertilization
enhances soil properties, maintains
photosynthetic efficiency, and increases
dry matter accumulation, resulting in
stable, high maize yields (Adnan, 2020). It
also aids maize in coping with drought by
improving cell water balance and osmotic
adjustment  (Kandil et al., 2020).
Therefore, it is necessary to accurately
measure Exchangeable K in order to
recommend K fertilizer application by
considering inherent soil supply capacity
(Bar-Yosef et al., 2015).
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Table 5. Maize harvest index response to applied nutrient types in the study area

Treatments Harvest index (%)
NPKSB_Zn 52.8 +13.8%
All_3 49.7 + 8.8°
NPKSZn_B 489 +11.0%
All_2 48.8 +9.4%
NPSZnB_K 48.3 +13.5%
NPKZnB_S 47.3 +13.9%
NP 46.1 +13.1%
All_1 44.0 £ 12.7%
NF 434 +23.1°
p <0.000

CV 8.70

CV: coefficient of variation, numbers next mean harvest index indicates standard error of
mean of treatments and lowercases letter indicates indicate the mean differences of each

treatment. NF: Unfertilized pot.

Previous studies reported that sulfur Liu et al., 2020). Micronutrients are crucial
fertilizer application significantly for crop yield and grain quality. According
increased weight maize yield compared to to Stewart et al. (2021), understanding
the control treatment (Khan et al., 2006; micronutrient deficiencies is essential
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before applying foliar treatments. Zinc, for
example, is vital for plant metabolic
processes, enhancing maize Yyield and
quality by  stimulating  chlorophyll
production, photosynthetic activity,
nutrient uptake, and protein biosynthesis
(Ariraman et al., 2022). Our experiment

showed that adding micronutrients,
particularly Zn and B, did not significantly
increase maize yield in the study areas.

Table 6. Partial budget analysis of nutrient omission for maize production in the study

area

Treatments Adjusted Gross TVC Net benefit MRR  over
yield benefit (ETB/ha) (ETB/ha) NP (%)
(kg/ha) (ETB/ha)

NF 1480.5 42934.5 0.0 42934.5 *

NP 5566.5 154207.5 7221.0 146986.6 *

All_1 5692.5 156036.5 9046.0 146990.5 0.2

All_3 5755.5 157863.5 9046.0 148817.5 100.3

All_2 4824.0 130850.0 9046.0 121804.0 D

NPSZnB_K 5629.5 155376.2 7879.3 147496.8 77.5

NPKZnB_S 5679.0 156029.8 8661.2 147368.6 26.5

NPKSB_Zn 5859.0 161065.2 8845.8 152219.5 322.1

NPKSZn_B 5742.0 157545.3 8972.7 148572.7 90.5

ETB: Ethiopian Birr, NF: Unfertilized pot, MRR: Marginal Rate of Return.

Similar studies on yield-limiting nutrients
for maize found that improved maize
varieties' potential yield is not significantly
reduced due to zinc and boron deficiencies
in most parts of Ethiopia (Eynde et al.,
2022; Tadele et al., 2022). However,
contrary to our findings, research by
Wasaya et al. (2017) demonstrated that
applying Zn and B improves maize yield.
Other studies also found that B deficiency
depresses maize grain yield (Yar, 2021)
and that B application significantly
enhances maize growth and yield (Ojha et
al., 2023; Rerkasem et al., 2020).
However, B has a narrow range between
deficiency and toxicity, and inadequate
boron  supply  negatively  impacts
agricultural plant production (Brdar-
Jokanovi¢, 2020). This variability is likely
due to differences in soil types and
locations.

Applying nutrients like NPKSZnB
individually instead of in a blend can result
in lower yields for several important
reasons. Blended fertilizers offer the
advantage of synergistic nutrient effects,
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resulting in improved nutrient efficiency.
Individually applying nutrients can result
in imbalances that harm plant growth and
yield (Fageria et al., 2002). The use of
blended nutrients guarantees even
distribution of all nutrients throughout the
field. Plant growth and yield can vary due
to uneven nutrient distribution caused by
individual applications (Havlin et al.,
2013). Using blended fertilizers can save
costs and reduce the need for labor
compared to using multiple individual
applications.

From economic analysis, the added
nutrients were also not bring higher
marginal rate of return as compared to
both NP nutrients except omission of Zn.
This highlights that the critical importance
of N and P nutrients in enhancing maize
yield and profitability in Ethiopia. This
finding is supported by Melesse et al.

(2018), which shows the significant
importance of NP fertilization on
improving maize productivity  and

ensuring better economic outcomes for



farmers. In contrary to statistical analysis,
all other nutrient omission treatments,
except for NPKSB_Z7n, exhibited a lower
marginal rate of return. This indicates the
economic  significance of Zinc in
profitability of maize production in
Ethiopia (Abera et al., 2017).

The observed differences in harvest index
among the treatments suggest that nutrient
application substantially influences the
efficiency of biomass conversion into
harvestable product. The NPKSB_Zn
treatment achieved the highest harvest
index of 52.8%. These indicates that the
balanced provision of essential nutrients
can optimize the allocation of resources
ensuring the availability of a multiple
range of nutrients supports optimal growth
during critical developmental stages, thus
improving both yield and harvest index
(Wondwosen and Sheleme, 2011).

4. Conclusions and Recommendations
Our result shows that yield was varied
across experimental sites due to inherent
soil heterogeneity. The absence of nitrogen
and phosphorus nutrients reduced yield
significantly. Vertisols had higher yield
potential than Nitisols. The form and
source of nutrient combinations have not
given  significant yield differences
compared to nitrogen and phosphorus
fertilizers. Yet, a relatively lower grain
yield was obtained from the application of
all nutrients (NPKSZnB) from single
sources.

There was a significant differences in
maize yield were observed among the
various nutrient sources when applied in
blended, compound, or individual forms.
Nitrogen and phosphorus are the most
important nutrients to enhance maize yield
in both soil types. However, KSZnB
nutrients are not yield limiting nutrients
for maize production in the Takusa and
Alefa districts. Thus, addressing the
limiting nutrients to maize productivity is
crucial for solving food insecurity.
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Developing the right amount of nutrients is
advised to improve maize productivity in
Takusa and Alefa areas. Finally, the future
of maize production shall focus on
addressing limiting nutrients based on soil
test results for site-specific areas.
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