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Abstract

Sorghum (Sorghum bicolor (L.) Moench) is a key cereal crop in the arid and semi-arid lowlands of Ethiopia, where it contributes
significantly to food security, livestock feed, and household income. However, its productivity remains low due to declining soil
fertility, limited use of improved varieties, and inadequate fertilizer management. A field experiment was conducted during the
2023/24 main cropping season in Dassenech district, Southern Ethiopia, to evaluate the growth and yield performance of sorghum
varieties under different rates of NPSZn blended fertilizer and to determine the optimum fertilizer rate for the study area. The
experiment consisted of five sorghum varieties (Dhekeba, ESH-4, ESH-5, Melkam, and a local check) and four NPSZn fertilizer
rates (0, 50, 100, and 150 kg ha™') arranged in a factorial combination using a randomized complete block design with three
replications. Data on phenology, growth, yield, and yield components were analyzed using SAS software. The results indicated
that both main and interaction effects of variety and fertilizer rate significantly (P < 0.05) influenced most measured parameters,
including days to flowering, maturity, plant height, panicle length, grain yield, straw yield, and biomass yield. The Melkam
variety consistently outperformed other varieties, producing the highest grain yield (4.28 t hat), while the local check yielded
the least (2.74 t hat). Grain yield increased with increasing fertilizer rates, with the highest mean yield recorded at 150 kg NPSZn
ha?, although yields at 100 and 150 kg ha! were statistically comparable. The highest combined yield (4.97 t ha™t) was obtained
from Melkam fertilized with 150 kg NPSZn ha*. Based on agronomic performance and economic considerations, Melkam
variety with 100 kg NPSZn ha! is recommended for sorghum production in the study area. Further multi-location and multi-
season studies are recommended to confirm the findings.

Keywords

Blended Fertilizer, Grain Yield, Growth Performance, Nutrient Management, Variety Response, Yield Improvement

1. Introduction

Sorghum (Sorghum bicolor (L.) Moench) is one of the  of Africa and Asia. The crop is highly valued for its remarka-
world’s most important cereal crops and serves as a staple  ble tolerance to drought, high temperature, and poor soil fer-
food for millions of people living in arid and semi-arid regions tility conditions, making it an important component of cli-

mate-resilient agricultural systems. Globally, sorghum ranks
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fifth among cereal crops after maize, rice, wheat, and barley
in terms of production and cultivated area. Besides its role in
human nutrition, sorghum is widely utilized as livestock feed,
forage, biofuel feedstock, and raw material for various indus-
trial products [1, 2].

Ethiopia is recognized as one of the major centers of origin
and diversity of sorghum and possesses extensive genetic re-
sources adapted to diverse agroecological conditions. The
crop is cultivated across a wide range of environments, from
lowland moisture-stressed areas to relatively high-rainfall re-
gions. According to national agricultural statistics, sorghum is
among the most widely grown cereal crops in Ethiopia and
plays a crucial role in ensuring food security, particularly in
drought-prone areas [3]. The grain is commonly used for tra-
ditional foods and beverages, while the stalks provide feed,
fuel, fencing materials, and construction resources for rural
households [4].

Despite its importance, the productivity of sorghum in Ethi-
opia remains low compared to its yield potential. The national
average yield is constrained by several interacting factors, in-
cluding declining soil fertility, erratic rainfall distribution, in-
sect pests, diseases, limited access to improved varieties, and
poor agronomic management practices [5]. Among these con-
straints, soil fertility depletion is considered one of the most
critical limiting factors. Continuous cultivation without ade-
quate nutrient replenishment has led to widespread deficien-
cies of essential plant nutrients, thereby reducing crop produc-
tivity and sustainability [6].

Balanced fertilizer application plays a vital role in improv-
ing sorghum yield under nutrient-limited conditions. Nitrogen
is essential for vegetative growth, chlorophyll formation, and
protein synthesis, while phosphorus enhances root develop-
ment, energy transfer, and grain formation. Zinc, as a micro-
nutrient, is involved in enzyme activation, hormonal regula-
tion, and photosynthetic efficiency. Deficiencies of these nu-
trients can severely limit crop performance and grain yield [7].
In response to these challenges, the use of blended fertilizers
such as NPSZn has been promoted in Ethiopia to supply mul-
tiple essential nutrients simultaneously and improve soil fer-
tility status [8].

In addition to soil fertility management, varietal selection
significantly influences sorghum productivity. Improved sor-
ghum varieties differ in their nutrient use efficiency, growth
behavior, adaptability, and yield potential under different en-
vironmental conditions. The interaction between genotype
and fertilizer application is therefore critical in determining fi-
nal yield performance. Several studies conducted in Ethiopia
have reported significant yield improvements when improved
sorghum varieties are combined with balanced fertilizer appli-
cation, indicating the importance of integrated nutrient and va-
rietal management strategies [9, 10].
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However, fertilizer recommendations and varietal perfor-
mances are highly site-specific and influenced by soil type,
climate, and management practices. Thus, technologies devel-
oped in one agroecological zone may not perform similarly in
another. Dassenech District, located in Southern Ethiopia, is
characterized by arid and semi-arid climatic conditions with
low and erratic rainfall, high temperatures, and predominantly
low-input agricultural systems. These conditions, coupled
with declining soil fertility, contribute to low sorghum
productivity in the area [11].

Although sorghum is a major staple crop in Dassenech Dis-
trict, farmers still rely on local varieties with limited fertilizer
input, resulting in suboptimal yields. Therefore, generating lo-
cation-specific information on improved sorghum varieties
and appropriate fertilizer rates is essential to enhance produc-
tivity and ensure food security in the region. In this context,
the present study was conducted with the following objectives:
(i) to evaluate the growth and yield response of selected sor-
ghum varieties to different rates of NPSZn blended fertilizer,
(ii) to identify the most productive and adaptable sorghum va-
riety for the study area, and (iii) to determine the optimum
NPSZn fertilizer rate for improved sorghum production in
Dassenech District, Southern Ethiopia.

2. Methods

2.1. Study Location

The field experiment was conducted during the 2023/2024
main cropping season at Dassenech District, South Omo Zone,
Southern Ethiopia. The district is located approximately 860
km southwest of Addis Ababa at 4°49'59” N latitude and
36°06'00" E longitude, with an average altitude of about 373
m above sea level. The area is characterized by a lowland
agroecology with a hot and semi-arid climate. The mean an-
nual temperature is approximately 34.5<C, while the average
annual rainfall is about 350 mm. Rainfall distribution is bi-
modal, with the main rainy periods occurring from April to
May and September to November. The farming system of the
area is predominantly agropastoral, where crop production
and livestock rearing serve as major livelihood activities.

2.2. Experimental Materials

Four improved lowland sorghum varieties, namely Melkam,
Dhekeba, ESH-4, and ESH-5, together with a local farmer cul-
tivar used as a check, were evaluated in this study. The im-
proved varieties were obtained from Melkassa Agricultural
Research Center and are recommended for lowland agroecol-
ogies. NPSZn blended fertilizer was used as the source of nu-
trients.
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Table 1. Description of sorghum varieties used in the experiment.

Variety Year of release Released RC Required agro-ecology
Dhekeba 2013 Melkasa Agricultural Research Center Lowland
ESH4 2016 Melkasa Agricultural Research Center Lowland
ESH5 2016 Melkasa Agricultural Research Center Lowland
Melkam 2009 Melkasa Agricultural Research Center Lowland
Local - From the community Lowland

2.3. Treatments and Experimental Design

The experiment consisted of a factorial combination of five
sorghum varieties and four NPSZn fertilizer rates (0, 50, 100,
and 150 kg ha'). The treatments were arranged in a Random-
ized Complete Block Design (RCBD) with three replications.
The experimental plot measured 3.75 m x2.25 m (8.44 m?),
consisting of seven rows spaced 75 cm apart. Plants within
rows were spaced at 15 cm. The net plot size used for data
collection was 6.3 m?. A spacing of 1 m and 2 m was main-
tained between adjacent plots and blocks, respectively.

2.4. Field Management Practices

The experimental field was prepared using conventional
tillage practices. Sorghum seeds were planted manually at the
recommended seed rate using a row spacing of 75 cm and
plant spacing of 15 cm. Two seeds were sown per hill and later
thinned to one healthy plant after emergence. NPSZn fertilizer
was applied according to treatment specifications at planting.
All other agronomic practices, including weeding, thinning,
and field management operations, were carried out uniformly
across all treatments following local recommendations for
sorghum production.

2.5. Soil Sampling and Analysis

Prior to planting, composite soil samples were collected
from the experimental field at a depth of 0-30 cm using a soil
auger. Ten subsamples were collected randomly across the

field and combined to form a representative composite sample.

The soil samples were air-dried, ground, and passed through a
2-mm sieve before laboratory analysis. Soil pH was deter-
mined using a soil-to-water ratio of 1: 2.5. Soil texture, or-
ganic carbon, total nitrogen, available phosphorus, and cation
exchange capacity (CEC) were analyzed using standard labor-
atory procedures.

2.6. Data Collection

Phenological, growth, and yield parameters were recorded
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following standard agronomic procedures. Phenological data
included days to flowering and days to physiological maturity.
Days to flowering was defined as the number of days from
planting until 50% of plants in each plot had flowered, while
days to physiological maturity was recorded as the number of
days from planting until 90% of the plants reached physiolog-
ical maturity.

Growth parameters comprised plant height and panicle
length. Plant height (cm) was measured from the soil surface
to the tip of the panicle at maturity using five randomly se-
lected plants per plot. Panicle length (cm) was measured from
the base to the tip of the panicle from the same representative
plants used for height measurement.

Yield and yield component data included panicle weight,
grain yield, straw yield, biomass yield, and harvest index. Pan-
icle weight (kg) was determined by weighing harvested pani-
cles from the net plot area. Grain yield (t ha™!) was obtained
from grain harvested from the net plot area, adjusted to 12.5%
moisture content, and converted to a hectare basis. Straw yield
(t ha*) was calculated from the dry weight of crop residues
after threshing. Biomass yield (t ha™') was computed as the
sum of grain and straw yields.

2.7. Statistical Analysis

All collected data were subjected to analysis of variance
(ANOVA) using the General Linear Model (GLM) procedure
of SAS statistical software version 9.1. Treatment means were
separated using the Least Significant Difference (LSD) test at
the 5% probability level whenever significant differences
were detected. Statistical significance was declared at P <0.05.

3. Results

3.1. Soil Physicochemical Properties of the
Experimental Site

The physicochemical characteristics of the experimental
soil before planting are presented in Table 2. The soil con-
tained 55% clay, 33% silt, and 12% sand, indicating a clay
textural class. The soil pH was 6.24, which falls within the
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suitable range for sorghum production. Organic carbon
(1.69%), organic matter (2.91%), total nitrogen (0.1456%),
and cation exchange capacity (11 meq 100 g* soil) were gen-
erally low, suggesting limited nutrient availability. Available
phosphorus was 15.95 ppm, indicating a medium phosphorus
status.

Table 2. Physico-chemical properties of the study area soil.

Parameter Mean test result Remark
PH 6.24 Suitable
%0C 1.69 Low
%0M 2.9113 Low
%TN 0.1456 Low

AP (PPM) 15.954 Medium
CEC (meq/100g soil) 11 Low
Soil texture

% sand % clay % silt Textural class
12 55 33 Clay

%0C: percent organic carbon of soil, CEC: meqg/100g soil, cation
exchange capacity of soil in mill equivalent of hundred gram of soil,
AP (ppm): available phosphors by parts per million,%TN: percent
total nitrogen of soil.

3.2. Days to Flowering and Physiological
Maturity

Analysis of variance revealed that days to flowering and
days to maturity were significantly (P < 0.001) affected by

sorghum varieties, NPSZn fertilizer rates, and their interaction.

Among the tested varieties, Dhekeba required the longest pe-
riod to flowering (67.92 days), whereas ESH-5 flowered ear-
liest (57.83 days) (Table 3). Similarly, the local variety exhib-
ited the longest maturity period (136.92 days), while ESH-5
matured earliest (123.58 days). Increasing fertilizer rates sig-
nificantly prolonged both flowering and maturity periods. The
highest fertilizer rate (150 kg NPSZn ha?) resulted in the
longest flowering (68.20 days) and maturity (137.33 days) pe-
riods, while the control treatment recorded the shortest values.
The interaction effect indicated that the local variety supplied
with 150 kg NPSZn ha! required the longest time to flower
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and mature, whereas ESH-5 grown without fertilizer flowered
and matured earliest.

Table 3. Main effect of NPSZn fertilizer rate and sorghum variety on
days to flowering and maturity.

Name of variety =~ Mean Rate of fertilizer ~ Mean
Days to flowering

Dhekeba 6791720 0 60.533¢
Local variety 67.417° 50 62.933¢
Melkam 65.833° 100 64.400°
ESH-4 61.083¢ 150 68.200°
ESH-5 57.833¢  LSD (%) 1.0522
LSD (%) 1.2537

Days to maturity

Local variety 136.922 0 123.87¢
ESH-4 128.58° 50 125.33¢
Melkam 128.17° 100 129.67°
Dhekeba 128.00° 150 137.33¢
ESH-5 12358 LSD (%) 1.7800
LSD (%) 2.1209

Means of similar parameter within columns denoted by the same let-
ter are not significantly different at 5% level of significance,
LSD=Least significant difference

3.3. Plant Height

The results of the study showed that both panicle length and
plant height were significantly affected by the main effects of
sorghum variety and NPSZn fertilizer rate. Plant height was
also highly significantly influenced by the interaction between
variety and fertilizer rate (P < 0.001), while panicle length was
significantly affected by the interaction effect at P <0.01. The
highest mean plant height (219.27 cm) was recorded from the
local variety, followed by Dhekeba (177.77 cm), Melkam
(173.87 cm), and ESH-5 (170.45 cm), while the lowest plant
height (144.12 cm) was obtained from ESH-4 (Table 4). Re-
garding fertilizer rate, plant height increased with increasing
NPSZn application, with the maximum value (192.17 cm) rec-
orded at 150 kg ha* and the minimum (161.16 cm) at the con-
trol treatment (0 kg ha™?).
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Table 4. Main effect of NPSZn fertilizer rate and sorghum variety on panicle length and plant height.

Parameter Name of variety Mean
Local variety 219.272
Dhekeba 177.77°
Melkam 173.87%

Plant height
ESH-5 170.45°¢
ESH-4 144.12¢
LSD (%) 6.9385

Rate of fertilizer Mean
0 161.16¢
50 174.03¢
100 181.03°
150 192.172
LSD (%) 5.8231

Means within columns followed by the same letter are not significantly different at 5% level of significance. LSD = Least Significant Difference.

3.4. Panicle Weight and Grain Yield

The results revealed that both panicle weight and grain
yield were highly significantly affected (P < 0.01) by the main
and interaction effects of sorghum variety and NPSZn blended
fertilizer rates.

Grain Yield

Among the tested varieties, Melkam recorded the highest
grain yield (4.2775 t ha™%), followed by ESH-5, Dhekeba, and
ESH-4, while the local variety produced the lowest yield
(2.7383 t ha™). Regarding fertilizer application, the highest
grain yield was obtained at the highest NPSZn rate (150 kg
ha'), whereas the lowest yield was recorded from the unferti-
lized control (0 kg ha'). However, there was no significant
difference between the grain yields obtained from ESH-4,

ESH-5, and Dhekeba varieties, indicating statistical similarity
among these improved varieties (Table 5).

Panicle Weight

Panicle weight followed a similar trend to grain yield. The
Melkam variety produced the highest panicle weight, while no
significant difference was observed among ESH-4, ESH-5,
and Dhekeba varieties. In contrast, the local variety recorded
the lowest panicle weight (1.705 kg), indicating inferior per-
formance compared to the improved varieties (Table 5). In ad-
dition, increasing NPSZn fertilizer rate significantly increased
panicle weight, with the highest values recorded at higher fer-
tilizer levels. The lowest panicle weight was obtained from the
unfertilized treatment (0 kg ha™*). As with grain yield, the in-
teraction effect of variety and fertilizer rate significantly influ-
enced both traits, confirming that varietal response depended
on fertilizer application levels.

Table 5. Main effect of NPSZn fertilizer and sorghum variety on panicle weight and grain yield.

Parameter Name of variety

Melkam
ESH-5
Dhekeba
Grain Yield (t/ha)
ESH-4
Local Var
LSD (%)
Melkam
Dhekeba
Panicle weight (kg) ESH-4
ESH-5

Local Var

69

Mean Rate of fertilizer Mean
427752 0 2.49404
3.3008°? 50 3.1560¢
3.2933b 100 3.7607°
3.2092P 150 4.04477
2.7383¢ LSD (%) 0.1922
0.2290

3.75172 0 2.3205°¢
3.0583° 50 2.6080°
2.9892b 100 3.2533¢2
2.9507° 150 3.382072
1.7050¢ LSD (%) 0.2009
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Parameter Name of variety

LSD (%)

Mean Rate of fertilizer Mean

0.2394

Means of similar parameter within columns denoted by the same letter are not significantly different at 5% level of significance, LSD=Least

significant difference.

3.5. Straw and Biomass Yield

Analysis of variance revealed that straw yield and biomass
yield were highly significantly affected (P < 0.001) by the
main and interaction effects of sorghum variety and NPSZn
blended fertilizer rates (Table 6).

Straw Yield

The highest straw yield (3.2775 t ha™!) was recorded from
the Melkam variety, while the lowest straw yield (1.7967 t
ha™) was obtained from the local variety. The improved vari-
eties ESH-4, ESH-5, and Dhekeba showed no significant dif-
ference among themselves in straw yield (Table 6).

Regarding fertilizer application, straw yield increased with
increasing NPSZn rates. The highest straw yield (3.6947 t ha™?)
was recorded at 150 kg ha!, whereas the lowest straw yield
(1.1440 t ha!) was obtained from the unfertilized control

treatment. The interaction effect further showed that the high-
est straw yield (4.62 t ha*) was obtained from the Melkam
variety supplied with 150 kg ha™t NPSZn fertilizer. In contrast,
the lowest straw yield (0.6533 t ha) was recorded from the
local variety under no fertilizer application, which was statis-
tically similar to ESH-4, ESH-5, and Dhekeba under the same
condition (Table 6).

Biomass Yield

Biomass yield followed a similar trend to straw yield. The
highest biomass yield (7.5550 t ha™') was obtained from the
Melkam variety, whereas the lowest biomass yield (4.5350 t
ha™t) was recorded from the local variety. No significant dif-
ferences were observed among ESH-4, ESH-5, and Dhekeba
varieties. Increasing NPSZn fertilizer rates significantly im-
proved biomass yield, with the highest value (7.7393 t ha™')
recorded at 150 kg ha! and the lowest (3.6380 t ha™!) obtained
from the control treatment (Table 6).

Table 6. Means straw and Biomass yield as affected by sorghum variety and rates of NPSZn fertilizer.

Parameter Name of variety

Melkam
ESH-5
Dhekeba
ESH-4

Straw yield (t/ha)

Local Var
LSD (%)
Melkam
ESH-5
Dhekeba
Biomass yield (kg)

ESH-4
Local Var

LSD (%)

Mean Rate of fertilizer Mean
3.2775% 0 1.1440¢
2.3008P 50 1.9060¢
2.29330 100 2.7573°
2.2092b 150 3.69472
1.7967°¢ LSD (%) 0.2169
0.2585

7.55502 0 3.6380¢
5.6017° 50 5.0620°¢
5.5867° 100 6.5180°
5.4183b 150 7.7393¢2
4.,5350¢ LSD (%) 0.4002
0.4769

Means of similar parameter within columns denoted by the same letter are not significantly different at 5% level of significance, LSD=Least

significant difference.

The interaction effect indicated that the highest biomass
yield (9.59 t ha't) was produced by the Melkam variety at 150
kg ha™* NPSZzn fertilizer, while the lowest biomass yield was
recorded from the local variety under no fertilizer application,

showing statistical similarity with ESH-4, ESH-5, and
Dhekeba under the same condition. Overall, all varieties
showed an increasing trend in biomass yield with increasing
NPSZn fertilizer application (Figure 1).
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Figure 1. Interaction effect of NPSZn fertilizer rate and sorghum variety on straw and biomass yield.

Means of similar parameter denoted by the same letter are not significantly different at 5% level of significance, LSD=Least significant differ-

ence. E4: ESH-4, E5: ESH-5, M: Melkam, D: Dhekeba, L: Local variety.

4. Discussion

The present study showed that NPSZn fertilizer application
significantly influenced the phenological development of sor-
ghum varieties. Increasing fertilizer rates progressively de-
layed both days to flowering and physiological maturity. The
longest duration to flowering and maturity was recorded at
150 kg NPSZn ha!, while the shortest was observed in the
control treatment. This delay is likely associated with en-
hanced vegetative growth induced by higher nutrient availa-
bility, particularly nitrogen, which tends to prolong the vege-
tative phase before the onset of reproductive development.
Similar findings were reported by Merdikios et al.[13], who
observed delayed phenological stages in cereal crops with in-
creasing blended fertilizer application. In addition, Balemi et
al. [14] also reported that improved nutrient supply extends
crop growth duration due to sustained physiological activity
and delayed senescence.

Plant height and panicle length were significantly affected
by the interaction of sorghum variety and NPSZn fertilizer
rates. The tallest plants were recorded from the local variety
under 150 kg NPSZn ha, whereas the shortest plants were
observed in ESH-4 under the control treatment. The increase
in plant height with increasing fertilizer rate may be attributed
to improved nitrogen availability, which enhances cell divi-
sion, stem elongation, and overall vegetative growth. This re-
sult agrees with the findings of Redai (2020), who reported a
significant increase in sorghum plant height with increasing
rates of blended fertilizers [9]. Similar, Merdikios et al. [13]
and Feyisa and Anbesa [17] found that nutrient application
significantly improved vegetative growth in cereals. Panicle
length also increased with higher fertilizer rates, which may
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be associated with better assimilate production and improved
translocation of nutrients to reproductive organs.

Grain yield was significantly influenced by both sorghum
variety and NPSZn fertilizer rates. Among the tested varieties,
Melkam consistently produced the highest grain yield, partic-
ularly when combined with 100 and 150 kg NPSZn ha™. The
superior performance of Melkam may be attributed to its bet-
ter genetic potential, higher nutrient use efficiency, and adapt-
ability to the agroecological conditions of the study area. The
increase in grain yield with increasing fertilizer rates high-
lights the importance of balanced nutrient management in sor-
ghum production. Nitrogen supports vegetative growth and
protein synthesis, phosphorus enhances root development and
grain formation, while zinc improves enzymatic activity and
photosynthetic efficiency. Similar results were reported by
some other scholars who observed significant yield improve-
ments in sorghum and other cereal crops under blended ferti-
lizer application [9, 10, 12, 15, 18].

Biomass and straw yields were significantly enhanced by
increasing NPSZn fertilizer rates. The highest biomass and
straw yields were obtained from Melkam variety at 150 kg
NPSZn ha™!, whereas the lowest values were recorded from
the unfertilized local variety. The increase in biomass produc-
tion with higher fertilizer rates is likely due to improved nu-
trient availability, which enhances photosynthetic activity and
dry matter accumulation. This finding is consistent with Redali
et al. [9], who reported increased biological yield of sorghum
with blended fertilizer application. Correspondingly, other re-
searchers also found that balanced nutrient supply signifi-
cantly improved total dry matter production in cereal crops 1
[16-18].

Overall, the results indicate that sorghum productivity in
Dassenech District can be substantially improved through the
integrated use of improved varieties and appropriate NPSZn
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fertilizer management. Among the tested varieties, Melkam
demonstrated superior agronomic performance across most
measured traits. Although the highest grain yield was obtained
at 150 kg NPSZn ha™?, the statistically comparable yield at 100
kg NPSZn ha™! suggests that this rate may be more economi-
cally viable and recommended for farmers in the study area
under similar agroecological conditions.

5. Conclusion

Soil fertility decline remains one of the major constraints to
sustainable agricultural production in Ethiopia, driven by con-
tinuous nutrient mining, low organic matter input, soil erosion,
and limited use of integrated nutrient management practices.
The reviewed literature shows that most soils are deficient in
essential nutrients such as nitrogen and phosphorus, which
significantly limits crop productivity across different agroe-
cologies. Therefore, improving soil fertility in Ethiopia re-
quires a holistic approach that includes strengthening soil test-
ing services, promoting integrated nutrient management, in-
creasing farmer awareness, and ensuring timely access to af-
fordable fertilizers. Sustainable soil management practices are
essential to reverse soil fertility decline and ensure long-term
food security in the country.

The data collected on different phenological, growth, yield
and yield component parameters showed that varieties and
rates of blended fertilizer had significant effect on sorghum at
Dassenech woreda, and increased in the rates of NPSZn
blended fertilizer resulted in enhanced performance of sor-
ghum varieties. From the tested varieties, Melkam variety is
identified to be the best variety, while 100 kg/ha NPSZn
blended fertilizer application is identified as the economic rate
for Melkam variety production in the area even if it is single
season result.

This finding has a significant contribution for different
scholars, policy makers and other interested bodies on sor-
ghum production. It also puts benchmark for researchers for
further study and crop improvements.

Abbreviations

CSA Central Statistical Agency

FAO Food and Agriculture Organization of the
United Nations

GLM General Linear Model

HI Harvest Index

ISFM Integrated Soil Fertility Management

LSD Least Significant Difference

NPSZn Nitrogen, Phosphorus, Sulfur, and Zinc Blended
Fertilizer

oC Organic Carbon

oM Organic Matter

RCBD Randomized Complete Block Design

SAS Statistical Analysis System
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