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A two-year field experiment was carried out to scrutinize the integrated use of NPSZnB blended fertilizer and farmyard manure (FYM)
on maize growth and yield components at Koga and Bachima villages in Mecha district and Geray and Jiga villages in Jabi Tehran district.
Factorial combinations have five levels of NPSZnB (100, 150, 200, 250, and 300 kg-hafl), and four rates of FYM (0, 12, 16, and 20 tha™),
plus one blanket recommendation (200kg-ha™" DAP and 150kg-ha™" Urea). A randomized complete block design with three rep-
lications was used to set up the studies. Except for days to silking and leaf area index at both locations, and days to physiological maturity,
and ear length at Mecha, main and interaction effects on all parameters were detected at both locations. The only main effect of NPSZnB
was detected on the harvest index at Jabi Tehnan. Generally, the results achieved from the interaction effect were better and greater than
those obtained from the blanket recommendation although this was not the case for the main effects. Grain yields at Jabi Tehnan and
Mecha were 5618.5 and 5421 kg-ha™’, respectively, as a result of the unified use of 250 kg-ha™' NPSZnB and 20 tha™* FYM and shortened
days to 50% tasselling by 3.46 days and delayed 90% physiological maturity by 2.95 days than the blanket recommended fertilizer at Jabi
Tehnan. As the main effect, compared to the blanket recommendation, 250 kg-ha_1 at Jabi Tehnan and 300 l<g~ha_1 NPSZnB at Mecha
reduced the days to 50% silking by 0.225 and 0.292 days, respectively. Contrasted with the conventional recommendation, the ap-
plication of 300 kg-ha™! NPSZnB minimizes days to 90% physiological maturity by 0.89 at Mecha, and the rise in FYM level from 0 to
20tha " caused 0.832 and 0.279 extra days to reach 50% silking at Jabi Tehnan and Mecha, respectively. The yield had a very strong
correlation that is positive with growth and yield components. Economic study: the use of 200 kg-ha™' NPSZnB with 20 tha™' FYM
resulted in the maximum net benefit of 36221.06 and 35431.04 ETB ha™" at Jabi Tehnan and Mecha, respectively. Thus, 250 kg~ha_1
NPSZnB with 20 kg-ha™' FYM and 200 kg-ha™! NPSZnB with no FYM application were the most acceptable rates at both locations with
alow cost of production to small-scale farmers. For resource-rich farmers, 200 kg-ha™' NPSZnB with 20 t-ha™' FYM was also favorable,
with the best net benefit at both locations.

1. Introduction of all exports, and 80% t of total employment [1]. So, it is not
unexpected that a major focus of Ethiopian policy is on en-

Several developing countries depend heavily on agriculture to ~ hancing the dynamism of the agricultural area.

promote economic development including Ethiopia. Ethiopia’s Ethiopia, with a fertility rate of 4.2 children born per

economy is based mostly on agriculture, which contributes to ~ woman, is the continent’s second most populous nation after

around 41.4 percent of the gross domestic product, 83.9 percent ~ Nigeria an existing population of 102.4 million [2]. Ethiopia
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is expected to be among the top eight in the world in terms of
population growth between 2017 and 2050, with a total
estimated population of 190.9 million [3]. The country must
increase food grain production by increasing production per
unit area in addition to nutritional value to feed and satisfy
the needs of such a big population.

The main source of food in Sub-Saharan Africa is maize
(Zea mays L.), and its area coverage increased by nearly 60%
between 2007 and 2017 [4]. Nowadays, Ethiopia has the fifth-
largest area dedicated to maize cultivation, but it has the second-
highest yvields (after South Africa) and the third-largest pro-
duction areas (behind South Africa and Nigeria) [5]. Not only is
it abundantly produced, but it is also the highest-yielding cereal
in Ethiopia, ranking first in productivity per hectare (4.2 tonnes,
accounting for 30.88 percent of cereal production) and second
in production area (2.5 ha, accounting for 19.46 percent of total
cereals) [6, 7]. More than 9 million small-holders growers
cultivate maize on approximately 2 million hectares (14 percent
of Ethiopia’s total land area), with approximately 88 percent of
the crop’s output going toward food consumption [8]. Maize
accounts for 42.79 percent of cultivated land and 64.27 percent
of cereal grain production in the west Gojam highlands, with
a yield of 4.573tha™" on average (9). In the 2020/21 summer
planting season, 10,189,355.00 and 649,991.00 small-holder
farmers, respectively, reportedly grew maize in the nation
generally and in the West Gojam zone specifically. National
(Ethiopia) and regional (Amhara) yields of 4.179 and 4.272 tone
ha™!, respectively [9], are significantly inferior to the average for
the world yield (57547 kg-ha™") [10].

These high yield gaps are most probably caused by many
abiotic factors including practical effectiveness gaps (i.e.,
limitations in crop management that result in production
inefficiencies), economic constraints (i.e., financial limita-
tions to expand input utilization), and technology gaps (i.e.,
inability to access advanced technologies modern technol-
ogies) and biotic factors (disease and weed) [11].

Mineral nutrition by itself has made a substantial con-
tribution to about 50% of crop yield increment during the
20th century, everywhere, and is anticipated to be the single
biggest factor reducing crop production in the twenty-first
century [12]. But frequent use of chemical fertilizer can alter
the soil’s pH, disrupt beneficial microbial communities,
aggravate pest problems, and potentially contribute to the
release of greenhouse gases [13].

It is essential to establish a balanced fertilization pro-
gram with macro and micronutrients in plant nutrition for
plants to yield significant amounts of high-quality products
by including microelements such as boron and zinc [14, 15].
Macro- and micronutrient deficiencies have been reported
for different soils and crops [16]. Using organic fertilizer
improves crop output per unit of nutrients supplied by
creating a better physical, chemical, and microbiological
environment [13]. Unless it is integrated with inorganic
fertilizers, because of its comparatively small nutrient
content, excessive application rates, and high labor needs,
using organic fertilizer alone may not be sufficient to com-
pletely meet crop nutrients demand [17]. In addition to im-
proving the chemical, biological, and physical characteristics of
the soil, applying organic fertilizer (farmyard manure) in
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combination with chemical fertilizers ensured a steady supply
of nutrients [18], and it promoted better growth and increased
crop output. Relative to using only chemical fertilizers, in-
tegrated nutrient management (NPK+FYM) increases corn
output [19-21]. Thus, exploiting the integrated practice of
natural and artificial fertilizer appears to be the paramount
alternate for sustainable crop production while preserving the
soil fertility condition in farming systems based on maize and
other cereals [17].

In the 1960s, higher education institutions introduced
commercial fertilizer in Ethiopia, primarily in the form of
urea and DAP through limited laboratory and research
operations [22]. Beginning in the early 1970s, this was
followed by extensive on-farm demonstration experiments
across the country, and a general rate of 100kgha™
urea + 100 kg-DAP-ha™' was advised, regardless of crop or
soil type [23]. As a result, the soil’s nutrition levels gradually
fall in nutrient levels in the soil and fail to address the
nutrient requirements of specific crops, including maize
[24]. Currently, Ethiopia has begun utilizing blended or
compound fertilizers, which can be used to supplement in-
adequate nutrients, and NPSZnB blended fertilizer is one of
them. Also, due to the high fertilizer costs and the farming
community’s low purchasing power, in the country, including
the experimental area, a low rate of inorganic fertilizer ap-
plication has been practiced which necessitates an alternative
option such option is the unified use of inorganic fertilizer and
farmyard manure. Not only the above reason but also due to
a long-term imbalanced fertilization approach, a lack of other
nutrients, particularly, potassium (K), sulfur (S), zinc (Zn), and
boron (B), has begun to become clear [23, 25, 26].

Research findings on soil fertility management utilizing
farmyard manure and mineral fertilizer are currently in-
accessible and have not been carried out in the selected
district (Jabi Tehnan and Mecha District Agriculture Office
report), and the soil in the experimental area has insufficient
nutrients including zinc, boron, phosphorus, sulfur, and
nitrogen, as indicated by the Ethio-SIS map https://www.
researchgate.net/profile/Tadele-Amare-Kassie [27]. Hence,
this experiment was conducted in the Jabi Tehnan and
Mecha district, which is one of the main maize pre-
production belt regions of the country, to determine the
most effective combination rate of NPSZnB blended fer-
tilizer and farmyard manure that improved growth, yield,
and define the optimal economic threshold of NPSZnB
blended fertilizer and farmyard manure.

2. Materials and Methods

2.1. Site Description. Two years of field research (2016/17-
2017/18) were conducted in two different locations in Amara
National Regional State, Ethiopia: Jabi Tehnan district (at the
Farmer’s Training Centre (FTC) and Mecha district (at the
substation of the Adet agricultural research centre and
Farmer’s Training Centre (FTC) (Figure 1). Jabi Tehnan is
situated at latitude 10.6794°N and longitude 37.2598°E, at an
altitude of 1,500-2,300 m.a.s.l, and encompasses an area of
116,954 hectares. The average annual rainfall in the city is
1250 mm, with minimum and maximum daily temperatures
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FIGURE 1: Study area map.

of 14 and 32°C, respectively, and a mean annual rainfall of
1,885 mm (Figure 2). The soil type is classified as 60% red
soil, 25% brown, and 15% black soil [28]. The soil fertility is
classified as 27% fertile, 71% medium, and 2% infertile.
Agro-ecologically, Woyina Dega accounts for 88 percent of
the district, while Kola accounts for the remaining 12% [29].

Mecha is situated at 11.4130°N, 37.1553°E and has an al-
titude of 1800-2500 meters above sea level. The region expe-
riences yearly rainfall averaging between 820 and 1250 mm. The
area’s daily low and high temperatures are 17 and 30 degrees
Celsius, respectively. The soil is 93% red, 3% black soil, and 4%
grey soil. The main crops produced in the area are wheat
(Triticum aestivum), barley (Hordeum vulgare L.), finger millet
(Eleusine coracana L.), Teft (Eragrostis tef), and maize [30].

In each of the corresponding years, soil samples were
taken at five places diagonally between 0 and 20 cm of soil
depth to identify the general soil characteristics of both
experimental sites before planting. The soil and farmyard
manure samples were air-dried, crushed, and sieved through
a 2mm sieve before being analyzed to determine some
selected chemicals for both soil and farmyard manure and
physical characteristics for soil only. Tablesl and 2 present
selected soil analysis parameters, methods, and results.
Before the experiment start, soil analysis revealed that both
study sites have clay texture and soil properties that are
relatively comparable.

2.2. Experimental Design, Treatments, and Procedure.
BHQPY545, a variety of maize noted for its high protein
content, was employed as the planting material in this

experiment. The treatments included five levels of NPSZnB
blended fertilizer (16.9% N-33.8% P-7.3% S-2.23% Zn-0.67%
B) (100, 150, 200, 250, and 300 kg-ha™") and four levels of well-
decayed, from cattle source, aged three to six months of
manure (0, 12, 16, and 20tha™") and one blanket recom-
mended 150kg-ha™" urea (69kg:N) and 200kg-ha™' DAP
(40kg-P and 18kg-N). Since the N content of NPSZnB
blended fertilizer is lower than N derived from the blanket
recommended urea and DAP, where the N content of 100 kg
NPSZnB blended fertilizer is 16.9 kg, the blended fertilizer was
adjusted with N to N of the recommended urea and DAP. This
shows that 87 kg:N-ha™' of conventional fertilizer, excluding
DAP and Urea, was administered to all treatments [11]. Three
replications of the experiment were conducted using a ran-
domized complete block design (RCBD) with a factorial ar-
rangement. The size of every plot was 4 by 4m (16 m?) and
contained five rows, each with ten plants, a total of 50 plants
per plot. Plots were 0.5 m apart, while blocks were separated by
1 m. Borders were described as the outermost single row from
both sides of the plots and one plant at both ends of each row.
As aresult, the net plot used for data collection was 3.2 x 2.4 m
(7.68m?), and the gross area for the experiment was
14mx94m= 1316 m°. All recommended agronomic activi-
ties were carried out. NPSZnB blended fertilizer was applied
by drilling once at sowing time and was well incorporated with
the local soil. While only a 1/2 amount of urea and all of the
DAP fertilizer were applied as a base application at sowing, the
remainder N was top-dressed at 35 days (knee-height stage)
later sowing for the nitrogen adjusted and the blanket rec-
ommended. Throughout the cropping seasons, the experi-
mental plots were managed using all of the improved
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culturally practiced methods for hybrid maize cultivation.
From all collected farmyard manure, nondecomposable and
unused components were isolated and removed and then
dispersed on a plastic sheet in the shade to minimize its
moisture, keeping the moisture content below 22%, and all
different levels of farmyard manure were randomly applied
one month before sowing and thoroughly mixed with the soil.

2.3. Data Collection and Measurement. Data for the trial
were gathered from days to 50% (tasselling, silking), leaf area

index, plant height, and days to 90% physiological maturity
(cm), and vyield and yield components such as ear length,
number of kernels per ear, 100 seed weight (g), grain yield
(kg ha™), above-ground biomass (kg ha™'), and harvest
index (%) were recorded. By calculating the conversion
factor for each treatment to get the adjusted yield, the grain
yield for each treatment was adjusted to the recommended
moisture level of 12.5% [47].

100 -Y

Conversion factor (C.F) = ——,
100 - X

1



International Journal of Agronomy

"OUTZ J[QE[IBAR (U7 "AY ‘U0IOQ d[qe[leAe :g Ay anyd[ns s[qe[reae :§ ‘Ay ‘snoioydsoyd a[qefreae :J -

Ay uaSomTu [e10) :NJ, ‘Uoqred oruedro DO “Ayoedes adueyoxs uoned :DFD AIYM

[P€] Jusmyep =, [€7] [PATON pue Aespur 1d WM papoenxy «€0 FT0 <170 +CT0 [ B/Bw uz Ay
[c¥] mof Apresu =, (1%] 2mpado1d uondenxs 193em 10K LTF0°0 L£€00 9100 F20°0 ByBw gay
[07] mo[=, [6€] poyiewr ojewIpIqIn, 91 ST L0T 0T [ By/8w gAY
[8€] wmrpawr =, [8€] poyowr u3s[O + Q0L €L LL'8 ++89'6 wdd g ay
[L€] mor=, [£€] poysowr [yep[p(y]-01IN «70°0 +90°0 10 «C1°0 %N.L
[9€] wmrpow =, [S€] poypow xelg pue Apjem - xxS'T LT 9T %00
[p¢] ySiy =, ‘wmipowr =, [€€] poylow 2181908 WNIUOWUIY 691 +9TST wx1'ST A &/ (-BA(H)10ud) DI
[z€] Tennou Apreau 03 JIpIoE AP SUONEDO] Y10q 1Y [T€] SPOII3[> UOHBUIqUIOD [SWIO[EI-SST[D) 809 06'S 059 %09 Hd
w)sAs 19)owoIpAy soonosnog weol Ae[D  weo Ae[D)  weo[ Ae])  weo[ Ae[D SSB[D [eIN)XI],
810C L10T 810C £10T

Suney

potou sisA[eue [10g

uoneso] [eyudwnadxy

ueuyRy, 1qe(

s1ojoureIeq

"pajonpuod a1om JudWLIddX 21} 210§0q ‘sSurpuy pue spoyldw stsA[eue Jurpnpur ‘suoneso] Apnis ) jo senradoid [rog i1 FTIAV],



6 International Journal of Agronomy
TaBLE 2: Methods of analysis and results of major chemical characteristics of farmyard manure used in the areas.
Experimental location
Parameters Jabi Tehnan Mecha .
Rating References

2017 2018 2017 2018
pH 6.9 7.1 7.4 7.3 Slightly alkaline Tekalign Tadesse [44]
CEC (cmol(+)kg™") 324 29.4 29.0 31.3 High Landon [45]
OC% 34.13 32.13 30.11 31.10 Very high ATA [46]
TN% 0.468 0.441 0.463 0.453 Moderate Tekalign Tadesse [44]
Av. P ppm 14.34 15.92 16.81 16.72 High Landon [45]
Av. S mg/kg™ 9.2 4.43 14.43 10.2
Av. B mg/kg ™! 0.012 0.013 0.023 0.020
Av. Zn mg/kg”" 018 023 0.21 0.09

where CEC = cation exchange capacity; OC = organic carbon; TN = total nitrogen; Av. P = available phosphorous; Av. S = available sulphur; Av. B = available

boron; Av. Zn = available zinc.

where Y represents the actual moisture content and X; the
target moisture content (which is 12.5% for cereals) to which
the yield should be adjusted.

Adjusted yield = C.F x plot yield. (2)

To experiment, plot-based data on yield and yield related
to its components were collected.

2.4. Economic Analysis. A financial study was conducted to
determine commercially profitable treatments. The cost-
benefit study was carried out at two separate sites (Jabi
Tehnan and Mecha district) over the two growing years (2016/
17 and 2017/18) by contrasting production costs and revenue
derived from different treatment levels. The analysis was
carried out by using input-output statistics of maize by the
CIMMYT (International Maize and Wheat Improvement
Centre) method [48]. Other costs such as fertilizer trans-
portation, pesticide application, and different agronomy ac-
tivities also were under consideration. The average yield was
adjusted to 10% lower to account for the discrepancy between
the experimental area and the anticipated output at farmers’
fields and with farmers’ behaviors under the same treatments
[49]. For nondominated treatments, the marginal rate of
return (MRR) was calculated, and MRRs were compared to
a minimum acceptable rate of return (MARR) of 100 percent
to determine the best treatments. The product of maize yield
for each treatment-year-location combination was used to
calculate revenue (R). Benefits were calculated using the
difference between revenues and expenditures.

2.5. Data Analysis. The analysis of variance was carried out
by Gomez and Gomez [50], using statistical analysis com-
puter software SAS version 9.2 (Statistical Analysis System)
[51]. Since the homogeneity test carried out using the F-test
as described by [50], of the two years and locations for all
parameters had shown homogenous and nonsignificance of
the two years on each location and heterogenous and sig-
nificance of the two locations, a combined analysis was used
for the two years on each location and analysis of each
location; data were analyzed separately. Whenever there
were important treatment results, mean separations were
performed using the least significant difference (LSD) at the

5% level of significance, and to facilitate factorial analysis,
the control was excluded. Using SAS, 9.2 versions, a corre-
lation analysis was also performed to define the association
between plant growth parameters and yield and yield
components as affected by rates of NPSZnB fertilizer and
farmyard manure.

3. Results and Discussion

3.1. Correlation of Maize Growth, Yield, and Yield
Components. Correlation analysis of maize growth pa-
rameters revealed that all were highly and positively cor-
related with grain yield at both experimental sites (Tables 3
and 4). A comparison of the correlation coefficients at Jabi
Tehnan revealed that plant height had a higher correlation
coefficient (r = 0.966**) than the other yield components,
followed by above-ground biomass (r = 0.951**), ear length
(r = 0.932**), thousand kernels mass (r = 0.921**), and the
number of green leaves per plant. The above-ground bio-
mass (r = 0.935"*) had the highest correlation coeflicient at
Mecha, followed by thousand kernels weight (r = 0.934**),
number of green leaves per plant (r = 0.922**), plant height
(r =0.685""), and ear length (r = 0.541**) showed asso-
ciations with grain yield with correlation coefficients of
comparatively inferior extents as compared to the former
yield components. Similarly, Selassie, [52] and Habtamu
et al.,, [53] discovered that maize grain yields were positively
and significantly associated with yield components.

3.2. Days till 50% Tasseling. Combined analysis of variance
over years indicated that days till 50% tasselling were sig-
nificantly (P < 0.0001) affected by the application of
NPSZnB blended fertilizer, farmyard manure, and their
interactions at Jabi Tehnan (Table5). However, only NPSZnB
blended fertilizer (P < 0.0001) caused a significant differ-
ence on days to 50% tasselling at Mecha (Table 5).

Days till 50% tasselling generally decreased as the in-
tegrated application of farmyard manure, and NPSZnB
mixed fertilizer was increased. By increasing the blended
fertilizer rate from 100 to 250kg-ha™' NPSZnB blended
fertilizer and farmyard manure rates from 0 to 20 t-ha™", days
to 50% tasselling were shortened. At the Jabi Tehnan site, the
integrated use of 250kg-ha™’ NPSZnB and 20tha™
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TaBLE 3: Correlation coefficient matrix of the relationship between selected growth, yield components parameters, and maize yield at Jabi

Tehnan.
AGBM EL TKW PH GY
AGBM 1.00
ED 0.872
NEPP 0.677
NGLPP 0.922
NKPR 0.926
NKPE 0.926
CW 0.790
EL 0.925 1.00
TKW 0.915 0.892 1.00
PH 0.947 0.919 0.955 1.00
GY 0.951 0.932 0.921 0.966 1.00

where AGBM =above-ground biomass; EL = ear length; TKW = thousand kernels weight; PH = plant height; GY = grain yield.

TaBLE 4: Correlation coefficient matrix of the association between selected growth, yield components parameters, and maize yield at Mecha.

AGBM EL TKW PH GY
AGBM 1.00
ED 0.420
NEPP 0.558
NGLPP 0.953
NKPR 0.932
NKPE 0.930
CwW 0.865
EL 0.550 1.00
TKW 0.905 0.579 1.00
PH 0.656 0.411 0.683 1.00
GY 0.935 0.541 0.934 0.685 1.00

where AGBM =above-ground biomass; EL = ear length; TKW = thousand kernels weight; PH = plant height; GY = grain yield.

TABLE 5: P values of the effects of year, block, NPSZnB blended fertilizer, farmyard manure, and their collaborations on the phenology and
growth variables were measured at the Jabi Tehnan and Mecha districts of Ethiopia.

Sources of Two years combined result
variation DF D50%T D50%S PH AGBM DT90%PM LAI
Jabi Tehnan
Y 1 0.6534 0.2262 1.0000 0.9921 0.0605 0.9527
BL 2 0.0649 0.0074 0.0004 <0.0001 0.0279 0.1649
BF 4 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
FYM 3 <0.0001 0.0009 <0.0001 <0.0001 <0.0001 0.0224
FYM X BL 12 <0.0001 0.7903 <0.0001 0.0003 0.0001 0.4646
Error 3.2 0.5 195533.6 2.1 0.4
Total 97 97 97 97 97 97
Mecha
Y 1 0.9232 0.3029 0.7824 0.9907 0.2761 0.0443
BL 2 <0.0001 0.2246 0.9645 0.1444 <0.0001 0.9392
BF 4 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
FYMm 3 0.5723 0.0003 <0.0001 <0.0001 0.0399 <0.0001
BF XFYM 12 0.4230 0.9166 <0.0001 <0.0001 0.8187 0.7576
Error 3.37 2.50 12.77 122797.70 6.73 0.2
Total 97 97 97 97 97 97

where Y: year; BL: block; BF: NPSZnB blended fertilizer; FYM: farmyard manure; DF: degree of freedom; D50%T: date to 50% tasselling; D50%S: date to 50%

silking; PH: plant height; AGBM: above-ground biomass; DPM: date to physiological maturity; LAI: leaf area index.



farmyard manure shortened days to 50% tasselling by
3.46 days as compared to the blanket DAP and urea fertilizer
recommendation/satellite control (200kg-ha™ DAP and
150 kg-ha™" urea) application (Table 6). The application of
100 kg-ha™' NPSZnB without the application of farmyard
manure prolonged days to 50% tasselling by 2.92 days in
comparison to the blanket DAP and urea fertilizer recom-
mendation/satellite control, and it was also statistically at par
with 100kg-ha™' NPSZnB blended fertilizer and 12 t-ha™
farmyard manure combination. The earliest days’ reaching
50% of tasseling in response to the highest amount of
blended fertilizer NPSZnB (250 kg ha-1) and farmyard
manure (20 tha-1) could also be attributed to their syner-
gistic effect on promoting vegetative growth, which resulted
in preserving enough food reserves to allow buds to develop
into flower buds. The prolonged vegetative phase of the plant
could, on the other hand, be caused by the lack of nutrients
or starving of the plant, which would result in delayed
tasselling in response to the interaction effect of the mini-
mum amount of blended fertilizer and farmyard waste.

This could also be attributed to their synergistic effect, as
the application of farmyard manure along with NP fertilizers
provides balanced micro and macronutrients. This
would have aided in enhancing the assimilation process in
the seedling growth stage, which in turn would have en-
hanced the overall growth and extended through the veg-
etative growth stage, resulting in a prolonged period for
tasselling [54].

These results are in line with Tetarwal et al., [55] who
discovered that raising fertilizer rates decreased the number
of days for maize to 50% tassel. Melaku et al. [56] also
reported similar results where the application of blended
NPS fertilizers and farmyard manure significantly affected
days to tasselling. These results showed that the combined
application of 150 kg-ha™" NPS fertilizer and 12 tha™' FYM
resulted in the shortest duration for 50% tasselling (61 days),
whereas the control treatment resulted in the longest period
for 50% tasselling (80 days).

Mean comparisons for blended fertilizer treatments at
Mecha revealed that the use of 300 kg-ha™" blended fertilizer
shortened days to 50% tasselling (51.14) by 1.05 days than the
blanket fertilizer DAP and urea (52.2days) whereas the
longest 55.26 days to 50% of tasselling were recorded from
100 kg‘ha’1 of NPSZnB blended fertilizer (Table 7.

The earliness tasselling in response to the increasing
amount of NPSZnB blended fertilizer could be attributed to
the nutrients N, P, S, B, and Zn in NPSZnB blended fertilizer
causes the crop to grow vigorously and more rapidly during
the vegetative stage, which eventually causes the crop to
tassel sooner rather than later. The same results were also
reported by Hailu et al., [57] where the use of blended NPS
fertilizers significantly affected days to tasselling. When
nutrients are applied in sufficient amounts, growth is quick
and tasselling is accelerated, but when nutrients are applied
insufficiently or not at all, development is slow, and
tasselling and silking are delayed [58]. These findings are
consistent with those of Makinde et al. [59, 60], who found
that maize silking and tasselling days were reduced by 50%
when fertilizer rates were increased.
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3.3. Days till 50% Silking. The combined analysis of vari-
ance over years for the days to 50% silking revealed that,
at both locations, there was a significant difference on
days to 50% silking of maize due to the main effects of
NPSZnB blended fertilizer and farmyard manure.
However, this parameter was unaffected by their in-
teraction impact (Table 5).

The shortest days to 50% of silking 60.52 and 60.70 were
gotten from the plots that received 250 and 300kgha™*
NPSZnB blended fertilizer at Jabi Tehnan and Mecha, re-
spectively, but it was significantly on par with 300 kg-ha™ at
Jabi Tehnan and 250kg-ha™' NPSZnB at Mecha. In the
meantime, the maximum days to 50% silking 63.41 and
64.32 were recorded from the minimum rate of NPSZnB
blended fertilizer of 100 kg-ha " at Jabi Tehnan and Mecha,
respectively (Table 7).

It was recognized that NPSZnB blended fertilizers with
varying concentrations of N, P, S, and Zn may have
accelerated plant growth and development, reducing the
time until silking. Hailu et al., [57] also discovered that the
use of blended fertilizers greatly impacted the days of silking.
In the interim, Kinfe et al. [67] found that 50% of silking is
significantly influenced by the use of mixed fertilizer rates.
The outcomes are consistent with those of Makinde and
Ayoola [59]; Uwah et al, [60] noticed that maize’s 50%
silking days were shorter when fertilizer rates were higher. In
contrast to the results of this experiment, results from several
studies confirmed that NPSZnB blended fertilizer with
varying amounts of N, P, S, Zn, and B had no discernible
impact on the silking of the maize crop [61].

The rise in the rate of farmyard application from 0 to
20t-ha™! caused a reduction in days to 50% silking (60.80
and 61.17) as maximum numbers of days to 50% silking
62.71 at Jabi Tehnan and 62.90 at Mecha were obtained from
no farmyard manure application which is statistically similar
to the rate of 12 tha™' of farmyard manure at both locations
(Table 7).

Increased amounts of cattle manure make the soil nutrients
balanced, create a favorable soil environment by improving soil
porosity (water holding capacity), and minimize nutrient
leaching. These favorable conditions increased nutrient avail-
ability, especially NPK. The plant tends to grow at its maximum
capability resulting in shortening the days to silking. These
increases in days to 50% silking coincide with Gurmu and
Mintesnot’s findings [62] who reported days to 50% silking
were delayed by 10.67 days (12.81%) at the control treatment
compared to the application of 2.3-ton ha™' compost that takes
83.3 days to 50% silking.

3.4. Days till 90% Physiological Maturity. Analysis of vari-
ance over years revealed that days to 90% physiological
maturity of maize were significantly (P < 0.0001) affected by
the application of NPSZnB blended fertilizer, farmyard
manure, and their interactions at Jabi Tehnan, while at
Mecha, the main effects of NPSZnB blended fertilizer and
farmyard manure significantly (P<0.05) affected days to
90% maturity. However, their interaction results were not
significant (P >0.05) (Table 5).
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TaBLE 6: Interaction effects of days to physiological maturity and 50% tasselling combined over years 2016/17 and 2017/18 in the Jabi Tehnan
district of Ethiopia.

Treatments D50%T DT90%PM

BR kg ha™* 53.2 142

FYM tha™* FYM tha™!

BF kg ha™ 0 12 16 20 0 12 16 20
100 56.13a 55.92a 55.50b 55.33b 131.711 135.30k 135.52jk 136.47i-k
150 54.83¢ 54.62cd 54.37de 54.23ef 136.49i-k 136.89h-k 137.79g-i 137.70g-i
200 54.02fg 53.78g 53.45h 52.78i 138.33gh 139.08fg 142.22cd 142.77bc¢
250 52.63i 52.32 51.33] 49.730 137.14h-j 140.70d-f 142.96bc 144.95a
300 52.15jk 51.93k 50.78m 50.42n 140.18ef 140.85de 143.92a-c 144.31ab

CV (%) 0.48 1.04

LSD 0.29 1.72

P value <0.0001 0.0001

There is no noticeable difference between means inside a column that is preceded by the same letter; D50%T =several days to 50% tasselling; DT90%PM: days
to 90% physiological maturity; BR: blanket recommendation (200 kg-ha™' DAP and 150 kg-ha™" urea); BF: blended fertilizer; FYM: farmyard manure; CV:

coefficient of variation; LSD: least significant difference.

TaBLE 7: The main effects of NPSZnB blended fertilizer and farmyard manure on days to 50% silking, days to 50% tasselling, and days to
physiological maturity over the Ethiopian years 2016-17 and 2017-18 were observed in the Jabi Tehnan and Mecha districts.

Experimental locations

Treatments Jabi Tehnan Mecha
D50%S D50%T D50%S DT90%PM
BR kg ha™! 60.3 52.2 61 142
BF kg ha™'
100 63.41a 55.26a 64.32a 137.25b
150 62.07b 52.48b 62.51b 137.74b
200 61.96b 53.08b 61.88b 138.40b
250 60.50c 51.22c 60.80c 140.64a
300 60.52¢ 51.14c 60.70c 141.10a
LSD 1.06 1.24 0.90 1.48
P value <0.0001 0.0001 <0.0001 <0.0001
FYM (t ha™)
0 62.71a 52.92 62.90a 137.93b
12 61.79ab 52.63 62.37ab 138.93ab
16 61.48bc 52.27 61.73bc 139.74a
20 60.80c 52.50 61.17¢c 139.50ab
LSD 0.95 1.11 0.81 1.32
CV % 3.01 4.14 2.55 1.86
P-value 0.0009 0.5723 0.0003 0.0399

There is no noticeable difference between means inside a column that is preceded by the same letter. BR: blanket recommendation (200 kg-ha™' DAP and
150 kg-ha™" urea); BF: NPSZnB blended fertilizer; FYM: farmyard manure; CV: coefficient of variation; LSD: least significant difference; D50%S: days to 50%

silking; D50%T: days to 50% tasselling; DT90%PM: days to 90% physiological maturity.

At Jabi Tehnan, maize on the plot which received
250kg-ha™' NPSZnB blended fertilizer and 20 tha™" farm-
yard manure took the maximum days to 90% physiological
maturity (144.95 days). Hence, 2.95 extra days were required
to reach the maturity of maize as compared to the con-
ventional fertilizer DAP and urea application. However, it
was statically comparable to the application of 300 kg-ha™
NPSZnB blended fertilizer integrated with 20 and 16 t-ha™"
farmyard manure. Conversely, the shortest day to reach 90%
physiological maturity 131.71 was documented from both
the minimum rate of NPSZnB blended fertilizer
(100 kg-ha’l) (Table 6).

It was known that increased nutrients especially nitrogen
could have shortened the days to tasselling, silking, and
maturity by encouraging the early establishment, rapid
growth, and development of the crop, but the current
outcome was inconsistent in this respect. This might be
because of the increased rate of nitrogen from both sources
(blended inorganic fertilizer and farmyard manure) espe-
cially the gradual discharge of nutrients from farmyard
manure, which delayed physiological maturity by pro-
moting/promoting the plants’ vegetative growth and de-
velopment. In addition, it could be positive interaction of
nutrients in both fertilizer, and additional benefits from
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farmyard manure (increases the soil’s ability to retain
moisture, reduces nutrient leaching, and releases nutrients such
as nitrogen and phosphorus) could encourage plant vegetative
development, which would lengthen the time until maize
plants reach maturity. This result is in contradicts the report by
Gurmu and Mintesnot[62] [62], who notes that plants re-
ceiving lesser nutrient applications grew slowly due to a lack of
nutrients, while plants receiving higher nutrient applications
exhibited early maturity due to strong development, early
tasselling, and early silking of the crop.

At Mecha, the maximum number of days to 90%
physiological maturity was 141.1, at the rate of 300 kg-ha™
NPSZnB blended fertilizer which was 0.89 days earlier than
the use of DAP and urea. However, it was significantly on
par with the plot treated with 250 kg-ha™' NPSZnB blended
fertilizer whereas the minimum days 137.3 to reach 90%
physiological maturity were recorded from the lowest rate of
blended fertilizer (100 kg-ha™"), which was significantly on
par with the application of 150 and 200 kg-ha™' NPSZnB.

It was known that blended fertilizers with varied
amounts of N, P, S, Zn, and B would have favored early
establishment, quick growth, and development of the crop,
shortening the days to tasselling, silking, and maturity.
Nevertheless, the current outcome was inconsistent in this
regard. Such dalliance of days to 90% of maturity might be
because of the increased amount of nutrients, especially
nitrogen extending the growing season and delaying crop
maturation by promoting vegetative growth. Also, it might
be because of the positive integrity between nutrients in
blended fertilizer. Because they are required for the initial
development of roots and the synthesis of chlorophyll,
boron, phosphorus, and sulfur all enhance the usage of
nitrogen [63]. B, K, and N fertilizers work well together to
increase crop yields and maturity [64].

This result contradicts the finding of Hailu et al., [57] and
Kinfe et al., [61] who stated that maturity is significantly
affected by the application of NPSZnB blended fertilizer
rates, and in contrast to the control, which took the longest
days to reach maturity, short maturity days were observed
with the administration of NPSZnB blended fertilizer.

Regarding the effects of farmyard manure, application at
the level of 16 t-ha™" resulted in the longest maximum days to
reach maturity 139.74 which was delayed by 1.8 days on plots
not receiving farmyard manure (137.93) (Table 7). However, it
was significantly at par with all rates of farmyard manure
except nil application. However, no farmyard manure appli-
cation caused the shortest days to reach physiological maturity.

In addition to releasing nutrients such as nitrogen and
phosphorus that encouraged vegetative growth, prolonged
the growing season, and consequently delayed the maturity
of the maze, increasing FYM dosage may also be caused by
increases in soil moisture-holding capacity and decreased
nutrient leaching. Due to their usage in the production of
chlorophyll and the earliest stages of root development,
phosphorus, sulfur, and boron promote the intake of ni-
trogen [65]. The findings of this investigation are consistent
with those of Redda and Abay [66] who found that using
a larger dose of FYM (9 t-ha™") recorded longer days (122, 5)
to physiological maturity.
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3.5. Plant Height (cm). 'The outcome of combined analysis of
variance of two years of data, NPSZnB Blended fertilizer,
farmyard manure as well as their interaction revealed sig-
nificant differences (p < 0.05), in plant height of the maize
crop at both experimental locations (Table 5).

The tallest plant height of 218.91 cm at Jabi Tehnan and
217.79 cm at Mecha was recorded from the combined ap-
plication of 250kg-ha™’ NPSZnB blended fertilizer and
20 t-ha™! farmyard manure which showed an increment in
length by 1.3cm at Jabi Tehnan and by 1.79 cm at Mecha
compared to the conventional DAP and urea fertilizers.
However, at Mecha, the treatment combination level which
was given the maximum plant height was significantly on
par with 250 and 300kg-ha™' NPSZnB blended fertilizer
integrated with 16tha”' farmyards and also 300kgha™'
NPSZnB blended fertilizer integrated with 20 t-ha™' farm-
yard manure application. The shortest plant measures
169.1 cm in height at Jabi Tehnan and 168.83 cm at Mecha
were obtained from the lower level of NPSZnB blended
fertilizer (100 kg-ha™") and nil farmyard manure application
(Table 8).

Plants treated with the maximum blending of NPSZnB
fertilizer and cattle manure showed that a substantial in-
crease in plant height could be due to the role of nutrients
individually and also their collaboration with nitrogen,
which is one of the nutrients that contribute most to yield
and, when present in sufficient amounts, encourages the
creation of chlorophyll, which leads to better photosynthetic
activity, stronger vegetative growth, and taller plants. Shoot
and root tips, where metabolism is high and cell division is
quick, require a significant amount of phosphorus. The same
is true with sulfur, which encourages the production of
chlorophyll, increased photosynthetic activity, robust veg-
etative development, and taller plants. Due to boron’s crucial
function in cell division and nitrogen absorption from the
soil, which promotes plant growth and eventually increases
plant height, the addition of boron in the NPSZnB blended
fertilizer also considerably boosted plant height. Zinc pro-
motes the production of chlorophyll, photosynthesis, ni-
trogen uptake, and metabolism [67].

3.6. Leaf AreaIndex. The combined analysis of variance over
years exhibited that the impact of NPSZnB blended fertilizer
and farmyard manure on leaf area index was significant
(P < 0.0001) (Table 5), and their interaction results, how-
ever, were not significant at both locations.

The leaf area index (LAI) is a significant growth indicator
that assesses a plant’s ability to capture solar energy for
photosynthesis. It has a significant impact on the plant’s
growth and output. Application of 300kg-ha™' NPSZnB
blended fertilizer resulted in the highest leaf area index 3.93
and 3.37 at Jabi Tehnan and Mecha, respectively (Table 9),
which shows a relative reduction of leaf area index by
(8.23%) at Jabi Tehnan and (17.10%) at Mecha than the
conventional DAP and urea, while the lowest leaf area index
(2.92) at Jabi Tehnan and (2.6314) at Mecha was recorded
from the least level of blended (NPSZnB) fertilizer
(100kg~ha’l). However, at both locations, the NPSZnB
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TaBLE 8: Interaction effects of NPSZnB blended fertilizer and farmyard manure on plant height, combined over years 2016/17 and 2017/18 in
Jabi Tehnan and Mecha districts of Ethiopia.

Experimental locations

Treatments
Jabi Tehnan Mecha

BR kg ha™* 217.6 216

FYM tha™ FYM tha™

BF kg ha™? 0 12 16 20 0 12 16 20
100 169.1p 181.010 181.60 188.85n 168.831 180.74k 181.33kj 185.33ij
150 188.85m 190.191 192.67k 195.93j 188.58ih 193.46g 192.4gh 195.66gf
200 199.03i 209.6g 212.54de 213.3d 198.76f 209.33dc 211.69b-d 212.27b-d
250 200.5h 211.9¢ 214.24c¢ 218.91a 203.3e 211.49b-d 213.55a-c 217.79a
300 211f 212.02¢ 216.40b 217.01b 208.98d 211.88b-d 213.97ba 216.74a

CV (%) 0.34 1.78

LSD 0.83 431

P value <0.0001 <0.0001

There is no noticeable difference between means inside a column that is preceded by the same letter. BR: blanket recommendation (200 kg-ha™' DAP and
150 kg-ha™" urea); BF: NPSZnB blended fertilizer; FYM: farmyard manure; CV: coefficient of variation; LSD: least significant difference; PH: plant height.

TaBLE 9: Main effects of NPSZnB blended fertilizer and farmyard manure on leaf area index, harvest index, and ear length, combined over

years 2016/17 and 2017/18 in Jabi Tehnan and Mecha districts of Ethiopia.

Experimental location

Treatments Jabi Tehnan Mecha
LAI HI EL LAI

BR kg ha™! 3.94 50.50 16.42 3.82
BF kg ha™'

100 2.92¢ 44.97c 13.44b 2.63¢

150 3.01bc 49.50b 13.83b 2.82bc

200 3.13bc 53.10a 15.23a 2.81bc

250 3.34b 52.82a 16.10a 3.03b

300 3.93a 52.59a 16.16a 3.37a
LSD 0.37 2.16 0.98 0.22
P value <0.0001 <0.0001 <0.0001 <0.0001
FYM (t ha™)

0 3.01b 50.06 13.91b 2.69b

12 3.21ab 50.41 14.95a 2.80b

16 3.33ab 51.60 15.22a 3.07a

20 3.52a 50.32 15.73a 3.166a
CV % 19.79 7.48 11.52 13.65
LSD 0.33 NS 0.88 0.20
P value 0.0224 0.4081 0.0009 <0.0001

There is no noticeable difference between means inside a column that is preceded by the same letter. BR: blanket recommendation (200 kg-ha™' DAP and

-1

150 kg-ha™" urea); BF: blende fertilizer (NPSZnB); FYM: farmyard manure; CV: coefficient of variation; LSD: least significant difference; LAI: leaf area index;

HI: harvest index; EL: ear length.

blended fertilizer rate that resulted in the smallest leaf area
index was statistically similar to the 150 and NPSZnB kg ha™*
application. The improved leaf area index with increased
NPSZnB blended fertilizer rate could be attributed to the
vigorous growth and leaf enlargement in length and width in
response to the significant role of individual nutrients and
their synergy as well. Nitrogen causes the production of
more above-ground biomass with enlarged leaves. In ad-
dition, phosphorus encourages the rapid development of the
canopy and aids in the division of root cells. Due to their
roles in the synthesis of chlorophyll, activation of enzymes,
increased resilience to biotic and abiotic stressors, and

defense against oxidative damage, phosphorus, boron, sul-
fur, and zinc boost the uptake of nitrogen [68].

Farmyard manure (20 t-ha™") exhibited the greatest leaf area
index (3.72) and (3.16), 16.73%, and 17.10% more compared to
the blanket conventional recommended DAP and urea fertilizer
at Jabi Tehnan and Mecha, respectively. However, the farmyard
manure rate that resulted in the maximum leaf area index was
statistically comparable to 16t-ha™" at both experimental lo-
cation and also by 12 t-ha™" at Jabi Tehnan while no farmyard
manure application provided the lowest leaf area index (3.01)
and (2.69) at Jabi Tehnan and Mecha, respectively (Table 9).
However, it was statistically at par with all various rates, except
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the higher rate at Jabi Tehnan and with 12tha™' farmyard
manure at Mecha. In addition, it also assisted in maintaining
functional leaf area throughout the growth phase in a replay to
N availability, which promotes root growth and may have
improved plants’ ability to obtain nutrients in response to
increased physical qualities of the soil [69]. This finding agrees
with the findings of Sanni [70] who observed that increased leaf
area in soil amended with organic fertilizer could probably be
attributed to N availability which promoted leaf area during
vegetative development and also helped to maintain functional
leaf area during the growth period.

3.7. Ear Length (cm). Based on data from a multiyear
combined data analysis of variance, at Jabi Tehnan, ear
length was significantly (P < 0.001) affected due to the
applications of NPSZnB blended fertilizer, farmyard ma-
nure, and their interaction effect. At Mecha, the main factors
NPSZnB blended fertilizer and farmyard manure applica-
tion (P < 0.001) affected ear length; however, their in-
teraction did not affect ear length (Table 10).

Ear length is a very vital yield contributive parameter of
maize. It considerably contributes to the grain yield of maize
by manipulating each number of grains and grain size. A
combined application of 250 kg-ha™' NPSZnB blended fer-
tilizer and 20 t-ha™! farmyard manure resulted in the longest
ear length (17.47) at Jabi Tehnan, which is exceeded by 5.64%
over the conventional urea and DAP application whereas
100 kg-ha™" with no farmyard manure application recorded
the shortest ear length 9.07 cm (Table 11).

The probable reason for the increment of ear length due
to the increasing combined application of NPSZnB blended
fertilizer with farmyard manure may be their integration
creates the availability of both macro and micronutrients
which encourage the growth and development of plant parts.
The results are also consistent with Biramo [71] who stated
that the use of NPSZnB Blended fertilizer in conjunction
with farmyard manure may have been the supply of ade-
quate micro and macronutrients, which most likely aided in
improving metabolic activity during the early growth period,
which in turn aided overall growth, including ear length.

At Mecha, NPSZnB blended fertilizer rate at 300 kg-ha™"
gave the longest ear length (16.16 cm) compared to the
conventional fertilizer DAP and urea but statistically similar
to 200 and 250 kg-ha™' NPSZnB blended fertilizer. However,
with no significant statistical variation with 150 kg-ha™", the
application of 100 kg-ha™ NPSZnB blended fertilizer gave
the shortest ear length (13.44 cm) (Table 9).

These findings are in line with those of Fayisa et al., [72]
[72] who discovered that the application of NPSZnB blended
fertilizer rates had an impact on maize ear length that was
extremely significant (P 0.01). His findings showed that the
control had the least maize ear length (11.57 cm), while the
application of 200kg NPSZnB+150.2N produced the
longest (16.10cm) ear length 20 t-ha™'. Farmyard manure
application is caused by the longest ear length (15.73 cm)
which is lower in length by 4.35% as compared with con-
ventional fertilizer DAP and urea. However, there was no
statistical difference with the rest rate of farmyard manure
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except for the plot treated with no farmyard manure which
gives the shortest ear length of 13.91cm (Table 9). The
stimulating impact of farmyard manure, which provides the
plant with nutrients needed for the improved length of the
ear, may be the cause of increased ear length with an increase
in the application rates of the manure. These results are in
agreement with those of Eleduma et al. [73] who found that
maize plants amended with the maximum farmyard manure
rate (20 tha™") had superior cob length (17.38 cm) than the
control (15.05 cm) which decreased with each decrease in the
level of cattle manure applied.

3.8. Thousand Kernels Weight (g). Combined data over years
indicated that thousand kernel weights were significantly
(P < 0.0001). At both trial sites, NPSZnB mixed fertilizer,
farmyard manure application, and their interaction all had
an impact (Table 10).

The integrated application of 250kgha™ NPSZnB
blended fertilizer and 20t-ha™' farmyard manure at Jabi
Tehnan and 300kg-ha™' NPSZnB blended fertilizer with
20t-ha™"! at Mecha had the higher thousand-grain weight of
292.6 and 290.8 g at Jabi Tehnan and Mecha, respectively,
which were higher than the conventional fertilizers DAP and
urea by 3.26% and 4.954%. Nonetheless, statistically
speaking, it was statistically at par with the combined ap-
plication of 300 kg-ha™' NPSZnB blended fertilizer at Jabi
Tehnan and 250 kg-ha™" NPSZnB blended fertilizer at Mecha
combined with 20 tha™" farmyard manure. Lightweights of
253.814 and 252.629 g of thousand kernels were recorded
from the combined application of 100kg-ha™' NPSZnB
blended fertilizer with no farmyard manure application at
Jabi Tehnan and Mecha, respectively (Table 12).

A significant rise in the weight of the thousands of
kernels may be attributable to the synergistic effects of mixed
fertilizers on maize grain filling and greater growth-
promoting photosynthesis. The results of Malakouti [74]
support the outcome of this investigation that integrated
nutrient management significantly improves thousands of
weight of kernels. The maximum (28.67 g) test weight is
obtained after applying 75% RDF (75 N + 45 P,05 + 30 K,O
kg-ha™") with FYM (5 t-ha™"). On the other hand, the lowest
(22.73 g) thousand weight of kernels were observed when
just 50% RDF (50 N +30 P,0s+20kg K,O kgha™') was
applied.

3.9. Above-Ground Biomass (kg ha™'). NPSZnB blended
fertilizer and farmyard manure interacted and, in turn, stood
alone to have a significant impact on above-ground dry
biomass at both experimental locations, according to the result
from combined data analysis of variance over years (Table 5).

In comparison to the conventional one, above-ground
biomass yield compensations of 17.3% and 19.36% were
found because of increasing NPSZnB blended fertilizer from
100 to 250 kg-ha™" and farmyard manure from 0 to 20 t-ha™"
in a combined way at Jabi Tehnan and Mecha, respectively,
than that of the conventional DAP and urea. The combi-
nation of 250kgha™' NPSZnB blended fertilizer and
20tha”" farmyard manure resulted in the highest above-
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TaBLE 10: P values of the effects of year, block, NPSZnB blended fertilizer farmyard manure, and their interactions on yield components and
yield variables measured at Jabi Tehnan and Mecha districts in 2016/17 and 2017/18.

o Two years combined result
Sources of variation

DF EL TKW GY HI
Jabi Tehnan
Y 1 0.1006 0.2909 0.9714 0.9927
BL 2 0.0009 0.0610 <0.0001 0.0863
BF 4 <0.0001 <0.0001 <0.0001 <0.0001
FYM 3 <0.0001 <0.0001 <0.0001 0.4081
FYM X BL 12 <0.0001 <0.0001 <0.0001 0.0537
Error 0.2 7.8 18431.6 9.1
Total 97 97 97 97 97
Mecha
Y 1 0.4291 0.2405 0.8873 0.1592
BL 2 0.0370 0.0594 <0.0001 0.0048
BF 4 <0.0001 <0.0001 <0.0001 <0.0001
FYM 3 0.0009 <0.0001 <0.0001 0.0071
BF XFYM 12 0.2381 <0.0001 <0.0001 0.0108
Error 2.97 7.96 19998.50 15.4
Total 97 97 97 97 97

where Y: year; BL: block; BF: NPSZnB blended fertilizer; FYM: farmyard manure; DF: degree of freedom; TKW: thousand kernels weight: GY: grain yield; EL:
ear length; HI: harvest index.

TaBLE 11: Interaction effects of NPSZnB blended fertilizer and farmyard manure on ear length, combined over years 2016/17 and 2017/18 in
the Jabi Tehnan district of Ethiopia.

Treatments

BR kg ha™' 16.54

FYM tha™

BF kg ha™ 0 12 16 20
100 9.07n 10.14m 10.37m 10.66lm
150 11.03kl 11.28jk 11.43jk 11.66j
200 11.80j 12.78hi 14.24de 14.54d
250 12.37i 13.53fg 15.10c 17.47a
300 13.14gh 13.71ef 15.29¢ 16.14b

CV (%) 3.611

LSD 0.52

P-value <0.0001

Means inside a column that begins with the same letter or letters do not significantly differ. BR: blanket recommendation (150 kg-ha™" urea and 200 kg-ha™"

DAP); BF: NPSZnB blended fertilizer; FYM: farmyard manure; CV: coefficient of variation; LSD: least significant difference.

ground dry biomass 10895.0kg and 10787.9kgha™" (Ta-
ble 13). However, no statistical variations were observed
with the integrated application of 300kg-ha™' NPSZnB
blended fertilizer with 20t-ha™" farmyard manure at Jabi
Tehnan.

Whereas  the lowest above-ground  biomass
4609.4kgha™' and 4896.9kg-ha™" were recorded from the
application of 100kg-ha™' NPSZnB blended fertilizer at
Tehnan and Mecha, respectively, it was significantly on par
with 100 kg-ha™" NPSZnB blended fertilizer integrated with
12tha™" farmyard manure at Mecha (Table 13).

A greater leaf area index, more grains per ear, longer
ears, thicker stems, taller plants, and more grain could all
have contributed to an increase in above-ground biomass
when NPSZnB mixed fertilizer and farmyard manure ap-
plication amounts were increased. The high biomass yield in
the combined treatments may have been enhanced by

photosynthetic production being promoted by an increase in
the number of leaves and an increase in the leaf area index.
The present results are supported by Yigermal et al., [75],
and during two consecutive years (2005 and 2006), the
influence of inorganic fertilizer and farmyard manure on
above-ground biomass remained significant under different
application levels and who attained the significant maximum
biomass yield of maize 8579 and 8475 kg-ha™', respectively,
from the combined application of NPK (60-45-30 kg-ha™")
with FYM (10 t-ha™).

3.10. Grain Yield (kg ha™"). Combined analysis of variance
over years indicates that NPSZnB blended fertilizer, and
farmyard manure, and their interaction had a significant
(p <.0001) effect on maize grain yields at both locations
(Table 10).
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TaBLE 12: Interaction effects of NPSZnB blended fertilizer and farmyard manure on thousands of kernels weight, combined over years 2016/

7 and 2017/18 in Jabi Tehnan and Mecha districts of Ethiopia.

Experimental locations

Treatments .
Jabi Tehnan Mecha

BR kg ha™* 281.63 278.83

FYM tha™ FYM tha™

BF kg ha™' 0 12 16 0 12 16 20
100 253.81; 266.48i 267.851 271.11h 252.62k 264.63j 266ij 269.261hi
150 271.20h 272.40gh 275.62fg 276.44f 269.35h 270.55gh 273.76fg 274.59¢
200 278.78ef 281.86e 288.05¢d 288.43cd 276.93¢f 280e 286.19cd 286.6b-d
250 276.02f 286.78cd 289.5a-¢ 292.64a 274.16f 284.93cd 286.6b-d 289.86ab
300 285.33d 287.42cd 288.79bc 291.74ab 283.4d 285.57cd 287.9a-c 290.81a

CV (%) 1.01 1.03

LSD 3.25 3.29

P-value <0.0001 <0.0001

P-value <0.0001

Means inside a column that begins with the same letter or letters do not significantly differ. BR: blanket recommendation (150 kg-ha " urea and 200 kg-ha™*
DAP); BF: NPSZnB blended fertilizer; FYM: farmyard manure; CV: coefficient of variation; LSD: least significant difference.

TaBLE 13: Farmyard manure and NPSZnB blended fertilizers interactions effect on above-ground biomass, combined over years 2016/17 and

2017/18 in Jabi Tehnan and Mecha districts of Ethiopia.

Experimental locations

Treatments .

Jabi Tehnan Mecha

BR kg ha™! 9282.9956 9037.862

FYM t ha™! FYM t ha™!

BF kg ha™! 0 12 16 20 0 12 16 20
100 4609.40 5612.7n 6080.4mn 6474.4lm 4896.9m 5099.6m 5562.61 6301.2k
150 6745.7kl 6966.1k1 7245.9jk 7598.3ij 6741.9j 7296.71 7462.0hi 7628.5g-1
200 7815.4hi 8518.1fg 9713.9de 9890.4c-e 7816.4f-h 8095.0ef 9099.0cd 9204.4cd
250 8182.1gh 8913.9f 10135.5b-d 10895.0a 7894.5fg 8355.1e 9393.7¢ 10787.9a
300 8 813.1f 9492.4e 10297.1bc 10686.6ab 8192.8ef 8913.1d 10063.0b 10366.4b

CV % 6.025247 4.423964

LSD 568.3 403.29

P-value 0.0003 <0.0001

Means inside a column that begins with the same letter or letters do not significantly differ. BR: blanket recommendation; FYM: farmyard manure; CV:
coefficient of variation; LSD: least significant difference; BR: blanket recommendation (150 kg-ha™ urea and 200kg-ha™' DAP); BF: NPSZnB blended

fertilizer.

The highest grain maximum grain yield 5618.5 and
5421 kg-ha™' were observed in the integrated application of
250kg-ha! of NPSZnB blended fertilizers and 20t-ha™'
farmyard manure at Jabi Tehnan and Mecha, respectively.
This is significantly higher than the blanket DAP and urea
fertilizer recommendation/satellite control by 16.554% at
Jabi Tehnan and 15.982% at Mecha. But the treatment
combination level which gave the maximum result was
statistically at par with 250 and 300 kg-ha™' NPSZnB blended
fertilizer integrated with 16 t-ha™' farmyard manure at both
locations and also 200 and 300kg-ha ' NPSZnB blended
fertilizer combined with 20tha™" farmyard manure at
Mecha. The lowest yield, on the other hand, was obtained at
Jabi Tehnan (2218.6 kg) and Mecha (2091.29) from plots that
received 100kg-ha™" of NPSZnB blended fertilizer but no
farmyard manure application. At Mecha, however, there was
no statistically significant difference between 100kg-ha™

NPSZnB blended fertilizer and 12 t-ha™" farmyard manure
combination at the treatment combination level that pro-
duced the lowest result (Table 14).

Increases in both NPSZnB blended fertilizer and
farmyard manure have led to an increase in grain pro-
duction, which may be ascribed to the good effects of yield-
contributing traits and the beneficial interactions between
nutrients in the NPSZnB blended fertilizer and farmyard
manure. The mixture of inorganic fertilizer and organic
manures may have enhanced nitrogen usage efficiency and
recovered more micro and macronutrients, which is the
other likely explanation. However, providing NPSZnB
blended fertilizer at rates more than 250kgha™' with
20 t-ha™" farmyard manure combinations tended to result in
a decline in mean grain output (Table 14).

The decline in grain yield at the higher rate of NPSZnB
blended fertilizer and farmyard manure could be caused by
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TaBLE 14: Interaction effects of NPSZnB blended fertilizer and farmyard manure on grain yield, combined over years 2016/17 and 2017/18 in

Jabi Tehnan and Mecha districts of Ethiopia.

Experimental locations

Treatments .
Jabi Tehnan Mecha

BR kg ha™ 4688.4406 4554.608

FYM tha™ FYM tha™

BF kg ha™' 0 12 16 0 12 16 20
100 2218.6n 2441.2m 2664.01 2708.41 2091.29m 2223.56m 2734.831 2996.12k
150 3107.3k 3410.6j 3741.1i 3904.0hi 3248.50j 3377.42j 3715.421 3847.47hi
200 3953.0h 4493.1f 5269.2¢ 5394.2bc 3909.81gh 4553.25f 5211.69bc 5321.05ab
250 4275.5g 4782.9de 5417.5a-c 5618.5a 4087.97g 4949.95de 5356.17ab 5421.00a
300 4638.5ef 4977.2d 5490.5ab 5518.5b 4786.97e 5044.05cd 5391.99ab 5401.03ab

CV (%) 431449 4.021951

LSD 207.62 192.73

P-value <0.0001 <0.0001

Means inside a column that begins with the same letter or letters do not significantly differ. BR: blanket recommendation; FYM: farmyard manure; CV:
coefficient of variation; LSD: least significant difference; BR: blanket recommendation (150 kg-ha™ urea and 200kg-ha™' DAP); BF: NPSZnB blended

fertilizer.

more assimilated products going to the vegetative compo-
nents that the grain or too much amount of nutrients es-
pecially N producing high tissue N concentration, and it can
be detrimental to maze growth, causing slowed growth and
a decrease in grain yield [76]. Wu et al,, [77] discovered that
combining organic manures with inorganic fertilizer could
have improved nitrogen usage quality, micro and macro-
nutrient recovery, Increased K supply, P Solubilization, and
Plant Uptake, resulting in improved maize growth and yield.
For enhancing nutrient recovery, plant growth, and final
output, a combination of organic and inorganic fertilizers is
recommended; in the absence of this, larger N and P
treatment rates are anticipated to result in a higher yield in
maize [78]. According to Ma et al.'s research [79], mixing
organic and inorganic nutrient sources boosted the syner-
gism and coordination between nutrient release and plant
regeneration, which enhanced crop growth and production.
In addition, Moe et al., [80] and Negassa et al., [81] dis-
covered that combining organic and inorganic fertilizers
efficiently improves nitrogen use efficiency, and integrating
inorganic and organic nutrients improved maize yield by
35%.

3.11. Harvest Index (%). The pooled analysis of variance over
years revealed that either the main effect of farmyard manure
or its interaction with NPSZnB blended fertilizer did not
exert a significant effect on the harvest index (HI) at Jabi
Tehnan. However, only NPSZnB blended fertilizer caused
a highly significant (p <0.001) effect on this parameter
(Table 10). At Mecha, both significant (p =0.0108) in-
teractions and the main effect of treatment on harvest index
were observed (Table 10).

At Mecha, NPSZnB blended fertilizer values of
250kg-ha™ with a rate of farmyard manure of 12tha™"
produced a maximum harvest index of 59.2 that exceeded by
14.9 percent over the conventional fertilizers DAP and urea.
However, it was statistically equivalent to the application of
300kg-ha™' NPSZnB blended fertilizer combined with 12

and 16tha' farmyard manure and without farmyard
manure application, 200 kg-ha™' NPSZnB blended fertilizer
combined with 12, 16, and 20 tha™" farmyard manure, and
250kg-ha™! NPSZnB blended fertilizer combined with
16 tha™' farmyard manure. Whereas crops on a plot treated
with the least rate of NPSZnB blended fertilizer (100 kg-ha_l)
along with no farmyard manure application recorded the
lowest harvest index of 43.8, it was statistically on par with
100 kg-ha™' NPSZnB blended fertilizer with 12 and 20 tha™
farmyard manure application and also 150 kg-ha™' NPSZnB
blended fertilizer with 12tha™' and without farmyard
manure application (Table 15).

The higher maize harvest index with increased NPSZnB
blended fertilizer and farmyard manure application might be
due to higher grain yield per plant. This might be a result of
the fertilizer’s ability to effectively ingest plant nutrients in
response to the harmony of macro- and micronutrients and
their interactions with one another (blended and farmyard
manure). The increasing trend of harvest index with an
increase of both NPSZnB blended fertilizer and farmyard
manure rates up to a certain level, followed by a decrease
with more increasing rates of both NPSZnB blended fer-
tilizer and farmyard manure, is probably because of ex-
cessive application of NPSZnB blended fertilizer and
farmyard manure promoted more vegetative growth
than grain.

Other scholars have backed up the study’s findings,
according to Amanullah et al., [82], effective uptake in re-
sponse to a balanced P and Zn diet increased photo as-
similation and translocation to grains, resulting in a higher
harvest index. According to Kugbe et al., [83], boron in-
creases crop yield even in P-deficient soils due to synergy in
phosphorus absorption through B. Contrarily, greater nu-
trient availability may have retarded senescence and
lengthened the life cycle of the maize plant, leading to
a better economic output and harvest index, according to
Dong et al., [84]. Fantaye and Hintsa [85] reported that the
supreme harvest index of maize was obtained from the
application of 50 to 150 kg-ha™ NPSZnB blended fertilizer,
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TasBLE 15: Interaction effects of NPSZnB blended fertilizer and farmyard manure on harvest index, combined over years 2016/17 and 2017/

18 in Mecha districts of Ethiopia.

Treatments

BR kg ha™' 50.39475

FYM tha™

BF kg ha™ 0 12 16 20
100 43.85h 44.285h 49.16e-g 47.75f-h
150 48.504f-h 46.391gh 49.8e-g 50.48e-g
200 50.05e-g 56.23a-d 57.297ab 57.815ab
250 51.834d-f 59.263a 57.017ab 50.27e-g
300 58.419a 56.64a-c 53.68a-e 52.215¢-f

CV (%) 7.818230

LSD 4.6609

P-value 0.0108

Means inside a column that begins with the same letter or letters do not significantly differ. BR: blanket recommendation; FYM: farmyard manure; CV:
coefficient of variation; LSD: least significant difference; BR: blanket recommendation (150kgha™' urea and 200kgha™' DAP); BF: blended fertilizer

(NPSZnB).

TaBLE 16: Effects of combined use of NPSZnB blended fertilizer and fertilizer and farmyard manure on the economic profitability of maize

production in the Jabi Tehnan district.

AGY (kg GBV (ETB TVC (ETB NBV (EBB .
ha™!) ha™!) ha™)) ha™)) MRR%
150 kg-ha™" urea * 200kg-ha™' DAP 4219.60 50635.16 16632.00 34003.16 D
BF kg ha™" with FYM t ha™
200 * 16 474228 56907.36 20930.25 35977.11 45.92
200 * 20 4854.78 58257.36 22036.30 36221.06 22.06

TaBLE 17: Effects of combined use of NPSZnB blended fertilizer and farmyard manure on the economic profitability of maize production in

Mecha district.

AGY (kg

GBV (ETB

TVC (ETB NBV (EBB

0,
ha!) ha!) ha!) ha!) MRR%
150 kg-ha_l urea * 200 kg-ha_l DAP 4099.15 49189.77 16632.00 32557.77 D
BF kg ha™" with FYM t ha™
200 * 16 4690.52 56286.25 20930.25 35356.00 65.10
200 * 20 4788.95 57467.34 22036.30 35431.04 6.78

where ETB: Ethiopian birr (currency); BF: NPSZnB blended fertilizer; FYM: farmyard manure; AGY: adjusted grain yield, GBV: gross benefit value, TAVC:

total variable cost; NBV: net benefit value; MRR: marginal rate of return.

as opposed to the conventional DAP, but further increasing
the NPSZnB blended fertilizer rate above 150 kg-ha™" be-
came the cause for the reduction of harvest index.

At Jabi Tehnan, the maximum harvest index of 53.1 was
obtained from 200kg-ha™ of NPSZnB blended fertilizer
which was higher by 14.91% than the blanket rational
recommended fertilizers DAP and urea treatment applica-
tion. However, it was statistically on par with 250 and
300 kg-ha™'. Meanwhile, statistically, the minimum harvest
index of 44.97 was documented from the least level of
NPSZnB blended fertilizer (100 kg~ha’1) (Table 9).

Increases in HI and NPSZnB blended fertilizer can be
correlated with nutrient availability, particularly N, which has
a favorable impact on assimilate partitioning to grain yield.
However, supplying NPSZnB blended fertilizer at a rate above
200 kg-ha_1 tended to cause mean HI to decline (Table 9).
While vegetative biomass output is proportionally higher than
grain yield at higher blended fertilizer rates, the decrease in HI

at the higher rate of NPSZnB blended fertilizer may be
explained by the development of more vegetative biomass
than grain yield. This outcome is consistent with Gurmu and
Mintesnot’s [62] findings, according to which the harvest
index of maize was determined to be maximum at a rate of
150 kg-ha™' NPSZnB when compared to the control treat-
ment. Moreover, Tekle and Wassie [86] revealed that when
compared to the control, blended fertilizer treatments had the
highest harvest index of Tef. In agreement with this finding,
Taddesse et al's [87] study found that excessive nutrient
treatment decreased the amount of HI in grain crops.

3.12. Economic Analysis. An economic analysis was carried
out using partial and marginal analysis to determine the
economic feasibility of the various prices of NPSZnB
blended fertilizer and farmyard manure used in these
studies. The marginal rate of return (MRR) was determined
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by dividing the successive net benefit and total variable cost
ratios’ change in net profit (NB) by the change in gross
variable cost (TVC) [49]. Maize variable prices, total profits,
and related net returns are influenced by various rates.
Tables 16 and 17 show the marginal rate of maize returns as
a function of the combination of NPSZnB blended fertilizer
and farmyard manure at Jabi Tehnan and Mecha.

According to a partial budget study, with a rise in input
price of 10% and a decrease in output price of 10%, the
application of NPSZnB blended fertilizer combined with
farmyard manure showed that the treatment combination of
200kg-ha™' NPSZnB blended fertilizer with 20tha™’
farmyard manure yielded the highest net return of EB
36221.06 and 35431.04 with marginal rate returns of 22.05
and 6.78% at Jabi Tehnan and Mecha, respectively. This
means that for every 1.00 birr invest in a 200kgha™
NPSZnB blended fertilizer application with 20tha™
farmyard manure, producers can expect to recover 1.00 birr
and obtain an additional 0.46 and 0.65 birr at Jabi Tehnan
and Mecha, respectively.

Therefore, in both experimental areas, it would be ad-
visable for small-scale farmers with low production costs,
and greater benefits, in this instance, were blanket recom-
mendations (200kg-ha™' DAP and 150kgha™ urea).
However, for farmers with unlimited resources (investors),
a combination of 200 kg-ha~' NPSZnB blended fertilizer and
20 tha™' blended fertilizer was also profitable and recom-
mended as the second option. According to Agegnehu and
Fessehaie, [49], the marginal rate of return (MRR %) should
have a minimum of 50% and a maximum of 100%.
According to the current study, MRR for the first option is
significantly higher than 100% at both locations. Overall,
there is strong evidence from the cost-benefit analysis that
applying NPSZnB mixed fertilizer and farmyard manure
together considerably boosted maize production, leading to
considerable economic benefits.

4. Conclusion and Recommendations

Maize is a cereal crop that Ethiopia is relying on more and
more for food security, notably in west Gojam, one of the
country’s prospective growth regions; however, its production
is facing critical problems. However, its production is facing
critical problems. Critical issues with maize production have
arisen in Ethiopia as a result of the steadily declining fertility of
the soil, continuous cropping, use of residues and manure as
fuel instead of recycling, and erosion coupled with poor in-
trinsic fertility and organic content of the soil.

At both locations, except for days to silking and leaf area
index at both location and days to physiological maturity,
ear length, at Mecha, almost all parameters were significantly
hastened and improved/increased by the individual as well
as combined application of NPSZnB blended fertilizer and
farmyard manure. Exceptionally, the only main effect of
NPSZnB blended fertilizer was observed on the harvest
index at Jabi Tehnan. Generally, on all parameters, the
maximum result obtained from the interaction effect was
improved and greater than that of the blanket recommen-
dation (DAP and urea) but less in the case of main effects.
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The plant’s ability to develop and perform vegetatively was
greatly aided by the accessibility of nutrients from both
sources.

The results of phenology, growth, and yield parameters
showed that the fertility of the soil in the experimental area
was not satisfactory, as all fertilized treatments, particularly
the combined application of NPSZnB blended fertilizer and
farmyard manure, produced better results than the use of
either of them alone did, which produced relatively poor
results. Research suggested that the optimal strategy for the
crop’s development and production performance is com-
prehensive nutrient management. The integrated strategy
also has a long-term advantage in that it enhances the soil’s
physicochemical characteristics for sustained crop
production.

In general, this research contradicts prior findings that
using farmyard manure reduced recommended inorganic
fertilizer rates by half. Instead, a high rate (250kgha™")
combined with 20 tha™' of farmyard manure is the most
likely combination to achieve the best grain production and
profit, and it can be a viable alternative to integrated soil
fertility management.
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