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Abstract 

Production and productivity of garlic was constrained by many factors, among which 

soil fertility gradation and lack area specific fertilizer recommendation are the most 

important in Ethiopia. Thus, on site trial was executed at Wachemo University Lem-

buda demonstration field during 2021/2022 with the aims to identify the effects of 

NPS fertilizer and chicken manure levels on growth, bulb yield and quality and to 

determine the economically feasible combination of NPS and chicken manure rate for 

garlic productivity in the area. The treatments included four levels of chicken manure 

(0, 5, 10 and 15 t/ha) and five levels of NPS fertilizer (0, 50,100, 150 and 200 kg/

ha) arranged factorially using a randomized complete block design (RCBD) and 

replicated three times. Growth, bulb yield and quality data were collected and sub-

jected to analysis using SAS version 9.4. With the exception of days to maturity, leaf 

number and non-marketable bulb yield in the case of chicken manure, the majority of 

the investigated parameters were significantly (P < 0.05) affected by the main effects 

of chicken manure and NPS fertilizer. The interaction impact was not significant for 

nearly all of the examined variables except marketable and total bulb yield. As a 

result, combined application of 15 t/ha chicken manure with 150 kg/ha NPS fertilizer 

produced the maximum marketable bulb (19.52 t/ha) and total bulb yield (20.27 t/

ha), with a 927% yield advantage over plants receiving no fertilizer. Plots with 15 t/

ha chicken manure had the highest bulb dry matter (35.31%) and TSS (22.47° Brix). 

In terms of economic analysis, the plot treated with plants 15 t/ha of chicken manure 

and 150 kg/ha of NPS fertilizer had the highest net benefit (524224.8 ETB/ha) with 

an MRR of 10,159.1%. Hence, this combination was found to be the best and cost-

effective one for smallholder farmers in the study area that could be recommended to 

boost garlic production and productivity.
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Introduction

After onions, garlic (Allium sativum L.) is the second most popular bulb crop in the 
Amaryllidaceae family [1]. Ethiopia is among the many countries in the globe where it 
is extensively grown. Garlic was estimated to be grown on 1.5 million hectares world-
wide, with a total annual production of 28.5 million tons [2]. In Ethiopia, 32,080.40 
ha of land was under garlic cultivation with a production of about 196,416.15 tonnes 
resulting in an average productivity of 6.12 t/ha, which is far lower than the global 
average yield of 18.4 t/ha [3].

Integrated nutrient application has complementarity effects that ensure the bal-
anced provision of nutrients essential to plants with effective reactions in advanc-
ing nutrient use efficiency of crops and improve soil fertility and health [4,5]. Some 
attempts done so far in garlic crop production around the world indicated that the 
integrated use of nutrients have a valuable impact on bulb yield and quality. The 
integrated use of vermicompost and NP fertilizers was investigated, and a significant 
yield advantage was observed [4]. Again, Getachew and Asefa [5] have reported the 
advantages of the combined addition of NPS mineral fertilizers and farm yard manure 
for garlic production and productivity in Ethiopia. Furthermore, Sitaula [6] reported the 
agronomic and economic advantage of the integrated application of poultry manure 
and urea on the growth, bulb yield and quality of garlic in Nepal.

Garlic crop yield appears to be directly increased by chicken manure either by 
speeding up the metabolic process, by increasing cell permeability and hormone 
growth action or combination of all three activities [7]. Additionally, it provides several 
nutrients and enhances the physical characteristics of soil, including soil aggregation, 
permeability, and water-holding ability [8].

However, garlic cultivation in the country is constrained by many challenges, among 
which soil fertility degradation [7], lack of integrated nutrient management practices is 
one of the most limiting factors in determining its production and productivity. Small-
scale farmers use poor cultivation practices with inorganic fertilizers or compost for 
the production of garlic, which contributed to low productivity and quality in the current 
study areas (personal observation). Furthermore, no research has been conducted in 
the area regarding integrated application of chicken manure and NPS fertilizer for gar-
lic production. Currently, the ever increasing cost of inorganic fertilizers in Ethiopia, in 
general, calls for research for alternative options to replace them by organic fertilizers, 
among which chicken manures are the most important ones production of the crop 
in the experimental site. Thus, in order to increase crop yield and quality, a system-
atic study of chicken manure and inorganic fertilizers (NPS) is essential. Therefore, 
the current study was aimed to investigate the influence of chicken manure and NPS 
levels on bulb yield and quality, and to determine the economic optimum of chicken 
manure and NPS level for garlic cultivation in the study area.

Materials and methodology

Description of the study site

The field experiment was executed at Lembuda Agriculture field practical nurs-
ery site of Wachemo University in Lemo woreda, Hadiya zone, Southern Ethiopia, 
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in 2021/2022 in two seasons. Its altitude is 2381 m.a.s.l. and is located at 480 5’2.094’‘ E longitude and 3020’45.16’‘ N 
latitude. The study area map is indicated on Fig 1. The recorded annual mean temperature ranges from 15–18 0c and 
average annual rainfall was 1150 mm (Ethiopian National Meteorology Agency, 2018). The type of experimental soil was 
clay loam in texture having a pH of 5.98.

Experimental design and treatments

The cloves of “Tseday” garlic cultivar collected from Debre Zeit Agricultural Research Centre, Ethiopia were used as a 
test crop for the experiment. The experiment had two major factors. The first factor consisted of five different rates of 
NPS (0, 50, 100, 150 and 200 kg/ha) with (NPS ratio of 19%N, 38%P

2
O

5
 and 7%S) and the second had four rates of 

decomposed chicken manure (0, 5, 10 and 15 t/ha) which resulted in 20 treatment combinations in total. The trial was 
set up in a factorial arrangement in a randomized complete block design (RCBD) having three replications. The spacing 
used during planting was 10 cm between plants and 30 cm between rows. The number of rows per plot was five and the 
number of plants per row was 15 giving a total of 75 plants/plot. The gross plot size was 1.5 m × 1.5 m  
(2.25 m2). The space between blocks and plots was 0.75 and 0.5 m, respectively. The total number of plots was  

Fig 1.  Map of the study area.

https://doi.org/10.1371/journal.pone.0312222.g001
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60 and total experimental area was 240 m2. The chicken manure which was well decomposed for about two months 
was collected from small enterprise farms nearby site and applied following treatment allocation two weeks before 
planting. The NPS fertilizer rates required for the treatments were applied during planting. All cultural practices includ-
ing weeding, harrowing and watering were consistently applied for all plots as recommended by Debre Zeit agricultural 
research center [9].

Data measurements

Phenological and growth parameters.  Days to physiological maturity: this parameter represented the number of 
days needed from planting until 90% of the plants in each plot displayed leaf senescence by changing the leaf color in to 
yellow.
Plant height (cm): using a ruler, the height of ten randomly chosen plants from each plot’s net plot area was measured at 
physiological maturity from the soil’s surface to the tip of the plant.
Number of leaves per plant: the average number of leaves per plant was calculated by counting the leaves on ten 
mature plants at crops physiological maturity, i.e., when 90% of the leaves changed in to yellow.
Leaf length (cm): from ten randomly selected plants, the average leaf length at physiological maturity was measured in 
centimeters.

Bulb yield and yield components

Bulb length (cm): using a caliper, the length of ten bulbs was measured from the base to the beginning of the neck 
during the crop harvesting at physiological maturity.
Bulb diameter (cm): using a caliper, the diameter of ten randomly selected bulbs was measured at the widest point in the 
middle of the bulb during the crop harvesting.
Clove number/bulb: the average clove number per bulb was calculated by counting all of the cloves that were produced 
from ten randomly selected plants.
Clove weight (g): the weight of each of the cloves taken from ten bulbs was measured and the average weight was 
recorded during crop harvesting at physiological maturity.
Marketable bulb yield (t/ha): bulbs were thinly scattered for drying and cured for 10 days under ambient conditions after 
being collected at 90% physiological maturity of the plants in the net plot area. Then bulbs with a larger size that had not 
been damaged chosen, weighed and translated into t/ha.
Unmarketable bulb yield (t/ha): this refers to the bulbs that were small-sized, imperfect, mechanically damaged, or 
attacked by pests.
Total bulb yield (t/ha): the total amount of marketable and unmarketable bulb yield from the net plot area converted in to 
the hectare basis to determine the total bulb yield.
Bulb dry matter content (%): is the average bulb dry matter weight of ten randomly selected plants, the average mature 
bulb weight of which was measured after the bulbs were dried in an oven with forced hot air circulation for seventy-two 
hours at 70 0C for ten days to dry the bulbs.
TSS (total soluble solids) (ºBrix): was obtained by taking readings on a digital refractometer that had automatic tem-
perature correction, straight from the homogenized garlic juice. As per the AOAC (2002) approach, the outcomes were 
represented as (ºBrix).

Data analysis

Anova.  The data gathered and summarized were employed to analysis of variance (ANOVA) using Statistical Analysis 
Software SAS, version 9.4; mean separation was executed by using LSD-test at p < 0.05 probability.
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Economic analysis

Garlic yield and efficiency can also be guaranteed by performing a cost-benefit analysis on the application of NPS inor-
ganic fertilizers and chicken manure, following the guidelines provided by CIMMYT [10]. The study’s primary inputs were 
labor, chicken manure, urea, NPS fertilizer, and garlic cloves. The costs of these materials were calculated at Ethiopian 
Birr local market prices and totaled to determine the study’s total variable cost. The marketable bulb was modified by 10% 
in order to account for the true productivity of farmers as reported by CIMMYT [10], given the clear differences in field 
management between research stations and farmers. The average adjusted marketable bulb (t/ha) was multiplied by the 
local farm gate price of Ethiopian Birr to estimate the gross return per hectare basis. Therefore, the gross return was sub-
tracted from the total variable cost to determine the net benefit.

The percentile ratio of the change in net benefit (NB) to total variable cost (TVC) was used to estimate the marginal rate 
of return (MRR).

	
MRRT =

△NB
△TVC

X 100
	

Result and discussion

Anova results

Generally, the investigation result indicated the main effect of decomposed chicken manure significantly (p < 0.05) influ-
enced all traits except days to maturity, number of leaf/plant and unmarketable bulb yield. In contrast, the influence of NPs 
fertilizer rates had significant (p < 0.05) effect on all the investigated parameters. The results also showed that, with the 
exception of marketable and total bulb yield, the interaction of fertilizer rates and chicken manure was not significant for 
the majority of the parameters (Table 2).

Crop phenology and growth

Plant height (cm).  The results of the analysis of variance indicated that the main effects of NPS fertilizer rates and 
chicken manure had a highly significant (p < 0.01) effect on plant height of garlic. However, their interaction had no 
significant (p > 0.05) effect on plant height (Table 2). The application of 15 t/ha chicken manure resulted in the highest 
mean plant height (62.77 cm), which was statistically comparable to 10 t/ha chicken manure (60.59 cm). The shortest plant 
height, with a mean value of 47.71 cm was obtained in untreated plot (Table 3).

This could be explained by the fact that chicken manure includes various mineral nutrients, carbon, and nitrogen, all 
of which may have helped to encourage plant growth. The results of Somen and Hitesh [11], who observed that poultry 
manure delivered all needed nutrients resulting in an increase in plant height, were consistent with this outcome. Simi-
larly, the application of 15 t/ha of cattle dung resulted in the highest mean height of garlic (67 cm) [12]. The current finding 
was in line with the research conducted by Adewale et al. [13], who found that a treatment with 20 t/ha of poultry manure 
resulted in a height of 79.8 cm in garlic plant.

On the other hand, garlic plant height was significantly (p < 0.05) influenced by the rates of NPS fertilizers (Table 2). 
The treatment that received 200 kg/ha had the tallest plants (61.89 cm), while the treatment that received zero or control 
fertilizer had the least plant height (52.1 cm) (Table 3). This outcome might be the result of indirect effects of phosphorus 
and sulfur on crop growth and development, as well as the presence of nitrogen, which promotes vegetative growth. Sim-
ilar to the current study, Indupulapati [14] showed that potassium, phosphorus, sulfur, and nitrogen are the main nutrients 
needed by plants and are crucial building blocks of proteins, enzymes, carbohydrates, and vitamins. The present investi-
gation aligned with the findings of Fikre et al. [15], which revealed that the maximum plant height was achieved by apply-
ing 130 kg/ha of NPS fertilizer, and in another study, the highest plant height (65.7 cm) was achieved by applying 187.5 kg/
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ha of NPSB fertilizer on onions. The other researchers, Shege et al. [16] in their finding reported that the highest plant 
height (68.5 cm) was achieved by the higher doses of NPS (140:122.6:22.6) combinations in garlic plant.

Leaf number/plant

The number of leaves/plant was not significantly affected by the main effects of chicken manure, but it was significantly 
affected (p < 0.05) by the effects of NPS rates (Table 2). As a result, the application of 150 kg/ha NPS produced the 
highest number of leaves/plant (7.34), which is statistically comparable to the application of 200 kg/ha (6.82). The zero 
fertilizer produced the lowest number of leaves/plant (6.03), which was statistically non-significant when compared with 
50 and 100 kg/ha NPS fertilizer rates (Table 3). The observed variability in the number of leaves/plant could be related 
to the crop’s response to nitrogen, phosphorus, and sulfur fertilizers. As a part of chlorophyll, nitrogen helps produce 
photosynthesis, which promotes stronger vegetative growth. Because it is a necessary component of both cellular 
protein and nucleic acid, phosphorus directly affects meristematic activity, which increases the number of leaves/plant. 
Consistent with our study, Getachew and Temesgen [17] found that applying 78.75-69-12.75 kg/ha NPS resulted in the 
maximum leaf number/plant (7.03) in garlic, whereas the control plot, which received no fertilizer, had the lowest leaf 
number (6.0).

Leaf length (cm).  The chicken manure and NPS fertilizer rates significantly (p < 0.01) influenced leaf length in their 
main effects. However, the treatment interaction did not affect leaf length significantly (Table 2).

In the case of chicken manure, the longest mean leaf length (41.29 cm) was revealed by the treatment of 15 t/ha 
and that of 10 t/ha recorded 38.95 cm, which was statically on par. Whereas the lowest leaf length with a mean value 
(35.05 cm) was recorded from zero chicken manure again, followed by 36.75 cm recorded by application of 5 t/ha which 
was statistically non-significant (Table 3). This might be the result of added manure that increased plant vegetative growth 
due to the availability of nutrients released and by improving soil property and fertility as well, Frank [18]. Moreover, the 
organic fertilizer has positive effect in improving soil properties and fertility that allows even slow release of nutrients that 
need additional further investigation for residual effects. This is consistent with the results of Somen and Hitesh [11], who 
found that 20 t/ha of vermicompost applied gave the longest leaves (55.6 cm) whereas, the shortest leaves (43.7 cm) was 
obtained by zero or control treatment. According to Michael [19], the plants from the 20 t/ha poultry manure treatments 
had leaves that were noticeably longer (44.3 cm) than those from the other treatment.

The NPS fertilizer rate at 200 kg/ha had numerically greatest leaf length (42.33 cm) followed by (41.81 cm) obtained 
by applying 150 kg/ha which was statistically on par. The lowest leaf length (31.23 cm) was recorded by zero fertilizer 
(Table 3). Given that plant height and leaf length are influenced by the application of mineral fertilizers, this might be 
explained by the same factors that were previously described. Moreover, Sisay and Adugnaw [20] explained the syner-
getic effects of nitrogen, phosphorus and sulfur in maize crop. They indicated that nitrogen is one of the major limiting 
nutrients in plant growth and adequate supply of it promotes the formation of chlorophyll which in turn resulted in higher 
photosynthetic activity, vigorous vegetative and height growth. P is required for shoot and root development where 
metabolism is high and cell division is rapid. Similarly, sulfur in blended NPS fertilizer promotes formation of chloro-
phyll, higher photosynthetic activity, vigorous and vegetative growth thus resulted in increased plant height. The work 
is consistent with the findings of Getachew and Temesgen [17], noted that plots treated with 105-92-17 kg/ha NPS and 
131.25-115-21.25 kg/ha NPS had obtained the longest leaf length was 24.51 cm, and 22.52 cm, respectively. Similarly, 
Betewulign and Solomon [21] reported that the highest leaf length (49.26 cm) was recorded by 100 kg/ha Nitrogen and 
130 kg/ha P

2
O

5.

Yield, yield components and quality

Bulb length (cm).  Garlic bulb length was significantly (p < 0.01) influenced by the main factor of chicken manure and 
NPS fertilizer rates, but not by their interaction (Table 2).
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The results showed that applying 10 t/ha of chicken manure resulted in the longest mean bulb length (2.98 cm), which 
was followed by 3.00 cm and 2.98 cm obtained by applying 5 and 15 t/ha, respectively, which were statistically non-
significant. On the other hand, applying zero t/ha of chicken manure resulted in the shortest bulb length (2.52 cm)  
(Table 4). This could be because the nitrogen in chicken manure supported vegetative growth, which in turn supported 
photosynthesis that moved to storage organs and aided in the development of bulb length. In agreement with the current 
findings, Fikru and Fikreyohannes [22] reported the highest bulb length (3.31 cm) of garlic due to the application of 7.5 t/ha 
vermicompost. Contrasting the current study, Yohannes et al. [23] and [24] reported that the use of farmyard manure on 
onion did not show significant effect.

In terms of the main effects of NPS fertilizer, the treatment that utilized 200 kg/ha of fertilizer had the longest mean 
length of bulb (3.78 cm), which was followed by treatments with 150 kg/ha and 100 kg/ha of fertilizer (3.15 cm) and 
(2.79 cm), respectively, whereas, the fertilizer treatment with zero had got the lowest length (2.31 cm) (Table 4). This might 
be attributed to the availability of the applied nutrients for better growth and yield. Accordingly, Michael [24], the greatest 
bulb length (2.8 cm) was achieved when the soil was treated with 80 kg N/ha obtained from urea and 40 kg N substituted 
by cow manure. The longer garlic bulbs could be a result of increased nutritional availability, particularly nitrogen (N), 
which increases the length of the bulb by simulating cell enlargement and promoting plant growth [24]. Similarly, Fikru and 
Fikreyohannes [22] reported the highest bulb length (3.37 cm) of garlic by addition of 130 t/ha nitrogen.

Bulb diameter (cm).  The influence of chicken manure and NPS rates highly significantly (p < 0.01) affected bulb 
diameter of garlic (Table 2). Addition of treatments at the rate of 15 t/ha chicken manure resulted in the widest bulb 
diameter (3.88 cm) followed by a bulb diameter of 3.74 cm in a plot treated with 10 t/ha chicken manure. Both were 
statistically similar, whereas the smallest (3.08 cm) was recorded by zero or control treatment (Table 4). This could be the 
result of a sufficient supply of nutrients, which encouraged the bulb expansion. Other possibilities could include increased 
carbohydrate buildup, which would expand the bulb diameter. Consistent with the findings of the current experiment, 
Yohannes et al. [23], the application of FYM at a rate of 45 t/ha produced the maximum mean bulb diameter (5.99 cm). 
Additionally, it was noted by Mousa and Mohamed [25] that using chicken manures greatly boosted the onion bulb’s 
diameter.

The bulb diameter increases gradually with increasing the rates of NPS fertilizer. The plots that received 200 kg/
ha showed the biggest bulb diameter (4.34 cm), whereas, the control had the lowest (2.82 cm) (Table 3). This may be 
explained by the nutrients N, P, and S that were present in sufficient amounts for growth, meristematic activity, and 
enzymatic activity, which increased bulb diameter. In consistent with the result obtained in this investigation, the findings 
of Assefa et al. [26] and [27], reported a rise in garlic bulb diameters with the administration of sulfur-containing fertilizer. 
Moreover, the sulfur and nitrogen in NPS fertilizer promote the production of chlorophyll and enzymatic activities, both of 
which lead to larger garlic bulbs [28].

Number of cloves.  The number of cloves per bulb was significantly impacted (p < 0.01) by the main effects of chicken 
manure and NPS fertilizer but their interaction was not statistically significant (Table 2). Plots treated with 15 t/ha chicken 
manure produced the highest number of cloves per bulb (20.47), with statistically no difference (19.39) in the number of 
cloves obtained by 10 t/ha. The control (0 t/ha) of chicken manure yielded the lowest value (14.89) (Table 4). This could 
be because more chicken manure means more nutrients are released into the soil, which encourages more rapid growth 
and expansion of the bulb diameter and, consequently, more cloves. In agreement with the finding, Sitaula et al. [6], 
reported the highest number of cloves (24.69) per bulb in garlic by treatment supplied with 100% poultry manure. Somen 
and Hitesh [11] reported that the maximum cloves number per bulb (12.33) was confirmed by 20 t/ha. Furthermore, it was 
demonstrated by Paczka et al. [29] that the addition of 50% vermicompost had the greatest positive impact on diameter, 
average bulb weight, number of cloves per bulb, and average clove weight.

A highly significant difference (p < 0.01) in the number of cloves per bulb was also observed using NPS fertilizer. 
The treatment that applied 200 kg/ha of NPS fertilizer rate produced the highest number of cloves, 21.36, followed by 



PLOS One | https://doi.org/10.1371/journal.pone.0312222  May 14, 2026 8 / 15

19.88 and 19.26 cloves, respectively, obtained by treatments of 150 and 100 kg/ha that were statistically similar. On 
the other hand, 50 t/ha produced the lowest number (14.73) of cloves per bulb (Table 3). This could be because the 
crop’s growth and productivity are dependent on receiving the ideal nutrients. The present results are consistent with 
those of Asefa [12], who stated that the plot receiving 157.98-137.97-25.34 kg/ha NPS fertilizer had the highest clove 
number (8.65).

Clove weight (g).  The results of the analysis of variance showed that the effects of NPS fertilizer and chicken 
manure on the weight of garlic cloves were highly significant (p < 0.01), but their interaction was non-significant (Table 
1). The treatment application of 15 t/ha chicken manure produced the maximum clove weight of garlic (3.55 g), followed 
by clove weight (3.02 g) in a plot treated at a rate of 10 t/ha. Plots that were not fertilized produced the lowest weight of 
cloves (2.38 g) (Table 3). This could be because manures enhance the fertility, structure, and nutrient availability of the 
soil for plants. According to Ewais et al. [30], improved plant nutrition accelerated photosynthesis and plant tissue cell 
proliferation, which is consistent with the findings of the current study. The product growth and bulb weight both show this. 
The outcome was consistent with the findings of Yoldas et al. [31], who observed that the parcels receiving the largest 
amounts of onion bulb weight were those where 60 t/ha of chicken manure had been sprayed. The treatment of 10 t/ha 
chicken manure to the garlic resulted in a larger weight (90.986 g) of cloves, as reported by Zakari et al. [32].

Garlic clove weight increased to 3.55 g when 200 kg/ha NPS was applied to the crop; the lowest weight (2.44 g) resulted 
with no fertilizer treatment. This could be as a result of the highest levels of sulfur, phosphorus, and nitrogen that aided 
in the metabolism and produced nucleic acids, phospholipids, coenzymes, and chlorophyll, all of which increase the bulb 
weight of garlic plants [32]. Diriba et al. [33] found a similar thing, stating that the NPS fertilizers had a major impact on the 
average weight of the cloves. The study also supported the findings of Fikre et al. [15], who found that the average bulb 
weight of onion plants across all kinds grew gradually as the rate of blended NPSB fertilizer was raised. Diriba et al. [33] 
also reported that NPS fertilizers significantly affected the mean clove weight.

Unmarketable bulb yield (t/ha).  The current investigation revealed that the rate of NPS fertilizer main effects had 
a significantly (p < 0.05) impact on the unmarketable bulb yield. The maximum unmarketable bulb yield (2.28 t/ha) was 
achieved by zero fertilizer application whereas the lowest 0.85 t/ha and 0.93 t/ha were recorded by the application of NPS 
fertilizer of 150 kg/ha and 200 kg/ha, respectively which were statistically similar (Table 4). The higher level of NPS fertilizer 
application indicated about a 168% reduction in unmarketable yield as compared to zero fertilizer which has significant 
value as it is high-value cash crop. Similar finding was reported by Befekadu et al. [34]. They indicated a 57.7% yield 
advantage when treated with 128 kg/ha N and 92 kg/ha P

2
O

5
 in combination with 2.5 t/ha vermicompost in comparison 

with zero or control.

Table 1.  Selected physical and chemical properties of the experimental soil before and after planting the crop and chemical properties of 
chicken manure before applying to the soil.

Physical properties

Soil Clay (%) Silt (%) Sand (%) Soil texture

Before planting 33 34 33 clay loam

After harvesting 34 31 35 clay loam

Chemical properties

Factors Total N (%) Av.P (ppm) Av. S
(ppm)

OC % CEC
(meq/100g)

pH (1:2 H
2
O) Ca Mg K

Before Planting 0.154 8.35 8.63 2.34 21.18 5.98 10.8 1.5 0.6

Rating Medium Low Low Medium Medium Slightly acidic Low Medium Medium

Chiken Manure 0.208 10.9 18.21 3.5 32.5 6.51 14.5 2.3 1.12

Rating High Medium medium High High Neutral Medium High High

https://doi.org/10.1371/journal.pone.0312222.t001
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Marketable bulb yield (t/ha).  According to current investigation, marketable bulb yield was highly significantly 
(p < 0.01) influenced by main effects of chicken manure and NPS fertilizer rates and their interaction (Table 2). The 
maximum marketable bulb yield (19.52 t/ha) and (18.53 t/ha) was obtained at the interaction of 15 t/ha chicken manure 
with 150 NPS kg/ha and 200 kg/ha NPS, respectively, which were statistically identical. But the least marketable bulb 
yield (1.90 t/ha) was recorded by control, and it was statistically on par with zero level of NPS fertilizer with 5-tone chicken 
manure and 50 kg/ha NPS with zero chicken manure (Table 5). The result further revealed a range value of 17.62 t/
ha marketable bulb yield between maximum and minimum. Thus, the yield advantage of 927% was observed with the 
higher rates of fertilizer effects as compared to zero fertilizer applications. This may be explained by the fact that fertilizers 
containing sulfur, such as NPS, can change the pH of the soil and enhance the availability of micronutrients, which raises 
the yield of garlic bulbs. Furthermore, increased fertilizer levels led to increased plant growth in terms of height, leaf 
length, and number of leaves, all of which increased the amount produced in garlic trough photosynthetic activity. Because 
sufficient nutrients lead to larger bulbs, which account for marketable yield, this raises the yield of marketable bulbs.

Table 2.  ANOVA result indicating the mean values of 12 parameters considered during the experiment in 2021/2022.

Source of variation Df Mean squares

DM PH LN LL BL BD NC CW MY UMY TY DrM TSS

Rep 2 14.67 330.10 1.22 33.41 0.09 3.56 5.94 0.42 0.98 0.91 3.36 22.14 37.27

CM 3 387.09NS 664.93** 2.38NS 109.95* 1.53** 1.83** 91.17** 3.59** 168.98** 0.32NS 161.31** 198.89** 70.24**

NPS 4 14.03** 159.19* 3.18* 242.74** 3.66** 3.63** 112.46** 2.01** 327.85** 4.25** 260.08** 341.82** 60.85**

CM*NPS 12 5.10NS 37.37NS 0.59NS 45.62NS 0.21NS 0.34NS 13.03NS 0.29NS 7.57** 0.21NS 8.00** 26.74NS 9.83NS

Error 38 7.43 51.00 1.19 28.38 0.28 0.23 12.51 0.16 0.65 0.35 0.89 20.22 10.53

CV (%) 2.01 12.57 16.63 14.02 12.57 13.56 19.65 13.21 8.00 14.30 8.21 14.62 16.42

Df = degree of freedom, Rep = replication, CM = decomposed chicken manure, NPS = nitrogen, phosphorus and sulfur fertilizer, MD = day to maturity, 
PH = plant height (cm), LN = number of leaves, LL = leaf length (cm), BL = bulb length (cm), BD = bulb diameter (cm), NC = number of cloves, CW = clove 
weight (g), MY = marketable yield (t/ha), UMY = unmarketable yield (kg/ha), TY = Total yield (t/ha), DrM = dry mater contents (%), TSS = total soluble solids 
(ºBrix), NS = non-significant, ** and * significant at 1% and 5% level probability, respectively

https://doi.org/10.1371/journal.pone.0312222.t002

Table 3.  The influence of NPS fertilizers and chicken manure rates on the days-to-maturity (DM), 
plant height (PH), number of leaf (LN), leaf length (LL) in 2021–2022.

Treatments MD PH(cm) LN LL(cm)

Chicken manure rate (t/ha)

0 141.20a 47.71c 6.05 35.05b

5 137.33b 56.15b 6.64 36.75b

10 133.60c 60.59a 6.59 38.95ab

15 129.33d 62.77a 7.01 41.29a

LSD 
(0.05)

2.02 5.27 NS 3.94

NPS rate (kg/ha)

0 136.67 52.1c 6.03b 31.23c

50 136.25 55.22bc 6.28b 36.64b

100 135.25 56.40abc 6.38b 38.02ab

150 134.5 58.45ab 7.34a 41.81a

200 134.17 61.86a 6.82ab 42.33a

LSD 
(0.05)

NS 5.9 0.9 4.4

CV 2.01 12.57 6.63 14.02

Values in the same column with the same letters are statistically similar at 5% probability level, CV (%) 
= Coefficient of variation, LSD 

(0.05)
 = Least Significant Difference.

https://doi.org/10.1371/journal.pone.0312222.t003
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The recent result was consistent with those of Bewuket et al. [34], who found that the marketable yield of garlic was 
greatly boosted by the combined application of vermicompost with appropriate levels of phosphate and nitrogen. Additionally, 
Melkamu et al. [35] reported that the highest marketable and total tuber yield of potatoes was achieved by combined applica-
tion of 13.5 t/ha FYM and 245.1 kg/ha NPS fertilizer. Similarly, the use of zinc and boron along with N, P, K, and S in the pres-
ence of chicken manure surely enhanced garlic yield [36]. In addition, Shege et al. [16] in their finding reported that the highest 
marketable bulb yield (17.42 t/ha) was achieved by the higher doses of NPS (140:122.6:22.6) combinations in garlic plant.

Total bulb yield (t/ha).  The ANOVA result revealed that the main effects of chicken manure and NPS fertilizer rates 
and their interaction had a highly significant (p < 0.01) effect on total bulb yield (Table 2). The highest total bulb yields of 
20.27 t/ha, 19.55 t/ha, and 18.98 t/ha were obtained by the interaction of 15 t/ha chicken manure with 150 NPS kg/ha, 

Table 5.  Chicken manure and NPS fertilizers levels influenced garlic marketable bulb yield in 2021/2022.

NPS rate (kg/ha) Chicken manure rate (t/ha)

Mean marketable bulb yield (t/ha) Mean total bulb yield (t/ha)

0 5 10 15 0 5 10 15

0 1.90k 2.63jk 3.83ij 5.00i 3.89k 5.06jk 5.95ij 7.58jih

50 3.22jk 4.57i 6.42h 8.23g 5.42jk 6.58hij 7.86fgh 9.64e

100 8.13g 10.83f 14.13 cd 17.83b 9.75e 12.25d 15.41bc 18.98a

150 8.63g 13.68de 17.87b 19.52a 9.23efg 14.76bc 18.85a 20.27a

200 8.37g 12.67e 15.39c 18.53ab 9.31ef 13.85 cd 15.97b 19.55a

LSD (0.05) 1.35 1.67

CV (%) 8.00 8.21

Means having same letter (s) either in column or row are not significantly different at 5% level, CV (%) = Coefficient of variation, LSD 
(0.05)

 = Least Signifi-
cant Difference at 5% probability.

https://doi.org/10.1371/journal.pone.0312222.t005

Table 4.  Main influence of chicken manure and NPS fertilizers rates on bulb length (BL), bulb diame-
ter (BD), number of clove (NC), clove weight (CW) and unmarketable yield (UMY) of in 2021/2022.

Treatments BL(cm) BD(cm) NC CW (g) UMY(t/ha)

Chicken manure rate (t/ha)

0 2.52b 3.08c 14.89c 2.38c 1.46

5 3.00a 3.51b 17.26bc 3.19b 1.62

10 3.29a 3.74ab 19.39ab 3.02b 1.28

15 2.98a 3.88a 20.47a 3.55a 1.38

LSD (0.05) 0.39 0.36 2.61 0.29 NS

CV 12.57 13.56 19.65 13.21 14.30

NPS rate (kg/ha)

0 2.31d 2.82c 14.78b 2.44c 2.28a

50 2.71 cd 3.42b 14.73b 2.91b 1.76b

100 2.79bc 3.46b 19.26a 3.10b 1.36bc

150 3.15b 3.72b 19.88a 3.19b 0.85 cd

200 3.78a 4.34a 21.36a 3.55a 0.93d

LSD (0.05) 0.44 0.39 2.92 0.33 0.49

CV 17.87 13.56 19.65 13.21 14.3

The means in the column that are indicated by the same letters are not statistically different at the 5% level; 
CV (%) = coefficient of variation, and LSD (0.05) =least significant difference.

https://doi.org/10.1371/journal.pone.0312222.t004
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15 t/ha chicken manure with 200 kg/ha NPS, 15 t/ha chicken manure with 100 kg/ha NPS, in the given order which were 
statistically on par whereas, numerically the lowest (3.89 t/ha) was obtained from the control (Table 5). The investigation 
revealed that there was a 421% yield advantage due to the interaction effects of fertilizers as compared to control. This 
may be due to the high amount of nutrients supplied from both NPS fertilizer and chicken manure. This was in agreement 
with the work of Driba [37] who reported the application of integrated chicken manure and inorganic fertilizers significantly 
increased the growth, yields and qualities of garlic. Similarly, Rizk et al., [38] found the highest yield of onion attained by 
the application of integrated fertilizers rather than using mineral fertilizers only. Also the maximum yield (27.8 t/ha) of garlic 
was achieved by the addition of 50 kg/ha N with 10 t/ha manure [39] Similarly, Yadav et al. [1] also documented maximum 
bulb yield when 50% recommended dose (120:50:100 kg/ha) of NPK applied with 12 t/ha farm yard manure.

Total soluble solids (°Brix).  According to the investigation, it was found that the main impacts of chicken manure 
and NPS fertilizer rate was statistically significant (p < 0.01) but their interaction effect had non-significant influence on the 
total soluble solid (Table 2). The treatment applied with 15 t/ha of chicken manure had the greatest mean total soluble 
solids (22.47 °Brix) followed by treatments with 10 t/ha and 5 t/ha of chicken manure that produced 20.40 °Brix and 18.73 
°Brix, respectively, whereas, the lowest result (17.7 °Brix) was attained by zero/ control (Table 6). Total soluble solid was 
increased as increasing the level of chicken manure on the garlic plant. It might be because of increasing nutrient amount 
of chicken manure that contributed to more accumulation of dry matter content and reserved substances in the bulbs. 
Similarly, Fikru and Fikreyohannes, [22] recorded 6.7% increase in TSS by the application of 7.5 t/ha vermicompost in 
garlic as compared to the control treatment.

The NPS fertilizers rate significantly (p < 0.01) influenced the total soluble solid of garlic. The maximum total soluble 
solid (21.92 °Brix) was obtained by 150 kg/ha NPS whereas the smallest total soluble solid (16.50 °Brix) was attained by 
zero fertilizer (Table 5). This might be attributed to the low level of dry matter concentration with zero fertilizer application. 
This result was consistent with the research conducted by Fismes et al. [40], which showed that the addition of sulfur 
fertilizer resulted in bulbs with a greater TSS content. Garlic is known for its ability to absorb larger amounts of accessible 
nutrients, particularly sulfur nutrients. In a similar vein, Diriba et al. [33] reported that the total soluble solids (TSS) of garlic 

Table 6.  The influence of chicken manure and NPS fertilizers rate on total soluble solid and dry 
matter content of garlic in 2021/2022.

Treatments TSS (°Brix) DM (%)

Chicken manure rate (t/ha)

0 17.7c 26.85c

5 18.73bc 29.10bc

10 20.40ab 31.79b

15 22.47a 35.31a

LSD 
(0.05)

2.39 3.32

NPS rate (kg/ha)

0 16.50c 22.11c

50 18.42bc 29.99b

100 20.75ab 33.31ab

150 21.92a 32.16b

200 21.25a 36.25a

LSD 
(0.05)

2.68 3.72

CV 16.42 14.62

Values with the same letters in the column are not significantly different at 5% level, CV (%) = coefficient of 
variation, LSD 

(0.05)
 = Least Significant Difference at 5% probability level.

https://doi.org/10.1371/journal.pone.0312222.t006
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bulbs were significantly affected by the application of N, P, and S fertilizers. In contrast, the lowest TSS result (14.20°Brix) 
was produced by bulbs without any fertilizer application. Furthermore, Bloem et al. [41] found that during major growth 
until the start of ripening, the content of aliins in garlic was dramatically raised by high sulfur quantity treatment combined 
with low nitrogen fertilization. On the other hand, elevated nitrogen levels had a negative impact.

Bulb dry matter weight (%)

The current study revealed that NPS fertilizer rates and chicken manure main effect had significantly (p < 0.01) influenced 
bulb dry matter content. However, their interaction was non-significant (Table 2). Relatively higher percent of dry matter 
yield (35.31%) was observed application of (15 t/ha) of chicken manure, followed by (31.7%) and (29.10%) that received 
10 t/ha and 5 t/ha of chicken manure, respectively. Conversely, the lowest (26.85%) was recorded by zero application of 
chicken manure (Table 6). A higher level of chicken manure has shown a yield advantage of 31.5% increment as com-
pared to zero application. This result was also supported by Fikru and Fikreyohannes [26] who reported the significant 
influence of vermicompost on bulb dry matter content of garlic. They recorded 32.71% dry matter yield by the applica-
tion of 7.5 t/ha as compared to 27.01% obtained by zero vermicompost. In contrast to this study, Ayed [42] revealed that 
chicken manure had no significant difference in dry matter weight of onion.

The addition of 200 kg/ha NPS fertilizer gave the highest bulb dry matter percent (36.25%), but the lowest bulb dry 
matter (22.11%) was recorded by zero fertilizer treatment. Due to NPS fertilizer treatment, the crop has shown a range of 
14.14 with an advantage of 63.95% (Table 5). This could be the impact of nutrients that are essential for the accumula-
tion of dry matter. Similarly, Diriba et al., [33] found the effects of N, P, and S fertilizers on bulb quality, namely dry matter 
percentage, total soluble solids, pungency, bulb protein content, and weight loss in storage organ, and concentration of 
important nutrients in the bulb tissues. The dry matter found in this study were similar to the result of Sardia and Timra, 
[43] who reported the maximum shoot and root dry mass of garlic when NPSK application increased over the control.

Economic return

The results showed that the combined effect of NPS mineral fertilizer and chicken manure at different amounts and types 
of combination for garlic production was significantly influenced by cost of input that vary, gross and net returns of gar-
lic bulb. Higher net benefits (524, 224.8 ETB/ha) were obtained by the combined application of 15 t/ha chicken manure 
and 150 kg/ha NPS mineral fertilizer. The result of economic analysis further revealed the highest marginal rate of return 
of (10,159.1%) by combined application of 15 t/ha chicken manure and 150 kg/ha NPS fertilizer followed by a marginal 
rate of return 9, 658.5% (421,343.2 ETB/ha net benefit) by the combination of 5 t/ha chicken manure and 150 kg/ha NPS 
(Table 7).

According to CMMYT [10] an MRR higher than 100% is generally acceptable for the production and productivity of 
crops under given conditions; it is better to maximize the net benefit and MRR to its highest possible level. In this regard, 
although the statistics have shown non-significant differences in treatment combination of 15 t/ha chicken manure in 
combination with 150 and 200 kg/ha NPS fertilizers, the economic analysis revealed the higher value of using 150 kg/ha 
NPS fertilizer as compared to 200 kg/ha. Similar results has been reported by Getachew and Asefa [5], who indicated the 
highest net return of Ethiopian Birr/ha 626,814 with the combined application of 112–37–16 kg/ha NPS and 15 t/ha cattle 
manure.

Conclusion and recommendation

The current investigation results clearly revealed that the productivity of garlic responded positively and significantly to 
integrated applications of chicken manure and NPS mineral fertilizers. The data indicated that the response of garlic to 
higher levels of both organic and inorganic fertilizers was significant for growth, yield, and quality parameters investi-
gated. The application of 15 t/ha chicken manure and 150–200 kg/ha NPS fertilizer gave higher values in most of growth 
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parameters like plant height, leaf number, leaf lengths, and leaf diameter. In the case of yield components, yield, and 
quality parameters, the combined application of 15 t/ha and 150 kg/ha NPS was found to be optimum in most of the inves-
tigated parameters, with some exceptions. The quality parameters such as bulb dry matter and TSS were also found to be 
significantly higher when 15 t/ha chicken manure and about 150 NPS kg/ha fertilizer were applied. The economically most 
important parameter, marketable bulb yield, was found to be statistically non-significant for treatment combinations of 15 
t/ha chicken manure with 150 and 200 kg/ha NPS, further economic analysis confirmed the better net income of Ethio-
pian Birr (currency) 524, 224.8 Birr/ha) with the highest marginal rate of return of 10,159.1% achieved by the combination 
of 15 t/ha chicken manure and 150 kg/ha NPS mineral fertilizer. Therefore, it could be recommended that the combined 
application of 15 t/ha chicken manure with 150 kg/ha NPS fertilizers can be used for economically feasible production and 
productivity of garlic in the study area. Also, the usage of integrated fertilizers has additional benefits for soil properties 
and the environment as well.
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Table 7.  Summary of economic analysis for response of chicken manure and NPS fertilizers rate of garlic in Lemo woreda, Hadiya zone, 
Southern Ethiopia, 2021/2022.

CM rate
(t ha-1)

NPS rate
(kg ha-1)

MY
(kg ha-1)

AMY
(kg ha-1)

TVC
(Birr ha-1)

GFB
(Birr ha-1)

NB
(Birr ha-1)

MRR %

0 0 1,900 1710 2394 68400 66006 –

0 50 3,220 2898 4957.2 115920 110962.8 1753.9

0 100 8,130 7317 12043.8 292680 280636.2 2394.3

0 150 8,630 7767 13573.8 310680 297106.2 1076.5

0 200 8,370 7533 14146.2 301320 287173.8 D

5 0 2,630 2367 54513.8 94680 40166.2 D

5 50 4,570 4113 57858.2 164520 106661.8 1,988.3

5 100 10,830 9747 66645.8 389880 323234.2 2,464.5

5 200 12,670 11403 70764.2 456120 385,355.8 1,508.4

5 150 13,680 12312 71136.8 492480 421,343.2 9,658.5

10 0 3,830 3447 106025.8 137880 31854.2 D

10 50 6,420 5778 110189.2 231120 120,930.8 2,139.5

10 100 14,130 12717 120803.8 508680 387,876.2 2,514.9

10 200 15,390 13851 124191.4 554040 429,848.6 1,239.0

10 150 17,870 16083 126416.2 643320 516,903.8 3,912.9

15 0 5,000 4500 157500 180000 22,500 D

15 50 8,230 7407 162469.8 296280 133,810.2 2,239.7

15 100 17,830 16047 175465.8 641880 466,414.2 2,559.3

15 200 18,530 16677 178147.8 667080 488,932.2 839.6

15 150 19,520 17568 178495.2 702720 524,224.8 10,159.1

MY = Marketable yield, AMY = adjusted marketable yield GFB = gross field benefit; TVC = total variable costs; NB = net benefit, MRR = marginal rate of 
return; ETB/ha = Ethiopian Birr/ha; D = dominated treatments, NPS cost = 18 Birr/kg, Chicken manure = 10 Birr/kg, Labor cost fertilizer application = 1200 
Birr/ha, Material cost = 200 ETB/t, transportation = 500 ETB/t, Harvesting = 700 ETB/t and market price of garlic = 40 Birr/kg during harvesting time at farm 
gate price.

https://doi.org/10.1371/journal.pone.0312222.t007
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