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A study conducted in 2024 G.C. in western Ethiopia, Horro Guduru Wallaga zone, Horro district, aimed to investigate the
infuence of blended NPSB fertilizer rates on the growth, yield, and yield attributes of coriander varieties.Te experiment involved
16 treatment combinations of four coriander varieties (Darara, Walta-I, Gadisa, and local Dimbilal) and four rates of NPSB
blended fertilizers (0, 50, 100, and 150 kgha−1). Data on phenological, growth, yield, and yield-related variables were collected and
analyzed using Genstat software Version 14. Te analysis of variance showed that all parameters were signifcantly afected by the
interaction efects, except days to emergence. Te Darara variety recorded the highest seed yield (3.99 tha−1) and thousand seed
weight (67.59 g) at a NPSB blended fertilizer rate of 150 kg ha−1. Te highest net beneft (964,980 EBirr ha−1) was achieved at
150 kgha−1 NPSB, but the highest marginal rate of return was recorded with 100 kg/ha NPSB blended fertilizer. Even though it
needs more time and locations, the study concluded that using the Darara variety with 100 kgha−1 NPSB blended fertilizer is
economically important.
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1. Introduction

Coriander, a spice native to theMiddle East andMediterranean
region, has been cultivated since ancient times [1]. It is one of
the frst spices used by humans and has been cultivated in
Africa, particularly in Ethiopia. Global coriander production
reached approximately 2.83 million tons, with an average yield
of 1.2 tons per hectare. In Ethiopia, coriander is a signifcant
spice crop, particularly in highland regions of SNNPR, Oromia,
and Amhara, primarily cultivated by smallholder farmers.
However, productivity remains low, with a total yield of
4856.38 tons, averaging only 0.8 tons per hectare [2]. Research
on spices, particularly coriander, in Ethiopia is limited, espe-
cially in the Horro district. While coriander plays a signifcant
role in local diets, traditional medicine, and potential export
market value, there has been insufcient focus on its agronomic

practices, such as soil nutrition, varieties, and pest control.
Studies by [3] indicate that the absence of improved, high-
yielding coriander varieties is a key constraint. Poor soil fertility
management in western Ethiopian soils is also hindering crop
productivity. Te Ethiopian Soil Information System [4] and
other studies highlight defciencies in essential nutrients like
nitrogen (N), phosphorus (P), potassium (K), sulfur (S), zinc
(Zn), boron (B), and copper (Cu) in western Ethiopian soils.
However, no site-specifc fertilizer recommendations have
beenmade for coriander, leading to inefcient nutrient use and
poor coriander performance [5]. Some literature suggests that
applying around 50kgha−1 of NPSB blended fertilizer may be
optimal for coriander, but the correct application is often
difcult to measure accurately [6].

Farmers in Horro district relied primarily on local
landraces of coriander, which were characterized by low
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yields, poor uniformity, and inferior seed quality, limiting
market value and competitiveness. Research on optimizing
agronomic practices for the region was limited, and fertilizer
application in the area was inconsistent. Poor nutrient
management, due to the lack of region-specifc fertilizer
recommendations, exacerbated the problem. Having this
information therefore, this study aimed to investigate the
infuence of blended NPSB fertilizer rates on growth, yield,
and yield components of coriander varieties in the study area.

2. Materials and Method

2.1. Description of the Study Site. Te experiment was con-
ducted in 2024GC during the main cropping season at Horo
District, western Ethiopia. Te study site is situated ap-
proximately 315 km from Finfnnee (Addis Ababa) (Fig-
ure 1). Te site is geographically positioned at 9° 34′ 30″ N
latitude and 37° 6′ 30″ E longitude, with an elevation ranging
from 2350m above sea level [7]. Te mean annual rainfall of
the district was 2500mm; the average temperature of the
area is 17°C [8]. Te soil type is clay loam with a pH of 6.3.
Te soil fertility is moderate, particularly in terms of ni-
trogen, phosphorus, and sulfur boron content as indicated
by the results of the soil chemical analysis.

2.2. Experimental Materials. Te fertilizer used for the ex-
periment was blended NPSB fertilizer. It is blended at a ratio
of 19N:38P2O5:76.95S:0.1B. Varieties were selected for both

seed and leaf purposes, with seed varieties producing seed
more quickly than leaf varieties. All selected varieties for this
study were seed varieties. Among the varieties used, all the
improved varieties listed are from SARC (Table 1), and the
local seed was purchased from a farmer in Horo district.

2.3. Treatments, Experimental Design, and Field
Managements. Te treatments consisted of four coriander
varieties (local, Gadisa, Walta-I, and Darara) and four rates
of blended NPSB fertilizer: 0, 50, 100, and 150 kg ha−1. Te
fertilizer rates were based on the fndings of [10] as
a benchmark. Nitrogen fertilizer, UREA, was applied to all
plots at a fxed rate, 60 kg ha−1.

Te trial was laid out as a 4× 4 factorial experiment,
arranged in a randomized complete block design with three
replications. Each treatment combination was randomly
assigned to experimental units within each block. Te ex-
perimental area consisted of 48 plots, corresponding to 16
treatment combinations. A row spacing of 30 cm and plant
spacing of 20 cm were maintained, with 6 rows and 11 plants
per row. One row was used as a border efect at the beginning,
resulting in a total of 66 plants per plot. Blended NPSB
fertilizer was applied at a specifed rate. Half of the UREA
fertilizer was applied during sowing time, with the other half
applied uniformly at the fower initiation stage. All cultural
practices were followed. Harvesting was done in July 2025,
when over 90% of plants showed physiological maturity and
the seeds changed color from green to yellowish-brown.

33°0′0″E 36°0′0″E 39°0′0″E 42°0′0″E 45°0′0″E 48°0′0″E

33°0′0″E 36°0′0″E 39°0′0″E 42°0′0″E 45°0′0″E 48°0′0″E

N(a) Ethiopia region (b) H/G/Wollega zone

(c) Horo Woreda

14
°0
′
0″

N
11

°0
′
0″

N
8°

0′
0″

N
5°

0′
0″

N
2°

0′
0″

N
1°

0′
0″

S
4°

0′
0″

S

14
°0
′
0″

N
11

°0
′
0″

N
8°

0′
0″

N
5°

0′
0″

N
2°

0′
0″

N
1°

0′
0″

S
4°

0′
0″

S

9°
30

′
0″

N
9°

40
′
0″

N

9°
30

′
0″

N
9°

40
′
0″

N

37°0′0″E 37°10′0″E

37°0′0″E 37°10′0″E

36°10′0″E 36°40′0″E 37°10′0″E 37°40′0″E

36°10′0″E 36°40′0″E 37°10′0″E 37°40′0″E

N

9°
40

′
0″

N
10

°1
0′

0″
N

9°
50

′
0″

N
9°

20
′
0″

N
10

°2
0′

0″
N

N

0 150 300 600 900 1,200
km

Addis Ababa
Afar
Amhara
Benishangul Gumz
Dire Dawa
Gambela

Harari
Oromia
SNNPR
Sidama
Somali
South West Ethiopia
Tigray

Horo Woreda
H/G/Wollega zone

Horo woreda
H/G/W zone

0 15 30 60 90 120
km

Figure 1: Map of the study area.
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2.3.1. Physical and Chemical Properties of the Soil. Te soil
sample was taken randomly from the top 30 cm before
planting, and a composite of one sample was created for
physical and chemical analysis. Te subsample was labeled,
foreign materials removed, air-dried, ground, and sieved to
determine physicochemical and organic matter. Soil pH was
determined using a glass electrode attached to a digital
pH meter, and soil texture was determined using the
Bouyoucos hydrometer method. Te Walkley–Black [11]
method was used to determine soil organic carbon content,
while the percentage of organic matter was calculated by
multiplying the percentage by a factor of 1.724. Total ni-
trogen was determined using the [12] Kjeldahl method, and
available phosphorus was determined using the Olsen
method [13]. Te value of exchangeable basic cations (Ca,
Mg, K, B, Na) was determined by saturating the soil samples
with a 1M NH4OAC solution at pH 7.0 [14].

Te laboratory analysis of soil properties before planting
revealed that the soil content of clay, silt, and sand was 63.4%,
15.1%, and 21.7%, respectively, indicating a clay soil texture
(Table 2). Te soil’s pH was 6.3, slightly acidic, and the cation
exchange capacity (CEC) was 17.3meq/100g soils, indicating
medium fertility. Te soil’s organic carbon content was 0.95%,
indicating medium potential for nitrogen supply. Te organic
matter content was 3.2%, moderate (Table 3). Te available
phosphorus was 13.6mg/kg, indicating coriander requires
a good supply of readily available phosphorus. Nitrogen fer-
tilizer application is necessary for optimal growth. Te soil’s
sulfur content was 11.53mg/kg, considered optimal, although
intensive cultivation may have contributed to its depletion. Te
mean boron content was 0.38mg/kg, suggesting the need for
boron-containing fertilizers (Table 2). Overall, the soil’s phys-
icochemical properties were crucial for optimal crop growth.

2.3.2. Data Collected. Data were recorded on phonologies,
growth, yield, and yield-related parameters. Crop phonol-
ogies (days to 50% of plant emergence, days to fowering,
and days to maturity) and growth parameters including

plant height (cm), leaf number, primary, and secondary
branches per plant were recorded following [19] method.
Yield and related parameters (umbel number per plant, seed
number per umbel, thousand seed weight, above-ground dry
biomass, and harvest index (HI) [%]) were recorded as
follows [20]. Seed yield was determined from the three
central rows of nine randomly selected plants per plot, while
above-ground dry biomass was recorded from three enteral
rows of nine plants. Te HI was calculated by dividing the
seed yield by the total above-ground biomass yield,
expressed as a percentage.

Te oil ratio was calculated using the Soxhlet method,
which involves powdered seeds being packed into a thimble
and placed in a Soxhlet extractor [21]. Te Soxhlet method
was used to extract oil from seeds.

2.3.3. Economic Analysis. Partial budget analysis is a method
used to evaluate the proftability of agricultural treatments by
considering variable costs, such as fertilizer, labor, and seed,
and comparing them against expected net benefts like yield
and proft [22]. All costs and benefts were calculated per
hectare in Birr. Te best treatment recommendation was
based on both the highest net beneft and an acceptable
marginal rate of return (MRR). Te MRR, which refers to the
net income obtained by incurring the unit cost of fertilizer
application, is calculated by dividing the net increase in co-
riander yield due to the application of each fertilizer rate [22].
For each pair of ranked treatments, the % MRR is calculated
using the formula: MRR (%)�Change in Net Beneft/Change
in Total Variable Cost)∗ 100%. A 100%MRR implies a return
of one birr on every birr spent on the given variable input.

2.4. Data Analysis. Data were subjected to analysis of var-
iance (ANOVA) using appropriate procedures for a factorial
experiment in a randomized complete block design using

Table 2: Soil physical and chemical properties of the experimental
site before planting.

Soil physical properties Values Ratings References
Clay (%) 63.2
Silt (%) 15.1
Sand (%) 21.7

Textural class Sandy Sandy clay
loam

USDA
(1987)

Chemical properties
PH (%) (1:2:5H2O) 6.3 Slightly acidic [15]
Organic carbon (%) 0.95 Medium [15]
Total nitrogen (%) 0.18 Medium [15]
Available P (mg/kg) 13.6 Medium [16]
CEC (meq/100 g soil) 17.3 Medium [17]
Available sulfur (mg/kg) 11.53 Medium [15]
Available boron (mg/kg) 0.38 Medium [18]
Available potassium
(mg/kg) 102 Medium [17]

Organic matter (%) 3.2 Medium [15]

Table 3: Interaction efect of blended fertilizer and coriander
varieties on its phenologies.

Varieties NPSB Flowering days (day) Maturity days (day)

Local

0 71.5k 147.0d

50 81.5j 155.7c

100 92.0h 163.5b

150 101.9e 175.4a

Darara

0 83.9i 103.9m

50 97.6f 108.4l

100 109.3d 118.1i

150 116.8c 123.0g

Gadisa

0 61.3l 90.8o

50 72.8k 99.3n

100 84.3i 104.9m

150 94.6g 110.5k

Walta-I

0 94.9g 113.1j

50 110.5d 121.5h

100 120.8b 131.5f

150 128.7a 141.8e

Note:Temeans followed by the same letter within the same column are not
signifcantly diferent at 5% level of signifcance.
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Genstat 14th edition (64-bit) software [23]. Te signifcant
diferences among treatments were separated by using the
least signifcant diference (LSD) and 5% level of
signifcance.

3. Results and Discussion

3.1. Phenology of Coriander. Te result of ANOVA for the
combination of blended NPSB fertilizer rate and variety, and
the rate of blended NPSB fertilizer separately do not afect
days to emergence on coriander varieties. Only varieties
showed a signifcance diference. Varietal diferences were
found to be crucial in determining the number of days to
reach 50% emergence, with Walta having the longest time
(33.67 days) due to its slower early seedling development or
more sensitive growth mechanisms that respond to nutrient
availability in the soil. Tis could be linked to genetic traits
that afect seedling vigor, seed coat structure, or root de-
velopment. Te earliest emergence (24.33 days) occurred in
the Gadisa variety, indicating that this variety is genetically
quicker to establish and germinate, even under fertilized
conditions. Tis emphasizes the importance of genetic traits
in early-stage growth and establishment in coriander, which
have been shown to signifcantly infuence emergence
timing. Te fnding is consistent with the results of [24].

For days to 50% fowering, the result of ANOVA showed
that there was a signifcant diference in the interaction of
varieties and the rate of blended NPSB fertilizer application.
Walta-I variety recorded (128.7 days) with the highest blended
NPSB fertilizer application rate (150kgha−1). Tis delay in
fowering can be attributed to the increased nitrogen content in
the fertilizer, which promotes excessive vegetative growth,
thereby delaying the transition to the reproductive phase. Tis
may also be due to genetic diferences in varieties. Tis result
aligns with previous studies that found that nutrient-rich
conditions, especially nitrogen, in coriander led to a pro-
longed fowering period due to enhanced vegetative growth.
Te earliest fowering (61.3 days) occurred in the Gadisa variety
with no fertilizer application (0 kgha−1 NPSB). Tis early
fowering can be explained as a stress-induced response, where
the absence of essential nutrients prompts the plant to fower
sooner in order to complete its life cycle before depleting
available resources. Nutrient availability is a key factor in de-
termining the timing of fowering and overall plant develop-
ment.Tis supports the idea that nitrogen extends the vegetative
growth period, delaying fowering. Similarly, Reference [25]
reported that high fertilizer levels delayed fowering in coriander
by fostering robust vegetative growth.

Days to 90% physiological maturity also showed a sig-
nifcance diference in the interaction of varieties and rate of
blended NPSB fertilizer application. Te local variety treated
with 150 kgha−1 blended NPSB fertilizer delayed for
175.4 days to reachmaturity, likely due to enhanced vegetative
growth from nitrogen supplementation, which delayed re-
productive maturity (Table 3). Te Gadisa variety without
fertilizer matured earlier (90.8 days), likely due to nutrient
defciencies triggering an accelerated reproductive cycle. Te
relatively early maturity observed in the Gadisa variety under
nutrient defciency conditions might be linked to the plant’s

genetic characteristics and its response to limited nutrients.
Te results also align with [26, 27] who observed similar
trends in other crops, where higher fertilizer rates delayed
maturity by enhancing vegetative growth, while nutrient
defciencies promoted early fowering and maturity in
Apiaceae family plants like coriander. Generally, the study
highlights the importance of varietal diferences in coriander
growth and fowering timing, as well as the role of nutrient
stress and nutrient defciencies in plant development.

3.2. Growth Parameters. Te interaction efect of blended
NPSB fertilizer rate and coriander varieties on growth pa-
rameters depicts a signifcant diference. Te study analyzed
plant height, leaf production, and number of primary
branches in coriander varieties (Table 4). Darara variety had
the highest plant height at 150 kg/ha NPSB, suggesting its
high genetic potential to respond to nutrient availability.
Tis increase is likely due to the balanced supply of nitrogen,
phosphorus, sulfur, and boron in blended NPSB, which are
essential for cell elongation, photosynthesis, and internode
development. Te shortest plant height (31.1 cm) was ob-
served in the local variety without fertilizer application. Tis
may be due to genetic diferences and reduced growth due to
nutrient defciency, particularly nitrogen, which is critical
for chlorophyll formation and vegetative development.
Similar fndings were reported by [28, 29], who noted va-
rietal diferences in response to NPSB fertilizer in sesame
and coriander. Interestingly, the Walta-I variety (46.6 cm)
outperformed the Darara variety (46.3 cm), suggesting that
genetic factors, in addition to nutrient management, play
a signifcant role in plant growth. Te local coriander variety
may also have lower genetic potential for height compared to
varieties like Darara or Walta-I, which likely contributes to
the shorter stature observed in this treatment.

Te interaction between blended NPSB fertilizer levels
and coriander varieties had a highly signifcant efect on the
number of leaf per secondary branch (Table 4). Te highest
leaf number (54.60 leaf/branch) was recorded in the local
variety treated with 150 kgha−1 of NPSB fertilizer, suggesting
that this variety has a strong vegetative response under
optimal nutrient supply. Te synergistic roles of nitrogen,
phosphorus, and sulfur in promoting shoot elongation,
chlorophyll formation, and enzymatic activity can be at-
tributed to the synergistic roles of nitrogen, phosphorus, and
sulfur in promoting shoot elongation, chlorophyll forma-
tion, and enzymatic activity. Similar responses have been
documented in previous studies. Reference [30] reported
that coriander plants treated with 60 kgN/ha produced up to
38.4 leaves per plant, while control plants showed as low as
18.6 leaves, confrming the importance of nitrogen in veg-
etative development. In contrast, the lowest leaf number
(21.40 leaves/branch) was recorded in the Darara variety
without NPSB fertilizer, likely due to nutrient defciency and
lower adaptability of the variety under stress conditions.
Tese consistent results from coriander and cumin un-
derline the crucial role of integrated nutrient management
and responsive genotypes in achieving better vegetative
growth and biomass accumulation in spice crops.
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Tehighest number of primary branches per plant (9.3) was
recorded for the Darara variety treated with the highest rate
(150 kg/ha) of blended NPSB fertilizer, possibly due to the role
of phosphorus in promoting cell division and vegetative growth.
Tis result was in line with the fnding of [31] who reported that
the highest number of primary branches (11.85) was observed
with the application of 150kgha−1 blended NPSB and 40/
30kgha−1 N/P2O5 for black cumin. Te lowest number of
primary branches (3.0) was recorded for the local variety
without fertilizer application, likely due to genetic variation in
the production of primary branches among the varieties. Tis
fnding was also supported by [29, 31] who reported that the
number of primary branches per coriander plant showed high
variability among genotypes, ranging from 2.82 to 15.10
branches. Previous studies also reported that the number of
primary branches in coriander varied between 4.67 and 15.20
branches [32] and between 5.13 and 7.33 branches [33]. Tis
indicates that certain varieties naturally tend to produce more
primary branches under low or no fertilizer conditions, while
others produce fewer branches, likely due to diferences in
genetic makeup, physiological responses, and environmental
adaptability [33]. In this study, such diferences are critical for
identifying varieties that can perform well in resource-limited
settings, where fertilizer application may not always be feasible.

Te highest number of secondary branches (112.4) was
obtained from the combination of the highest rate of
blended NPSB (150 kgha−1) and the Darara variety, followed
by Walta-I (99.0) with blended NPSB 150 kgha−1 (Table 4).
Tis increase in the number of primary and secondary
branches could be attributed to the application of nitrogen,
which promotes exuberant growth of basal buds, leading to
increased branching.

Diferent coriander varieties have varying genetic po-
tential for branching and nutrient utilization, particularly for
nitrogen and phosphorus. Higher nitrogen levels lead to

enhanced vegetative growth, resulting in more secondary
branches. Phosphorus and boron are essential for root and
fower development, indirectly infuencing branch number.
Te local variety with the minimum number of secondary
branches (21.3) had the lowest number of branches without
blended NPSB fertilizer application (Table 3). Micronutrient
defciencies can reduce canopy growth, premature senes-
cence, and decrease spice crop yields like fennel, cumin, and
coriander. Reference [34] reported that micronutrient de-
fciencies can reduce canopy growth, cause premature se-
nescence, and thereby decrease the yields of spice crops such
as fennel, cumin, and coriander.

3.3. Yield Parameters. Te study reveals that the number of
umbels per plant (NUPP) in coriander is signifcantly
infuenced by the interaction between NPSB fertilizer rates
and coriander varieties (Table 5). Te maximum NUPP
(1121.8) was recorded when the variety Darara was applied
with 150 kg per ha blended NPSB fertilizer compared to the
variety Walta_I (1040.4). Tis variability suggests that dif-
ferent coriander varieties have distinct genetic potentials
infuencing their response to fertilizer applications. Te
blended NPSB fertilizer, containing nitrogen (N), phosphorus
(P), sulfur (S), and boron (B), plays a crucial role in enhancing
plant growth by supporting essential physiological processes.
Phosphorus promotes root development, sulfur aids in pro-
tein synthesis and metabolic functions, and boron is critical
for fower and seed development. Te application of optimal
blended NPSB fertilizer rates can stimulate the production of
umbels, as these nutrients are vital for promoting foral ini-
tiation and development. Te lowest NUPP (63.4) was ob-
tained from the local variety at zero level of blended NPSB
fertilizer, indicating that without fertilizer application, the
local variety produced signifcantly fewer umbels, highlighting

Table 4: Interaction efect of blended NPSB fertilizer and coriander varieties on plant growth.

Varieties NPSB Plant height
(cm)

Leaf number/secondary
branch

Primary branch
number

Secondary branch
number

Local

0 31.1i 35.13bc 3.0j 21.3e

50 49.8fgh 35.87bc 4.0hi 26.0e

100 74.8de 49.80a 5.7ef 37.7cde

150 107.2c 54.60a 6.7cd 60.7c

Darara

0 46.2gh 21.40g 3.7ij 27.3e

50 61.5ef 25.47fg 6.3cde 58.7c

100 110.6c 29.83def 7.7b 92.8ab

150 138.5a 34.40cd 9.3a 112.4a

Gadisa

0 38.6hi 28.60ef 3.7ij 21.5e

50 59.9fg 35.60bc 5.0fg 33.6de

100 101.1c 36.70bc 6.0de 87.7b

150 113.1bc 39.60b 7.0bc 95.0ab

Walta-I

0 46.6gh 28.20ef 4.7gh 25.0e

50 46.2gh 29.80def 6.0de 55.7cd

100 61.5ef 32.80cde 7.0bc 98.0ab

150 110.6c 34.80bc 8.7a 99.0ab

LSD (0.005) 14.2 4.8 0.9 23.6
CV (%) 10.6 8.4 9.3 23.8
Note: Te means followed by the same letter within the same column are not signifcantly diferent at 5% level of signifcance.
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the importance of balanced fertilization for optimal umbel
production. Tis variability can be attributed to genetic fac-
tors, as indicated by previous studies. Tis result is consistent
with the fndings of [25] who indicated that the lowest number
of umbels was obtained without nitrogen application. Te
NUPP in coriander was highly signifcantly infuenced by the
interaction between blended NPSB fertilizer rates and co-
riander varieties, as revealed by the ANOVA (Table 5). Darara
variety exhibited the highest umbellet count, particularly
when combined with the highest NPSB fertilizer rate of
150 kgha−1, resulting in 5630.4 umbellets per plant. On av-
erage, Darara also recorded the highest umbellet number
across treatments (690.8), confrming the important role of
genetic factors in enhancing fowering and umbellet forma-
tion. Te local variety produced the lowest average number of
umbellets per plant (152.1), suggesting both a lower genetic
capacity and a weaker response to fertilization. Tus, de-
termining the optimal fertilizer rate is essential to maximizing
umbellet production without compromising plant vigor.
Studies by [35] also support these fndings, highlighting that
both genotype and balanced nutrient management play
a critical role in achieving higher umbellet yields in coriander.
Overall, the study highlights the importance of determining
the optimal fertilizer rate to maximize umbellet production
without compromising plant vigor and the role of genotype
and balanced nutrient management in achieving higher
umbellet yields in coriander. Te Darara variety showed the
highest number of seeds per umbel (97.3) at the highest
blended NPSB rate (150 kgha−1) (Table 5). Tis indicates that
both genetic capacity and adequate nutrient availability are
crucial for maximizing seed number per umbellet. Phos-
phorus, blended in NPSB, is vital for cell division and re-
productive development, while boron enhances fower and
seed formation. Nitrogen and phosphorus together stimulate
cytokinin synthesis, which further promotes seed develop-
ment through enhanced nuclear division and pod flling.

Te interaction between fertilizer level and variety is crucial,
as some varieties, like Darara and Gadisa, show signifcantly
better performance at higher blended NPSB rates, while others
respond poorly under nutrient-defcient conditions. Te fnd-
ings are consistent with previous studies that highlight the
importance of both genotype and nutrient management in
improving seed yield traits like the number of seeds per umbel.
Nitrogen and phosphorus together stimulate cytokinin syn-
thesis, which further promotes seed development through
enhanced nuclear division and pod flling [35]. Previous studies
have also indicated a signifcant interactive efect of blended
NPS fertilizer levels and varieties on the number of seeds per
capsule in black cumin. Reference [32] reported an increase in
the number of black cumin seeds per capsule from 74.07
(Natore variety) to 99.13 (Iran variety) as the N:P fertilizer rate
increased from 40:20 to 120:40kg/ha, respectively.

Te ANOVA and mean comparison for thousand seed
weight in coriander as infuenced by diferent rates of
blended fertilizer (NPSB) and varieties revealed statistically
signifcant diferences due to NPSB levels, variety types, and
their interaction efects (Table 5). Te highest 1000-seed
weight was recorded in the Darara variety at 150 kgha−1

blended NPSB, with a mean value of 67.59 g, signifcantly
superior to all other treatments. Tese results reinforce
earlier work by [36] who found that increasing NPSB levels
improved seed development traits in coriander, especially in
improved genotypes. Tis fnding supports [31], who
demonstrated that higher fertilizer application in coriander
leads to better nutrient accumulation, which translates into
larger and heavier seeds. Tis result aligns with previous
work by [37, 38], who reported that improved coriander
varieties, particularly Darara, respond strongly to blended
fertilizer application, showing increased seed size and weight
under high nutrient availability. Higher blended NPSB levels
also improve seed development traits in coriander, especially
in improved genotypes.

Table 5: Interaction efect of blended fertilizer and coriander varieties on yield parameters.

Varieties NPSB Umbel number/plant Umbellet
number/plant Seed number/umbel Tousand seed

weight (gm)

Local

0 63.4k 152.1m 12.6j 23.37i

50 145.1j 496.8kl 20.9h 24.28hi

100 402.0fg 1185.3i 39.8f 25.48ghi

150 677.2e 3334.1f 50.3d 29.98fg

Darara

0 152.4j 690.8jk 32.3g 25.23ghi

50 396.1g 1903.9h 47.8e 40.89e

100 943.0c 4814.7c 76. 0b 57.44b

150 1121.8a 5630.4a 97.3a 67.59a

Gadisa

0 91.2k 301.8lm 16.3h 24.18hi

50 207.0i 897.9g 33.1g 29.78fgh

100 442.2f 2461.7g 49.0de 41.68e

150 1021.4b 4163.5d 76.1b 47.71d

Walta-I

0 90.2k 447.3l 18.3i 24.52ghi

50 352.5h 1257.0i 39.1f 49.67cd

100 832.6d 3715.2e 59.1c 49.67cd

150 1010.4b 5112.9b 76.7b 54.89bc

LSD (0.005) 41.1 241.6 12.6 9.1
CV (%) 4.9 0.6 20.9 2.7
Note: Te means followed by the same letter within the same column are not signifcantly diferent at 5% level of signifcance.
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Te lowest 1000-seed weight was observed in the local
variety at 0 kg NPSB ha−1, with a mean of 23.37 g, statistically
similar to other low-performing treatments. Tis result may
be due to genetic diferences and diferences in blended
NPSB fertilizer rate. Tis fnding corresponds with obser-
vations by [39], who noted that local coriander varieties
often perform poorly in nutrient-defcient soils due to
limited nutrient uptake capacity and lower genetic potential
for seed mass. Improved varieties like Darara show
a stronger response to fertilizer compared to local varieties.

Te highest seed yield was obtained from the Darara
variety at blended NPSB fertilizer rate of 150 kgha−1, pro-
ducing 3.99 tha−1 (Table 6). Tis suggests that Darara is
highly responsive to increased fertilizer rates and performs
best under given agroecological conditions. Tese fndings
are supported by [26] showed a similar recorded
1.89 tha−1seed yield at 125 kgha−1 of NPK application.

Te lowest coriander seed yield was recorded from the
local variety with no seed application (0 kg/ha), producing
only 0.77 tha−1, designated as reference. Tis indicates that
both the absence of improved variety and lack of seed input
signifcantly limit productivity.

Above-ground total biomass dry weight consistently
increased with higher rates of blended NPSB application.
Te highest biomass (1514 g) was recorded for the Darara
variety at 150 kgha−1 of NPSB, while the lowest (737 g) was
observed in the local variety with no fertilizer (Table 6). Te
increase in dry matter yield is likely due to improved nu-
trient availability, especially phosphorus and sulfur, which
are critical for enhancing photosynthetic activity, branching,
and overall plant growth. Sulfur’s role in improving nitrogen

use efciency further contributed to better biomass accu-
mulation. Tese fndings are supported by studies in other
crops, such as soybean, faba bean, and mung bean. A 108.8%
increase in biomass was recorded for Darara over the local
variety at zero NPSB, highlighting the infuence of both
varietal potential and nutrient management. Genotypic
diferences among coriander varieties also played a role, as
shown by [24], where the Erbaa cultivar produced the
highest biomass among 17 genotypes. Overall, the study
underscores the synergy between improved varieties and
balanced nutrient application in maximizing coriander
biomass yield.

Te HI is a crucial measure of crop productivity, in-
dicating the plant’s efciency in converting biomass into
economic yield. Te highest HI was recorded for the Darara
variety at a 150 kgha−1 blended NPSB fertilizer rate, dem-
onstrating superior dry matter partitioning to seed yield
(Table 6). Tis improvement can be attributed to enhanced
seed yield resulting from nutrient availability, especially
nitrogen and phosphorus. Reference [35] observed a sig-
nifcant “variety× fertilizer” interaction for coriander, with
the highest HI (30.86%) recorded for the Erbaa variety at
optimal NPSB application. Tis fnding is consistent with
[24], who found the Erbaa cultivar to have the highest HI
among various coriander genotypes. Te lowest HI (27.93%)
was observed in the local variety under control (no fertilizer)
treatment, suggesting an inefcient partitioning of dry
matter, with more energy being allocated to vegetative
growth rather than seed production in the absence of ad-
equate nutrients. Reference [35] reported the lowest HI
(23.04%) for the Erbaa variety under a control application of
no fertilizer, further confrming the importance of fertilizer
in improving HI.

Te highest oil-to-seed ratio (0.62) was recorded for the
Darara variety at 150 kgha−1 NPSB fertilizer application rate,
likely due to the balanced supply of nitrogen, phosphorus,
and sulfur, which enhance photosynthetic activity and lead
to the production of secondary metabolites like essential oils.
Phosphorus, known for its role in root development and
seed development, enhances the oil content by improving
plant metabolism [40]. Furthermore, sulfur is essential for
the synthesis of oils and secondary metabolites in oilseed
crops [41]. Te superior genetic traits of the Darara variety,
combined with proper fertilization, likely contributed to its
higher oil content.

Te lowest oil-to-seed ratio (0.22) was recorded for the
local variety under control (no fertilizer) treatment, in-
dicating an inefcient partitioning of biomass, with more
energy allocated to vegetative growth instead of oil pro-
duction. Reference [35] reported similar results for the
Arslan variety, with a lowest oil content of 0.27 under
control conditions.

Te study highlights the importance of fertilizer in
optimizing oil production in coriander. It highlights the
impact of genetic traits and nutrient management on oil
content in coriander. High-performing varieties like Darara
and optimizing fertilizer use are key strategies for improving
oil yield in coriander production. Genetic diferences among
coriander varieties also play a signifcant role in oil yield.

Table 6: Interaction efect of blended fertilizer and coriander
varieties on yield parameters (seed yield, above-ground dry bio-
mass, and harvest index).

Varieties NPSB SY (tha−1) AGDB (g) HI (%) OSR

Local

0 0.77j 725n 27.9m 0.22k

50 0.84ij 800l 32.3i 0.32i

100 0.96i 1085f 37.1g 0.41fg

150 1.26h 1240d 38.8f 0.43f

Darara

0 1.16h 817k 31.5j 0.41fg

50 2.00f 942j 39.1f 0.45e

100 3.67b 1082f 42.9b 0.57b

150 3.99a 1514a 44.8a 0.62a

Gadisa

0 0.79j 737m 30.2k 0.27j

50 0.85ij 989i 33.4h 0.35h

100 1.82g 1015h 40.2d 0.39g

150 2.42e 1330c 42.8b 0.48d

Walta-I

0 0.89ij 814k 29.5l 0.29j

50 1.16h 1044g 31.2j 0.42f

100 2.72d 1143e 39.7e 0.48d

150 3.21c 1444b 41.4c 0.52c

LSD (0.005) 1.36 11.3 0.5 0.02
CV (%) 4.6 0.6 0.8 3.3
Note: LSD, least signifcant diference test. Te means followed by the same
letter within the same column are not signifcantly diferent at 5% level of
signifcance.
Abbreviations: AGDB, above-ground dry biomass; HI, harvest index; OSR,
oil-to-seed ratio; SY, seed yield.
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Darara, with higher oil content, may have superior genetic
traits for oil biosynthesis, which were enhanced by the
application of blended NPSB fertilizers. Previous research
has shown that essential oil ratios difer among cultivars,
with the highest average oil ratio recorded in the Erbaa
variety and the lowest in the Arslan variety under the
semiarid climate of the Southeastern Anatolia Region in
Turkey. Te Darara variety, combined with proper fertil-
ization, likely contributed to its higher oil content. Te
lowest oil-to-seed ratio was recorded for the local variety
under control treatment, indicating an inefcient parti-
tioning of biomass. Similar results were reported for the
Arslan variety. Reference [42] found that mung bean vari-
eties lacking NPSB fertilization had lower oil content,
highlighting the impact of nutrient defciencies on oil
production.

3.4. Partial Budget Analysis. Te partial budget analysis of
diferent NPSB fertilizer application rates for coriander
production provides valuable insights for farmers.Te highest
MRR recorded in this study was from the treatment with
100 kgha−1 NPSB fertilizer, which achieved an MRR of
19,029.00% (Table 7). Tis high rate of return indicates that
investing in 150 kgha−1 NPSB fertilizer is economically viable
and highly proftable, particularly for farmers looking to
maximize their returns CIMMYT [22].Te highest net beneft
was achieved at 150 kgha−1 NPSB with the combination of
Darara variety, indicating that investing in this fertilizer is
economically viable and highly proftable. However, the
higher fertilizer application rate could pose challenges for
smallholder farmers due to upfront costs, making it important
to evaluate afordability and accessibility. Te highest net
beneft from the highest performing treatment, 150 kgha−1

NPSB applied to the Darara variety, was 964,980Birr/ha, the

highest among the tested treatments. Tis high net beneft
suggests that not only does this combination of fertilizer and
variety provide higher yields but also ofers a signifcant
economic advantage to farmers. Further trials are recom-
mended to determine the sustainability of the fertilizer ap-
plication rate across diferent seasons and locations. Te
Darara variety is not only the best performer in terms of yield
but also shows excellent potential for economic returns when
paired with the optimal fertilizer rate.

4. Conclusion

Te study found that applying blended NPSB fertilizers
signifcantly improves coriander yield, with the optimal rate
of 150 kgha−1 blended NPSB being most efective. Varieties
like Darara respond well to higher fertilizer rates, leading to
increased seed yield, better quality, and higher economic
returns. Te study emphasizes the need for adapted fertil-
ization strategies based on crop variety and soil conditions,
as not all varieties respond equally. Proper fertilizer use can
boost farmers’ income, making it a proftable investment.
However, further research across diferent agroecologies and
multiple seasons is needed to confrm these fndings and
develop broader recommendations for coriander cultivation.
Te recommendation is to adopt 150 kgha−1 NPSB fertilizer,
particularly for the Darara variety, as it showed the highest
yield and economic return. Further trials will help establish
a more comprehensive fertilizer application strategy for
optimal coriander production across diverse regions.

Data Availability Statement

Te data that support the fndings of this study are available
upon request from the corresponding author. Te data are
not publicly available due to privacy or ethical restrictions.

Table 7: Marginal rate of return analysis for coriander production with NPSB fertilizer application and diferent varieties (ranked by net
beneft).

NPSB Variety UASY
(tha−1) ASY (tha−1) GFB (ETB

ha−1)
TVC (ETB

ha−1)
NB (ETB
ha−1) MRR MRR (%)

0 Local 0.77 0.63 170,100 33,300 136,800 0 0
50 Local 0.84 0.756 204,120 35,500 168,620 14.4636 1446.36
100 Local 0.96 0.864 233,280 37,700 195,580 12.2545 1225.45
150 Local 1.26 1.134 306,180 39,900 266,280 32.1363 3213.63
0 Darara 1.16 1.044 292,320 33,900 258,420 1.31 131.00
50 Darara 2.00 1.80 504,000 36,100 467,900 95.2181 9521.81
100 Darara 3.67 3.303 924,840 38,300 886,540 190.29 19,029.00
150 Darara 3.99 3.591 1,005,480 40,500 964,980 35.6545 3565.45
0 Walta-I 0.89 0.801 224,280 33,900 190,380 117.3 11,730.00
50 Walta-I 1.16 1.044 292,320 36,100 356,220 75.3818 758.18
100 Walta-I 2.72 2.448 685,440 38,300 647,140 132.236 13,223.60
150 Walta-I 3.21 2.889 808,920 40,500 768,420 55.1272 5512.72
0 Gadisa 0.79 0.711 199,080 33,900 165,180 91.4000 9140.00
50 Gadisa 0.85 0.765 214,200 36,100 178,100 5.8727 587.27
100 Gadisa 1.82 1.638 458,640 38,300 420,340 110.1090 11,010.900
150 Gadisa 2.42 2.178 609,840 40,500 569,340 67.7272 6772.72
Note:Temarket price of improved coriander seed was 300 ETB kg−1 and for local variety 250 EBirr kg−1, the cost of NPSB fertilizer was 44 ETB kg−1 during
the experimental period. Te cost of urea� 42 EBirr kg−1, agronomic cost� 33,300. ETBha−1 �Ethiopian Birr per hectare.
Abbreviations: ASY� adjusted seed yield, GFB� gross feld beneft, MRR�marginal rate of return, NB� net beneft, TVC� total variable costs,
UASY� unadjusted seed yield.
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