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Abstract. Nigeria is one of the fastest developing countries inls
Africa, and hence, there is an urgent need to invest
food production to meet the citizen's nutritio

2019 cropping seasons to asse
rates of N:P:K fertiliser on the

treatment includes ric
100, 200, 300 and 400

b

aharan
jcultdre to boost

aliSation in Nigeria,
tercropping is highly

Theexperiment was laid out in
: CBD) with three replications. The
ans with five levels of N:P:K 15:15:15 (0,

is licensed under a Creative Commons sole. The res ed that the interaction of upland rice and soybean with
Attribution 4.0 License N:PK fertilise ffected the plant height, number of leaves, leaf

area ing m panicles per plant and number of seeds per rice
plant. % the result of this investigation, it was observed that the
cropping epi and increased fertiliser rates positively affected upland
riceg growth and yield component. It was noted that the N:P:K fertiliser rate

INTRODUCTION g&l
eloping countries

Nigeria is one of the i i

in sub-Saharan Af '%@e, there is an urgent
need to invest imlagriculture to boost food pro-
duction to et citizen's nutritional needs
and for e . to the increasing population,
urbani @d industrialisation in Nigeria, es-

South East, with a small land mass,

pping is highly recommended. Agricul-
gsearch initially focused on sole cropping
and ignored the potential of intercropping [1],
but there has been a gradual recognition of the
value of the intercropping system [2]. Intercrop-
ping is growing two or more crops on the same
land within the same year to promote their inter-
action and maximise productivity by avoiding
dependence on only one crop [3]. The author [4]
stated that mixed cropping or intercropping ex-
presses African farmer's desire to minimise risk.

Section “Agriculture”

400 kg), gave the highest growth and yield component of upland rice in the
pyhean intercropping system.

words: Intercropping; Fertilizer; Rice; Soybean; System.

Authors [5, 6] observed that the yield advantage
of intercropping has yet to be marked in several
situations, possibly due to the use of either su-
per-optimal or sub-optimal plant population
proportion for component crops.

Rice is the primary food for nearly half the people
on earth. It has become a highly strategic and
priority commodity for food security in Africa.
Consumption is growing faster than any other
major staple on the continent because of high
population growth, rapid urbanisation, and
changes in eating habits [7].

Rice is an annual crop and the most important
staple food crop in tropical countries; commer-
cially, it is the most important cereal after wheat.
It is the most critical source of dietary energy in
West Africa and the third most important for Af-
rica. Nigeria is the largest producer of rice in the
West Africa sub-region. In Nigeria, rice is one of

9001


https://mouau.edu.ng/
http://dx.doi.org/10.22178/pos.103-29
mailto:marianeffam19@yahoo.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Path of Science. 2024. Vol. 10. No 4

ISSN 2413-9009

the few food items whose consumption has no
cultural, religious, ethnic or geographical bound-
ary. It is highly priced and widely accepted for
festivity. In some rural areas, it is so adored that
it is eaten only on Sundays and sometimes on
market days [8].

Upland rice (Oryza sativa) is a staple food crop
for millions in Asia and Africa [9]. It is typically
grown in rainfed and upland areas, where the
soil is often poor in nutrients and prone to ero-
sion. Intercropping upland rice with legumes can
increase rice yields and improve soil fertility
through the nitrogen-fixing capabilities of mung-
bean [9]. Upland rice has been found to have alle-
lopathic effects on other crops, which can be both
positive and negative [10]. Some studies have
reported that intercropping upland rice with leg-
umes like cowpea and soybean can improve soil
fertility and increase the yield of both crops.
However, other studies have shown that inter-
cropping with upland rice can also negatively af-
fect the growth and yield of crops such as maise
and groundnut [11].

Soybean (Glycine max) is another crucial legume
crop known for its high protein content and oil

MATERIALS AND METHODS

Study Area and Location. Three field experiments
were conducted at the research farm of Michael
Okpara University of Agriculture Umudike in the
2017/2018 and 2018/2019 cropping seasons.
Umudike is located around longitude 07° 33'E
and latitude 05° 29' N at an elevation of 122 m
above sea level in the humid tropical lowland of
southeastern Nigeria. Umudike is a typical rain-
forest vegetation with a relative humiditygof,50-
95% and a bimodal rainfall pattern with er-
age temperature of about 20 °C [d3[§Thée soil of

Planting Materials. The seed ARO 58)
and TGX 47 soybean v, ieSqwere used in Ex-
periment 1. Rice (F, 58) and Soybean (TGX
47) varieties were used i eriment 2, while
Rice (FARO 58), cowpea (SAMPEA 16) ground-
nut, mungb d Soybean (IT87K-318-33)
were used i rimént 3. Rice seeds were

sourced the National Cereals Research In-
Amakama Olokoro, Abia State. In

stitu
contrast, soybean, cowpea, and groundnut seeds
re sQurced from the Institute of Agricultural
rch (IAR), Zaria, except mungbean seeds,
were sourced from the College of Crop and

production. It is widely grown in the Ameri
Asia, and Africa [12]. Soybeans face low soil QSO] Science, Umudike, Abia State.

tility and pest and disease pressure like mu

beans. Intercropping soybeans with gplang rice
can improve soybean yields and reducgipest and
disease pressure through the allelo g:t

of rice [12].
n@op widely

Soybean is an important leg
,including Asia,

grown in many parts of th
North America, and South America. It is a rich
i ing it a valuable

source of protein a il;
crop for human a consumption. To in-
crease producti eans are often inter-
cropped wi
cropping seyb with maise has been found to
i %itrogen economy of the cropping
aswsOybeans fix atmospheric nitrogen,
ren used by Maise [9]. Moreover, inter-
croppipg soybeans with other crops has im-
proved soil health, reduced pest and disease in-
cidence, and increased yield.

Therefore, the current study assessed upland rice
and soybean growth, yield, and productivity in an
intercropping system. It specifically determined
the effect of different N:P:K fertiliser rates on the
growth and yield of upland rice in a rice-soybean
intercropping system.

Section “Agriculture”

Meteorological Information. Weather records
such as rainfall, temperature, relative humidity,
wind speed, and sunshine were obtained from
the National Root Crop Research Institute,
Umudike, an Agrometeorological unit located
about 350 m from the experimental site.

Experiment: Effect of Application of Different
Rates of N:P:K Fertilizer on the Growth and Yield
of Upland Rice in Rice/ Soybean Intercropping
System

Field preparation and soil sampling. The experi-
mental site was slashed manually on 12th March,
and the disc was ploughed and harrowed on 16th
March 2018. In 2019, the site was slashed on 5th
June, ploughed and harrowed on 7th June. After
the ploughing and harrowing, weeds were re-
moved manually to achieve a clean and weed-
free experimental site for planting. The field was
marked out into plot sites of uniform measure-
ment.

Soil samples were collected randomly at a depth
of 0-20 cm from different representation loca-
tions of the experimental site with a soil auger
and taken to the National Root Crop Research
Institute Soil Laboratory, Umudike, to determine
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the chemical and physical properties of the soil.
Bouyoucos method was used to determine the %
of sand, silt, and clay. Soil pH in 1:2.5 soil/water
ratio was determined using a pH meter. Organic
matter content was obtained by multiplying total
carbon by 1.724. Organic carbon content was de-
termined by the Walkey-Black method. Total ni-
trogen was used to determine by the microk-
jeldahl method. The bray-1 method was used to
determine available phosphorus. Exchangeable
cations (Ca, Mg, K and Na) were extracted with
one standard neutral ammonium acetate solution
and exchangeable K and Na were read using a
flame photometer. In contrast, Ca and Mg were
read using an atomic absorption spectrophotom-
eter (AAS).

NPK 15:15:15 fertiliser was sourced from the
opened market.

Treatments and experimental design. The treat-
ment used were rice (FARO 58)-T1 and TGX 47
soybean- Tz with five rates of N.P.K 15:15:15(0,
100, 200, 300 and 400 kg)

Treatments include Sole Rice + 0 kg/ha of N:P:K,
Sole Rice + 100 kg/ha of N:P:K, Sole Rice + 200
kg /ha of N:P:K, Sole Rice + 300 kg/ha of N:P:K
Sole Rice + 400 kg/ha of N:P:K, Sole Soybean
kg/ha of N:P:K, Sole Soybean + 100 kg/ha
N:P:K, Sole Soybean + 200 kg/ha of N:P:K, Sole
Soybean + 300 kg/ha of N:P:K, Sole
400 kg/ha of N:P:K, Rice + soybean +
N:P:K, Rice + Soybean + 100 kg/ha of
+ Soybean + 200 kg/ha of N:P:K
+ 300 kg of N:P:K, Rice +
N:P:K. Each treatment

times. Each plot measured 2

+'Soybean
e 400 kg of
eplicated three

m (4 m2). Each
replication had 15 pl intra-block spac-
ing of 0.5 mand i % spacing of 1 m. Rice
seeds were sowmat théwecommended spacing of
20 x 20 cf gi a population of 500,000
plants/ha as done on (14t March 2018
for the fi@pping season and 10t June 2019
se cropping season). Rice seeds were
irect seeding. Pest was controlled at 2

eeks after planting using Lambdacyhalo-
thrin 2.5 EC at the rate of 300 ml/ha.

Growth and Yield parameters. Growth parameters
were measured 2, 4, 6, 8, and 10 weeks after
planting. Four plants were tagged for the collec-
tion of growth parameters, while yield parame-
ters were measured ten weeks after planting
from 4 plants when the rice plant's panicles and
soybean pods started drying up. The plants for

Section “Agriculture”

observation and data collection were taken from
the inner rows of the treatment plot.

The following data were collected for rice and
soybean:

1. Plant height (cm) was measured with a linear
tape from the ground level to the tip of the plant.

2. The number of leaves per plant was deter-
mined by counting.

3. The leaf area index (LAI) was calcula m
the leaf area.

4. The length of the panicle (cm)*wa asured

with a linear tape
p t was deter-

5. The number of pani
mined by counting.

6. The number of segds p
mined by counting.

7. The numb @ eds'per pod was obtained by

counting
8. Wei % ds per plant.

tatistigal analysis. The morphological and yield
a collected were subjected to Analysis of Vari-
ANOQOVA) for a single-factor experiment in
omized Complete Block Design (RCBD) us-
ing Genstat. Treatment means obtained were ap-
propriately compared for statistical significance
using Fisher's least significant difference (F-LSD)
at the 0.05 probability level.

RESULTS AND DISCUSSION

Soils and Meteorological Data. The soils of the ex-
perimental sites were texturally sandy loam in
2018 and 2019 (Table 1). The table below indi-
cates the soil pH was low, with a value of 4.5 in
2018 but high in 2019, with a value of 5.13. Soil
organic matter and nitrogen were high in both
years, but values in 2018 were higher than in
2019

Available P was high in both years but higher in
20118 than in 2019. Soil calcium and magnesium
were above the critical levels. The soil's base sat-
uration was also high in both years.

Table 2 shows the total annual rainfall for 2018
and 2019 as 2028.6 mm and 3075.0 mm, respec-
tively. The rainfall was bimodal and peaked in
April and September of 2018 and July and Sep-
tember of 2019, but it was higher in September
of 2019 than in other months. April to October
experienced high and stable rainy days in 2018
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but were higher in 2019. The temperature was 2018 | 2019
relatively high throughout the year 2018 and loam| loam
2019. The mean monthly max temp was 32.9 °C | Chemical properties
and 31.7 °C, respectively, in 2018 and 2019. Rela-  [PH (H:0) 450 513
tively, humidity was lowest in Feb while it was | Organic matter (%) 242) 171
highest in July. Organic carbon (%) 1,13 1,07
Total N (%) 023] 017
Available P (mg Kg1) 19,80 13,78
Table 1 - Physico-chemical properties of the Exchangeable K (cmol Kg) 017] 0,24
experimental sites in 2018 and 2019 cropping Exchangeable Na (cmol Kg'1) 0,23 012
Seasons Exchangeable Ca (cmol Kg1)
| 2018 | 2019 Exchangeable Ea (cmol Kg1)
Physical properties Exchangeable Mg (cmol Kg1)
0,
gﬁi“é} )/") 1?% 8;;8 Effective CEC (cmol Kg'1) 4,76
2 . ’ Base saturation (%) 81,53
Clay (%) 12,90 11,10
Textural class Sandy| Sandy

Table 2 - Agrometeorological data of the experimental sites for 2018 an

Month Rainfall Maximum air Relative Rai xXimum air Relative

Amount, temperature, °C humidity, % unt, temperature, °C Humidity
mm 2018 (0900HTrs) 2019 (%)

(0900HTrs)
January 0.0 34.1 78 38.9 35 65
February 80.1 34.5 80.9 34 69
March 9.6 34.4 65.7 34 84
April 337.5 32.5 137.1 36 79
May 246.6 32.6 87 355.7 32 77
June 326.6 30.9 87 523.4 29 76
July 237 9.6 84 554.1 28 90
August 173.3 80 206.6 30 89
September 334.7 0.1 85 635.0 27 88
October 238.9 78 367.3 31 78
November 44.3 0.7 81 107.2 32 70
December 0.0 4.5 87 0.0 32 47
Total 79 3075.0 32 76

2028.6 (} 395.1
Table 3 shows th @tbe cropping system
and fertiliser r %h plant height of rice. The

cropping s‘% no significant difference
(P>0.05) jmghe"plant height of rice in both crop-
i %cept at 8 WAP in 2018. This could
: 0 low nutrient uptake and resource

cantly the lowest plant height at 2 WAP in both
years among the cropping systems. This is con-
sistent with [15], who reported that intercrop-
ping significantly reduced the plant height of rice,
which could be attributed to competition for re-
sources.

The fertiliser rate showed no significant differ-
ence in plant height of rice except at 6 and 10

Section “Agriculture”

WAP in 2018, while significant differences were
observed at 4, 6 and 8 WAP. Okg NPK (Control)
gave significantly the lowest plant height of rice
across all the sample ages in 2019. By implica-
tion, nitrogen increases and improves considera-
bly the vegetative growth of rice.

Interaction of rice and fertiliser in both sole and
intercrop showed consistent significant differ-
ences in plant height of rice at 6WAP in the 2018
and 2019 cropping seasons. This is consistent
with [16], who reported that fertiliser application
in intercropping significantly impacted upland
rice's growth and development. Among the inter-
crop crop interactions, the intercrop 0 kg NPK
(control) consistently produced the lowest num-
ber of plant heights of rice at 4, 8, and 10 WAP in
both years. This is consistent with the findings of
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[17], who reported that no fertiliser application
can affect the height of upland rice. Intercrop in-
teraction in sole had 400 kg NPK fertiliser as the
highest plant height of rice at 4 and 6 WAP in
2018, while in 2019, the trend changed as 400 kg

fertiliser gave the highest plant height at 4, 8 and
10 WAP, respectively. This is also consistent with
[16], who reported that the combination of ferti-
liser and intercropping significantly impacted
rice's plant height.

Table 3 - Effect of cropping system and fertiliser rate on plant height of rice at different stages of growth in

2018 and 2019 cropping seasons

2018 | ] 2019
Plant height (cm)

Treatment Weeks after planting (WAP)
Cropping system (C) 2 4 6 8 10 2 4 6 4 10
Sole rice 439|984 | 1527 |16.73 | 22.25 515 |10.28 41 | 23 395
Intercrop rice 435(9.20 |16.09 | 18.63 | 22.74 5.29 | 10.73{ 16. 14| 39.1
LSD(0.05) ns ns ns 1.407 | ns ns ns ns
NPK-15:15:15 Fertilizer rate (F) 4
(kgha?)
0 (Control) . 5.02 19.70¥] 14.03 | 1945 | 354
100 . 7 .88 | 15.20 | 21.00 | 37.7
200 . % 45| 1487 | 21.08 | 37.6
300 . 3 10.80 | 18.81 | 23.34 | 38.3
400 568 | 11.68 | 17.07 | 26.82 | 47.5
LSD(0.05) ns 1.587 | 2.225 | 5.500 | ns
Interaction (C x F)
Sole rice x 0 kg ha 4.53 [958 |13.50 ] 19.60 | 35.8
Sole rice x 100 kg ha'! 493 1947 |13.50 ] 21.73 | 38.6
Sole rice x 200 kg ha'! 5.07 |10.93 | 15.20 | 22.50 | 34.1
Sole rice x 300 kg ha1 527 |10.23 | 18,57 | 25.20 | 40.1
Sole rice x 400 kg ha! . 593 |11.17 | 16.30 | 28.65 | 49.1
Intercrop rice x 0 kg ha'! 16.10 | 19.03 550 |9.83 |14.57|19.29 | 35.0
Intercrop rice x 100 kg ha-! 18.33 | 19.20 520 |10.30 ]| 16.90 | 20.27 | 36.8
Intercrop ricex 200 kg ha! 20.67 | 21.53 497 997 | 1454 |19.66 | 41.0
Intercrop rice x 300 kg ha! 20.67 | 28.13 533 |11.37 | 19.05 | 21.47 | 36.6
Intercrop rice x 400 kg ha'! 17.37 | 25.80 543 |12.20 | 17.83 | 25.00 | 459
LSD(o.05) 3.147 | 4351 1.169 | 2.244 | 3.147 | ns Ns

Table 4 shows the effe
and fertiliser on,$eve

different stage
cropping s ad no significant effect
(P>0.05) @' he humber of leaves/plants of rice
i ehopping seasons across the sampled

the cropping system
eaves/plants of rice at
offgrowth in 2018 and 2019. The

ce in the number of leaves per plant be-
tween sole cropping and intercropping systems.
However, intercrop rice consistently gave the
lowest number of leaves/plant of rice at 2 WAP
in both cropping seasons.

Among the fertiliser rates, 4, 6, and 10, WAP pro-
duced significant differences in the number of
rice leaves in 2018, while significant differences
were observed across the sample ages expected

Section “Agriculture”

at 2 WAP in 2019, respectively. Among the ferti-
liser rates, 0 kg (control) gave the lowest number
of leaves of rice significantly across the sample
dates in 2018, except at 4 WAP, while consisten-
cy was observed in the trend in 2019, except at 2
WAP. This is consistent with previous studies by
[19], who reported that 0 kg N:P:K (control) sig-
nificantly produced the lowest number of leaves
of rice/plant in sole crop and intercrop.

The interaction of rice and fertiliser in sole and
intercrop showed a significant difference across
all the sampled ages, except for 2 WAP in both
cropping seasons. This is consistent with [20],
who reported a positive effect of intercropping
on the crops. Among the interactions of rice and
fertiliser in sole 0 kg N:P:K (control), fertiliser
consistently gave the lowest number of rice
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leaves at 4, 6, and 10 WAP in 2018 and 20109, re-
spectively. Among the intercrop crop interactions
of rice and fertiliser, 100 kg fertiliser gave the
lowest number of rice leaves at 6 WAP in both

years. In comparison, 400 kg fertiliser gave the
highest number of rice leaves at 6 WAP in 2018
and 2019, respectively. This could be attributed
to the availability of nutrients to the rice plant.

Table 4 - Effect of cropping system and fertiliser rates on the number of leaves/plants of rice at different stages

of growth in the 2018 and 2019 cropping seasons

2018 | ] 2019
Number of leaves/plant

Treatment Weeks after planting (WAP)
Cropping system (C) 2 4 6 8 10 2 4
Sole rice 3.820 | 10.51 | 264 | 356 | 37.19 427 | 10.71
Intercrop rice 3.747 | 890 | 25.1 | 369 | 37.75 4.13 | 10.55
LSD(o.05) ns ns ns ns ns ns ns
NPK-15:15:15 Fertilizer rate (F)
(kghat) .
0 (Control) 3.717 | 8.52 711293 | 326
100 3.719 | 847 032 | 32.7 | 46.6
200 3.817 | 10.00 23.05 | 33.7 | 40.2
300 3.767 | 11.40 25,59 1 39.7 | 398
400 3.900 | 10.13 28.70 | 43.0 | 4438
LSD(o.05) ns 2.734 4.775 11032 | 11.34
Interaction (C x F)
Sole rice x 0 kg hat 3.833 | 8.53 16.77 | 27.6 | 23.6
Sole rice x 100 kg ha! 3.500 | 9.33 23.38 | 35,5 | 45.5
Sole rice x 200 kg ha'! 3.933 | 11.67 2450 | 431 | 470
Sole rice x 300 kg ha'! 3.933 | 12.00 25.62 | 449 | 341
Sole rice x 400 kg ha'! 3.900 | 11.00 27.04 | 51.7 | 519
Intercrop rice x 0 kg ha'! 3.600 | 8.50 ) . . . 20.65 | 31.0 | 416
Intercrop rice x 100 kg ha! 3.9334z.60% | 185 | 329 | 28.39 3.67 | 10.60 | 17.27 | 299 | 47.7
Intercrop ricex 200 kg ha1 3.700 |/8: 5.2 | 44.2 | 45.05 4.00 | 10.67 | 21.60 | 24.2 | 335
Intercrop rice x 300 kg ha-! 3.600 |\10. 0.2 1429 |44.10 4.00 | 10.43 | 25.57 | 34.6 | 455
Intercrop rice x 400 kg ha'! 3 : 321 | 37.6 | 41.07 433 (12373037342 |376
LSD(g,5) 3.866 | 9.45 | 12.56 | 8.544 ns 3.932 | 6.753 | 14.60 | 16.04

S
As shown in Table 5, ng system signifi-
cantly affected the l%a index of rice across
all the sampled dges oth years, except at 2
and 4 WAP anw20 However, the intercrop rice
gave the hi leaf area index at 8 and 10 WAP
in the 2 nd 2019 cropping seasons. This is
d th ilability of N from the legumes to
ice.

The Yertiliser rates showed significant differ-
ences (p<0.05) in the leaf area index of rice
across all the sampled dates in 2018 and 2019
except at 4 WAP in 2018, respectively. This is
consistent with previous studies by [21], who
reported that the application difference in ferti-
liser rate thus significantly influenced the leaf
area index of rice. Among the fertiliser rates, 0 kg
(control) of N:P:K gave the lowest leaf area index
across the sampled ages in both years except at 4

Section “Agriculture”

and 6 WAP in 2018, respectively. This is con-
sistent with the studies by [22], who reported
that inadequate fertilisation resulted in nutrient
deficiency, leading to stunted growth and a de-
creased leaf area index, while 400 kg N:P:K gave
the highest leaf area index at 2, 4, and 6 WAP in
2018 as well produced the highest leaf area index
consistently across all the sample age in 2019.
This implies that a higher fertiliser application
would significantly increase the leaf area index of
upland rice compared to a lower fertiliser appli-
cation rate.

Interaction of rice and fertiliser in both sole and
intercrop showed a consistent trend and signifi-
cant difference in both cropping seasons across
the sample dates except at 4 WAP in 2018.
Among the interaction of rice and fertiliser in
sole rice, 100 kg fertiliser consistently gave the
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lowest leaf index of rice at 4 and 6 WAP in both
years, whereas 400 kg consistently showed the
highest leaf area index of rice at 2, 4, 6, and 8
WAP in both cropping season. Intercrop crop in-

Table 5 - Effect of cropping system and fertiliser rate on |
2018 and 2019 cropping seasons

teraction of rice and fertiliser 0 kg N:P:K (con-
trol) significantly gave rice's lowest leaf area in-
dex across all the sampled ages in both years ex-
ceptat 10 WAP in 2018, respectively.

eaf area index of rice at different stages of growth in

2018 || 2019
Leaf area index
Treatment Weeks after planting (WAP)
Cropping system (C) 2 4 6 8 10 2 4 6 8
Sole rice 0.030[0.137[0.829]1.771[2.065| | 2.553| 0.029] 0.£39[9.806|1.916
Intercrop rice 0.031]0.131[2.051|2.238|2.505| | 0.027| 0.139, 71 2.687
LSD(0.05) ns ns|0.203/0.333]0.364| | 0.002| 0.037 O. 71/0.356

NPK-15:15:15 Fertilizer rate (F) (kg
ha?)

0 (Control) 0.026 .502|1.206|1.552
100 0.029 0.628|1.382|2.365
200 0.031 0.877(1.729(2.795
300 0.034 1.046|2.258(2.976
400 0.034 1.142|2.415|3.412
LSD (g5 0.005 0.296|0.428|0.562
Interaction (C x F)

Sole rice x 0 kg ha'! 0.025 0.458(1.112]1.099
Sole rice x 100 kg ha'! 0.028 749110.0286|0.0868| 0.549|1.371|2.365
Sole rice x 200 kg ha! 2%69|10.0325/0.1287| 0.944|2.000|3.517
Sole rice x 300 kg ha! 2.136](0.0308/0.1717| 0.986|2.416|2.650
Sole rice x 400 kg ha'! 2.385](0.0325/0.2027| 1.095|2.682|3.153

Intercrop rice x 0 kg ha'!

1.835](0.0228|0.1064| 0.547|1.300)|2.004

Intercrop rice x 100 kg ha!

1.784|10.0275[0.1309| 0.707]1.393|2.385

Intercrop ricex 200 kg ha! 1.103

2.865|3.119(]0.0258|0.1232| 0.810|1.459|2.073

Intercrop rice x 300 kg ha'!

1.427|3.368|2.548| |0.0303/0.1649| 1.105|2.100{3.302

Intercrop rice x 400 kg ha!

1.415|2.370|3.236| |0.0294|0.1715| 1.188|2.148|3.670

0.453

0.745/0.813| | 0.005/0.0838]0.4178|0.605|0.796

LSD(0.05) &

Table 6 shows the effect cropping system
and fertiliser rate onfs n plant height at dif-
0

ferent stages of,fer The cropping system

showed no gignifigant difference across all the
sampled a & 18 and 2019, respectively.
Howeve e Soybean consistently gave the
hj tp eight across all the sample ages in

ing seasons, except at 10 WAP in
20

The fertiliser rates showed significant differences
in soybean plant height across all the sampled
ages in cropping seasons except at 2 and 4 WAP
in 2018, respectively. This is consistent with pre-
vious studies that reported a positive correlation
between fertiliser rate and plant height of soy-
beans [23, 24]. This implies that the higher the
fertiliser rate, the taller the plant, which can be
attributed to the increase in nutrient availability.

Section “Agriculture”

The result showed that fertiliser rates' effect on
soybean plant height varied in different cropping
seasons. This can be due to the variation in envi-
ronmental conditions such as temperature, rain-
fall and sunlight, which can affect the uptake and
utilisation of nutrients.

Among the fertiliser rates of 0 kg (control), N:P:K
consistently gave the lowest soybean plant
height at 2 and 6 WAP in 2018 and 2019. Statisti-
cally, 400 kg of N:P:K produced the highest soy-
bean plant height across all the sampled ages in
both cropping seasons except at 10 WAP in 2019.

The interaction of soybean and fertiliser showed
significant differences across all the sampled ag-
es in both cropping seasons except at ZWAP in
2018. However, soybean and fertiliser interac-
tion in sole soybean indicated that 0 kg N:P:K
produced the lowest soybean plant height across
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all the sample ages in 2018, except at 4 WAP. Alt-
hough the trend was not consistent in 2019, in
the intercrop crop interaction, 400 kg consistent-

ly gave the highest plant height of soybeans
across the sampled ages in both cropping sea-
sons, except for 4 and 6 WAP in 2018.

Table 6 - Effect of the cropping system and fertiliser rate on yield and yield components of rice in the 2018 and

2019 cropping seasons

Treatment Length of | Number of | Number of | | Length of | Number of | Number of

panicles, | panicles / seeds / panicle panicles / seeds /
cm plant plant (cm) plant plant

Cropping system (C)

Sole rice 33.79 5.99 597. 27.87

Intercrop rice 34.11 6.02 656. 27.05

LSD(Q_os) ns

NPK-15:15:15 Fertilizer rate (F)

(kgha?)

0 (Control) 32.99

100 30.89 884.

200 35.61 987.

300 34.07 1088.

400 36.20 9.9 1439.

LSD(0.05) 3.107 ns 411.3

Interaction (C x F)

Sole rice x 0 kg hat 33.05 5.4 619.

Sole rice x 100 kg ha! 28.95 6.5 665.

Sole rice x 200 kg ha! 36.05 9.2 1172.

Sole rice x 300 kg ha! 34.35 10.4 1221.

Sole rice x 400 kg ha! 36.57 10.3 1629.

Intercrop rice x 0 kg ha'! 32.94 7.8 671.

Intercrop rice x 100 kg ha-! 32.80 57.4 1102.

Intercrop ricex 200 kg ha! 3 g 6.73 732 27.79 12.2 803.

Intercrop rice x 300 kg ha! 3% 6.67 789 25.47 9.8 954.

Intercrop rice x 400 kg ha! 3584 6.79 832 27.49 9.5 1249.

LSD(0.05) & 1.056 1279 ns 46.50 581.7

Table 7 shows that the c p&rstem showed

no significant difference i ength of panicles,
number of paniclesfp ant, and number of
seeds per rice i thyears. Intercrop rice pro-
duced the nded length of panicles and
the highes% of seeds per plant in 2018.
The NP iliser rates showed significant dif-

size of panicles per plant and the
anicles per plant of rice in 2018, but
the tgend was not consistent in 2019 (Table 7).
However, among the N:P:K fertiliser rates, 400 kg
NPK produced the highest panicle length per
plant, the highest number of panicles per plant,
and the highest number of seeds per plant in

2018, consistent in 2019 except for several pani-
cles per plant.

Section “Agriculture”

Among the interaction of rice and fertiliser in
sole rice, 400 kg NPK produced the highest
length of panicle, number of panicles and number
of seeds/plants in 2018, while in 2019, 100 kilo-
grams NPK produced the highest length of pani-
cles and highest number of panicles, and highest
number of seeds/plant.

Table 8 indicates the effect of the cropping sys-
tem and fertiliser rates on the number of
leaves/plants of soybeans at different stages of
growth in 2018 and 2019. The cropping system
showed no significant difference across all the
sampled ages in 2018 and 2019, respectively.
The number of leaves under the cropping system
produced significantly the highest number of
soybean leaves in 2018.
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Table 7 - Effect of cropping system and fertiliser rate on plant height of soybean at different stages of growth in

2018 and 2019 cropping seasons

2018 [ 2019
Plant height (cm)

Treatment Weeks after planting (WAP
Cropping system (C) 2 4 6 8 | 10 2 4 6 8 10
Sole soybean 9.3213.78 |30.64 |37.6 |37.6 | [12.11 |21.72 | 36.39 |44.28 |46.9
Intercrop soybean 8.71|12.96 |28.29 |34.8 |34.8| |11.53 |20.13 |36.11 |44.22 |48.2
LSD(o.05) ns |ns ns ns |ns ns ns ns ns ns
NPK-15:15:15 Fertilizer rate (F) (kg ha1)
0 (Control) 8.23|13.59 |26.47 |32.2 32.2]]10.90
100 8.94 |13.13 |30.44 |36.6 |36.6 | |11.40
200 9.19 |12.46 |29.64 |35.1 [35.7 | |11.18
300 9.12113.37 |28.34 |32.5[34.5| |12.38
400 9.58113.79 |32.43 |42.1 |42.1| |13.22 % .
LSD(o.05) ns |ns 5.526 |16.97 697 | |1.352 7 85 6.547 | 7.41
Interaction (C x F) .
Sole soybeanx 0 kg ha'! 8.70 |13.53 |25.62 |30.7 [30.7 | |12.00 | 21.27 433.70 | 42.30 |44.6
Sole soybeanx 100 kg ha! 9.75(13.22 |35.27 [40.4 |40.4 | |10.9%,18.83"|32.40 | 41.73 |43.8
Sole soybeanx 200 kg ha! 9.05 1,1.87119.70 | 35.03 |38.50 [42.5
Sole soybean x 300 kg ha'! 9.47 AN077 22.90 |40.30 |45.70 |48.7
Sole soybean x 400 kg ha-! 9.62 3793 |25.90 |40.50 |53.17 | 55.1
Intercrop soybeanx 0 kg ha-! 7.76 £ 17.50|31.57 |37.57 |43.3
Intercrop soybeanx 100 kg ha't 8.13 11.83 120.67 |36.60 |43.65 |44.5
Intercrop soybean x 200 kg ha! 9.33 10.50 | 18.93 | 33.80 | 40.83 |43.0
Intercrop soybeanx 300 kg ha! 8.77 13.00 | 21.27 | 36.23 | 49.80 | 58.6
Intercrop soybeanx 400 kg ha'! 9.55 12.50 |22.27 |42.33 [49.23 |51.51
LSD (o5 ns 1.912 |5.370 | 6.484 |19.259 [10.47

The fertiliser rates produced a

(p<0.05) on the number of soybean le S
all the sample dates in both croppi ons,
expected at 4 WAP in 2018 and ective-
ly, among the N:P:K fertilis 0 kg pro-

duced the highest number
8 and 10 WAP in both crapping seasons. This im-
plies that an increagi iliser rate on soy-
beans would signi '%crease the number of
leaves per soybean pla

The interacﬁ bean and fertiliser indicat-
ed a signj ifference in the number of soy-
be e;@(oss all the sampled ages in crop-
sons except at 2 and 4 WAP in 2018 (Ta-
his effect, 400 kg NPK produced con-
sistenfly the highest number of leaves at 4 and 10
WAP in both cropping seasons in sole soybeans.
Intercrop interaction of 400 kg consistently pro-
duced the highest soybean leaves at 2, 8, and 10
WAP in both cropping seasons. The intercrop in-
teraction result aligns with [25] findings, which
reported that increasing fertiliser rates signifi-
cantly increased the number of leaves per plant
of soybean intercropped with sorghum, pearl
millet, and maise. This finding implies that in-

Section “Agriculture”

creasing fertiliser rates positively affected the
number of leaves per plant of soybean in the in-
tercropping system.

Table 9 shows that the cropping system showed
no significant difference in the soybean leaf area
index across all the sampled ages in 2018 and
2019 except at 10 WAP in both years. This is con-
sistent with previous studies by [26, 27], who
reported no significant difference in the soybean
leaf area index in different planting patterns
within a cropping system.

The fertiliser rate showed a significant difference
in the leaf area index of soybeans across all the
sample ages in both cropping seasons except at
2 WAP in 2018. However, 400 kg N:P:K gave con-
sistently the highest leaf area index of soybean at
6 and 8 WAP in both cropping seasons. This is
consistent with studies by [28, 29, 30, 31, 32],
who reportedly established that increasing the
fertiliser rate statistically increased the leaf area
index of soybean while it is in disagreement with
the finding [33] who noted a decrease in leaf area
index of soybean as a result of an increase in Ni-
trogen fertiliser application.
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Table 8 - Effect of cropping system and fertiliser rate on the number of leaves/plant of soybean at different
stages of growth in the 2018 and 2019 cropping seasons

2018 || 2019
Number of leaves/plant

Treatment Weeks after planting (WAP)
Cropping system (C) 2 4 6 8 10 2 4 6 8 10
Sole soybean 9.32|13.78|23.45|37.57| 42.8||5.335]/10.14[19.00| 29.7|41.26
Intercrop soybean 8.71/12.96|23.17|35.14| 42.1||5473| 9.85/19.60| 32.1|42.25
LSD(o.05) ns ns ns ns ns ns ns ns ns ns
NPK-15:15:15 Fertilizer rate (F) (kg ha)
0 (Control) 8.22/13.59(20.21|32.15| 384 |5.370| 9.54[14.70| 28. 7
100 8.94
200 9.19
300 9.58
400 10.2
LSD(o.05) 1.646
Interaction (C x F)
Sole soybeanx 0 kg ha! 8.70
Sole soybeanx 100 kg ha'! 9.75
Sole soybeanx 200 kg ha! 9.05
Sole soybean x 300 kg ha'! 9.47
Sole soybean x 400 kg ha-! 9.62
Intercrop soybeanx 0 kg ha-1 7.75
Intercrop soybeanx 100 kg ha't 8.13
Intercrop soybean x 200 kg ha! 9.33
Intercrop soybeanx 300 kg hat 8.77
Intercrop soybeanx 400 kg ha'! 9.55
LSD(o_os) ns
The interaction of soybean and fertilis C&IS'St- fects, 400 kg N.:P:K produced consistently the

. e . lowest leaf area index of soybean at 6 and 8 WAP
ently showed significant differences léaf ) ) 7

(Ta- in both cropping seasons in intercrop soybean. In

area index of sole soybean in b
ble 9). This is consistent with t ndings [

Table 9 - Effect o
growth in 2018

which reported that the leaf& 1ncreased
with the fertiliser applic To these ef-

Intercrop interaction, 400 kg consistently gave
the highest leaf area index at 2 and 10 WA in
both cropping seasons, respectively.

@system and fertiliser rate on Leaf area index of soybean at different stages of
019Cropping seasons

2018 ] 2019
Leaf area index
Weeks after planting (WAP)
2 4 6 8 10 2 4 6 8 10
0.155/0.443]1.157| 3.99| 5.48]||0.355|1.202|3.070| 5.27| 6.43
0.134/0.402|1.200| 3.46| 6.48|]0.321]|1.215|3.206| 5.03| 7.51
ns ns ns ns | 0.666 ns ns ns ns|0.525
NPK-15:15:15 Fertilizer rate (F) (kg ha1)
0 (Control) 0.137/0.543|0.761| 3.14| 5.57||0.308]|0.883|2.082| 4.14| 6.14
100 0.137/0.420/0.833| 3.88| 5.66||0.306|0.998|2.607| 4.86| 6.46
200 0.133]0.447]1.250] 2.93| 5.22][0.300|1.214|3.224| 4.90| 6.02
300 0.169|0.340|1.284| 3.74| 5.95||0.324|1.279|3.411| 5.87| 7.32
400 0.143|0.363|1.764| 495| 7.50|]0.401]|1.670|4.367| 6.00| 8.91
LSD(0.05) ns|0.201]0.434|1.047]1.052] |0.083|0.564|0.422]1.087|0.830
Interaction (C x F)
Sole soybeanx 0 kg ha-! 0.146|0.694|0.675| 3.50| 4.89]]0.320]/0.997|2.230| 4.32| 5.25
Section “Agriculture” 9010
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2018 ] 2019

Leaf area index

Sole soybeanx 100 kg ha! 0.154|0.375|0.751| 4.22| 5.22||0.307]|0.805|2.220| 4.86| 6.23
Sole soybeanx 200 kg ha-! 0.145]0.391/0.989| 2.85| 4.50||0.298|1.267|3.177| 4.92| 5.73
Sole soybean x 300 kg ha! 0.192]0.321|1.306| 4.37| 6.09]]0.358|1.218[3.385| 591| 6.88
Sole soybean x 400 kg ha! 0.136/0.434|2.063| 5.03| 6.70]]0.390|1.725|4.338| 6.36| 8.07
Intercrop soybeanx 0 kg ha! 0.128]0.393]0.847| 2.79| 6.25]|]0.297[0.769]1.935| 3.96| 7.04
Intercrop soybeanx 100 kg ha'! 0.12210.466]0.914| 3.54| 6.10]]0.304|1.191|2.993| 4.86| 6.69
Intercrop soybean x 200 kg ha'! 0.121]0.502|1.511| 3.02| 594||0.302|1.160|3.271| 4.88| 6.32
Intercrop soybeanx 300 kg ha! 0.146]0.359]1.263| 3.10| 5.81|[0.289|1.340|3.436
Intercrop soybeanx 400 kg ha'! 0.150|/0.291|1.465| 4.87| 8.31|[0.412]1.616|4.396
LSD(g,5) 0.060]0.285|0.613{1.481|1.488]0.117|0.798] 0.59

The cropping system indicated a significant dif-
ference in the number of seeds/plants in 2018,
while in 2019, the number of seeds per plant and
the number of seeds/pods gave significant differ-
ences (Table 10). This is consistent with the find-
ings of [16], who reported that the number of

cropping seasons

seeds per plant in intercroppi

higher number of seeds .%

These could be attrib

utilisation, leading

higher seed producti

soybean.

ent resource
ant growth and a

to
ett
/po

Table 10 - Effect of cropping system and fertiliser rate on yield %ent of Soybeans in 2018 and 2019
2018

2019
Nu Number
Treatment of se Number of seeds per Number
ofiseeds per of seeds per
plant
pod pod
Cropping system (C)
Sole rice 341 1.942 1.834 130.5
Intercrop rice 159.8 2.122 2.086 139.0
LSD(o_os) 8.09 ns 0.205 8.31
NPK-15:15:15 Fertilizer rate (F) (kg ha'1) ﬁ
0 (Control) 120.0 1.690 1.739 95.9
100 1 136.7 1.989 1919 126.5
200 152.0 2.141 2.039 145.4
300 P 157.9 2.207 1.901 135.4
400 \ 1 168.2 2.133 2.202 170.5
LSD (g5 12.79 0.337 0.325 13.13
Interaction (C x F)
Solerice x 0 kgh 110.4 1.466 1.554 91.1
120.5 1.862 1.599 115.8
139.1 2.036 1.923 135.9
145.5 2.255 1.888 143.4
155.3 2.092 2.206 166.2
129.7 1914 1.924 100.7
152.8 2.116 2.239 137.2
Intercrop ricex 200 kg ha! 165.0 2.247 2.155 154.8
Intercrop rice x 300 kg ha! 170.4 2.159 1.913 127.3
Intercrop rice x 400 kg ha! 181.0 2.175 2.198 170.5
LSD(0.05) 18.09 0.477 0.459 18.57

The fertiliser showed significant differences
across all the yield components of soybeans in
2018 and 2019, while 0 kg NPK consistently pro-
duced the lowest yield component in 2018 and

Section “Agriculture”

2019. This implies that the higher the fertiliser
rate, the higher the yield component. On the oth-
er hand, 400 kg NPK fertiliser produced a static
yield component of soybeans in both cropping
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seasons, with the expected number of CONCLUSIONS
seeds/pods of soybeans in 2018. The interaction
of soybean and fertiliser rates produced signifi-
cant differences in all yield components of soy-
beans (Table 10) in both cropping seasons. Inter-
action of soybean and fertiliser rates in sole and
intercrop indicated 0 kg in sole and intercrop
produced consistently, the lowest yield compo-
nent in both the 2018 and 2019 cropping sea-
sons except on the number of seeds/plant in 0 kg
(control) and soybean intercrop.

Based on the result of this investigation, it was
observed that the cropping system and increased
fertiliser rates positively affected upland rice's
growth and yield component. It was noted that
the N:P:K fertiliser rate (400 kg) gave the highest
growth and yield component of upland rice in the
rice/soybean intercropping system.

REFERENCES

doi: 10.1017/s0021859600025909

2. Stanford, B. (1991). Evaluation of Cowpea lines in Nigerian Cropping Systems (Doctoral thesis).
Retrieved from
https://www.google.com/url?sa=t&source=web&rct=j&opj=

49&rl=https://escholarshi

4. Ruthenberg, H. (1971). Farming systems in t,
https://pdf.usaid.gov/pdf_docs/PNAAP

6. Adetiloye, P. 0. (1985). A mathema
intercropping systems' desi
3800(85)90026-2

7.Diagne, A., Alia, D. Y., WOE&. C. S, Saito, K., Nakelse, T., & Seck, P. A. (2013). Impact of rice

research on incomejpoverty and food security in Africa: an ex-ante analysis. Realising Africa’s Rice
Promise, 390-4 .1079/9781845938123.0390

8. Omofonmwan, §™1., iri, M. A. (2007). Problems and Prospects of Rice Production in Central
Distri State, Nigeria. Journal of Human Ecology, 22(2), 123-128. doi:
10.10 9709274.2007.11906010

9.C nd%’c K, Prabha, N., Verma, O. N., & Pandey, K. K. (2019). Standardisation of Planting
eo of Sugarcane with Suitable Intercropping under Drip Irrigation in Chhattisgarh Plains.
ational Journal of Current Microbiology and Applied Sciences, 8(07), 2878-2884. doi:
.20546/ijcmas.2019.807.358

10. Kumar, S,, Shrivastava, G., Navaz, M., Navrang, S., Pali, G., & Pandey, N. (2017). Impact of various
organic sources of nitrogen on growth, yield attribbutes and yield of scented rice (Oryza sativa L.)
under irrigated conditions of Chhattisgarh plains. Journal of Pharmacognosy and Phytochemistry,
6(6), 1388-1391.

11. Wang, Z., Zhao, X., Wu, P,, He, ], Chen, X,, Gao, Y., & Cao, X. (2015). Radiation interception and
utilisation by wheat/maise strip intercropping systems. Agricultural and Forest Meteorology, 204,
58-66.doi: 10.1016/j.agrformet.2015.02.004

Section “Agriculture” 9012


https://doi.org/10.1017/s0021859600025909
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://escholarship.mcgill.ca/downloads/k0698829f.pdf&ved=2ahUKEwido-OSmbWGAxX9RfEDHfQ_ANoQFnoECBIQAQ&usg=AOvVaw03srIa3wXpRxtrU5Z0iehG
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://escholarship.mcgill.ca/downloads/k0698829f.pdf&ved=2ahUKEwido-OSmbWGAxX9RfEDHfQ_ANoQFnoECBIQAQ&usg=AOvVaw03srIa3wXpRxtrU5Z0iehG
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://escholarship.mcgill.ca/downloads/k0698829f.pdf&ved=2ahUKEwido-OSmbWGAxX9RfEDHfQ_ANoQFnoECBIQAQ&usg=AOvVaw03srIa3wXpRxtrU5Z0iehG
https://www.iatp.org/sites/default/files/Intercropping_Principles_and_Production_Practi.htm
https://pdf.usaid.gov/pdf_docs/PNAAP608.pdf
https://www.semanticscholar.org/paper/Studies-in-Mixed-Cropping.-II.-Population-Pressures-Fisher/c61208cd91681b9faf3e0be467ab2da7beff5197
https://doi.org/10.1016/0304-3800(85)90026-2
https://doi.org/10.1016/0304-3800(85)90026-2
https://doi.org/10.1079/9781845938123.0390
https://doi.org/10.1080/09709274.2007.11906010
https://doi.org/10.20546/ijcmas.2019.807.358
https://www.phytojournal.com/archives/2017.v6.i6.2240/impact-of-various-organic-sources-of-nitrogen-on-growth-yield-attribbutes-and-yield-of-scented-rice-oryza-sativa-l-under-irrigated-conditions-of-chhattisgarh-plains
https://www.phytojournal.com/archives/2017.v6.i6.2240/impact-of-various-organic-sources-of-nitrogen-on-growth-yield-attribbutes-and-yield-of-scented-rice-oryza-sativa-l-under-irrigated-conditions-of-chhattisgarh-plains
https://www.phytojournal.com/archives/2017.v6.i6.2240/impact-of-various-organic-sources-of-nitrogen-on-growth-yield-attribbutes-and-yield-of-scented-rice-oryza-sativa-l-under-irrigated-conditions-of-chhattisgarh-plains
https://doi.org/10.1016/j.agrformet.2015.02.004

Path of Science. 2024. Vol. 10. No 4 ISSN 2413-9009

12. Kumari, R,, Ravi, R. K,, Tushar, R,, & Anil, K. (2017). Global Approaches For Identification Of Markers
Of Seed Quality. International Journal of Advances in Agricultural Science and Technology, 4(4), 29-
43.

13. NRCRI. (2007). Sweet Potato Programme. Retrieved from https://nrcri.gov.ng/sweetpotato-
research/

14. Eke-Okoro, O. N,, Ikeorgu, J. E. G., & Okorocha, E. O. A. (1999). Comparative evaluation of five legume
species for soil fertility improvement, weed suppression and component crop yield in
cassava/legume intercrops/legume intercrops. African Journal of Root and Tuber Crops, 3(2), 54—

57.

15. Huang, C,, Liu, Q., Li, H,, Li, X,, Zhang, C., & Zhang, F. (2018). Optimised sowing date enh cesw
resilience towards size-asymmetric competition and reduces the yield difference
intercropped and sole maise. Field Crops Research, 217, 125-133. doi: 10.1016/

Yield and Productivity of Late Season Maize/soybean Mixtures in the H disomment of
South Southern Nigeria. Journal of Agricultural Science, 4(4). doi: 10. '

17. Hauggaard-Nielsen, H., Ambus, P., & Jensen, E. S. (2001). Interspecific co ' , N use and
interference with weeds in pea-barley intercropping. Field Cri seakeh, 70(2), 101-109. doi:
10.1016/s0378-4290(01)00126-5

18. Bilal, H., Aman, F., Ullah, I. (2019). Response of Chilli Varieties tofariotis Sources Of Organic
Fertilizers. Journal of Agricultural and Biological Scienge, 5-24.
19. Fageria, N. K., Baligar, V. C., & Clark, R. B. (2002). Micronutkients in Crop Production. Advances in

Agronomy, 185-268. doi: 10.1016/s0065-21 @1 7026-6

20. Lithourgidis, A. S., Dordas, C. A, Damalas, C. A& V1 % tergios, D. N. (2011). Annual intercrops: an
alternative pathway for sustainable agri MAustralian Journal of Crop Science, 5(4), 396-410.

21. Mohammed, 1. B, Olufajo, O. 0., Singh, B. B., Miké?S., & Mohammed, S. G. (2008). Evaluation of yield
of components of sorghum/co i&ercrops in the Sudan Savanna ecological zone. ARPN
Journal of Agricultural and Biolo ciace, 3(3),30-37.

22.Varma, D., Adhikary, R., Reddy, itra, S. (2022). Influence of nitrogen and phosphorus on
growth and yield of su% aiZe (Zea mays L.). Crop Research, 57(3). doi: 10.31830/2454-
mryadi,

1761.2022.020

23. Khalilj, A., Dhar, S., Mo M., Rasooli, M. (2021). Effect of nitrogen on yield and yield
attributes of soybeanin Kunar, Afghanistan. E-planet, 19(1), 46-49.

24. Khan, B, Elam., @, M., Amin, M., Toor, M., Aziz, A., Sohail, M., Wahab, A., & Ahmad, R. (2020).
Effect (wospyhorus on growth, yield and quality ofsoybean (Glycine max L.): A review. Retrieved
from P

https://www.researchgate.net/publication/343485073_Effect_of_phosphorus_on_growth_yield_
and_qgality_of_s oybean_Glycine_max_L_A_review

25% 70. N, Adepoju, A. A, Olawuyji, S. O., & Olarinde, L. 0. (2024). Cost and returns analysis of
land and lowland rice production among farmers in North Central Nigeria. International
Journal of Research in Business and Social Science, 13(1), 288-302. doi: 10.20525/ijrbs.v13i1.2989

26. Ragin, B,, Akond, M,, Kantartzi, S., Meksem, K, Herrera, H., Akbay, C., Lightfoot, D. A., & Kassem, M. A.
(2014). Effect of Row Spacing on Seed Isoflavone Contents in Soybean [Glycine max (L.) Merr.].
American Journal of Plant Sciences, 05(26), 4003-4010. doi: 10.4236/ajps.2014.526418

27.Zhouy, X, Yang, L., & Chen, Y. (2011). Row Spacing Effect On Soil And Leaf Water Status Of Summer
Soybean. The Journal of Animal & Plant Sciences, 21(4), 680-685

Section “Agriculture” 9013


https://www.ijaast.com/admin/uploads/V4I403.pdf
https://www.ijaast.com/admin/uploads/V4I403.pdf
https://nrcri.gov.ng/sweetpotato-research/
https://nrcri.gov.ng/sweetpotato-research/
https://www.cabidigitallibrary.org/doi/full/10.5555/20063036832
https://www.cabidigitallibrary.org/doi/full/10.5555/20063036832
https://www.cabidigitallibrary.org/doi/full/10.5555/20063036832
https://doi.org/10.1016/j.fcr.2017.12.010
https://doi.org/10.5539/jas.v4n4p37
https://doi.org/10.1016/s0378-4290(01)00126-5
http://www.arpnjournals.org/jabs/research_papers/rp_2019/jabs_1219_909.pdf
http://www.arpnjournals.org/jabs/research_papers/rp_2019/jabs_1219_909.pdf
https://doi.org/10.1016/s0065-2113(02)77015-6
https://www.cropj.com/anastasios_5_4_2011_396_410.pdf
https://www.cropj.com/anastasios_5_4_2011_396_410.pdf
https://www.academia.edu/18300127/EVALUATION_OF_YIELD_OF_COMPONENTS_OF_SORGHUM_COWPEA_INTERCROPS_IN_THE_SUDAN_SAVANNA_ECOLOGICAL_ZONE
https://www.academia.edu/18300127/EVALUATION_OF_YIELD_OF_COMPONENTS_OF_SORGHUM_COWPEA_INTERCROPS_IN_THE_SUDAN_SAVANNA_ECOLOGICAL_ZONE
https://doi.org/10.31830/2454-1761.2022.020
https://doi.org/10.31830/2454-1761.2022.020
https://www.researchgate.net/publication/358948892_Effect_of_nitrogen_on_yield_and_yield_attributes_of_soybean
https://www.researchgate.net/publication/358948892_Effect_of_nitrogen_on_yield_and_yield_attributes_of_soybean
https://www.researchgate.net/publication/343485073_Effect_of_phosphorus_on_growth_yield_and_quality_of_soybean_Glycine_max_L_A_review
https://www.researchgate.net/publication/343485073_Effect_of_phosphorus_on_growth_yield_and_quality_of_soybean_Glycine_max_L_A_review
https://doi.org/10.20525/ijrbs.v13i1.2989
https://doi.org/10.4236/ajps.2014.526418
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20123206374
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20123206374

Path of Science. 2024. Vol. 10. No 4 ISSN 2413-9009

28. Chaudhary, D., Surve, V., Bambhaneeya, S., Raj, A., & Deshmukh, S. (2023). Effect of Organics on
Yield, Quality, Nutrient Content and Uptake of Soybean [glycine Max (L.)] Under Rainfed
Condition. International Journal of Agricultural Science, 8, 286-298.

29. Herencia, ]. F., & Maqueda, C. (2016). Effects of time and dose of organic fertilisers on soil fertility,
nutrient content and yield of vegetables. The Journal of Agricultural Science, 154(8), 1343-1361.
doi: 10.1017/s0021859615001136

30. Rodger, ]. B. A. (1982). The effect of fertiliser nitrogen, phosphorus and potassium on the calcium,
magnesium and phosphorus status of pasture cut for silage. The Journal of Agricultural Science,

99(1), 199-205. doi: 10.1017/s0021859600055209 x

31. Shinoto, Y., Matsunami, T., Otani, R., & Maruyama, S. (2018). Growth and yield of maise usin
tillage systems in crop rotation of paddy fields. Plant Production Science, 22(1), 58#7.doi:
10.1080/1343943x.2018.1545456

32. Cafaro La Menza, N., Monzon, |. P,, Specht, ]. E., & Grassini, P. (2017). Is soybean \% ited by
nitrogen supply? Field Crops Research, 213,204-212. doi: 10.1016/j.fcr. .05%QQ9
33. Abera, Y., Masso, C., & Assefa, F. (2019). Inoculation with indigenous rhizobial isolates enhanced

nodulation, growth, yield and protein content of soybean (Glycine maxilL.) at'different agro-
climatic regions in Ethiopia. Journal of Plant Nutrition, 42(16), -19%2. doi:

10.1080/01904167.2019.1648684

\

¢

2
c)“

&

e

Section “Agriculture” 9014


https://www.iaras.org/iaras/filedownloads/ijas/2023/014-0031(2023).pdf
https://www.iaras.org/iaras/filedownloads/ijas/2023/014-0031(2023).pdf
https://www.iaras.org/iaras/filedownloads/ijas/2023/014-0031(2023).pdf
https://doi.org/10.1017/s0021859615001136
https://doi.org/10.1017/s0021859600055209
https://doi.org/10.1080/1343943x.2018.1545456
https://doi.org/10.1016/j.fcr.2017.08.009
https://doi.org/10.1080/01904167.2019.1648684

