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Abstract

This study evaluates the effects of green manure, inorganic fertilizers and
their combinations on the growth and yield of soybeans in the Mount Came-
roon Region. The experiment involved 10 treatments which include, 5 Mg/ha
green manure, 180 Kg P/ha triple superphosphate fertilizer (P), 180 Kg/ha
NPK (20:10:10), 2 Mg/ha green manure + 90 kg P/ha, 3 Mg/ha green manure +
90 kg P/ha, 5 Mg/ha green manure + 90 Kg P, 2 Mg/ha green manure + 90 kg
NPK/ha, 3 Mg/ha green manure + 90 kg NPK/ha, 5 Mg/ha green manure +
90 kg NPK and a control. Plant growth characters were assessed every 14 days
for a period of 70 days for the late (August) and early (March) planting sea-
sons. The results indicated that plants supplied with 5 Mg/ha green manure
had the highest plant heights of 60.7 cm, and this was significantly different
from the control which had the least height (52.76 cm). Stem collar diameter
was significantly (p < 0.001) increased with treatments in both seasons. Plants
supplied with 5 Mg/ha green manure recorded the highest stover yield (10.59
Mg/ha), and this was significantly different from the control which had the
least (6.64 Mg/ha). Plants supplied with 5 Mg/ha green manure had the high-
est days to flowering (38 days), while plants supplied with 5 Mg/ha green
manure + 90 Kg NPK had the least (33 days) which was significantly different
(p < 0.01). The highest number of pods per plant was observed in plants sup-
plied with 5 Mg/ha green manure (57 pods per plants), which was signifi-
cantly different from the control (39 pods per plant). Plants supplied with 5
Mg/ha green manure + 90 Kg NPK recorded the highest grain yield (4.97 Mg
ha™"), while the lowest grain yield was observed in the control (2.22 Mg ha™).
Results from this study can be used by soybeans farmers in the Mount Ca-
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meroon region to enhance productivity of this crop and thereby improving
their living standards and food security in Cameroon.
Keywords

Green Manure, Inorganic Fertilizer, Flowering Period, Pod Formation,
Yield, Soybeans

1. Introduction

Soybean (Glycine max (L.) Merr.) is a pulse, that is grown in the tropical, sub-
tropical, and temperate climates. In global annual production of legumes, soy-
bean was ranked one of the most important grain legumes in the world due to its
edible cholesterol free oil, cheapest source of protein and fixation of atmospheric
nitrogen and as fodder for livestock [1]. An increase in world’s population is
causing pressure on land leading to the replacement of traditional shifting culti-
vation. The adoption of inappropriate farming methods has resulted to land de-
gradation and clearance of new forest land for agriculture. Application of plant
residues is a well-known agricultural practice for maintaining soil nutrient levels
and ameliorating soil physical properties to sustain crop production [2]. Cheng
et al. [3] indicated that plant residues from planted fallow or pruning from hed-
gerows in alley cropping systems can contribute significant quantities of nu-
trients to the associated crops. Rajasekar et al. [4] found that crop plants growing
in the agroforestry plots had significantly higher growth and yield than those in
purely arable crop plots. Farmers in the mid-altitudes of mount Cameroon re-
gion carry out farming on originally rich volcanic soils that are now degraded
because of high pressure on land, erosion and lack of good soil management
practices to maintain its fertility. The nutrient content of organic fertilizers va-
ries widely depending on the source and moisture content and there is also the
problem of slow and variable release rates of nutrients during decomposition of
organic materials [5].

In the past, the practice of green manuring (GM) was being ignored due to
easy availability and low cost of inorganic fertilizers but in recent years the price
of inorganic fertilizers has doubled. This has a major consequence on food pro-
duction as most resource poor farmers do not have the finances to purchase in-
organic fertilizers. Through decomposition, green manure can supply 55 - 175
kg N ha™' [6]. However, recently the interest in using green manure has emerged
among researchers and farmers with the advent of high yielding cultivars and
escalating fertilizer prices. Incorporating leguminous crops into the soil even in
alternate years considerably increases soil N [7] and reduces the need for N ferti-
lizers [8]. Green manuring also maintains soil P, enhances organic matter con-
tent and improves the soil’s physical condition and chemical properties [9]. In-
corporation of green biomass into the soil influences nutrients in different ways.

Besides facilitating the dissolution of inorganic phosphorus [10] and increasing
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biochemical availability of nutrients to plants [11], they also increase crop yield
by improving infiltration rates [12].

Though organic fertilizers supply large quantities of nitrogen required by
crops to obtain maximum yields, there is the need to supplement organic ferti-
lizers with inorganic fertilizers for a more sustainable and productive system
[13]. Organic and chemical fertilizers have shown significant complimentary ef-
fects on the growth and yield of arable crops [14] [15]. Organic fertilizers can be
made of various heterogenous substances which can be divided into physical and
chemicals fractions. The incorporation of green manure has shown to stimulate
increase of microbial biomass and enzyme activities which associated with nu-
trient transformation and thereby increasing soil internal cycling of nutrients
[16] [17]. The use leguminous green manure improves soil organic carbon, pH,
nitrogen and phosphorus circulation activities which increases crop yield and
sustainable crop productivity when compared with sole chemical fertilizers [18]
[19] [20]. Studies have shown that with use of organic fertilizers, soil microbial
biomass and diversity increases as compared when chemical fertilizers are used
alone [18].

Although the effect of green manures and fertilizers on the growth and yield
of soybeans in the Mount Cameroon region has been studied separately, there is
very little information on the quantity of organic manure and inorganic fertilizer
or their combination on the growth, yield and yield components of this crop. It
is hypothesized that, the improvement of the physical properties of soil due to
green manure application shall influence crop growth characteristics which ul-
timately influences the productivity and input use efficiency of soybean. This
study therefore investigates the optimum quantities of green manure, inorganic
fertilizers and their combinations on the growth, yield and yield components of
soybeans in the Mount Cameroon region.

2. Materials and Method
2.1. Materials and Experimental Design

The study was carried out for two seasons, 2018 late rains in August and 2019
early rains, (March) in the University of Buea Plant Science demonstration farm.
It is located between latitude 3°57'N to 4°27'N and longitude 8°58'E to 9°25'E
(Figure 1). It is situated on the eastern slope of Mount Cameroon and has a
humid tropical climate with a mean annual rainfall of 2800 mm per annum,
most of which is received between June and September [21]. The mean annual
temperature is 27°C while the average relative humidity is 80% - 86% and the
annual sunshine is 900 to 1200 hours per annum [22]. The area is mountainous
with thick and evergreen forest vegetation at the lower slope of the mountain
and there are transitional changes in vegetation type along altitudinal gradients.
The soil type at the upper slope is mainly volcanic, rich in mineral content and
suitable for agriculture. The lower slopes of the mountain have ancient ferralitic
soils of highly weathered substrates which are deeper and low in plant nutrients
[21].
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Figure 1. Location of the study site.

The experimental field (04°08'48.9"N, 00917'03.3"E, altitude of 450 m above
sea level) was located in the demonstration farm of the Department of Plant
Science. Agriculture is the major activity in this region and this is done mostly
by shifting cultivation and organized commercial plantations by CDC (Came-
roon Development Corporation) [22]. This area is characterized by rapid popu-
lation growth, high agricultural productivity, and increasing demands for agri-
cultural resources. The farming systems are complex, consisting of an integra-

tion of crops, trees, livestock, and smallholder farms that are intensively ma-
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naged. The main cash crops are rubber, oil palm, cocoa and tea while the main
staple food crops are maize (Zea maysL.), cassava (Manihot esculenta), cocoyam
(Collocasia spp) mostly intercropped with other crops. Other food crops include
sweet potatoes ([pomoea batatas (L.) Lam), bananas (Musa spp. L.) and vegeta-
bles that are mainly grown for subsistence. Figure 2 shows the mean monthly

rainfall and temperature of Buea during the study period.

2.2. Soil Sampling and Analysis

Soil samples were collected at the experimental site before ploughing. They were
collected randomly with a soil auger at a depth of 0 - 20 cm plough layer. The
soils were bulked and mixed to have a homogenous sample and this was
air-dried, and later sieved with a 2 mm sieve. The sieved samples were coded and
sent to IITA (International Institute of Tropical Agriculture) Laboratory for rou-

tine chemical analyses.

2.3. Plant Sample Collection and Analyses

Green manure (Pueraria phaseoloides) was collected from fallow lands within
the University of Buea (Campus A). One kg of fresh green manure was weighed
in triplicates with a balance and this was cut into smaller parts and put into large
envelopes. These samples were oven dried at 105°C to constant weight to have
the dry weight of the green manure. Another sample of the green manure was
oven dried at 70°C for 48 hours, ground and the sample sieved with a 0.5 mm
sieve. The sieved sample was coded and sent to IITA Laboratory for routine

chemical analyses.

2.4. Experimental Design and Treatments

The experiment had ten treatments and was carried out during the late planting

season (August 2018 and early planting season (March 2019). The treatments
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Figure 2. Mean monthly rainfall and temperature during 2018 and 2019 cropping seasons.
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comprised of green manure, Triple Superphosphate (TSP) and N P K in single or
various combinations as shown in Table 1.

The total surface area of the research plot was 2240 m” that is 70 m by 32 m.
The experiment was a randomized complete block design (RCBD) with three
replicates. Each plot was 8 x 4.0 m (32.0 m?) and a distance of 2 and 4 m was
created to separate the various treatments and blocks respectively. The same
plots were maintained for the two planting periods.

Prior to planting in each season, the land was ploughed to a depth of 15 cm
using a hand hoe. Green manure was uniformly distributed on the treatment
plots and then incorporated within 15 cm soil depth, one week before planting.
The soybean variety TGX1910™' 4F was planted at the rate of 3 seeds per hole,
planting depth of about 3 - 4 cm and 50 x 20 cm spacing. Two weeks after
emergence, the seedlings were thinned to two (2) plants per stand to adjust plant
density to 200,000 plants per hectare. Weeding was done three times each season
using a hand hoe. Insecticide was sprayed against insects twice during late
planting season and three times during early planting season due high incidence

of insect pest during this period.

2.5. Assessment of Morphological Characteristics

To evaluate the effect of treatments on soybean development, fifteen plants were
tagged for each treatment and for each replicate. Plant height was measured
every two weeks for 70 days. It was measured with a meter rule from the ground
level to the tip of the plant and the mean height calculated. The collar diameter
of the stem was measured using a Vernier calliper (Mitutoyo, Japan) at the collar
of the plant. The number of leaves was assessed from the 15 tagged plants per
plot per treatment by counting the number of leaves for the 15 plants and the

mean number calculated.

Table 1. Experimental treatment descriptions and their abbreviations.

TREATMENT DESCRIPTIONS ABBREVIATIONS
5 Mg of green manure per hectare 5TGM
180 kg of P,O; per hectare P
180 kg of N P K per hectare NPK
2 Mg of green manure + 90 kg of P,O; per hectare 2TGM + P
3 Mg of green manure + 90 kg of P,O, per hectare 3TGM + P
5 Mg of green manure + 90 kg of P,O, per hectare 5TGM + P
2 Mg of green manure + 90 kg of N P K per hectare 2TGM + NPK
3 Mg of green manure + 90 kg of N P K per hectare 3TGM + NPK
5 Mg of green manure + 90 kg of N P K per hectare 5TGM + NPK
Control application CL
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The relative leaf area was measured using a measuring tape at two weeks in-
tervals for 70 days. This was done for six leaves per plant (eighteen leaflets) se-
lected from the fifteen tagged plants for each plot. The mean relative leaf area
was then multiplied by the total number of leaves per plant to represent the rela-
tive leaf area per plant in the treatment. For the actual leaf area; six leaves were
randomly selected from tagged plants, harvested and taken to the Life Sciences
Laboratory and leaf area per plant was recorded to the nearest 0.01 cm” with the
use of a leaf area meter (Delta T MK2, Cambridge-England). In order to estimate
the stover yield, the same tagged plants in each plot were harvested separated
into pods and stover. The average fresh weight of green plants was recorded.
This was oven dried at 70°C to constant weight and the dry weight recorded
with an electronic balance. To assess the below ground biomass characters, the
plots were irrigated for two days during the late planting season to soften the
soil. Some plants were carefully uprooted after pod harvest. The number of pri-
mary lateral roots was counted and the length of the main taproot was measured
using a metre rule. Root volume was also determined as described by [21].

The root nodule number and nodule weight were assessed by randomly se-
lecting five plants in each plot. These plants were carefully dug out seven weeks
after germination. This is because at this stage of development, most of the food
reserves are used for vegetative growth. A spade was used to dig a circle of 15 cm
radius around the plant at a depth of 30 cm. The plant was lifted slowly from the
soil clump and placed carefully in a plastic bag and transported to the Life
Sciences Laboratory of the University of Buea. In the laboratory, the plant shoots
were cut and roots washed under running water with a sieve underneath to col-
lect any detached nodules. The root nodules were cut from the roots, counted
and recorded. The fresh weight of the nodules was recorded with an electronic
balance.

2.6. Assessment of Reproductive and Yield Characteristics

The following parameters were assessed during the study:

1) Days to 50% flowering, which refers to the number of days from sowing to
the time when 50% of the plants have at least one open flower.

2) Days to 50% podding referring to the number of days from sowing to the
time when 50% of plants have at least one pod. The numbers of pods per plant
for fifteen tagged plants from each plot were counted and mean calculated to
represent the number of pods per plant in that treatment.

3) Grain yield: At pod maturity, the fifteen tagged plants from each of the
treatment in each replicate were used to assess the number of pods per plant,
seeds per pod, and 1000 seed weight. Grain yield per hectare was calculated from
the grain yield per area harvested. Pods were separated from the plants and sun
dried. All these pods were shelled, and the grains winnowed to remove any plant
debris and weighed with a sensitive balance to determine the mean grain yield

per plant. The mean number of seeds per pod was calculated by using the fol-
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lowing formula [23].

number of grains/plant

(1)

Number of grains per pod =
amount of pods/plant

2.7.0ne Thousand (1000)—Seed Weight

One thousand (1000) seed weight and yield were taken randomly from the
tagged plants of each treatment, and weighed on a sensitive balance. Thereafter,
the yield (Mg ha™) was calculated at 12% moisture content (standard) using the
following formulae in Equations (2), (3), and (4) as described by [23].

_ Sample fresh Weight (g) —Sample Dry Weight (g)

M (kg) 1000 @
DM (k
Yield(ton~ha’l)=10* (ke) - 3)
Harvested area (m )
Yield,y,.., (ton ‘ha! ) — Measured yield * 100 — Sample moisture content 1)

100 — Standard moisture content

Harvest Index (HI), which expresses the efficiency of a crop variety to convert
the dry matter into economic yield was also determined by the use of the fol-
lowing formula.

Grain yield (kg)*100

Harvest Index = -
Total Dry Matter yields (kg)

)

2.8. Statistical Data Analyses

The data were tested for normality and homogeneity and analysed using One
Way Analysis of Variance (ANOVA). Statistical analyses were carried out using
MINITAB version 17. The means were separated by Tukeys Honest Significant
Difference (HSD) test at p < 0.05. A correlation analysis was conducted to de-
termine the relationship between the measured parameters of soybean (yield, fill

pod, shoot dry weight and root dry weight).

3. Results

The nutrient content of green manure and the initial soil chemical properties are
presented in Table 2 and Table 3 respectively.

3.1. Effects of Treatments on the Morphological Characters
of Soybean

Figure 3 shows the influence of treatments on the growth patterns of soybeans
with respect to height. There was exponential growth from the 14 to 28 days af-
ter planting and thereafter an increase in height until 42 days after planting,
From the 42 days after planting, there was no net increase in height in all the
treatments.

Effects of various treatments on growth performance of soybeans are pre-

sented in Table 4 and Table 5. There were significant differences (p = 0.05) in
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Table 2. Nutrient content supplied by green manure.

Conc. of Total dry biomass kg/ha Nutrient supplied by

Parameters Green of green manure green manure(kg/ha)

manure > Mg*r 3Mg 5Mg 2Mg 3Mg 5Mg

Organic

40.51 500 Kg 750Kg 1250 K 202.55 303.83 506.38
carbon (%) & & J

Total Nitrogen (%)  2.86  500Kg 750 Kg 1250 Kg 143 2145 3575

Available P (%) 0.35 500 Kg 750Kg 1250Kg 1.75 2.63 4.38

K* (%) 2.16 500 Kg 750Kg 1250Kg 10.8 16.2 27
Mg (%) 028 500Kg 750Kg 1250Kg 1.4 2.1 35
Ca* (%) 1.07 500 Kg 750Kg 1250Kg  5.35 8.03 13.38

Carbon/nitrogen
, 14.16 - - - - - -
ratio

1kg of fresh green manure = 500 g of dry biomass of green manure.

Table 3. Initial soil chemical properties of experimental plot.

Chemical properties Soil
pH in water 5.24
Organic Carbon (%) 2.35%
Total Nitrogen (%) 0.26%
Available P (mg-kg™ soil) 11.85
K* (cmol(+) kg™" soil) 0.11
Mg** (cmol(+) kg™ soil) 2.48
Ca* (cmol(+) kg™ soil) 8.89
CEC (cmol(+) kg™ soil) 16.80
70 -
60 A
‘E 50 . . —
L
£ 40 A
20
T 30
5
=2 20 A
10 -
0 T T T 1
Day 14 Day 28 Day 42 Day 70
TIme. in Days
—o—180KG P =0—180KG NPK 5TGM 2TGM+P =0—=3TGM+P
=@=5GM+P —0—2TGM+NPK —=@=3TGM+NPK —@=5TGM+NPK =—=CONTROL

Figure 3. The effects various treatments on allometric growth pattern of soybean with time.
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Table 4. Effects of treatments on morphological parameters of soybeans during the late planting season.

Plant Collar Number Leaf Length Number Nodule Stover
Treatments height  diameter niifer of area of root of weight yield
(cm) (mm) branches (cm?) (cm) nodules (8 (Mg/ha)
5TGM 60.20 24.8 33.2 8.3 121 35.06 15 1.9 7.74
P. fertilizer 59.26 22.09 29.2 7.3 84.5 28 10.67 2.2 5.54
NPK 59.53 22.49 31.6 8 96.4 31.3 26.67 2.8 6.63
2TGM + P 53.40 16.07 32.7 8 112.7 24 33.6 3.3 6.68
3TGM + P 59.20 15.35 33.5 8.1 97.6 26.02 22.3 2.1 6.27
5TGM + P 53.23 13.17 30.4 7.6 98.2 25.6 16.3 1.7 5.97
2TGM + NPK 57.56 23.2 31.2 7.6 104 26.9 11.6 2 5.29
3TGM + NPK 55.26 16.63 30.9 7.6 118.3 27.8 23.3 2.5 5.83
5TGM + NPK 56.30 26.2 30.1 7.6 104.3 26 21.6 2.6 6.18
Control 52.26 15.2 28 6 72.6 27 23 2.1 3.62
Mean 56.62 19.52 31.08 7.61 100.96 27.768 20.404 2.32 5.975
Coeff. Var 5.22 24.03 5.65 8.44 14.67 11.52 34.73 20.7 17.99
P-value NS 0.05 NS NS NS 0.004 0.001 NS 0.002
Table 5. Effects of treatments on the morphological parameters of soybeans during the early planting season.
Treatments ]:el iagILtt dica:l(r)rileirer Leaf Number of Leaf azrea E;I;(g)g: Number N‘odule Stover yield
(cm) (mm) number branches (cm?) (cm) of nodules weight (g) (Mg/ha)
5TGM 60.7 14.1 35.0 10.0 138.05 33.2 25 4.9 11.22
P. fertilizer 59.76 13.1 33.0 9.0 94.9 26 21 4.8 11.90
NPK 60.03 17.3 33.0 8.0 104.0 28 37 6 11.32
2TGM + P 53.9 15.1 34.0 9.0 125.3 29.03 44 6.8 11.06
3TGM + P 59.7 15.3 35..0 8.0 107.6 26.3 35 5.7 11.46
5TGM + P 53.73 15.4 31.0 9.0 108.3 28.3 32 5.3 11.91
2TGM + NPK 58.06 25 31.0 9.0 113.1 25.06 24 5.1 9.84
3TTGM + NPK 55.76 24.5 32.0 10.0 128.9 28 33 5.6 9.86
5TGM + NPK 56.8 25.1 34.0 9.0 114.3 27.08 34 5.7 10.80
Control 52.76 17.6 29.0 9.0 81.1 28.06 31 5.6 9.04
Mean 57.12 18.25 33.0 9.0 111.55 27.90 31.51 5.55 10.84
Coeff. Var 4.91 24.71 5.65 6.11 14.14 7.56 20.24 9.98 8.39
P-value 0.003 0.008 NS NS NS 0.012 0.026 NS 0.003

plant heights during the early and late planting seasons. In the late and early
planting seasons, the plants supplied with 5 Mg of green manure (5TGM) had
the tallest plants (60.2 cm and 60.7 cm respectively) and this was significantly

different from the control (52.2 cm and 52.8 cm respectively). There were signif-
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icant differences in the collar diameter in the two planting periods. In the late
and early planting seasons, the highest collar diameter was observed in plants
supplied with 5TGM + NPK fertilizer (26.2 mm and 25 mm respectively) while
the control had 15.2 mm and 13.1 mm respectively).

There were significant differences (p = 0.05) in the length of taproot during
the early and late planting seasons. In the late and early planting seasons, plants
supplied with 5 Mg of green manure (5TGM) had the longest taproot (35.06 cm
and 33.2 cm respectively) and this was significantly different from plants sup-
plied with 2TGM + P fertilizer (24 cm and 24.1 cm respectively) which had the
least taproot length.

Results of the number of leaves per plant in soybean at fourteen days intervals
showed that there was no significant difference in number of leaves for both
seasons (Table 4 and Table 5). During the late and early planting seasons, the
highest number of leaves was recorded with plants supplied with 3TGM + P
treatment with a value of 34 and 35 respectively and this was not significantly
different from the control that recorded the least.

There were no significant differences (p = 0.74) in the leaf area during both
planting seasons. In the late and early planting seasons, the plants supplied with
5 Mg of green manure (5TGM) had the largest mean leaf area (121 cm* and 138
cm’ respectively) and this was not significantly different from the control (72.6
cm’® and 81.1 cm’ respectively). There were no significant differences (p = 0.05)
in the number of branches per plant during the early and late planting seasons.
In the late planting periods, the plants supplied with 5 Mg of green manure
(5TGM) had the highest number of branches per plant (8) and this was not sig-
nificantly different from the control (6.0). During the early planting season, the
plants supplied with 5 Mg of green manure (5TGM) also had the highest num-
ber of branches per plant (10) when compared with plants supplied with 180
Kg/ha NPK and 3GM + P recorded the lowest number of branches (8). There
was a significant difference (p < 0.05) on the number of root nodules in both
seasons. During late and the early planting seasons, plants supplied with 2TGM +
P recorded the highest number of root nodules (34), while plants supplied with
180 Kg P/ha recorded the lowest (11 and 21 respectively). There were no signifi-
cant differences (p = 0.05) in the nodule weight per plant during the early and
late planting seasons as shown in Table 4 and Table 5.

There were significant differences (p = 0.05) in stover yield during the early
and late planting seasons. In the late and early planting seasons, the plants sup-
plied with 5 Mg ha™' of green manure (5TGM) had the highest stover yield (9.96
Mg ha™' and 11.91 Mg ha™' respectively) and this was significantly different from
the control (4.24 Mg ha™' and 6.64 Mg ha™' respectively).

3.2. The Effects of Treatments on the Reproductive and
Yield Characters

Table 6 and Table 7 show the effects of treatments on the reproductive and
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Table 6. Effects of treatments on reproductive and yield characteristics of soybeans in late

planting season.

Daysto  Days to 1000 seeds .
Treatments 50% 50% No. of weight Grain yield Hawest
flowering podding pods/plant @) (Mg/ha)  index

5TGM 36.0 45.0 54.33 150.9 4.02 0.11
P. fertilizer 393 45.3 40.67 150.5 2.62 0.11
NPK 34.8 42.0 43.67 140.4 2.63 0.10
2TGM + P 35.3 42.3 49.33 150.5 2.68 0.11
3TGM + P 41.0 45.0 49.0 160.0 2.27 0.12
5TGM + P 40.0 46.0 50.33 150.7 3.32 0.10
2TGM + NPK 33.0 44.0 48.33 160.5 2.29 0.10
3TGM + NPK 34.5 42.6 51.33 150.7 4.43 0.10
5TGM + NPK 32.7 43.6 42.33 150.9 4.97 0.10
Control 38.6 45.3 37 150.6 2.22 0.11
Coeff. Var 8.16 3.23 11.67 30.42 17.99 6.60
P-value 0.001 0.01 NS NS 0.001 NS

Table 7. Effects of treatments on reproductive and yield characteristics of soybeans in the

early planting season.

Treatments

5TGM
P. fertilizer
NPK
2TGM + P
3TGM + P
5TGM + P
2TGM + NPK
3TGM + NPK
5TGM + NPK
Control
Coeff. Var

P-value

Daysto  Days to
50% 50%
flowering podding
38 43
37.3 42.9
35.6 39
36.0 38
36.8 42
36.0 43
35.6 44
34.6 43
33.8 41
37.0 42
3.51 4.61
0.001 0.001

No. of
pods/plant
59
45
48.3
53.6
53.3
54.6
53.3
55.3
47.0
40.6
10.94
NS

1000 seeds
weight (g)
170.6
170.8
160.4
170.7
170.7
170.9
170.3
170.3
170.9
170.6
20.55
NS

Grain yield Harvest

(Mg/ha) index
3.02 0.11
2.92 0.10
2.83 0.11
2.48 0.12
2.37 0.10
3.62 0.10
2.79 0.10
4.43 0.10
3.97 0.11
2.32 0.11
13.07 6.60
0.001 NS

yield characteristics of soybean in the late and early planting seasons respective-

ly. There were significant differences (p = 0.05) in the days to flowering during

the early and late planting seasons. The highest days to flowering were noted for

plants supplied with 3GM + P ha™' (41 days) in late planting and the least for
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plants supplied with 5TGM + NPK ha™' (32.7 days). In the early planting season,
plants supplied with 5 Mg ha™ of green manure had the highest days to flower-
ing (38 days), while plants supplied with 5TGM + NPK ha™" had the least (33.8
days).

There were significant differences (p = 0.05) in the days to 50% podding dur-
ing the early and late planting seasons. The highest days to 50% podding were
observed with plants supplied with 5TGM + P ha™' in late planting (46 days) and
2GM + NPK ha™ (44 days) in early planting seasons. The lowest days to 50%
podding was noted with plants supplied with 180 Kg NPK ha' in late planting
(42 days) while plants treated with 2 GM + P ha™ in the early planting season
had 38 days. The highest number of pods per plant was observed in plants sup-
plied with 5 Mg ha™' of green manure for both seasons (54 and 59 pods per
plants respectively). The least number of pods per plant was recorded in control
plants for both seasons (37 and 39 pods per plant respectively).

The weight of 1000 seeds was not significantly different with treatments in
both seasons. During late and early planting seasons, the highest 1000 seed
weight was noted in plants supplied with 2GM + NPK ha™ (160.5 g and 180.5 g
respectively). The lowest 1000 seed weight was observed with plants supplied
with 180 Kg NPK ha™' (140.2 g and 160.4 g respectively). The harvest index (HI)
which relates the economic yield to the total dry matter yield was not signifi-
cantly different for both seasons (Table 6 and Table 7). The grain yields values
were significantly different in both late planting (p < 0.001) and early planting (p =
0.001) seasons. Plants supplied with 5TGM + NPK ha™ had the highest grain
yield in late planting (4.97 Mg ha™') while those supplied with 3TGM + NPK
ha™' recorded the highest grain yield during early planting (4.43 Mg ha™'). The
least increase was observed in control for both late and early planting seasons
(2.22 Mg ha™' and 2.32 Mg ha™' respectively).

Table 8. Simple linear correlation coefficients of morphological growth parameters
against yield.

Grain.Y Plt. Ht ::::: BraNo Colldia Leaf.No Nod.No Nod.wt

Grain.Y 1.00
Plt.Ht 0.096 1.00
L.area 0.004*  0.000* 1.00
BraNo 0.001* 0.144 0.023% 1.00
Colldia 0.777  0.270 0.389  0.799 1.00
LeafNo 0.000* 0.680 0.431  0.296 0.374 1.00
Nod.No 0.000* 0.214 0.074 0.028*  0.602 0.054 1.00
Nod.wt  0.000* 0.016* 0.000* 0.000*  0.638 0.053*  0.000* 1.00

*Significant at p = 0.05. where: Plant height = PIt.Ht, Leaf area = L.Area, Number of
branches = Bra.No, Stem collar diameter = Coll.dia, Number of leaves = Leaf.No, Num-
ber of root nodules = Nod.No, Root nodule weight = Nod.wt, Grain yield = Grain.Y.
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Table 9. Simple linear correlation coefficients of flowering and podding against yield.

Grain Y. DF DP
Grain Y. 1.00
DF 0.000* 1.00
DP 0.090 0.000* 1.00

*Significant at p = 0.05 where: DF = Number of days to 50% flowering of soybeans, DP =
Number of days to 50% pod formation of soybeans, Grain Y. = Grain yield.

3.3. Correlation of Morphological Growth Parameters and
Grain Yield

Results obtained for morphological growth characters (Table 8), show a positive
correlation with grain yield. The correlation coefficient of grain yield with yield
components shows that some measured and yield components were positively
correlated to grain yield. The number of branches, leaf area, number of leaves,
nodule number and nodule weight were positively and significantly related with
the grain yield. 50 percent flowering, and 50% podding (Table 8) were positively
correlated with grain yield. Results of the simple linear regression of grain yield
on growth and yield components show that the parameters significantly contri-
buted to grain yield (Table 9).

4. Discussion

The application of organic or inorganic fertilizers had a significant influence on
the allometric growth pattern of soybean plants as compared to those without
fertilization from the two weeks to about 10 weeks after sowing. This may be as a
result of the nutrients supplied from the green manure and/or from other ferti-
lizer types to boost the various physiological processes in the plant. The im-
provement in plant height might be due to the increased metabolic activity, sti-
mulation of root growth resulting in increased uptake of N and P. The applica-
tions of nutrients along with green manure may have optimised the conditions
for the growth of the crop which led to luxuriant growth of the plant and there-
fore greater plant height and biomass.

As reported by [24], manure application increased the uptake of nutrients
such as P, Ca, and Mg [25]. Manure application could increase the availability of
N, P, K, Mg, Na, Cu, Mn, and Zn [26]. Manure also improved the activity of en-
zymes present in the soils, which influenced the availability of soil nutrients both
directly and indirectly [27], as well as significantly increasing plant height of
soybean [28].

The high stem collar diameter and length of taproot in 5TGM + NPK or other
treatment combinations might have been due to the green manure which could
have improved on the soil texture and structure for easy plant growth than NPK
or P treatments only. This finding corroborates that of [29] who used Tithonia
green manure which reduced soil bulk density and therefore improved on the
rooting of the crop. Similar observations were reported by [30] [31] who noted
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that Tithonia green manure enhanced soil quality for the production of caulif-
lower (Brassica oleracea var Brotrytis L).

The combination of manure and NPK fertilizer produced a better plant
growth compared to that of all single inorganic fertilizer treatments since the
manure added in the treatment combination may have increased the available
amount of nutrients, which in turn enhanced nutrients uptake by the plants’
roots. The authors [32] found that addition of manure in the NPK treatment
combination improved soil fertility and while [33] reported that application of
green manure increased the soil pH which may have associated with decrease of
exchangeable acidity of the soil. These integrated treatments could have in-
creased cation exchange capacity (CEC), soil enzyme activity [34], soil microbial
biomass [32], enhanced nutrients uptake, increased photosynthetic rate [35];
and also increased the diversity of microorganisms that supported plant growth
and development [35] [36]. The high mean number of roots nodules and nodule
weight in plants supplied with green manure and P or NPK fertilizers might
have been as a result of an increase in soil pH due to the reduction of exchange-
able acidity, The presence of green manure could have formed organic acids
which may form complexes with Fe or Al in the soil, thereby increasing the up-
take of other soil nutrients and water. This invariably increases the rate of pho-
tosynthesis assuming other factors are not limiting. Similar observations were
reported by [37] after the application of mulch types on a maize field in South
Western Nigeria.

The reduced period of flowering and podding from the time of sowing in
plants supplied with 5 Mg of green manure or NPK fertilizer only may be due to
the ready availability of some plant nutrients. The green manure which also acts
as mulch conserves soil moisture, thereby reducing soil temperature and also
providing other nutrients not supplied by NPK fertilizer. These findings were
also reported by [38] who showed that the integration of gliricidia green manure
and inorganic fertilizers improved soil fertility and increased yield on Vertisols.

The grain yield for both seasons was highest in plants supplied with 3 - 5
Mg/ha plus 90 kg/ha NPK fertilizer combinations. This might be due to opti-
mum levels of macro and micronutrients which the plants readily absorbed from
the soil when compared to the plants in the control or those supplied with only
single superphosphate fertilizer. This was also noted by [39] when they conjunc-
tively supplied 50% organic fertilizer and 50% inorganic fertilizer and this in-
creased plant growth and yield in Pampanga Province in the Philippines. Im-
proved soybean yield resulting from manure application has also been reported
from a previous study by [40].

The success of fertilizers treatments on generative growth was also reported
from the previous study by [41] who found that the highest soybean yield was
obtained by the application of manure + inorganic fertilizers. Another study also
reported that, maximum growth and yield of wheat was achieved when the crops
were fertilized with manure and inorganic fertilizer [42]. The authors [43] also

reported that, the highest productivity of wheat (7riticum aestivum L), maize
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(Zea mays L), and black gram ( Vigna mungo) were obtained by combined ap-
plication of organic and inorganic fertilizers. In the long term, manure and in-
organic fertilizer would also be able to improve the chemical and biological
components of soils [44].

The highly significant simple correlation between grain yield, leaf area, and
leaf numbers illustrates that plants with large leaf surface area and greater num-
ber of leaves have increased rates of photosynthesis and part of the photosyn-

thate is used in plant growth and productivity.

5. Conclusion

The study shows that treatment combinations of 3 - 5 Mg/ha green manure + 90
kg NPK fertilizer/ha, were the best treatments to maximize soybean productivity
in the Mount Cameroon Region. NPK fertilizer provided nutrients that were
readily available to the plant while the green manure played important roles in
improving soil texture, soil moisture, soil organic matter and other plant nu-
trients that enhanced soybean productivity. Single green manure application of 5
Mg/ha could also become an alternative way to produce optimum soybean yield

in the Mount Cameroon Region.
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