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Abstract: An experiment was carried out at the Teaching and Research Farm of the Faculty of Agriculture and
Veterinary Medicine, Imo State University, Owerri in 2013 and 2014 to investigate the potentials of exogenously
applied ABA and Moringa oleifera plant extract (MPE) in enhancing drought tolerance in three Soybean
cultivars (TGX 1955-4F, TGX 1448-2F and TGX 1987-62F). The experiment was laid out in split plot, arranged
in Complete Randomized Design with three replications. The varieties made up the main plots, while treatments
were assigned to the subplots. Data collected were plant height, number of leaves, stem girth, number of
nodules, number of seeds, 100 seeds weight, seed yield, leaf area, days to 50% flowering and days to 100%
maturity and water use efficiency (WUE). The data were analyzed using ANOVA and mean separated by LSD
(p<0.05) using SAS software 17.0 version. The results showed significant (p<0.05)difference for a variety of
parameters including plant height (59.96 cm and 61.60 cm); number of leaves (164 and 155; stem girth (2.32 cm
and 2.33 cm); number of nodules (17.00 and 14.00); number of seeds (164.00 and 216.00); seed yield (3,813.02
kg/ha and 1,961.87 kg/ha); leaf area (143.3 cm  and 128.10 cm ) in 2013 and 2014, respectively; The water use2 2

efficiency (WUE) was also significantly different (p<0.05) with the highest (17.35 kg/ha/mm and 9.12 kg/ha/mm)
in 2015 and 2014, respectively. Under the conditions, the TGX 1955-2F cultivar was the best performed and
adapted to water stress condition. It can be concluded that application of MPE in combination with water
treatment at flowering stage was effective in ameliorating the effect of water stress in Soybean.
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INTRODUCTION The crop does not grow if the temperature falls below 10°

Soybean (Glycine max (L) Merril), is the most a greater setback in its growth, flowering and seed
economically important bean in the world [1]. Soybean is formation or even in the seed quality [4].
belongs to the family Papilionaceae and subfamily Soybean has performed differently in various
Papilionoidaea. It is native to Eastern Asia. Soybeans environmental conditions. Different environmental
were grown as far back as 2800 B.C. in China, where they conditions are required to evaluate for good yielding,
were considered one of the five sacred grains. Soybean is better adapted and stable crops varieties [17]. Under
a legume that grows in tropical, subtropical and temperate drought Soybean pod yield, seed weight per plant, 1000-
climate. It consists of more than 36% protein, 30% seed weight, oil content and oil yield are significantly
carbohydrates and excellent amounts of dietary fiber, decreased [13]. Drought problems for legumes are likely to
vitamins and minerals. It also consists of 20% oil, which worsen with the projected rapid expansion of water-
makes it the most  important  crop  for  producing  edible stressed areas of the world from 28 to 30 countries today
oil [4]. Soybean grows well at 15 to 32° C temperatures. to 50 countries encompassing 3 billion people by 2030
But for rapid growth it needs slightly higher temperature. [24].

C but at the same time if it goes above 40° C the crop gets
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Water is essential at every stage of plant growth and Moringa oleifera on available cultivars of soybean and
development. Water deficit reduces crop yield regardless Bambara groundnut to mitigate the effects of water stress
of the growth stage at which it occurs in field crops [11]. due to increasing and anticipated variability in climatic
The productivity and spatial distribution of agronomic condition [9].
and horticultural crop plants of commercial importance are There is therefore, a crucial need to screen available
severely restricted by a variety of environmental factors soybean cultivars for adaptability under changed climate
[3]. Plant hormones play a vital role in regulating plant and abiotic stress condition. Hence the present study
growth and development throughout ontogeny. These are investigated the potentials of exogenously applied ABA
organic molecules other than plant nutrients or vitamins, and Moringa oleifera plant extract (MPE) in enhancing
which affect different physiological processes of growth drought tolerance in soybean cultivars.
and development in plants at extremely low
concentrations. There are five major plant hormones MATERIALS AND METHODS
including auxins, gibberellins, cytokinins, ethylene and
abscisic acid. These are either produced within the plants The experiment was conducted 2013 and 2014 at the
or externally applied to control different physiological and Teaching and Research Farm of the Faculty of Agriculture
growth processes in plants [14]. The role of abscisic acid and Veterinary Medicine, Imo State, Owerri. Owerri lies
(ABA) as plant stress hormone is well established. Under between the latitudes 5°10’N and 6°0’N and longitudes
drought condition, ABA is synthesized in plant tissue 6°35’E and 7°0’E within the South East rain forest
and sent to the guard cell as a stress signal [16]. ABA agricultural zone of Nigeria. The rainfall distribution of the
causes stomatal closure, which improves the water area is bimodal, with peaks in July and September with a
relations of plant. ABA entering a leaf can be metabolized two week break in August. The rainy season begins in
rapidly [12]. In legumes, stomatal control depends on the March and lasts till October or early November. However,
concentration of ABA in xylem sap [27]. Stomatal closure variations occur in rainfall amount  from  year  to  year.
due to response to water shortage is one of the drought- The area as reported by NIMET [18] maintains an average
adaptation mechanisms in plants. Physiological annual rainfall of 2,500 mm, 27°C temperature and relative
observations associated with varietal differences to stress humidity of 85%.
tolerance in field crops have been reported [22] and ABA Four hundred and thirty two (432) planting plots of
also produced genetic differences, in  drought  tolerant 30cm diameter filled with 20g soil each. The soil was
and drought sensitive plants [21].  Varietal  differences  in collected from the Imo State University farm site. Soybean
drought tolerance may be associated with increase of (TGX 1955-4F, TGX 1448-2F and TGX 1987-62F) cultivars
ABA in response to various environmental stresses. varieties collected from International Institute of Tropical

Agriculture is facing the dual challenges of Agriculture (IITA) Ibadan, Nigeria were sown. Abscisic
increasing crop production and climate change. Rising acid (ABA) extracted from soybean plant tissue and
temperature, drought, salinity, floods, desertification and Moringa plant extract (MPE) in combination with irrigation
weather extreme are adversely affecting agriculture schedule formed the treatment.
especially in developing world [10]. Most of the predicted
population growth to 2030 will be in developing countries Extraction of ABA: The Soybean plant to be used in the
[23] and more than half of the work force  engaged in experiments was planted in green house. Harvested plant
agriculture in the third world countries is prone to more material was immediately placed on dry ice and then taken
damage by climate change. Thus, there is need to improve to the laboratory. The tissue was extracted, weighed and
crop productivity under changed climate, abiotic stresses homogenized in 80% (v/v) methanol (20 ml methanol/g
and to meet the needs of increasing world populations. fresh weight of tissue) at 4°C and then transferred to a
Today, a lot of work has been done on different crops to 250-ml Volumetric flask and shaken vigorously and was
increase water use efficiency by sowing improved kept for 24 hours at 4°C. The homogenate was be
cultivars and enhancement of drought tolerance by centrifuged at 1,545g for 10 min and the supernatant was
exogenous application of ABA. However, there is paucity filtered through methanol-washed Mira cloth and taken to
of information on the effect of the interaction of dryness in vacuum at 35°C. The sample was then frozen
exogenously applied ABA and plant extracts such as and stored in a refrigerator at 10°C.
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Extraction of MLE: The Moringa oleifera leaves collected Treatment application began at 14 DAP. At 14 DAP,
from the Agronova farm Nekede, Imo State was air-dried plants receiving treatments 13, 4, 7, 8, 9 and 10 were
and pounded in to fine particles. 200g of the grinded watered with 30 mm of water at two (2) days interval for
leaves were added to 3000ml (3L) of distilled water and seven days. The watering was alternated with foliar spray
then allowed undisturbed for 48 hours. The mixture was of  ABA   or  MPE  for  the  corresponding  treatments.
sieved after 24hours to obtain the crude Moringa leaves The treatment was repeated at flowering or pod formation
extract. stage for another 7 days. A total of 180 mm of water was

Experimental Design and Layout: The experiment was laid applications except for plots that received treatments 1
out in a Complete Randomized Design (CRD) in a split plot and 2. While, treatment 1 received regular watering 0f 180
fashion with three replications. The cultivars of Bambara mm daily without ABA or MPE, treatment 2 did not
groundnut and Soybean were assigned to the main plots receive watering treatment after seedling emergence.
while irrigation schedule with ABA and MPE constitute While treatments 5 and 6 received 250 ml each of diluted
the subplots. There were a total of Twelve (12) main plots. Soybean extracted ABA and MPE respectively at 14 days
The plant population was 864 plants. interval. And the plots that received full watering. The

Planting and Agronomic Operations for the Selected in 3000 ml of distilled water and sprayed on the leaves of
Legumes: Soil samples were collected from various soybean and Bambara groundnut seedlings, using a hand
depths ranging from 0 – 15cm and bulked together for sprayer.
physico-chemical analysis before potting and planting.
The soybean and Bambara groundnut seeds were planted RESULTS
at a depth of 2 – 3 cm with four seeds per pot. Thinning
was done 21 days after planting (DAP) to reduce the plant Physico-Chemical Properties of Soil: Table 1 shows the
stand to two (2) seedlings per pot. NPK Fertilizer (5:10:10) physical and chemical properties of the experimental soil
was applied at the common rate of 65kgha  with the first for 2013 and 2014 trial periods. For 2013, the soil type was-1

watering. Weeding was done regularly by hand picking a loamy sandy with percentage sand, silt and clay of 80.00
throughout the experimental period to keep the pots weed g/Kg, 16.20 g/Kg and 3.80 g/Kg, respectively. The total
free. Prior to planting, the pots were watered with a nitrogen was 0.16 g/Kg, with organic carbon content of
common volume (450 ml) of water to allow for easy 1.27 g/Kg and organic matter, which was 1.56 g/Kg. The
germination. soil had a total exchangeable acid of 0.60 Cmol/100g of

Treatment Application and Procedure: Watering and sodium (Na) were analyzed as 2.40, 1.10, 0.11 and 0.21
schedule in combination with MPE and ABA Cmol/100g of soil, respectively with a cation exchange
concentrations formed the treatments in the following capacity (CEC) of 2.27 cmol/100g of soil. Available
pattern: phosphorus was recorded as 2.30 mg/Kg with a base

Control A&B mg/Kg with hydrogen (H) standing at 0.40 Cmol/100gn of

T = 180 mm without ABA or MPE of 74.40 g/Kg, 19.60 g/Kg and 6.00 g/Kg, respectively.1

T = No watering, ABA or MPE Total nitrogen was 0.07 g/Kg, with organic carbon content2

T = 30 mm (at 14 DAP and at flowering stage) of 0.65 g/Kg and organic matter, which was 1.12 g/Kg. The3

T = 30 mm (at 14 DAP and at pod formation stage) soil had a total exchangeable acid of 0.80 Cmol/100g of4

T = Soybean extracted abscisic acid (ABA) soil. Calcium (Ca), magnesium (Mg), potassium (K) and5

T = Moringa plant extract (MPE) sodium (Na) were analyzed as 2.00, 1.20, 0.18 and 0.166

T = 30 mm (at 14 DAP and at flowering stage) + ABA Cmol/100g of soil, respectively with a cation exchange7

T = 30 mm (at 14 DAP and at pod formation stage) + capacity (CEC) of 4.30 cmol/100g of soil. Available8

ABA phosphorus was recorded as 4.06 mg/Kg with a base
T = 30 mm (at 14 DAP and at flowering stage) + MPE saturation of 81.50%. Aluminium level was analyzed as9

T = 30 mm (at 14 DAP and at pod formation stage) + 0.60 mg/Kg with hydrogen (H) standing at 0.2010

MPE Cmol/100gn of soil (Table 1).

applied to each pot throughout the experiment in two

extracts (250mg of ABA and 550ml of MPE) were diluted

soil. The calcium (Ca), magnesium (Mg), potassium (K)

saturation of 86.4%. Aluminium level was analyzed as 3.56

soil (Table 1). In 2014, the percentage sand, silt and clay
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Table 1: Soil physical and chemical properties of the experimental soil.
Values
------------------------

Soil Parameters 2013 2014
pH (H O) 5.74 5.742

Sand (g/kg) 80.00 74.40
Clay (g/kg) 16.20 19.60
Silt (g/kg) 3.80 6.00
Organic carbon (g/kg) 1.27 0.65
Organic matter (g/kg) 1.56 1.12
Total Exchangeable Acid (Cmol/100g soil) 0.60 0.80
Aluminium (Cmol/100g soil) 3.56 0.60
Calcium (Cmol/100g soil) 2.40 2.00
Magnesium (Cmol/100g soil) 1.10 1.20
Hydrogen (Cmol/100g soil) 0.40 0.20
Total Nitrogen (g/kg) 0.16 0.07
Potassium (Cmol/100g soil) 0.11 0.18
Cation exchangeable capacity (Cmol/100g soil) 2.25 4.30
Base saturation (%) 86.4 81.50
Sodium (Cmol/100g soil) 0.21 0.16
Available phosphorus (mg/kg) 2.30 4.06

Plant Height: The results indicated that treatments had
significant effects on plant height. In 2013, the plots that
received 30 mm of water at 14DAP and at flowering stage
recorded  the  highest   (59.96   cm)   mean   soybean  plant

height which did not show significant difference (p<0.05)
from the 58.66 cm mean plant height recorded from the
MPE treated plots. However, it was significantly different
(p<0.05) from the lowest (29.36 cm) mean plant height
recorded from the plots treated with 30 mm of water at
14DAP  and  at pod formation stage with MPE (Table 2).
In 2013, results also indicated that soybean cultivars did
not show significant effect on plant height. The TGX1955-
4F cultivar recorded the highest (46.60 cm) mean plant
height which did not show significant difference from the
lowest (41.60 cm) mean plant height recorded from the
TGX1448-2F cultivar (Table 2). In 2014, the results showed
that, the control-B plots recorded the highest (61.60 cm)
mean soybean plant height, which differed significantly
(p<0.05) from the mean plant height from the other plots
while the lowest (22.23 cm) mean plant height was
recorded from the plots that received 30mm of water at
14DAP and at pod formation stage (Table 3). The
TGX1955-4F cultivar recorded the highest (35.12 cm) mean
plant height which showed significant difference (p<0.05)
from the lowest (15.23 cm) mean plant height recorded
from the TGX1987-62F cultivar (Table 3).

Table 2: Effects of exogenous application of ABA and MPE on soybean performance in 2013
Mean plant Mean number Mean Mean number Mean 100 dry Mean seed WUE

A. Treatments height of leaves stem girth of seeds/plant seed weight (g) yield (Kg/ha) (Kg/ha/mm)
T1-180 mm without ABA or MPE(control-A) 29.86 149.00 2.32 164.00 0.51 3813.02 17.73
T2-No watering without ABA or MPE(control-B) 52.70 26.00 1.22 24.00 0.97 026.00 0.11d

T3-30 mm(at 14 DAP and at flowering stage) 59.96 109.00 2.22 90.00 1.38 1350.01 5.87
T4- 30 mm (at 14 DAP and at pod formation stage) 36.53 91.00 2.22 88.00 0.70 1350.06 5.87
T5- ABA 37.70 53.00 2.25 85.00 2.29 1748.11 7.60
T6- MPE 58.66 125.00 2.32 82.00 0.66 1364.02 5.93
T7- 30 mm (at 14 DAP and at flowering stage) with ABA 44.63 131.00 2.22 80.00 1.23 2117.11 9.20
T8- 30 mm (at 14 DAP and at pod formation stage) with ABA 34.20 120.00 2.22 77.00 2.06 2420.00 10.52
T9- 30mm (at 14 DAP and at flowering stage) with MPE 36.36 161.00 2.25 74.00 1.87 1068.11 4.64
T10- 30mm (at 14 DAP and at pod formation stage) with MPE 29.36 164.00 2.22 71.00 1.53 444.46 0.02
LSD(0.05) 19.48 12.05 0.07 9.51 0.86 688.04 2.99
B. Varieties
TGX 1955-4F 46.60 95.00 2.27 82.00 1.44 596.03 6.93
TGX 1448-2F 41.60 81.00 2.17 79.00 1.34 397.00 6.07
TGX 1987-62F 44.10 80.00 2.27 78.00 1.39 499.01 6.51
LSD(0.05) 9.74 6.02 0.03 4.75 0.43 344.02 1.49

Table 3: Effects of exogenous application of ABA and MPE on soybean performance in 2014
Mean Plant Mean number Mean Mean number Mean 100 dry Mean seed WUE

A. Treatments Height of leaves stem girth of seeds/plant seed weight (g) yield (Kg/ha) (Kg/ha/mm)
T1-180 mm without ABA or MPE(control-A) 30.30 155.00 2.33 216.00 4.08 1961.87 9.12
T2-No watering without ABA or MPE(control-B) 61.60 17.00 2.21 83.00 1.34 315.91 2.12
T3-30 mm(at 14 DAP and at flowering stage) 28.23 98.00 2.23 183.00 2.33 1549.30 6.74
T4- 30 mm (at 14 DAP and at pod formation stage) 27.50 97.00 2.23 182.00 2.76 1650.68 7.18
T5- ABA 29.00 128.00 2.23 197.00 3.07 1723.76 7.49
T6- MPE 26.33 131.00 2.23 191.00 3.44 1810.99 7.87
T7- 30 mm (at 14 DAP and at flowering stage) with ABA 27.67 135.00 2.23 203.00 3.02 1711.97 7.44
T8- 30 mm (at 14 DAP and at pod formation stage) with ABA 33.50 137.00 2.23 206.00 3.11 1733.19 7.54
T9- 30mm (at 14 DAP and at flowering stage) with MPE 28.10 138.00 2.23 211.00 3.81 1898.22 8.25
T10- 30mm (at 14 DAP and at pod formation stage) with MPE 22.23 137.00 2.23 214.00 3.73 1879.36 8.17
LSD(0.05) 3.66 14.24 0.07 12.06 0.36 84.87 0.80
B. Varieties
TGX 1955-4F 35.12 143.00 2.16 198.00 2.36 1556.38 6.76
TGX 1448-2F 22.72 117.00 2.04 164.00 1.98 1466.79 6.37
TGX 1987-62F 15.23 126.00 2.12 182.00 2.14 1504.51 6.54
LSD(0.05) 1.33 7.12 0.03 6.03 0.18 42.43 0.40
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Number of Leaves: In 2013, the plots that received water show significant difference (p<0.05). However the control-
treatment at 14DAP and at pod formation stage with MPE A plots recorded the highest (2.33 cm) mean stem girth,
recorded the highest (164.00) mean number of leaves while the control-B plots recorded the lowest (2.21 cm)
which was at par with the 161.00 mean number of leaves mean stem girth (Table 3). The highest (2.16 cm) mean
recorded from the plots that were treated with water at stem girth, was recorded from the TGX1955-4F cultivar
14DAP and at flowering stage with MPE. However, the which showed significant difference (p<0.05) from the
lowest (26.00) significantly different (p<0.05) mean number lowest (2.04 cm) stem girth recorded from the TGX1448-2F
of leaves per plant was recorded from the control-B plots cultivar (Table 3).
(Table 2). The TGX1955-4F cultivar recorded the highest
(95.00) mean number of leaves per plant which showed Number of Nodules: In 2013, the highest (17.00) mean
significant difference (p<0.05) from the lowest (80.00) number of nodules per plant was recorded from the plots
mean number of leaves per plant recorded from the treated with water at 14 DAP and at pod formation stage
TGX1987-62F cultivar (Table 2). On the other hand, in with MPE which showed significant difference (p<0.05)
2014, the control-A plot recorded the highest (155.00) from the lowest (3.00) mean number of nodules per plant
mean number of leaves which showed significant which was  recorded  from  the  control-B  plots  (Fig.  1).
difference (p<0.05) from the lowest (17.00) mean number In 2014, the highest (14.00) mean number of nodules was
of leaves which was recorded from the control-B plots recorded from the MPE treated plots which shows
(Table 3). The TGX1955-4F cultivar recorded the highest significant difference (p<0.05) from the lowest (4.00) mean
(143.00) mean number of leaves which showed significant number of nodules which was recorded from the plots that
difference (p<0.05) from the lowest (117.00) mean number received water treatment at 14 DAP and at pod formation
of leaves recorded from the TGX1448-2F cultivar (Table 3). stage (Fig. 1).

Stem Girth: In 2013, the control-A plots and the MPE Leaf Area: The highest (143.3 cm ) mean leaf area of
treated plots recorded the highest (2.32 cm) mean stem soybean plant for 2013 was recorded from the control-A
girth which showed significant difference (p<0.05) from plots which showed significant difference from the lowest
the lowest (1.22 cm) mean stem girth recorded from the (90.90 cm ) mean leaf area recorded from the control-B
Control be plot (Table 2). However, the highest (2.27 cm) plots (Fig. 2). In 2014, the control-A plots recorded the
mean stem girth was recorded from the TGX1955-4F and highest (128.10 cm ) mean leaf area was recorded from the
TGX1987-62F cultivars which showed significant control-A plots which showed significant difference
difference from the lowest (2.17 cm) mean stem girth (p<0.05) from the lowest (80.40 cm ) mean leaf area of
recorded from the TGX1448-2F cultivar (Table 2). For 2014, soybean plant recorded from the plots treated with at 14
the stem girth recorded from the entire treatments did not DAP and at flowering stage (Fig. 2).

2

2

2

2

Fig. 1: Effect of treatments on number of nodules per soybean plant
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Fig. 2: Effect of treatments on leaf area of soybean

Fig. 3: Effect of treatments on the number of days to 50% flowering

Fig. 3: Effect of treatments on the number of days to 50% flowering

Number of Days to 50% Flowering and 100% Maturity: did not show significant difference (p<0.05) from the
The control-B plots in 2013, took the highest (90.00 days) 155.11 days) mean number of days recorded from the
mean number of days to 50% flowering, this showed control-B plots (Fig. 4). However, it showed significant
significant difference (p<0.05) from the lowest (36. 11 difference (p<0.05) form the 108.12 mean number of days
days) mean number of days recorded from the control-A to 100% maturity recorded from the control-A plots. In
plots (Fig. 3). However, the plots treated with water at 2014, the control-B plots also took the highest (89.00
14DAP and at pod formation stage took the highest days) mean number of days to 50% flowering, which
(157.13 days) mean number of days to 100% maturity, this showed significant difference (p<0.05) from the lowest
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(34.31 days) mean number of days recorded from the (p<0.05) was recorded from the cultivars, however, the
control-A plots (Fig. 3). Similarly, in 2014 the control-B TGX1955-4F cultivar recorded the highest (596.03 Kg/ha)
plots treated with water at 14DAP and at pod formation mean seed yield of soybean. Similarly, in 2014, the control-
stage took the highest (185.11 days) mean number of days A plots recorded the highest (1961.87 Kg/ha) mean yield
to 100% maturity, it showed significant difference (p<0.05) of soybean seeds. This showed significant difference
form the lowest (103.23) mean number of days to 100% (p<0.05) from the lowest (315.91 Kg/ha) mean yield of
maturity recorded from the control-A plots (Fig. 4). soybean seeds. The TGX1955-4F cultivar, recorded the

Number of Seeds and 100 Seeds Weight: In 2013, the which shows significant difference (p<0.05) from the
highest (12.00) mean number of seeds per Bambara lowest (1466.79 Kg/ha) mean yield of soybean seeds
groundnut plant was recorded from the control-A plots recorded from the TGX1448-2F cultivar (Table 3).
which showed significant difference (p<0.05) from the
means recorded from the other treatments. The lowest Water Use Efficiency (WUE): The highest (17.73
(4.00) mean number of seeds per plant was recorded from Kg/ha/mm) mean water use efficiency of soybean plant in
plots treated with water at 14DAP and at flowering stage 2013 trial was recorded from the control-A plots which
with ABA and also from plots treated with water at showed significant difference (p<0.05) from the other
14DAP and at flowering stage with MPE. The mixed treatment means. While, the lowest (0.11 Kg/ha/mm) mean
cultivar showed significant difference in the number of WUE was recorded from the control-B plots (Table 2). No
seeds produced per plant with 5.00 mean numbers of seed significant difference (p<0.05) was recorded among the
(Table 2). The highest (5.36 g) mean dry weight of 100 cultivars WUE, however, the highest (6.93 Kg/ha/mm)
seeds of Bambara groundnut was recorded from the mean WUE was recorded from the TGX1955-4F cultivar
control-A plots which showed significant difference from and the lowest (6.07 Kg/ha/mm) mean WUE was recorded
the lowest (0.28 g) recorded from the ABA treated plots from the TGX1448-2F cultivar (Table 2). During the 2014
with the mixed colour cultivar giving the highest (3.07 g) trial, the highest (9.12 Kg/ha/mm) mean WUE was
significant mean weight of seeds (Table 2). In 2014, the recorded from the control-A plots which showed
control-A plots recorded the highest (15.00) mean number significant difference (p<0.05) from the lowest (2.12
of seeds per plant which showed significant difference Kg/ha/mm) mean WUE recorded from the control-B plots
(p<0.05) from the mean number of seeds recorded from the (Table 3). The TGX1955-4F cultivar recorded the highest
other plots. However, the control-B plots recorded the (6.76 Kg/ha/mm) mean WUE which did not show
lowest (2.00) significantly different (p<0.05) mean number significant difference from the lowest (6.37 Kg/ha/mm)
of seeds per plant (Table 3). The highest (7.13 g) mean mean  WUE  recorded from the TGX1448-2F cultivar
weight of 100 seeds of soybean was recorded from the (Table 3).
control-A plots which showed significant difference from
the lowest (0.43 g) mean weight of seeds per plant DISCUSSION
recorded from the control-B plots (Table 3). The white
cultivar recorded the highest (8.00) mean number of seeds The pH of the soil, used in the study, in 2013 and
per plant which showed significant difference (p<0.05) 2014 both suggest that the soils were slightly acidic and
from the lowest (4.00) mean number of seeds recorded a sandy loam soil. The chemical properties of the soil in
from the mixed colour cultivar. Also the highest (25.01 g) 2013 were relatively good according to soil manual given
mean weight of 100 seeds of soybean was recorded from by Landen [15]. Moderate level of organic carbon and
the white cultivar which showed significant difference corresponding organic matter were recorded. Also
(p<0.05) from the lowest (2.62 g) mean weight of 100 seeds moderate level of Nitrogen, Phosphorus and slightly low
recorded from the mixed colour cultivar (Table 3). Potassium. The inherent capacity of the soil used in 2013,

Seed Yield: In 2013, the control-A plots recorded the level of aluminum in the 2013 soil was major concern as it
highest (3813.02 Kg/ha) mean seed yield of soybean could have a strong bearing with the low growth and yield
which showed significant difference (p<0.05) from the performance of the crops. According to Spectrum
mean yield recorded in the other treatments. However, the Analytic [26], excess soluble aluminum is toxic to plants
lowest (026.00 Kg/ha) mean seed yield was recorded from and causes multiple other problems such as reducing the
the control-B plots (Table 2). No significant difference availability of other nutrient cations through competitive

highest (1556.38 Kg/ha) mean yield of soybean seed

surpasses that of the soil used in 2014. However, the high
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interaction. Zheng [30] also reported that aluminum level more water that would be  lost  through  transpiration.
in the soil increases with decrease in soil pH, stating that Also this suggest that the higher number of leaves
it becomes a problem when the soil pH drops below 6.0 recorded from the ABA and MPE treated plots either in
and that the severity of the problem increases as the soil isolation or in combination with water treatment at 14DAP
becomes more acidic. and flowering or pod formation stage is an indication that

Plant height of Soybean observed in this study was the treatments were potent to cushion the effects of water
significantly influenced by water stress. The Soybean stress. The variation in number of leaves as influenced by
plants in the highly stressed plots recorded higher plant the cultivars is a show of the inherent ability of each
heights compared to the plant without water stress. This cultivar to adapt to water deficit conditions. This
is a similar observation in an earlier work conducted by observation supports the findings of Frederick et al. [5]
Onuh and Donald [20], who reported that the highest and Hayatu and Mukhtar  [7],  who  reported  lower
(117cm) mean plant height was observed from Cowpea number of leaves under water deficit conditions and
plants that received only 500ml of water treatment which described it as a method of adaptation to the conditions
was significantly different from the 47cm mean plant of water deficit to limit the transpiration rate in order to
height observed from plants grown under rain fed maintain and retain the water supply in the soil around
conditions. However, the plant height in the water plant roots to increase the chances of survival of the
stressed plots that also received either ABA or MPE plant.
application was also observed to be lower than those in The results showed that the stem girth of soybean
the highly stressed plots. This observation corroborates plants in the severe drought plot where relatively
the report of Science Daily [25], stating that plants significantly decreased by 50% compared to plants in
growing under water limiting conditions tend to grow stress free plots and that plant in the plots that received
taller in an effort to scramble for nutrient. The reduction in exogenous application of either Soybean or MPE in
the heights of plants that received either ABA or MPE combination with irrigation showed comparable stem girth
treatments suggests the fact that exogenous application with the stress free condition. This observation also
of ABA or MPE had the potential to mitigate the effects reveals the adaptation mechanism of the crop to water
of water stress on plant growth. deficit which is in line with the findings of Omae et al.

Also, the TGX 1955-4F cultivar of Soybean recorded [19], who reported that by the dry treatment, cowpea
the highest plant height in both 2013 and 2014 trials, while plants reduced their stem diameter by 32% and further
TGX 1448-2F cultivar recorded the lowest plant height stated that cultivars change their morphological features
2013, the TGX 1987-62F recorded the lowest plant height to adapt to extreme drought conditions. The TGX 1955-4F
in 2014. This lower plant height recorded in the TGX 1448- cultivar recorded higher stem girth which points to greater
2F and TGX 1987-62F suggests greater potentials of the stability in the presence of water deficit. This could be
cultivar to withstand water stress as [25]. attributed to the genetic makeup of the crop.

Results showed that water stress significantly Higher number of modules of Soybean in 2013 was
reduced the number of leaves per plant. Generally the recorded from plants that received water treatment at
plants that received water treatment without stress 14DAP and at pod formation and flowering stage in
recorded the highest number of leaves per plant in 2014 combination with MPE application compared to the plants
unlike in the 2013 where plants watered at 14DAP at in the water stress free plots. This trend was similar to that
flowering or pod formation stage with MPE treatment observed in 2014 trial. The TGX1987-62F cultivar,
recorded the highest number of leaves per plant while recorded the highest mean number of nodules in both
generally, the highly stress plots recorded the lowest 2013 and 2014 trials. This may be attributed to the genetic
number  of   leaves   per   plant.   The   TGX1955-4F makeup of the cultivar. However, the higher number of
cultivar recorded the highest number of leaves through nodules recorded in the MPE treated plots also confirms
the study periods compared to the TGX1448-2F cultivar. the  potency of MPE in enhancing plant performance.
This reduction in number of leaves recorded from the Also the fewer number of nodules recorded from the other
water stressed plots may be attributed to the natural way treatment plot suggested that nodulation is more sensitive
the crop could avoid stress by producing fewer leaves. to water deficit than plant growths. This assumption is in
This is in line with the findings of Hayatu and Mukhtar line with the findings of Asim et al. [2], who reported that
[7], who reported that lower leave production with water the role of phytohormones in root nodulation and yield of
stress and stated that it is a way of the plant to conserve Soybean under salt stress that nodulation is more
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sensitive to salinity stress than plant growth. However, which is an indication that the treatments were
the general reduction is the number of nodules produced responsible for the variation in WUE observed in
per plant could also be attributed to nutrient stress as a Soybean cultivars.
result of aluminum toxicity [2].

Significant difference was observed among the leaf CONCLUSIONS
area of soybean cultivars as influenced by treatments and
genotype. This observation of significant variation in The results from the study have provided insights
Soybean leaf area had been reported by…… [1, 6, 28]. into the drought resistance and or susceptibility of
Physiologically, the reduced leaf area recorded from the Soybean. It is inferred that soybean cultivars under study
water stress plots could be attributed to the mechanism of were more sensitive water deficit. This was inferred from
the plant to adapt to reduced availability of water by the observation that the water stress caused reduction in
developing slimmer leaves so as to conserve available most physiological parameters of Soybean. The study
moisture [8]. further inferred that genotype was an important factor

Number of days to flowering and 50% flowering was affecting adaptability of the crops to water stress as the
observed to be effected by water stress. Days to 50% soybean cultivar TGX 1488-2F was observed to be weaker
flowering in the stress free plots occurred at 34-36 days in the presence of water stress while the TGX 1955-4F and
for soybean in the water stress free plots. But observing TGX 1987-62F showed resistance to water-stress just as
the effects of the treatments, ABA alone could not the black and mixed colour landraces of Bambara
cushion the effect of water stress  on  the  crops. groundnut. Hence, the study revealed that exogenous
However, the application of ABA in combination with application of MPE in combination with water treatments
water application gave similar results to MPE treatment. at various growth stages was more effective in
The ability of MPE alone to reduce the number of days to ameliorating the effect of water stress in Soybean thereby
flowering more than ABA points to the greater efficacy of enhancing the ability of the crop to withstand the adverse
the extract as observed in the result. effect of water stress.
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