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ABSTRACT

Soybean genotypes belonging to different maturity periods were planted under normal, nutrient (P) and
moisture stress conditions in a combined design with three replications. The objective was to determine the
effect of phosphorus and moisture stress on yield and yield components of soybean in order to select varieties
that may be suitable for the northern guinea savannah zone of Nigeria. Soybean varieties differed in their
response to nutrient and moisture stress. However there was more effect of moisture stress on yield and yield
components than for Phosphorus stress. The effect of stress was more pronounced on number of pods per
plants. Yield reduction of 88.95% was observed due to effect of moisture stress. Early maturing varieties had
least percent yield reduction probably due to escape mechanism
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INTRODUCTION

Soybean (Glycine max (L.) Merr) is a tropical legume that strives well in most of the agro-ecological zones of
Nigeria. It is a potential grain legume crop in the guinea savannah zone of Nigeria. Soybeans have long been
recognized as an excellent source of high-quality protein. The demand for soybean has continued to increase
more than for other crops due to its high protein and oil content Sodangii, 2006). As a protein food, soybean is
much better than other grain legumes. Due to its high protein and oil content the crop is of high nutritional value
and can supplement the local diets especially where animal protein is expensive (Sodangi et al 2006). Itis a crop
that is gaining faster acceptability among farmers because of its nutritive value as a weaning food for infants
and cheap source of protein for the privileged and the less privileged.

Nigeria's domestic production of soybeans is continuing to trend upwards, but still does not meet the growing
demand. Despite this steady increase, domestic output continues to lag behind rising demand. Increased
production is constrained by low yield levels resulting from biotic and abiotic stresses like disease, low nutrient
and moisture deficit. Plant efficiency for nutrient uptake and utilization may improve yield potential in
situations of soil nutrient stress, reducing plant demands for a given level of crop yield. The application of P
improved biomass production, nodulation and P uptake and decreased root to shoot ratio, root length and
surface area and P utilization efficiency (Burriro et al, 2002). Differences in grain yield among soybean
cultivars for phosphorus (P) have been reported by De Mooy et al. (1973). Moisture stress at any of the growth
stage of soybean will reduce grain yield. However blooming, pod formation, and pod fill are the most critical
stages for water stress, which caused high reductions in number of pods and grains per plant, seed weight and
yield. The soil moisture stress at early vegetative growth also caused reduced height and plant population
(Foroud et al, 1992). Moisture stress reduced the number of nodes/plant and, when it occurred during the
reproductive stage, reduced seed weight. It also affects the nodal distribution of yield components (Mahmood et
al, 1999).

The objective of this research therefore was to select soybean genotypes in relation to low Phosphorus and soil
moisture stress in southern guinea savannah of Nigeria.
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MATERIALSAND METHODS

Nineteen varieties (19) of soya bean including a check entry TGx1019-2EN were planted on two different
dates; 10" July 2008 for the early planting and 11" September 2008 for the late planting (drought screening).
Combined design with 3 replications was used where first planting was done for Phosphorus applied and no
phosphorus applied plots and second planting was delayed until two months after the first planting (i.e. 11"
September,2008) for moisture stress screening. Seed were drilled in to Smx4m rows and later thinned 3 weeks
after planting to a spacing of Scm between stands on rows that are spaced 50cm apart. Supper phosphate
fertilizer (SSP) was applied at the rate of 30kg/ha only to the control plots i.e. non stress plots. Soil analysis
done prior to planting of soybean shows that only 12ppm of P was available in the soil. Normal weeding and
other agronomic practices were done as per recommended practices of soybean production of National Cereals
Research Institute Badeggi. The following data were taken on 5 plants per plot: days to 50% flowering, days to
maturity, number of pods par plants, nodulation rate, number of plants harvested, 300 seed weight(g/plot),
fodder weight (kg/plot), height of plant at harvest (cm), height of lowest pod (cm), yield per plot (kg/ha). The
data was subjected to analysis of variance and Stress Susceptibility Index (SSI) and Percent Yield Reduction
(PYR) were calculated as follows:

Stress Susceptibility Index (SSI) = (1- (Y/Y,) as suggested by Bouman, B.A.M. and T.P. Tuong, (2001). and
PYR=Y,-Y/Y,

Inabove relationships, Y, and Y, are grain yield of all varieties in non-stress and stress condition respectively.

RESULTS AND DISCUSSION

Varieties showed differences in yield performance under normal (non-stress) and stress conditions. Under
normal condition where P was applied at recommended dose of 30kg/ha (Tablel), TGx1971-1F had the highest
yield followed by TGx1937-1F and then TGx1910-14F; while the lowest yield was observed in TGx1835-10E.
Under Phosphorus stress condition (Table 2) TGx1937-1F had the highest yield followed by TGx1971-1F and
TGx1908-8F. TGx1835-10E also had the lowest yield under zero phosphorus application. In moisture stress
condition, (Table3) all varieties performed poorly compared to normal and phosphorus stress conditions.
However, TGx1908 had the highest yield followed by TGx1835-10E. There was not much effect of phosphorus
stress on yield and yield components of soybean but the effect was severe under moisture stress condition.
According to Mahmood et al (1999) water stress reduced pods and grains per plant, and seed weight. Increase in
phosphorus also augmented number of pods and grains per plant as well as seed weight. Moisture stress at any
growth stage of crop reduced grain yield (Ishaq and Olaoye, 2008). However blooming, pod formation, and pod
fill for soybean are the most critical stages for water stress, which caused high reductions in number of pods and
grains per plant, seed weight and yield (Foroud, ef al, 1993). The effect of moisture stress was more pronounce
on number of pods per plants, number of plants harvested and seed weight (Table3). The seed-filling period
was shortened by the severestress treatment. The seed fillingperiod was more sensitive to moisture stress hence
no variety had up to 300 seeds to be able to that data like in Table 1 and 2(Table3). The effect of moisture stress
on the duration of seed fill may be one way that stress reduces soybean yield. Soil moisture stress at early
vegetative growth also caused reduced height and plant population (Mahmood et al, 1999). Some studies have
shown that the vegetative growth stages are less sensitive to water deficit than reproductive stages (Foroud et
al, 1993). Others indicated that water deficit during flowering had little effect on yield, whereas the effect
during pod elongation and seed enlargement was significant (Robert and Edward, 2002)
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Table 1: Mean Performance of Elite Soybean varieties for low P and drought tolerant screening (A: P

applied)
S/no Variety Days Days No No of 300 Fodder Plot Height Height Nodul
to to of plants seed weight yield at harv of ation
50%  maturit pods harv weight (kg/pl (kg/pl (cm) lowest rate
flown y /pla (g/plot) of) ot) pod
g nt (cm)
1 TGx1954 38.0 96.7 483 913 49.4 0.50 0.75 60.5 10.3 1.7
1F
2 TGx1440 41.0 101.0 593 84.0 50.4 0.52 0.71 68.0 10.0 1.3
1E
3 TGx1910 38.0 97.0 63.7 71.0 36.4 0.73 0.90 54.6 10.0 1.3
14F
4 TGx1908 37.3 88.7 43.7 81.0 52.3 0.52 0.71 47.2 8.7 1.0
8F
5 TGx1904 37.0 86.3 46.7 51.3 45.4 0.35 0.41 58.8 8.0 2.3
oF
6 TGx1835 37.0 95.3 23.7 23.7 32.4 0.22 0.18 62.5 7.7 1.7
10E
7 TGx1951 36.0 97.7 73.0 71.0 43.2 0.57 0.68 67.1 10.3 2.7
4F
8 TGx1740 36.7 88.7 40.3 42.7 33.9 0.10 0.31 50.1 6.7 1.3
4F
9 TGx1485 42.0 85.0 547 81.0 50.2 0.73 0.87 43.1 9.7 2.7
1D
10 TGx1844 40.0 103.0 70.3 83.7 46.5 0.63 0.88 37.4 7.7 2.3
4E
11 TGx1937 41.0 103.7 70.0 93.0 433 0.80 0.95 54.4 8.0 1.0
1F
12 TGx1448 41.3 100.0 70.3  74.0 33.7 0.48 0.77 51.8 9.7 2.7
2E
13 TGx193- 41.0 103.7 60.3 58.0 36.9 0.37 0.65 56.6 6.7 1.7
3F
14 TGx1961 38.0 102.3 58.0 81.7 40.5 0.60 0.82 54.7 12.0 1.0
1F
15 TGx1965 40.3 96.7 47.7 50.3 44.2 0.37 0.57 49.6 10.3 1.0
7F
16 TGx1830 37.0 106.0 47.0 77.0 50.9 0.67 0.88 54.3 9.0 1.7
20E
17 TGx1956 39.0 91.3 81.3 673 49.0 0.62 0.81 59.5 8.0 1.7
1F
18 TGx1971 37.0 97.0 96.3 89.0 46.6 0.73 1.10 459 7.7 2.3
1F
19 TGx1019 37.0 89.0 39.7 543 37.0 0.20 0.39 44.7 10.7 1.0
2EN
CV 15.5 17.6 38.0 21.5 24.0 30.2 25.1 26.4 28.7 31.2
SE 7.9 9.8 12.7 149 11.8 8.9 12.2 15.1 14.6 3.4
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Table 2: Mean Performance of Elite Soybean varieties for low P and drought tolerant screening (B: no P

applied)
S/ Variety Days Days No No 300 Fodder Plot Height Height of Nodulati
no to to of of seed weight yield at lowest on rate
50% maturit pods plant weigh (kg/plot) (kg/pl harv pod
flown y /pla s t of) (cm) (cm)
g nt harv  (g/pl
ot)

1 TGx1954- 38 97.3 60.0 70.3 50.0 0.53 0.51 34.0 10.3 1.3
1F

2 TGx1440- 42 101.3 41.7 820 4838 0.86 0.48 28.7 8.7 1.7
1E

3 TGx1910- 38 96.3 49.7  63.7 357 0.74 0.42 43.7 9.0 1.3
14F

4 TGx1908- 38 88.0 42,7 520 532 0.74 0.68 31.3 10.0 1.3
8F

5 TGx1904- 38 86.0 550 520 444 0.33 0.31 41.7 8.3 1.3
6F

6 TGx1835- 38 96.7 51.7 267 33.0 0.12 0.16 39.0 9.3 1.3
10E

7 TGx1951- 38 96.7 60.0 640 4338 0.51 0.57 44.0 9.0 1.3
4F

8 TGx1740- 37 88.7 48.7 913  36.5 0.33 0.28 40.7 1.3 1.0
4F

9 TGx1485- 37 90.7 67.0 550 49.9 0.43 0.50 50.7 6.7 1.3
1D

10 TGx1844- 42 105.3 450 50.0 46.7 0.83 0.66 37.3 7.0 1.7
4E

11 TGx1937- 4] 103.3 360 443 432 0.81 0.71 41.7 10.7 1.3
1F

12 TGx1448- 42 99.7 493 80.7 337 0.80 0.60 54.3 8.0 1.3
2E

13 TGx1935- 4] 107.0 43.7  53.7  36.9 0.68 0.40 42.3 8.3 1.7
3F

14 TGx1961- 4] 102.3 56.7 473 41.1 0.59 0.33 48.7 10.7 1.3
1F

15 TGx1965- 38 95.3 41.7  60.7  43.9 0.63 0.34 51.3 9.3 1.3
7F

16  TGx1830- 41 101.0 72.3 450 50.6 0.58 0.46 48.0 8.0 1.3
20E

17 TGx1956- 38 92.3 483 693 495 0.73 0.58 37.3 8.0 1.3
1F

18 TGx1971- 40 96.0 64.7 373  46.1 0.53 0.68 45.7 10.3 1.7
1F

19 TGx1019- 37 92.3 473 467 37.0 0.42 0.33 37.0 7.0 1.3
2EN
CVv 12.5 21.8 129 244 245 31.1 15.3 31.5 15.6 23.4
SE 6.9 12.1 3.8 147 114 13.9 10.5 17.2 1.8 19.6
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Table 3: Mean Performance of Elite Soybean varieties for low P and drought tolerant screening (C:
moisture stressed applied)

S/No Variety Days Days No No of 300 Fodder Plot Height Height Nodul

to to of plants seed weight yield atharv of ation
50%  Maturity pods harv weight (g/plot) (Kg/pl (cm) lowest rate
flown /Plant (g/plot) of) pod
g (cm)
1 TGx 1954- 363 96.3 177 277 - 61.7 0.17 86.0 11.0 1.7
1F
2 TGx1440- 40.0 98.0 21.7 39.0 - 77.0 0.22 111.0 10.0 1.0
1E
3 TGx1910- 37.3 94.0 237 250 - 65.5 0.31 91.4 9.3 13
14F
4 TGx1908- 373 87.7 14.3 26.0 - 46.9 0.38 71.7 10.3 1.3
8F
5  TGx1904-  37.0 87.0 183 340 - 51.8 0.14 78.3 8.7 1.7
6F
6 TGx1835- 38.0 91.7 213 380 - 53.4  0.15 87.5 8.7 1.0
10E
7 TGx1951- 373 97.0 300 510 - 52.9 0.12 75.8 9.7 1.0
4F
8 TGx1740- 36.7 89.0 273 333 - 60.1 0.16 88.6 9.0 1.7
4F
9  TCGx1485- 363 85.7 323 410 - 68.5 0.14 95.0 93 13
1D
10 TGx1844- 40.3 101.7 26.3 50.0 - 60.9 0.15 78.4 10.3 1.0
4E
11 TGx1937-  40.0 102.0 21.7 423 - 56.7 0.19 92.9 11.7 1.0
1F
12 TGx1448- 41.0 98.7 18.3 47.3 - 66.9 0.24 92.1 10.0 1.0
2E
13 TGx1935- 40.0 101.0 22.0 35.7 - 86.2 0.13 130.3 9.0 1.0
3F
14 TGx1961- 40.3 101.3 20.0 32.7 - 60.5 0.15 78.2 8.0 1.7
1F
15 TGx1965- 373 95.0 177 297 - 69.8 0.15 97.4 93 1.0
7F
16 TGx1830- 40.3 102.7 220 410 - 56.2 0.27 87.7 9.3 1.0
20E
17 TGx1956- 37.7 95.0 24.0 50.0 - 81.4 0.12 126.7 9.0 1.3
1F
18 TGx1971- 38.0 95.0 323 523 - 84.4 0.15 118.7 9.0 1.7
1F
19 TGx1019- 35. 7 86.7 20.0 38.0 - 53.8 0.14 70.4 9.0 1.0
2EN
CV 27.0 19.0 15.5 - 23.8 16.8 15.8 153 32.7
SE 16.2 10.3 2.4 12.2 - 8.8 9.6 8.5 7.1 0.2
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Table 4 shows the Stress Susceptibility Index and Percent Yield Reduction of the varieties. It was observed that
high yielding varieties were more susceptible to stress than low yielders. Higher yield losses due moisture stress
were more pronounce than yield loss due to p-stress. Yield loss due to effect of moisture stress was up to
88.95%. Moisture stress during the vegetative stage was also observed by Foroud ef al, 1993 to reduce seed
yield by 15% compared with their control. Moisture stress at later growth stages had a more marked effect on
yield but there was little difference between them. Moisture stress reduced the number of nodes/plant and, when
applied during the reproductive stage, reduced seed weight. Moisture stress also affected the nodal distribution
ofyield components (De Mooy, et al 1973).

Table 4: Mean yield of soybean varieties under nutrient and moisture stress

s/ Yield per plot (kg) Stress susceptib. % yield reduction
no index
Variety Non- P- Moisture P- Moisture P- Moisture

stress stress stress stress stress stress stress
1 TGCx1954-1F 0.75 0.51 0.17 0.32 0.77 32.00 77.33
2 TGx1440-1E 0.71 0.48 0.22 0.32 0.69 32.40 69.01
3 TGx1910-14F 0.90 0.42 0.31 0.53 0.65 53.33 65.56
4 TGx1908-8F 0.71 0.68 0.38 0.04 0.46 4.22 46.48
5 TGx1904-6F 0.41 0.31 0.14 0.24 0.66 24.39 65.85
6 TGx1835-10E 0.18 0.16 0.15 0.11 0.17 11.11 16.67
7 TGx1951-4F 0.68 0.57 0.12 0.16 0.82 16.18 82.35
8 TGx1740-4F 0.31 0.28 0.16 0.10 0.48 9.68 48.38
9 TGx1485-1D 0.87 0.50 0.14 0.42 0.83 42.53 83.91
10 TGx1844-4E 0.88 0.66 0.15 0.25 0.88 25.00 88.95
11 TGx1937-1F 0.95 0.71 0.19 0.25 0.80 25.26 80.00
12 TGx1448-2E 0.77 0.60 0.24 0.22 0.68 22.21 68.83
13 TGx1935-3F 0.65 0.40 0.13 0.38 0.80 38.46 80.00
14  TGx1961-1F 0.82 0.33 0.15 0.59 0.81 59.76 81.71
15  TGx1965-7F 0.57 0.34 0.15 0.40 0.73 40.35 73.68
16 TGx1830-20E 0.88 0.46 0.27 0.47 0.69 47.73 69.32
17 TGx1956-1F 0.81 0.58 0.12 0.28 0.85 28.39 85.18
18 TGx1971-1F 1.10 0.68 0.15 0.38 0.86 38.18 86.36
19  TGx1019-2EN 0.39 0.33 0.14 0.15 0.64 15.38 64.10

cv 25.1 15.3 16.8
SE 12.2 10.5 9.6

Early maturing variety like TGx1835-10E had the least percent yield reduction; although it had a low yield
under normal condition, this could be that moisture stress effect was not severe at its seed filling period either as
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result of escape mechanism from drought. Robert and Edward (2002) observed the seed filling period was more
sensitive to moisture stress than seed growthrate and the effect of moisture stress on the duration of seed fill may
be one way that stress reduces soybean yield.

CONCLUSION

Soybean yield is a function of the number of plants/plot, pods/plant, seeds/pod, and the size of the seed.
Soybean is the most susceptible during the reproductive stages of growth. Once the plant starts to flower, it
needs significant water right through to complete seed-fill. Suitable varieties for the northern guinea savannah
must be early maturing that will probably escape drought stress at critical periods.
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