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Abstract

An analysis of the effect of phosphorus nutritidn26, 50, 100 and 200 kg p/ha SSP) on
the performance of two varieties of soybean (TG&-GZD and TGx 1485-1D) was
carried out in pot experiment at the Universityiledidan. The experiment was a split-plot
arrangement, with cultivars as main plots and plasps (P) nutrition levels as sub-
plots. The experiment was laid out in a RandomZedplete Block design with five
replicates. Growth and development attributes wdetermined by periodic plant
sampling and yield attributes assessed by samplimgaturity (final harvest [FH]). Data
collected were subjected to analysis of variancd ameans compared with the least
significant difference (LSD) at P = 0.05. The respes of the two cultivars to P were
similar although TGx 536 — 02D (V1) generally penfied significantly better than TGx
1485 — 1D (V2). Growth and yield attributes wend@nced with increase in P levels up
till 50kg P/ha and then there was a gradual declidgplication of 50kg P/ha was not
significantly (P = 0.05) different from 25kg P/ha most of the growth and yield
attributes although they were both significantiffelient from the control. The
reproductive efficiency of the plants was also ptimum level with the application of
50kg P/ha though not significantly different frofkg P/ha. It would appear that under
the prevailing local condition, application of beten 25kg P/ha - 50kg P/ha (a total of
39.14kg - 64.14 kg soil P/ha) is adequate for sagplgroduction. Excessive application
could degrade the soil and reduce yield with negagnvironmental effects.
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Introduction

Legumes have been known to contribute immensetphdoaddition of Nitrogen (Nfo the
sol. However, N fixation in legumes is affecteds Bhosphorous (P) availability
especialy in soils low in P (Robsat all981; Chienet al. 1993). This is because P is
required for nodule metabolism (O’Hamt al, 1988) and acute deficiency of P can
prevent nodulation by legumes (Giler and Wison91® Apart from enhancing N
fixation, applicaton of P to soybean, increasesstBtus to a level suficient for a
subsequent crop (Ogolet al.2001).

53



Phosphorus is the key nutrient for increasing thmeduyctivity of grain legumes. Its
deficiency is the most important single factor mesible for poor yield of grain legumes
(Togun 1998). Application of phosphate fertiizertherefore the basis for improving the
production of grain legumes (Saraf 1983).

Phosphorus fertiizer although easily fixed is knowo affect soil structure after
continuous usage. However, cautious use of sroallabequate quantity of P has been
reported to be wuseful in improving legume prodiigtvwith minimal adverse
consequences on the environment (Togun 1998). sPaka been reported to increase
soil organic Carbon (Ogoket al.2002)

In Nigerian soils, widespread P deficiency has besgorted (Mokwunye 1979) and the
most rapid benefts from agricultural productiore dkely to be seen through alleviation
of environmental constraints on:zNixation by judicious use of smal amounts of lime
and fertiizers especialy P & K (Giler and Wisdi®91). Studies in the Guinea Savanna
zone have shown that phosphorus is the most inmporarganic fertiizer for soybean

production (Singh and Bajpai 1990). Frede¢ral., (1989) reported that low phosphorus
treatment decreased soybean growth, primarily neglueaf surface expansion by 85%.

The objective of this study was to assess theteffe® nutrition on soybean with a view
of determining the optimum P level for soybean gremnce under the prevaiing local
conditions, thereby preventing the deleterious ctffeof excessive P usage in the
environment.

Materials and Methods

Two cultivars of soybean TGx 536 — 02DifVand TGx 1485-1D (¥ seeds were

planted in 20 cm diameter at rim pots, each campih.26 kg sandy loam soil of basal
phosphorus level (available P) of 14.14 kg P/hanfibe University of Ibadan Teaching
and Research Farm. The plants were grown outdeorthe roof garden of the
Department of Crop Protecton and Environmental loBp University of lbadan

between the months of March and August.

Single Super Phosphate (SSP) fertiizer was usedhessource of phosphorus. Five
levels of phosphorus (0, 25, 50, 100 and 200 k@ Flbsignated T1, T2, T3, T4, T5
respectively) were applied to the soil at planimgoands on the basis of the report of
Gritsunet al., (1981). The weights of the fertiizer requiredsiapply the above rates per
pot were 0, 0.849, 1.698, 3.396 and 6.792 g to @wexall levels of 14.14, 39.14, 64.14,
114.14 and 214.14 kg P/ha respectively. The sgedbn establshment (2 weeks after
sowing) were thinned to one per pot.

A split plot arrangement with cultivars as the mplats and level of applied phosphorus
as sub-plot was employed in a Randomized Complietek BDesign. Each main plot had
5 replicates. Sampling for growth and developmeanis vdone every fortnight, starting
from 4 weeks after sowing til 12 weeks after sgwénd then final harvest. At each
sampling, leaf areas (determined by graph papehodefTayo and Togun 1984]) and
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numbers as wel as the dry weights of the varicagspwere measured on each plant.
The number of flowers that open or aborted per dagl the total number of pods

produced were determined on a sub-sample of faetplfor each treatment and in each
cultivar by the tagging method (Togun and Tayo 3996t plant maturity, the number of

pods/plant, dry weight of 100 seeds, total dry lteigusk dry weight and pod dry weight
were determined. The data colected was subjecie@-way analysis of variance and

means were compared with LSD at P = 0.05.

Results

Application of phosphorus at the rate of 50 kg Pdgnificantly (P = 0.05) increased
number of leaves of soybean particularly at finafvlst, however, number of nodules,
number of nodes and number of branches were noificangtly (P = 0.05) increased.
Number of leaves, nodules, nodes and branches alesgnificantly (P = 0.05) reduced
by the application of 100 and 200 kg P/ha (Fig. $tem height and leaf area were not
significantly (P = 0.05) increased by the applwatof 50 kg P/ha although the 50 kg
P/ha plant had higher values for leaf area thaaretfFig. 2). Application of 50 kg P/ha
also significantly (P = 0.05) increased nodules weights, whie stem, leaf and root dry
weights were not significantly (P = 0.05) increag@dy 3). Number of nodules was
significantly increased at the application of 2% &0 kg P/ha as compared to the control
but there was no significant difference between dbplication of 25 and 50 kg P/ha
particularly at 12 weeks after sowing (WAS). Gaitgral the growth and development
attributes were significantly (P = 0.05) reducedtly application of 100 and 200 kg P/ha
(Figs. 1 - 3). The dry weight values of the vagiopiant parts were higher in plants
treated with 50kg P/ha for a greater part of thepdag period (Fig. 3).

In V1 plants, the number of flowers produced increasdtl mcreasing P levels up to
application of 50 kg P/ha and then declned. In Wlants that received 50 kg P/ha
produced the greatest number of flowers followed thy control. However, in both
varieties, plants that received 50 kg P/ha produgigdficantly (P = 0.05) more flowers
than others. In both varieties plant that rece®@dkg P/ha had significantly (P = 0.05)
higher total number of pods carried to maturity vesll as percent open flowers that
formed matured pods than those of other treatm@iblel).

The W1 plants had significantly (P = 0.05) more and lezapods than ¥ at maturity
(fnal harvest), plants that received 50 kg P/tgnifsiantly (P = 0.05) had more pods
than others from 10WAS til plant maturity (Tablg. 2V1 had significantly (P = 0.05)
higher values for most of the yield characteristicklowever, the plants that received 50
kg P/ha were not significantly different from thot&t received 25 kg P/ha for most of
the yield characteristics though both were sigmilily different from the control. The 50
kg P/ha plant had the highest seed weight whie niimeber of seeds per pod was not
affected by P fertilization (Table 3).
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Table 1. Flower and pod characteristics of two vaéties of soybean as influenced by
phosphorus nutrition (mean of five plants) in (a) M (TGx 536 — 02D); (b) V2 (TGx
1485 — 1D).

@)
FERTILIZER 0 25 50 100 200 LSD
LEVEL (Kg/ha) (P=0.05)
Totalno of opened 265.6 320.4 332.6 308 276 10.00
flowers
Total no of flowers 61.4 72.4 59.6 58.8 61.8 9.60
that formed pods
Total no of pods 42.4 44.6 53.2 37 36.8 2.45
carried to maturity
Open flowers 16% 14% 16% 12% 13% 151
forming mature pods
(%)

(b)
FERTILIZER 0 25 50 100 200 LSD
LEVEL (Kg/ha) (P=0.05)
Totalno of opened  76.2 73.6 79.2 52.2 43.8 5.22
flowers
Total no of flowers 314 25.6 34.2 19.6 13.6 2.16
that formed pods
Total no of pods 19.2 174 23.2 14 7.8 1.96
carried to maturity
Open flowers 25% 24%  29% 27% 18% 1.72
forming mature pods
(%)

TABLE 2. Effect of different levels of soil appliedphosphorus on number of pods
and pod dry weight of two varieties of soybean.

WAS 8 10 12 FH
No of Pod dy No of Pod dy No of Pod dy No of Pod dry
pods weight pods weight. pods weight. pods weight.

V1 0 0 4.12 0.036 48.2 1.92 42.4 13.75

V2 11.08 0.536 15.28 2.222 13.7 3.94 16.7 6.32

LSD 3.219 0.3897 7.47 1.029 7.22 451

T1 13.40 0.641 7.70 0.817 28.7 3.03 30.7 10.37

T2 10.60 0.52 12.80 1.612 32.9 3.38 31.6 11.66

T3 14.40 0.64 11.50 1.599 39.5 4.03 35.6 12.59

T4 10.40 0.65 8.80 1.204 28.4 251 25.5 8.55

T5 6.60 0.23 7.70 0.413 25.2 1.67 243 7.13

LSD 4,782 0.15 5.031 0.6165 11.79 11.79 1.629 7 11.

(P=0.05)

WAS- Weeks after sowing; FH- Final Harvest; V1- T&6 — 02D ; V2- TGx 1485 - 1D ; T1,T2,T3,T4, &Tred
levels of 0, 25, 50, 100 & 200 kg/ha respectively
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Table 3. Yield characteristics of two varieties oSoybean as affected by different
phosphorus levels.

NSBF NEP PDW SDW HDW TSP NSF 100SW DWP SWP SHR HI

V1 3484 756 13.7: 8.6C 503 794 2222 109Z 0327, 0249, 1.69° 0.625.
V2 16.1€ 0.68 6.32 3.55 2.73 32.& 1.98 105z 0.3620 0.214. 1.38¢ 0.346(
[SD 33C 2560 1.8 009 0632 7.65 0.06 0756 0032 0018 024 0.027
(P=0.05)

T 27.0C _4.0C 103, 6.0/ 431 57¢ 200 10.3¢ 0353 0.224 142 0.308
™ 28.5C 3.2C 11.5¢ 7.28 4.28 625 2.10: 11.4¢ 0.375( 0.252. 1.65¢ 0.360(
T 29.8C 5.8C 12.5¢ 7.61 4.83 65.5 2.161 11.2¢ 0.362( 0.251( 1.53¢ 0.336(
T4 21.9C 3.6C 8.84 534 3.21 487 2.12¢ 10.01 0.3430 0.234( 1.50] 0.34C
5 20.3C 4.0C 7.07 4.3C 2.83 45C 2.07C 9.6  0.292( 0.197( 1.57% 0.325(
LSD 5.20¢ 3.07¢ 2.41. 1.56¢( 0.99¢ 121¢ 0.12 1.197 0.050 0.020. 0.29¢ 0.043
(P=0.05)

VITL 34.8C 7.6C 12.8: 798 487 788 2000 1007 0302 0.230( 1.63¢ 0.320(
VIT2 38.4C 6.20 15.6¢ 10.0¢ 5.58 85.C 2.20¢ 11.7¢ 0.348 0.260( 1.86¢ 0.384(
ViT3 37.0C 102( 15.9 103 545 85.8 2.33¢ 1227 0.346( 0.286( 1.94z 0.350(
ViT4 30.8C 6.2C 12.2( 7.81 4.39 712 228 11.2C 0.340( 0.254( 1.60: 0.304(
V1T5 33.2C 7.6C 11.9¢ 7.25 4.84 76.2 2.30( 9.41  0.306( 0.216( 1.50( 0.268(
V2Tl 19.2C 0.4C 7.9C 4.15 3.75 37.C 2.00( 10.6¢ 0.403¢ 0.216. 1.24C 0.296(
V2T2 18.8C 0.2C 7.4C 4.4C 2.9¢ 40.C 2.00( 11.2C 0.402 0.244; 1.50¢ 0.336(
V2T3 22.6C 1.4C 9.2C 4.83 4.32 17.2 2.00( 10.2¢ 0.384 0.216( 1.164 0.342(
V2T4 13.0C 1.0C 4.3¢ 2.87 2.02 26.2 1.97: 10.61 0.346( 0.214( 1.39 0.394(
V2T5 7.4C 0.4C 215 1.34 0.82 13.8 1.84 9.7¢  0.278 0.178 1.65( 0.382(
LSD 6.75¢ 439 3.38, 2.22 1.41¢ 171: 0.171 1.69: 0.01¢ 0.041. 041 0.06L
(P=0.05)

V1- TGx 536 —02D; V2- TGx 1485 — 1D; T1,T2,T3,B4;5 areP levels of 0, 25, 50, 100 & 200 kg/ha respectively;
NSBP- No of seed bearing pods; NEP- No of emptyspP®W- Pod dry weight; SDW- Seed dry weight; HDMsk
dry weight; TSP- Total seeds/plant; NSP- No of sgsald; 100SW- 100 seed weight; DWP- Dry weight/pglid6WP-
Seed weight/pod(g); SHR- Seed to husk ratio; Hivest index.

Discussion

Number of leaves was significanty (P = 0.05) iased by application of 50kg P/ha.
This might have provided adequate photosynthetpacty for the plant to function
optimally.  Significant (P = 0.05) increase in niedudry weights by the application of
50kg P/ha, is in agreement with Jagtap & Adeley®99) who reported increased dry
matter due to increased P rate. These may berasulh of the effect of P on protein
synthesis and cell growth as reported by Marre,61)9 It could also be due to
stimulation of N fixation by the appled P.

Plant height was not significantly increased withogphorus applicaton as opposed to
the report by Karinet. al, (1981) probably as a result of differences retias used and
environmental effects. Increasing P levels in@dathe number of fowers up to 50 kg
P/ha and then declined. It is considered thatptiveary effect of limted P on soybean
reproductive growth is to increase flower and pdmbrion (Lauer and Blevins 1989).
Seed yield was increased by application of 50 kgi/This could be as a result of the P
requirement of N fixation being fuly met as regartby Edward, (1977). P toxicity
however, leads to reduced nodule numbers (Fletemer Kurtz 1964) and reduced
activity of nodule in N fixaton thereby reducingelg. The reduction in growth and
yield of soybean with 100 and 200 kg P/ha is atiet to P toxicity.

60



The significantly higher harvest index of plantsthwiapplied 25 kg P/ha suggests
enhanced efficiency of partitioning of dry mattetoi seeds as suggested by Togun and
Tayo, (1994). Jagtap and Adeleye, (1999) repdnm@ased dry matter due to increased
P rate. The fact that growth and yield charadiegisncreased up to a peak at 50 kg P/ha
1 before declining shows that this level of P naotritis optimum for soybean production,
however, on economic basis, application of 25 —k§0P/ha seems adequate for soybean
production under the prevaiing local conditonsAlso, this level of fertiizer application
while alleviating the environmental constraints di2 fixaton appears to be judicious
enough to avoid polution and P toxictty.

References

Chien, S, H., Carmona, G., Menon, R.G and Helub, (1993). Effect of phosphate
rock sources on biological nitrogen fixation by lsegn.Fertilizer Research
34(2): 153-159.

Edwards, D. G (1977). Nutritional factors limiting fixed by Rhizobia. In: Ayanaba,A.,
P.J. Dart (edsBiological N fixation in farming systems of the tropi&ased on
papers presented at a symposium held at the 1I'88db Nigeria in October
1975. A Wiy — Interscience publication.

Fletcher, H.F., and Kurtz, L.T. (1964). Differeaitieffects of phosphorus fertiity on
soybean varieties.Soil Sci. Soc. Amer. Prog8: 225-228

Fredeen, A .L., Rao, M. Jerry, N. (1989). Infue nof phosphorus nutrition on growth
and carbon partitioning in G. ma®lt. Phy.89 (1): 225 — 230

Giler, K. E. and Wilson, K.J. (1991Nitrogen Fixation In Tropical Cropping Systems
C.A.B International, UK Pg 206.

Gritsun, A.T., Fedorov, A.A., Melnkov, G. I|.; Pamk N.V. (1989). Band placement
of fertilizer for Soybean in the Primorsh regio®oybean Abstract 19835(1)
Pg6

Jagtap, S.S. and Adeleye, O (1999). Nutrient raegoaed productivity of soyabean-
maize rotation in the derived savanna ecology o$t&ica. Journal of
Sustainable Agriculturel5, 75-85.

Karim, M., Ahmad, S.J., and Mir, H. (1981). Effeat phosphorus nutrition on the
vegetative growth of soybearournal of Agric Res19(3) pp.117-123

Lauer, M. J. and Blevins, D. G. (1989). Floweriagd podding characteristics on the
main stem of soybean grown on varying levels ofsphorus nutrition. Jeurnal
of Plant Nutrition12(9): 1061 — 1072.

Marre, E. (1961). Phosphorylation in higher plantgin. Rev. Plant Physiol3:14-19

Mokwunye, A. U., (1979). P fertilizers in NigeridBavanna Soils. Il. Evaluation of
three PQ sources applied to maize at Samafuopical Agriculture56: 65 — 68.

Ogoke, 1.J., Carsky, R.J., Togun, A.O and Dashi€ll,(2001). Maize yield following
phosphorus-fertilized soybean in the Nigerian Guigavanna. In: Badu-
Apraku, B.; Fakorede, M.A.B.; Ouedraogo, M. andskg R.J. (eds.), 2001.
Impact, challenges and prospects of maize reseanchdevelopment in West
and Central Africa. Proceedings of a Regional Maize Workshop, IITA-
Cotonou, Benin Republic, 4-7 May, 1999. WECAMANAT

61



Ogoke, I.J. Carsky, R.J., Togun, A.O and Dashi€ll, (2002). Organic Carbon inputs by
Soyabean in the West African moist savarBialogical Agriculture and
Horticulture. Vol. 20, p. 133-142

O’Hara, G. W., Boonkerd, N. and Diworth, M.J. (B)8 Mineral constraints to Nitrogen
fixation. Plant And Soil:108,93-110

Robson, A.D., O’Hara, G.W. and Abbott, I.K (1981hvolvement of phosphorus in n
fixation by subterranean cloverr{folium Subterranean . Aust. J.Plant
Physiology;8 427-436.

Saraf, C. S. (1983). Advances in fertlizer managetmior rainfed pulses.Fertilizer
News28: 91 — 98.

Singh, V. K. and Bajpai, R.P (1990). Effect ol Potash on the growth and yield of
rainfed soybean.Indian Journal Of Agronom$5(3): 310 — 311.

Tayo, T.O. and Togun, A.O. (1984). The respondddgeon PeaGajanus cajahto the
application of fertilizers.Ann. Appl. Biol.105: 293-302

Togun, A.O. and Tayo, T.O., (1990). Flowering @adl and seed development in
Pigeon Pea (ajanus cajah Journal of Agric. Sci., Cambridg&15: 327-335

Togun, A.O., (1998). Improving Pigeon p@Ezajanus cajanproduction in Nigeria. In:
Strategies and tactics of sustainable Agriculturehie tropics (STASAT) Vol 1
(Eds. M.A Badejo and A.O. Togun) College Pressdéima Nigeria. In
collaboration with Emproct Consultants, Lagos, Mage Pg 85 —97.

Togun, A.O. and Tayo, T.0., (1994). Response®igéon Peaajanus cajar(L)
Milsp.) to phosphorus fertilizer.Nigerian Journal of Scienc28: 375-38.

62



