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Abstract: The soils derived from chamockite in Ekiti State Nigeria were found to be low mn zine and phosphorus.
This study was therefore, conducted during the rainy seasons of 2006 and 2007 to evaluate growth and yield
response of soybean TGX-1440LE from the direct effect and interaction of phosphorus and zine. Treatments
consisted of factorial combination of 2 levels of P (0 and 30 kg P ha™), three levels of Zn (0, 2 and 4 kg
ZnS0, ha ") in a randomized complete block design i a seil developed in charneckite in Ekiti State the growth
data were collected at 2 weekly mtervals while yield components were taken at harvest. Stem girth, number of
nodules and nodule weight significantly (p<0.05) increased with 2 kg 7Z.n ha™" application, which gave 111.2%
yield advantage over the control treatment (0 kg 7Zn ha™"). Fertilizer rate above 2 kg Zn ha™' significantly
(p<0.05) decreased P uptake. The 30 kg P ha™" rate produced better growth which was not significantly different
from O kg P ha™' while increase in P and Zn uptake was significant. The PxZn interaction was significant for
grain vield and Zn uptake. The treatment combination that gave the highest vield was 30 kg P ha™" and

2kg Znha™".
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INTRODUCTION

Soybean 1s a legume being integrated into the
cropping systems of small holder farmers in Ekiti State as
a plant protein source for employment in the diet and as
a cash crop with huge industrial potential. There is
presently a dearth of information on effects of
phosphorus and zinc fertilizer on soybeans. This is more
severe for the soils developed over charnockite which
comprise a large portion of the arable land in Ekiti and the
agricultural lands with great prospects for soybean
cultivation (Shittu, 2008).

Differential response of soybean to high levels of
applied Phosphorus (P) was first reported by Howell
(1954) and confirmed by subsequent studies (Fort and
Ellis 1997, Vaughan, 2000). Differences in P sensitivity
were associated with differences in P uptake. Some
researchers claimed that applied P affects the absorption
of Zn by roots by some way other than precipitation of an
mseluble zine phosphate (Chiezey and Yayock, 1999,
Ogoke et al., 2004). Tt has also been reported that P
decreases the concentration of Zn mostly in leaves and
least mn roots, suggesting that the effect of P on Zn
originates in roots which retards translocation of Zn to
the upper plant parts, probably due to the formation of

compound that is either less mobile or has a lower
solubility product (Chiezey and Yayock, 1999). Tt is also
reported that antagomsm between P and Zn mvolves
physiological reaction (Hague ef al., 2008, Hoplans and
Elisworth, 2003).

Study reported was carried out to determine the
effects of P and Zn fertilizer rates on the growth and yield
components of soybean and on the nutrient uptake of the
plant grown 1n a soil derived from charnockite at Tkere.

MATERIALS AND METHODS

The study was carried out along Tse Road, Tkere Ekiti,
Elkiti State at 70°29", long 50°13" during the rainy seasons
of 2006 and 2007. Soybean (TGX 1440-LE), a determine
variety that matures m 110 days was grown at a factorial
combination of 2 levels of P {0, 30 kg P ha™") sourced from
single superphosphate strong Zn and three levels of 7Zn
(0, 2, 4 kg ZnSO, ha™") and sourced from ZnSC, design
treatment was replicated three times and assumed to held.
Soil samples were taken up to a depth of 30 cm
before fertilizer application and analysed for physical
and chemical properties using standard laboratory
produces (Tuo, 1979). Available P was determined by the
Bray-1-method while exchangeable cations including Mn
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were extracted with 1 N ammonium acetate at pH 7 and
determined by flame photometry. Exchangeable acidity
was extracted with 1N KCl and determined by titration
with 0.1N NaOH pH was determine in a 1:1 (soil:water
ratio) and organic C by wet oxidation method.

Planting was done one on flat seed bed at 10 cm
spacing in rows and 75 cm apart to achieve a
planting density 133,333 plants ha™'. The fertilizers were
side-banded at planting, 7.5 cm away from the seed
TOW.

Weeds were controlled by spraying the plots with a
pre-emergence herbicide Galex (Metalochlor+metabronum
in the ratio 1:1) at 2.25 kg a.i ha™. Subsequently, one
weeding was done manually at 6 weeks after planting.
Growth parameters were taken at 2 weeks mtervals.

However, leaf area was obtamned from intact leaf
according to Lazarod (1965) by multiplying the product of
leaf length and breadth by a factor of 0.65. Nutrient uptake
was obtained using the equation:

_ Nutrient concentration x Dry weight
100

Nu

Yield and yield components were determined at
maturity from harvested from four imer rows. The
harvested pods were hand-threshold and gramn yields
recarded. The number and yield of pods per plant and 100
seed weight were determined from sub-sample taken from
the harvested plot.

Data analysis: All data collected were subjected to
Analysis of Variance (ANOVA) and means that showed
significant difference were separated using Least
Significant Difference (L.SD).

RESULTS

Soil properties: The soil 1s a sandy loam with low organic
matter and total N content exchangeable Ca was
moderately high. The high base saturation (90.4%),
presence of thick ochric epipedon and argillic horizon are
criteria for the classification of the soil as Alfisol at order
level and sub-order Udalf (Soil Swvey Staff, 2003).
However, due to the udic moisture regime, it is further
classified as Grossarenic Plinthic Kandiudalf. The soil is
deficient in available Zn (Table 1).

Effect of P and Zn fertilizers and rates on growth
parameters: Application of P had no significant effect on
height at 4 and 8 weeks after planting in the 1st year wiule
30kg P ha™ produced tallest plants of 25.02 cm at 4 WAP
in the 2nd vear. At 8 WAP during the 2nd year,
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Table 1: Physical and chemical properties of soil developed fiom
chamockite at Ikere, Ekiti State

Soil properties Values
Sand (%%) 83.24
Silt (@6 10.00
Clay (%) 7.300
Textural classification Sandy
Organic carbon (%0) 2.910
Total N (%) 0.240
Available P 5.400
Organic matter (%) 5.040
Exch. Bases (C mol kg™) -

Ca 2.600
Mg 0.200
K 0.250
Na 0.210
CEC 3.380
Ex. Acidity (C mol kg™!) 0.120
Micronutrients

Zn (mgkg™) 0.530
Fe(mgkg™) 7.100
Mn (mgkg™) 12.12
Cu (mgkg™) 0.270
Base saturation (%) 90.41

30kg P ha™" application had slight increase in plant height
which was not sigmficantly different from control which
also had little effect on plant height while 64.29 cm was
obtained with 4 kg Zn ha™ at 8 WAP in 2006 in 2007 mean
plant height of 62.21 cm was obtained with 2 kg Zn ha™
at 8 WAP.

The mean stem girth of soybean was not significantly
(p<0.05) affected in both 2006 and 2007 at 4 and 8 WAP
by P application. Also, 7Zn fertilizer had no significant
effect on mean stem girth in 2006 croppmng season
whereas 2 kg 7Zn ha™ gave highest stem girth of 1.71 and
2.69 cm at 4 and 8 WAP i 2007,

The number of branches was highest at 30 kg P ha™
at 4 WAP m 2007 and gave highest munber of branches
at 8 WAP. Application of Zn had no significant effect on
number of branches at 4 WAP in 2006 but sophistication
number of branches was obtained with 2kg Zn ha™ at
8 WAP. In 2007, application of 2 kg Zn ha™
significantly (p<0.05) increased the number of branches
at 4 and 8 WAP, respectively.

P application had significant (p<<0.05) effect on the
number of nodules at 4 WAP in 2007 while 30 kg P ha™
increased nodule number by 12.82%. At 6 WAP in
2007, highest nodules was obtained from 2 kg Zn ha™
(Table 2 ). The fresh weight of nodules from plants
receiving 30 kg P ha™ were higher than 0 kg P ha™" at 4
and 6 WAP in 2006 and 2007. Nodule weight from 2 kg 7Zn
ha™ was significantly (p<0.05) higher than 0 kg Zn
ha™ and 4 kg Znha™ in 2006 and 2007,

P-Zn interactions on growth parameters of soybean:
There were no significant P-Zn interaction on growth
parameters taken in 2006 cropping The
interactions were however, significant (p<0.05) on plant
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height, stem girth, leaf area and number of branches at
4 and 8 WAP in 2007. The best combination for the
optimum performance of soybean was 30 kg P ha™ and
2 kg Znha ' (Table 3).

Nutrient uptake of soybean as affected by P and Zn
fertilizer rates: Leaf P was significantly (p<0.05)
mcreased by fertilizer rates in 2006 and 2007. P uptake at
30 kg P ha™ was significantly p<0.05 higher than the
0 kg P ha™ rate. Application of Zn fertilizer at Zn ha™
increased P uptake up to 2 kg Zn ha™ but P uptake
significantly decreased above this rate in 2006 and 2007
CTOppIng seasor.

P fertilizer had significant effect on Zn uptake in 2006
and 2007. The application of P at 30 kg ha™ in 2006 and

2007 significantly increased 7Zn uptake. Application of
4 kg Zn ha™' significantly increased 7Zn uptake in both
years, especially the O kg Zn ha™ rate (Table 4).

The P-Zn interaction was also significant on dry
matter yield of soybean in 2007. The treatment
combination 0 kg P ha™ and 2 kg Zn ha™' gave the
highest dry leaf weight, root dry weight, number of
nodules and nodules weight at 4 and 8 WAP (Table 5).

Effects of P-Zn interactions on aspects of yield in
soybean: The interactions of P-Zn application on P pod
yield per plant, grain yield per plant and grain yield
per hectare during the 2 years are shown in Table 6. The
P-Zn mteraction was sigmficant on pod and grain yield in
2006 and 2007 while the best combination were 0 kg P ha™

Table 2: Effects of P, Zn fertilizers rates on plant height, mumber of branches, stem girth, number of nodules and nodules weight

Plant height No. of branches Stem girth Nodule weight No. of nodules
Rate
Fertilizers (kgha™)) 4 WAP 8 WAP 4 WAP 8 WAP 4 WAP 8 WAP 4 WAP 6 WAP 4 WAP 6 WAP
2006
SSp 0 25.89° 63.88 6.39* 11.60¢ 156 310 0.80* 1.16* 16.94* 29.39*
30 25.63° 62.5% 7.100 11.21° 1.5% 2,08 0.85¢ 1.48° 17.61° 32.67
Zn80, 0 25.13 6Ll 6.73% 10.53* 157 313 0.62¢ 1.54% 15.50* 32.67°
2 25.84° 64.23 7.270 11.88 1.60¢ 3.09° 1.31° 1.38° 20.67° 35.33¢
4 26.30 64.39 7.03* 11.80 1.54 2.900 0.56* 1.05* 15.67* 25.08*
2007
Ssp 0 22,96 56.93 2.89¢ 07.9% 156 2400 1.20° 1.742 19.11° 35.11¢
30 25.02¢ 59.92 3.38 08.57* 1.61* 247 1.44% 1.81* 21.56° 37.78
Zn80, 0 23.07 57.58 3410 08.42 1.5¢° 233 1.08° 1.57° 16.25° 32.83%
2 25.51* 62.21* 3.35 09.98 1.71* 2.69° 1.90% 2.40° 28.50° 45.96*
4 23,45 58.2¢° 2.69* 06.44° 148 2.29° 0.98* 1.36° 16.25* 30.58"
Table 3: Phosphorus and zinc fertilizers interaction on growth parameters in 2006 and 2007 cropping season
Fertilizer rate (kg ha™!) Plant height (cm) No. of branches Stem girth T.eat area
P Zn 4 WAP 8 WAP 4 WAP 8 WAP 4 WAP 8 WAP 4 WAP 6 WAP
2006
0 0 24.21¢ 60.65° 6.70° 10.52 1.48 2.88 28242 52.81°
30 0 2613 65.22° 7.11* 12.13 162 312 31.38 60.14°
0 2 26.05 63.23% 6.97% 11.60¢ 158 3.07 3215 62.28
30 2 27.88 66.87° 6.82° 12.22 1.66* 33500 3432 61.26°
0 4 25.55 61.92* 6.95* 11.47 157 .07 2943 59.61*
30 4 2472 61.55° 797 10.55° 1.51* 2.92¢ 2812 61.28°
2007
0 0 20.62° 52.86° 2.56° 06.87 144 229 16.72 49.94°
30 0 2540 62.29° 4.25 09.96* 1.68" 2.37% 20.620 57.63°
0 2 2537 61.92¢ 3.54° 11.05 1.81* 2.71* 3042 59.08
30 2 25.68 65.52° 3.15% 08.92%* 1.61% 2.68% 3124 59.63°
0 4 2298 56.00% 2.56° 06.04° 1.43° 2.21° 2538 53.65°
30 4 24.02% 56.40% 2.7% 06.84> 1.53 2.37% 24.99 55.24°

Means with the same letter in each column for each fertilizer types are not significantly different by DMRT; p<0.05; WAP = Weeks After Planting

Table 4: Effects of P, Zn, fertilizer rates on phosphorus and Zn uptake of soybeans in 2006 and 2007 cropping season

2006 2007
Fertilizers Rate (kgha™) Phosphorus uptake (mg kg™ Zinc uptake (mgkg™) Phosphorus uptake (mg kg™")  Zinc uptake (mg kg™!)
SSP 0 0.20¢ 16.98° 0.18° 19.17
30 0.84* 26.63* 0.76* 29.66%
ZnS0, 0 057 7.65 0.50* 9.05*
2 0.54* 27.97 0.50° 26.55
4 0.45 29.78 0.41* 34.64*

Means with the same letter in each column for each fertilizer types are not significantly different by DMRT; p<0.05
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Table 5: Phosphorus and zinc fertilizer interactions on dry matter yield of soybean in 2006 and 2007 cropping season

Fertilizers and Leaf dry weight (g) Stern dry weight (g) Root dry weight (g) No. of nodules (g) Nodules weight ()
rates (kg ha™") Interaction

P Zn 4 WAP S WAP 4 WAP 8 WAP 4 WAP 8 WAP 4 WAP 6 WAP 4 WAP 6 WAP
2006

0 0 5.89= 9.1 0.82° 4.24 0.71¢ 1.80¢ 13.000 24.00¢ 0.43¢ 0.90¢
30 0 830 1052 1.31® 4.69" 1.88® 227® 18.33* 35.67 1.11*® 1.44¢
0 2 5.98> 9.1 1,16 4.60% 1.48* 1.63% 17.500 35.00° 0.69* 1.33
30 2 9.05 1274 1.82¢ 522 2.56* 2.86* 23.83 36.83° 1.500 1.93
0 4 6.62% 9.69% 1.11° 4.51% 1.33 1.50F 16.10¢ 28.50° 0.63* 1.1%
30 4 6.92¢ 10.33® 0.9% 435 0.88 118 15.00° 26.17 0.62° 1.14¢
2007

0 0 5.144 8.61° 6.73 5598 0.85° 1.64° 14.50° 27.00° 0.47° 1.23
30 0 10.20¢ 25.88° 9.56% 8340 2.09 373 18.000 38.67* 1.69® 1.92
0 2 11.43 3313 11.35 9.24 2335 6.60° 26.500 52.50 2,13 2.57
30 2 12,33 19.6% 12,02 7.52° .05 6.08 30.500 39.33* 1.67® 22>
0 4 724 13.67 7.32° 807 1.41* 377 16.33" 33.83¢ 1.00% 1.42¢
30 4 7.8% 11.09* 9.09% 1176 119 335 16.17" 27.33° 0.95° 1.2¢°

Table 6: The P-Zn fertilizers interaction of vield component of soybeans in 2006 and 2007 cropping season

Fertilizers and rates (kgha ") P

Interaction (kg ha™") Zn

Pod yield/plant (g)

Grain yield per plant (g)

Grain yield ha™! (kg)

2006 experiment

0 0 17.90°¢
30 0 2317
0 2 26.03*
30 2 21.46°
0 4 24.75
30 4 19.97
2007 experiment

0 0 19.04%
30 0 27.11*
0 2 28.35
30 2 25.11°
0 4 21.66°
30 4 20.91°4

7.9 2009.3°
13.52° 2400.0*
14.56° 2518.5°
13.31° 25926
11.42° 2185.2°
10.67 2270.7
1218 1979.8
1628 2488.¢
18.82° 2863.1°
15.99 2867.3°
13.80 1985.7°
13.064 1858.%°

Means with the same letter in each column for each fertilizer types are not significantly different by DMRT; p<0.035

and 2 kg Zn ha™'. P-Zn interactions had significant
(p<0.05) effects on the grain yield and the best
combination were 30 kg P ha™ and 2 kg Zn ha™' in both
years of study.

DISCUSSION

The high sand content of the soil i1s largely a
reflection of the parent material from which the soils were
formed. The predominance of sand in the surface is
attributed to preferential removal of clay and silt by
erosion (Ojanuga, 1971) and the influence of the parent
material (Greenland, 1981). The available P content is
critically low compared to 15 mg kg™ considered as the
critical level for soybean production (Staton and Damy,
2007). The so1l 1s clearly deficient in available Zn about
50% of the critical level established for some soils n
Southwestern Nigeria (Osiname et al., 1973; Adeoye and
Agboola, 1985). The organic matter content is moderate.
The high pH observed might be due to a prevalent feature
of the traditional slash and bum farmmng practices. The
low CEC may be due to intensely weathered nature of the
soil. Phosphorus is an essential nutrient for soybean. The
response of applied P was not spectacular, despite the
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low level of available P in the soil. Growth parameters
such as plant height, stem girth, number of branches,
weight were not
significantly influenced by P application. Ogoke et al.

nodules and nodules number
(2004) working in the Guinea savanna reported that at
sites where responses were observed due to low mitial
soil test P, 30 kg P ha™ application was not different from
60 kg P ha™" on pod number, pod weight and grain weight
suggesting that applying P at rates above 30 kg P ha™'
may not be desirable for soybean even when soil test P is
low. Addition of Zn and P increased the translocation of
P and Zn to the leaves. The antagonism between Zn and
P has already been reported in other crops like maize and
wheat (Zhimini et al., 1999). Zinc application increase its
uptake reduced the P content of the leaves at a moderate
level of P nutrition but had no effect on Zn contents at a
high level of P nutrition. The root content was less
affected than the leaf content which indicated that P
slowed down the translocation of Zn to the top of the
plant.

There were sigmficant differences in pod yield and
grain yield per plant between control and treatment which
required The combination of 30 kg P ha™' and
2 kg Zn ha™' gave the tallest plants at 65.52 cm while
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application of Zn alone at 2 kg Zn ha™ increased plant

height compared with other P and Zn fertilizer
combinations. The improved performance of the treatment
combination of 30 kg P ha™ and 2 kg Zn ha™' showed the
presence of Zn-P synergy which had been reported by
other researchers.
CONCLUSION

The results of the study indicated soybean
responded to P but the magnitude 1s low compared to
zinc. There was significant (p<<0.05) mteraction between P
and Zn in both years but the treatment containing the
nutrients did not differ significantly from p and Zn
application alone at 30 kg pha™ and 2kg Znha™'. It was
from that increase in P- level from 0-30 kg Pha™', also an
increase Zn-level from 0-2 kg Zn ha™ resulted in taller and
greater vield of soybean plants. Tt is also evident that
applying Zn rates above 2 kg ha™" may not be desirable
for soybean even when soil test Zn is low. P-Zn
interactions had significant (p<0.05) effects on the grain
yield and the best combinations were 30 kg P ha™
and 2 kg P ha™ in both years of study.
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