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Abstract

The objective of this research is (o evaluate soybean ability to utilize K
fertilizer. The two locations and soils studied are Ajibode in Ibadan having
Alfisols of basement complex rock (granite) and Ikorodu in Lagos having
Ultisols with sedimentary rocks (coastal plain sands) formations in
southwestern Nigeria. Randomly collected composite soil samples at depths
0-15 and 15 -30 cm, when routinely analyzed showed the nutrient K to be
low compared to its critical level in southwestern Nigerian soils.
Parameters such as nodule number, plant heights, biomass, grain yield, K-
content in leaves, weight and wrinkledness in seeds positively indicated that
soybean utilized the applied -K. However, this was more pronounced in Alfisols
than Ultisols. It might be inferred that when K status is low in soils, K would
significantly encourage soybean performance.

Introduction

Potassium is important for most growth aspect, having a large influence on the nutritional
balance of plants, especially on the quality of soybean seeds and increases their oil content. The
critical concentrations of exchangeable soil K at which deficiencies occur is about 0.45 Cmol/Kg soil
(Miller el. ctl. 1961). They (Miller el, aL) report that any of the tropical soils that contain less than 0.1
5 Cmol/Kg available K might not support normal soybean growth. DeMooy et, al. (1965) observe that
soybean response to added K was rapid if the soil's exchangeable K dropped. The soils studied (Alfisols
and Ultisols) at the locations, Ajibode in Ibadan with parent materials of basement complex rocks
(granite) and Ikorodu in Lagos with sedimentary rocks (coastal plain sand) formations, had a low K
content (Table 1) when compared to the critical level, 0.16 -20 Cmol/Kg (Agboola and Corey, 1973) for
Southwestern Nigeria. Soybean utilizes applied K and this is reflected in the dry matter, grain yield, K
content of the tissue (Pesek, 1968). Pesek reports that the capacity of soybean roots to absorb K is
probably large enough to recover K from certain soil minerals. Soybean utilizes relatively large amount
of K and the rate of K uptake reaches a peak during the period of rapid vegetative growth, then slows
down before the onset of podding (Miller et, al. 1961). The uptake is completed two to three weeks
before the seed matures. At maturity, soybean seeds contain 60% of the K in the plant. The facts
highlighted above gives merit to K as an effectively utilized nutrient by soybean. However, K is
usually rendered unavailable to crops due to absorption/fixation in soil. Applied K would therefore
initially augment the supposed fixed K, and latter, the gradually released K would act as a supplement
to the plant. The repeated debate existing among some researchers is that soybean does not require K,
others suggest that substantial response to K is obtained only when soil test is low. However, some
workers (Ohlrogge and Kamprath, 1968) have indicated that soybean responds markedly to K
fertilizers, when soil supplies are low, especially in soils of humid tropics that contain inadequate amount
of K. Therefore, to benefit our local farmers with increased yields, simultaneously cutting down their
expenses on fertilizers, it is reasonable that more research be carried out on K, especially in the soils
(Alfisols and Ultisols) investigated in this study.

Materials and Methods

The two investigated soils and location are Alfisols for Ajibode in Ibadan, with parent
materials of basement complex rocks (granite) and Uitisois for Ikorodu in Lagos with sedimentary
rocks (Coastal plain sands) formations. The different soils and vigorous intensive farming activities of
these locations give credence to the crop to be investigated upon because of its significance and
expected adaptability to various ecological zones in Nigeria.



Routine Analysis

From these pre-classified sites, composite soil sample at depth 0-15 and 15 - 30 cm were
randomly collected. These were air - dried, crushed and sieved to pass through a 2mm sieve and
routinely analyzed. The soil pH was determined electrometrically with and EEL pH meter in 1:2 soil
water and 1:1 soil -0.01M CacCl, suspension (Schofield and Taylor, 1955). Organic matter was
determined by wet dichromate acid oxidation method (Nelson and Sommers, 1982). Nitrate - N was
determined colorimetrically using the Phenol -2-4 disulfonic acid method (Jackson, 1970), Soil total-N
was determined by using the macro - Kjeldahl method (Bremner and Mulvaney, 1982). Available -P
was extracted by Bray PI method (Olsen and Sommers, 1982). and colour developed in soil extract using
Ascorbic acid (Merphy and Riley 1962). Exchangeable bases (Na, K, Ca, Mg) were extracted with 1 N
NR,OAcbryfered at pH 7 (Thomas, 1982). Na and K then Ca & Mg were read on the flame photometer
and atomic absorption spectrophotometer respectively. Exchangeable Acidity was extracted with 1
N KC1 (Thomas, 1982) and determined by titration with 0.05N NaOH using phenolphthalein
indicator. Effective cation exchange capacity was taken as the summation of exchangeable bases
(Na, K, Ca, Mg) and the total exchangeable acidity (Chapman, 1965). Exchangeable micronutn'ents
(Mn, Fe, Zn, and Cu) were extracted with 0.1N HC1 (Viets and Boawn, 1965) and determined using the
atomic absorption spectrophotometer.

Plant Tissue Analysis

Randomly sampled leaves from each treatment were oven dried at 65°C for 48 hours, ground in
a Wiley ED-5 mill equipped with a stainless grinding chamber with 0.5mm sieve and analysed. The K-
content in leaves was estimated by the wet digestion procedure using concentrated nitric -perchloric
-sulphuric acid mixture in ratio 25:5:5 respectively to digest 0.2g of each plant sample using a tectator
digestion block. The K was read on a flame photometer.

Planting

The field was a 2x3 Variety (V)x Potassium (K) completely randomized design with three
replicates. The planting was done during the same rainy season at both locations. Two soybean
varieties TGx 536-02D and TGx 923-2E were planted at a distance of 50cm between the rows and 5cm
within, in both experimental sites each occupying 30x30m?. Three K- level (Ko Kj K») with rates (0, 17 34,
and 0, 25, 42) kg K/ ha for the Alfisols and Ultisols were applied after planting by side banding about
10cm away from the planted seeds and covered with a thin layer of surface soil. Weeds were controlled
manually with native hoes. Parameter such as nodule number, plant height, biomass, grain yield, K -
content in leaves, weighed and wrinkled in seeds were recorded,

Result

When compared to the critical level (Adeoye and Agboola, 1985) the routine analysis (Table 1)
showed both soils to be of low nutrient status, especially K which was the nutrient under
consideration in this study. Soybean nodule number as influenced by applied K- level is represented by
Figurel. There were no significant increased nodules by the applied K in both soils and varieties.
Soybean plant heights as influenced by K treatments is represented in Figure 2, in the two soil types K
treatment led to no



Table 1 : Some Chemical Properties of the Studied Soils

Sampling Site and Depth

Ajibode  (Alfisols) lkorodu (XJltisols)
0-15 15-30 0-15 15-30
pH (H.0) 6.50 6.50 6.30 6.20
pH (CaCly) 6.20 6.30 6.80 5.90
Organic Carbon (g/kg) 8.90 5.10 7.10 5.20
Organic Matter (g/kg) 15.30 10.50 12.20 8.90
Total -N (g/kg) 120 0.50 0.70 0.40
C: Nratio 7.1 121 101 131
Nitrate -N (g/kg) 7.60 5.50 6.20 4.70
Available-P (mg/kg) 6.50 4.90 5.70 3.50
Exchangeable K (cmol/kg) 0.14 0.12 0.11 0.08
Exchangeable Ca (cmol/kg) 0.45 0.33 031 0,25
Exchangeable Mg (cmol/kg) 0.35. 0.27 0.25 0.19
Exchangeable Na (cmol/kg) 0.07 0.056 0.09 0.05
Total Exchangeable bases (TEB) . 1.00 0.83 0.76 0.57
Exchangeable Acidity (cmol/kg) 0.54 0.59 0.67 0.73
Effective CEC (cmol/kg) 154 142 143 1.30
Extractable Mn (mg/kg) 4.05 4.82 458 5.15
Extractable Cu (mg/kg) 0.24 0.35 0.68 0.74
Extractable Zn (mg/kg) 1.30 173 151 205

Extractable Fe (mg/kg) 331 3.80 3.97 4.30




Graph For: Soybean (Glycine Max (L) Merr.) Utilization of Applied-K in Two Major Soils of
South-Western Nigeria
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Fig. 1: Influence of Applied Potassium Levels on Soybean Nodule Number.
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Fig. 2: Soybean Heights as Influenced by K Treatments.



significant increment in plant height of both varieties. However, plant heights in Alfisols were
relatively taller than those in Uitisols. Figure 3 shows the effect of K application on soybean biomass.
The results showed that K treatment enhanced a significant increase in the biomass of both varieties
above what obtained in the control in both soil types. The overall biomass from Alfisols however
appeared to be more than that from the Ultisols. The effect of K- levels on the grain yield is
represented in Figure 4. Addition of K, — level to (i.e. 17KgK/ha to V; (TGx 536-02D) the Alfisols
did not lead to a significant increase in grain yield. Although, for the V, (TGx 923-2E), the K, - level
i.e. 34K gK/ha significantly increased the grain yield. In the Ultisols, both varieties had a significant
grain yield increase at the K, — level i.e. 42KgK/ha. Effects of applied K on the K content in leaves is
represented in Figure 5, and significant increase on K content in leaves was obtained from V; (TGx
923-2F) with K, — level i.e. 34kg K/ha in Alfisols. In the Ultisols, no significant increase was
observed in both varieties. The weight of 100 sampled seeds of soybean as influenced by K is
represented in Table 2, a slight increase in weight of both varieties was obtained from the applied K,
and K, - level in Alfisols. This weight increase was not observed in soybean planted in Ultisols. Table
3 indicates the effects of K on the wrinkledness of soybean seeds. The number of wrinkled seeds was
slightly higher from V; (TGx 536-02D) and V, (TGx 923-2E) that received K, level i.e. 42kgK/ha in
Ultisols. although not significantly different from the control. But those from V, (TGx 923-2E)in K, -
level i.e. 17Kg K/ha in Alfisols showed significant difference from the control plants.

Discussions

The nodules number from applied K - levels was higher than what was obtained from the
control in Alfisols and the K, -level gave significant higher nodule number than K, -level, i.e. 17 Kg
K/ha. But in Ultisols K; i.e. 25Kg K/ha & K, i.e. 42KgK/ha gave a nodule number not significantly
different from each other. However. the nodule count from each treatment was higher than that from
the controls. The non-significant increase observed in plant heights by both varieties treated with K-
Jeaves seemed to suggest that I{ alone probably might not be effective in soybean growth. The
biomass obtained from applied K seemed to indicate that perhaps K alone does not enhance biomass ~
production in soybeans. The grain yield from applied K exhibited positive effective use of K by
soybean. However, it might be advisable for farmers not to apply more than K, —level since these did
not significantly give different values from K; -level. This would remove fertilizers” wastage,
especially, these days that fertilizers are expensive and beyond the reach of the peasant
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Fig. 3: Results of K Levels on Soybean Biomass.
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Fig. 4: Soybean Grain Yield as Influenced by K Treatments.
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Table 2: Weight (g/100 Seeds) of Soybeans as Influenced by K Treatments

Applied Alfisols Ultisols
K-Levels Vi V, V, V,
0] 19.8 17.3 185 16.4
K, 211 20.0 180 20.9
K, 22.0 20.5 18.8 19.9
Mean 19,2 18.7 188 18.9
SE+ 0.30 0.40 0.40 033
V, = TGx 535-02D; V, = TGx 923-2E

The values are means of each treatment from three replicates. Table 3:
Wrinkled of Each Seeds Per 100 Seeds as Influenced by Applied K
Applied Alfisols V, Ultisols
K-Levels V, o V, V,
0 8 5 8
K, 6 9 7
Ks 6 5 9 9
Mean 9 4 9 9
SE+ 0.45 0.65 0.55 0.50

V, = TGx 535-02D; V, = TGx 923-2E
The values are means of each treatment from three replicates.

farmers. K being expected to enhance good performances in soybean growth might have contributed to
the increased grain yield. The K content in leaves was not significantly influenced by K -levels in both
varieties, although it was apparently higher in Alfisols than Ultisols plants. Applied K seems to
encourage higher seed weights in soybean especially in Ultisols. Although weight differences were
obtained between varieties and soils, other factors such as moisture content might be responsible for this
variation because weights were determined on dry weight bases. The wrinkledness in seeds as
influenced by applied K indicated that smoothness in seeds is not controlled by K alone, but other
conditions such as environment and weather factors may be contributing agents to wrinkledness in
seeds. The view of this study is that soybean needs some K as a nutrient contributing to its growth,
performance and yield. Variation in yield would be influenced by the soils and environment. In this
study K contributed to soybean performance, growth and yield more in Alfisols than Ultisols. It would
make sense therefore to grow the crop in Alfisols and K apparently would be needed for soybean
effective performance, growth and yield.
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