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Abstract: Pot experiment was carried out with the objective of evaluating the effect of P & K fertilizer application
for soybean (Glycine max L.) response under greenhouse condition. Three representative surface soil (0-20 cm)
samples were collected from Haramaya, Babile and Dire Dawa sites. Four rates of P (0, 23, 46 and 69 P O  kg2 5

ha ) in the form of TSP and four rates of K (0, 21.5, 43 and 64.5 K O kg ha ) in the form of KCl were used. The1 1
2

soil samples collected were planted with soybean and the treatments were arranged in a completely randomized
design (CRD) with two factors in three replications each. The results showed that increasing the level of P &
K containing fertilizers increased would be the the P & K concentration by the leaves of the plant for Haramaya
and Babile sites. The concentration of P & K by the leaves of the soybean plant in the control treatment (P  K )0 0

was found in the sufficiency range (0.4% for P and 1.92% for K) for Dire Dawa site. In general, the dry weight
content and P & K concentrations in the leaves of soybean plant showed significant difference at P<0.05 level
by the application of treatments for the studied sites. However, further study is recommended to confirm these
findings under field conditions.
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INTRODUCTION production [7, 8]. Potassium regulates osmotic potential

The Ethiopian soils, similar to the other agricultural can take up both exchangeable and non-exchangeable
soils of the tropics, are generally low in available P. forms of K. [11] suggested that fixed or non-exchangeable
Previous research results [1, 2] indicated that most of the forms of K can even be the main source of K for plants.
highland soils of Ethiopia are inherently P deficient and The use of soybean products in the feed and food
hence it is one of the limiting nutrient elements in crop industry has increased steadily [12]. Soybean is valued as
production in the region. The low lands of Ethiopia have a productive and adaptable crop which fits well into the
inadequate rain fall, high temperature and aridity of the cropping patterns of varying agro-climatic conditions.
climate and impeded vegetation growth results in the Soybean is generally considered as a highly versatile
formation of humus poor soils. The environment grain which has many applications in the formulation of
encourages salinization and alkalinization [3]. Phosphorus both human and animal foods and other industrial uses
supplementation can enhance plant growth by increasing [13]. Soybean is a cheap source of quality protein that is
the efficiency of biological nitrogen (N ) fixation, superior to all other plant foods because it has good2

enhancing the availability of macronutrients such as N, P, balance of the essential amino acids. Its seed has close
K, C  and Mg  [4, 5, 6]. protein content and fairly close amino-acids with cow milk2+ 2+

The importance of K as an essential nutrient for [14]. The fat from the soybean is unsaturated type unlike
growth and development of crop plants is well known. saturated fats from animal origin and hence is good for
Potassium is an essential and major nutrient for crop heart patients [15].

in plants and reduces incidence of diseases [9, 10]. Plants
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Recently, soybean is found to be an industrially continuously cultivated for sorghum, maize and
important crop used as anti-corrosion agent, core oil and groundnut which are the dominant crops for this District.
biofuel due to less or no nitrogen element in the oil and as Similarly, Haramaya District is located on the Eastern
disinfectant, in pesticides, printing inks, paints, escarpment of the Rift Valley near 09°, 26  N and 41°, 55  to
adhesives, antibiotics and cosmetics [16]. So far, no work 42° 03  E, at an altitude of 1970 to 1980 masl. Some of the
has been done on soybean response to P & K application dominant crops in this District are sorghum, maize, wheat
in  neutral  and calcareous soils of Ethiopia. Therefore, the and common beans. The total annual average rainfall is
objective of this study was to evaluate the effect of P & 827 mm and the mean temperature is 16.8°C.
K application for soybean response under green house The Dire Dawa Administrative Council (DDAC) is
condition for different soil properties. geographically located in the eastern part of the country

MATERIALS AND METHODS 41°, 52' E, respectively. The DDAC comprises of

Location and Description of the Study Area: The study 960 in the northeast to 2450 m.a.s.l in the southwest.
was conducted in some selected parts of Ethiopia. These Considering land use, the largest proportion of DDAC
areas were Eastern Harargie Zone (Babile and Haramaya comprise of bare lands (60.43%) in which case stones,
Districts) and Dire Dawa Administrative Council as shown rock out crops and exposed soil surface with scrubs and
in Fig. 1. Babile District lies between 8°, 09' and 9°, 23' grass vegetation including bare earth are the main
north latitude and between 42°, 15' and 42°, 53' east components, followed by culturable land (28.1%) and out
longitude and an altitude between 1239 and 1441 m.a.s.l. of this, moderately cultivated land accounts the dominant
The rainy season of the area is bimodal; the short rainy (24.38%) of cultivable land. The cereal crops grown in the
season extends from March to May and the main rainy DDAC are sorghum and maize only. Besides the cereal
season stretches from July to September. The annual crops, a variety of vegetables such as onion, tomato,
rainfall varies from 450 to 900 mm and the annual mean pepper and cabbages, cash crops such as khat, coffee and
maximum and minimum temperatures are 30.9 and 13.5 °C, fruit crops like papaya, banana and guava are also grown
respectively  [17].  Considering  the land use, the land was [18].

’ ’

’

specifically lying at latitude and longitude of 9°, 36' N and

diversified topographic features. Its altitude ranged from

Fig. 1. Map of the study area.
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Soil Sampling, Sample Preparation and Analysis: A bulk areas. The highest exchangeable K was observed in
soil sample was taken from the top (0-20 cm) from Babile, Haramaya and Dire Dawa sites (Table 2). The lowest
Haramaya and Dire Dawa sites). The soil was air dried, exchangeable K was observed in Babile District. As per
ground and passed through a 2 mm sieve and analyzed for the ratings recommended by [28], the exchangeable K
selected physicochemical properties following the contents of the soils were qualified from low to very high
standard laboratory procedures. status. The results were in contrast to the common belief

Laboratory Analysis and Greenhouse Experiment: A Previous research results supported the findings, since
green house experiment was carried out in a completely weathering, intensive cultivation and use of acid forming
randomized design (CRD) with three replications and four inorganic fertilizers on acid soils affect the distribution of
rates of P (0, 23, 46 and 69) kg P O  ha  in the form of TSP K in the soil systems and enhance its depletion [29].2 5

1

and four rates of K (0, 21.5, 43 and 64.5) kg of K O ha  in As depicted in Table 2, the highest bulk density in2
1

the form of KCl following standard procedures [19]. Babile District could possibly be explained by the soil
Available P was determined by Olsen methods [20] and compaction and organic matter (OM) degradation as a
the exchangeable K was determined by using 1 M result of continuous and intensive cultivation. This result
NH OAc [21]. Soil pH was measured potentiometrically in is in harmony with the research findings reported by [30].4

H O and 1 M KCl solution following standard laboratory The highest bulk density noted under Babile District2

procedure [22]. Electrical conductivity of the soil samples could limit root growth, gas exchange and availability of
were measured using conductivity meter [23] less mobile essential plant nutrients, such as P & K [31].

Data Analysis: Data recorded were analyzed using studied areas. The sand contents of the studied soils
Statistical Analysis System version 9.13 [24]. The least varied, with the highest value (Babile District). The clay
significance difference (LSD) test was employed for the contents also varied among the studied soils, which was
mean separation of different treatments. higher in Haramaya (Table 2). Texture is an intrinsic soil

RESULTS AND DISCUSSION variations in particle size distribution of the cultivated

Soil Reaction and Electrical Conductivity: The pH (H O) through sheet and rill erosion.2

varied  from  7.05  to  8.22  (Table 1) in which the lowest
and  the  highest  values  were  recorded  at  Haramaya Effects of Treatments on the Concentration of P & K by
and  Dire  Dawa  sites,  respectively.  According to [25], the Leaves of Soybean: The soil in Haramaya District was
the pH ranges of the soils in the studied areas are from not  deficient  in  P & K. The concentration of P & K by
neutral  to  moderately  alkaline.  [26],  high soil acidity the leaves of the soybean plant in the control treatment
with  1 M KCl solution determination showed the (P  K ) was found in the sufficiency range (0.31% for P
presence of high potential acidity and weathered minerals. and 2% for K) as depicted in Table 3. However, increasing
Electrical  conductivity  (EC)  of  the soils ranged from the P & K containing fertilizers increased the P & K
0.11-0.61 dS m . According to [27], this range is concentration by the leaves of the plant.1

categorized as non saline and implies that the soils are not For most of the treatments applied for Haramaya
salt affected. District, significant differences (p<0.05), were observed

Available P & K and Textural Class: The Olsen The highest concentration of K in the plant leaves for
extractable  P  contents of the soils studied varied from Haramaya District was observed by the application of P
7.02 to 32.10 mg kg  as shown in Table 2. As per the K .1

rating established by [21], the available P content for As shown in Table 4, the studied plant species had
Babile District was qualifying low range. Soil samples significantly different dry weights and P concentration in
collected from this District was below the critical limit for the leaves. The dry weights found by the application of
available P. According to [21] the critical level of available P  K  markedly higher than the dry weights of the other.
P is 8.5 mg kg . There were no significant differences at 95% confidence1

For Haramaya and Dire Dawa sites the available P level between the dry weight obtained by the application
contents were qualifying high range. On the other hand, of treatments P  K , P  K  and P  K , P  K  and P
the exchangeable K varied markedly among the studied K , P  K  and P  K  and P  K  and P  K .

that Ethiopian soils are rich in K for the cultivated lands.

There were textural variations among soils of the

property, but intensive cultivation contributed to the

lands. This could be due to the removal of soil particles

0 0

for plant dry weight and P & K concentration (Table 3).

46

64.5

69 43

0 21.5 0 64.5 23 0 0 43 69

64.5 23 21.5 46 21.5 23 43 46 43
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Table 1: Soil reaction and electrical conductivity
Experimental site pH (H O) pH (KCl) pH EC (ds m )2

1

Haramaya 7.05 ± 0.08 6.2 ± 0.10 -0.85± 0.10 0.110
Babile 7.63 ± 0.05 6.73 ± 0.06 -0.9 ± 0.10 0.110
Dire Dawa 8.22 ± 0.02 7.34 ± 0.03 -0.88 ± 0.04 0.610

pH = change in pH; EC = electrical conductivity

Table 2: Phosphorus, potassium and textural class of soils of the study areas
Particle size
-----------------------------------------------

Experimental site Sand (%) Silt (%) Clay (%) Textural class BD (g/cm ) P (mg kg ) K (cmol(+) kg )3 1 1

Haramaya 49 25 26 SCL 1.26 29.00 1.47
Babile 70 15 15 SL 1.50 7.02 0.23
Dire Dawa 58 20 22 SCL 1.25  32.10 0.84
BD = bulk density; PD = particle density; SCL = sandy clay loam; SL = sandy loam.

Table 3: Interaction effects of the applications of P and K on plant dry weight and concentration of P and K for Haramaya District.
P O  rate (kg ha ) K O rate (kg ha ) Dry weight (g pot ) P conc. (mg kg ) P conc. (%) K conc. (g kg ) K conc. (%)2 5 2

1 1 1 1 1

0 0 9.95 3152.0 0.31 20.00 2.00h n n ef ef

21.5 9.58 3754.7 0.37 27.80 2.78hij m m b b

43 18.96 3799.6 0.38 16.76 1.67a l l h h

64.5 10.87 3980.6 0.39 18.00 1.80fg k k g g

23 0 9.35 4101.3 0.41 22.00 2.20ij j j d d

21.5 9.25 4173.3 0.41 27.43 2.74jk i i b b

43 17.50 4232.6 0.42 22.16 2.21b gh gh d d

64.5 12.22 4314.3 0.43 25.60 2.56d f f d d

46 0 10.68 4217.3 0.42 18.00 1.80g h h g g

21.5 10.51 4388.3 0.44 28.06 2.81g e e b b

43 11.24 4456.3 0.45 28.23 2.82ef c c b b

64.5 13.27 4486.0 0.45 32.56 3.25c b b a a

69 0 8.82 4253.0 0.42 19.00 1.90k g g fg fg

21.5 12.97 4427.0 0.44 18.40 1.84c d d g g

43 11.39 4424.0 0.44 16.6 1.66e d d h h

64.5 9.82 4734.7 0.47 20.83 2.08hi a a e e

LSD 0.47 20.3 0.002 1.14 0.11(0.05)

CV 2.48 0.29 0.29 2.93 2.93
Means within a column followed by same letter are not significantly different from each other at P > 0.05; LSD = least significant difference; CV = coefficient
of variation of treatments

Table 4: Interaction effects of the applications of P and K on plant dry weight and concentration of P and K for Babile District
P O  rate (kg ha ) K O rate (kg ha ) Dry weight (g pot ) P conc. (mg kg ) P conc. (%) K conc. (g kg ) K conc. (%)2 5 2

1 1 1 1 1

0 0 4.34 1521.6 0.15 12.90 1.29j o o i i

21.5 6.23 1695.0 0.17 14.16 1.42hi n n h h

43 9.74 1802.9 0.18 16.53 1.65c m m g g

64.5 6.64 1924.2 0.19 18.76 1.87gh l l f f

23 0 6.33 2039.0 0.20 13.30 1.33ghi k k i i

21.5 6.70 2251.6 0.22 29.90 2.99g i i a a

43 10.37 2365.0 0.23 19.80 1.98b h h e e

64.5 6.18 2558.3 0.25 20.20 2.02i f f e e

46 0 8.25 2113.3 0.21 10.36 1.04de j j k k

21.5 6.7 2785.0 0.28 27.50 2.75g e e b b

43 10.76 2777.3 0.28 21.00 2.10b e e d d

64.5 7.80 3163.3 0.32 16.46 1.65ef b b g g

69 0 8.52 2437.9 0.24 11.73 1.17d g g j j

21.5 7.74 2870.8 0.28 16.46 1.65f d d g g

43 12.16 2951.9 0.29 27.50 2.75a c c b b

64.5 9.45 3327.3 0.33 22.86 2.28c a a c c

LSD 0.47 13.6 0.0013 0.62 0.03(0.05)

CV 3.44 0.39 0.39 2.04 2.04
Means within a column followed by same letter are not significantly different from each other at P > 0.05; LSD = least significant difference; CV = coefficient
of variation of treatments.



Am-Euras. J. Agric. & Environ. Sci., 17 (3): 213-219, 2017

217

Table 5: Interaction effects of the applications of P and K on plant dry weight and concentration of P and K for Dire Dawa Administrative Council.
P O  rate (kg ha ) K O rate (kg ha ) Dry weight  (g pot ) P conc. (mg kg ) P conc. (%) K conc. (g kg ) K conc. (%)2 5 2

1 1 1 1 1

0 0 10.36 4000.3 0.40 19.23 1.92c e e k k

21.5 7.88 5793.9 0.58 35.63 3.53e c c c c

43 20.00 6000.0 0.60 21.56 2.15a b b i i

64.5 8.33 6340.6 0.63 26.10 2.61e a a g g

23 0 6.72 1893.5 0.19 20.00 2.00fg l l j j

21.5 9.04 2287.8 0.23 25.70 2.57d k k g g

43 18.56 2543.5 0.25 25.96 2.59b j j g g

64.5 7.13 2724.9 0.27 32.53 3.25f i i d d

46 0 6.4 2234.1 0.22 15.00 1.50gh k k l l

21.5 5.92 3126.0 0.31 39.60 3.96hi h h a a

43 5.53 3428.0 0.34 39.76 3.97i g g b b

64.5 6.42 3515.0 0.35 31.40 3.14gh g g e e

69 0 6.20 2658.8 0.26 14.00 1.40gh ij ij m m

21.5 5.65 3759.0 0.37 31.13 3.11i f f e e

43 6.68 4217.3 0.42 24.90 2.49fg d d h h

64.5 5.60 4239.6 0.42 28.33 2.83i d d f f

LSD 0.54 122 0.01 0.69 0.069(0.05)

CV 3.8 1.99 1.99 1.51 1.51
Means within a column followed by same letter are not significantly different from each other at P > 0.05; LSD = least significant difference; CV = coefficient
of variation of treatments

The soil in Babile District was below the critical level significantly to K fertilization in intensively cultivated
of  available P. Similarly, the exchangeable K content of soils due to the non exchangeable forms of K which play
the  soil  in  Babile site was 0.23 cmol(+) kg  (Table 2). a role in K concentration by the plant.1

The soil in this District was also below the critical level for The soybean had significant difference in dry
exchangeable K. The low available P and exchangeable K weights and P concentration in the leaves (Table 5) for
in this District might be due to intensive cultivation Dire Dawa site. The soil in Dire Dawa Administrative
without the application of P & K containing fertilizers and Council was not deficient in P & K. The concentration of
the highest BD decreased the availability of P & K. P & K by the leaves of the soybean plant in the control
According to [31], the highest BD could limit the treatment (P  K ) was found in the sufficiency range (0.4%
availability of less mobile essential nutrients, such as P for P and 1.92% for K) as depicted in Table 5.
and K. However, increasing the P & K containing fertilizers

For the studied Babile District, increasing P & K has little effect on the concentration of P & K by the
containing fertilizers at different rates increased the leaves of the plant. The highest P concentration in the
concentration of P & K by the leaves of the soybean plant leaves was found by the application of P  K  (6340.6 mg
as indicated in Table 4. The concentrations of P & K in kg ). On the other hand, the highest concentration of K
the  leaves  of  soybean  plant  by the application of in the leaves of soybean was observed by the application
control treatment (P  K ) were found below the sufficiency of P  K  (39.6 g kg ).0 0

range (0.15% for P and 1.29% for K). According to Jone
(1991) [31], the sufficiency range for leaves of soybean CONCLUSIONS
plant is from 0.26 to 0.5% for P and from 1.71 to 2.50% for
K. This study demonstrated that the soils in the studied

The concentration of P in the leaves of the soybean areas were neutral and alkaline in nature and there were
plant increased as the rate of fertilizer application textural variations for soils in the studied sites.
increased. The highest P concentration was obtained by Application of P & K containing fertilizer had a positive
the application of P  K . Similarly, the concentrations of impact on increasing dry weight of the plant and the69 64.5

K in the leaves of the plant were significantly different for concentration of P & K in the leaves of the soybean plant.
various treatments applied in this study (Table 4). The However, increasing the P & K containing fertilizers has
highest concentration of K in the leaves of soybean was little effect on the concentration of P & K by the leaves of
observed by the application of P  K  (29.9 g kg ). At the plant for Dire Dawa site. Further studies should be23 21.5

1

P  K , the soybean plant responds significantly to the conducted under field conditions to maximize the23 21.5

application of fertilizer. According to [32], plants respond production of soybeans.

0 0

0 64.5
1

46 21.5
1



Am-Euras. J. Agric. & Environ. Sci., 17 (3): 213-219, 2017

218

REFERENCES 13. Omotayo, A.M., V.I.O. Olowe, E. Fabusoro, J.M.

1. Lupwayi, N.Z. and I. Haque, 1996. Phosphorous: A Commercial Demand for Soybean in Nigeria. Making
prerequisite for increased productivity of forage and Nigerian Agricultural Markets Work for the Poor.
browse/free  legumes  in  the  Ethiopian  highlands. 14. Belewu, M.A. and K.Y. Belewu, 2007. Comparative
In: Proceedings of the Second Conference of the physico-chemical evaluation of tiger-nut, soybean
Ethiopian Society of Soil Science. Addis Ababa, and coconut milk sources. International Journal of
Ethiopia. Agriculture & Biology, 9(5): 785-787.

2. Shiferaw, B., 2004. Soil phosphorous fractions 15. Adegoke, G.O., R. Gbadamosi, F. Evwoerhurhoma,
influenced by different cropping system in Andosols P.I. Uzo-peters, K.O. Falade, O. Itiola, O. Moody and
and Nitisols in Kambata-Tenbaro and Wolaita Zones, B. Skura, 2002. Protection of maize (Zea mays) and
SNNPRS, Ethiopia. soybeans (Glycine max) using Aframomum danielli.

3. Abebe, S., H. Hurni, G. Zeleke and B. Debele, 2011. Journal of European Food Research and Technology,
Role of indigenous knowledge in land management 214: 408-11.
for carbon sequestration and sustaining soil based 16. Ngalamu, T., S. Meseka and M. Ashraf, 2012.
ecological services in Damot Sore District, Southern Performance of soybean (Glycine max L Merrill)
Ethiopia. A report submitted to international start genotypes under different planting dates in Sennar
secretariat. Addis Ababa, Ethiopia. State of the Sudan. Journal of Applied Biosciences,

4. Makoi, J.H., S. Bambara and P.A. Ndakidemi, 2013. 49: 3363-3370.
Rhizobium inoculation and the supply of 17. Gizaw,  B.,  2006.  Characterization and classification
molybdenum and lime affect the uptake of of the soils and irrigation water sources of the
macronutrients in common bean (P. vulgaris L.) Bisidimo areas, Babile District in East Hararghe Zone
plants. Australian Journal of Crop Sci., 7(6): 784-793. of Oromia National Regional State. Report on

5. Achakzai, A.K.K. and S.A. Kayani, 2002. Effect of waterman workshop. Haramaya University,
fertilizer, inoculation and sowing time on the chemical Haramaya, Ethiopia.
composition of field grown soybean seeds. Asian J. 18. DDAC (Dire Dawa Administrative Council)., 2011.
Plant Sci., 1(6): 618-621. Dire Dawa Administration Programe of Adaptation to

6. Achakzai,  A.K.K.,  S.A.  Kayani,  M.   Yaqoob  and Climate Change.
A. Nabi, 2002. Effect of fertilizer, inoculation and 19. Okalebo, J.R., K.W. Gathua and P.L. Woomer, 2002.
sowing time on the uptake of phosphorus, potassium Laboratory methods of soil and plant analysis, 2
and sodium content of field grown mature soybean Edition. A Working manual. SACRED Africa.
seeds. OnLine J. Biol. Sci., 2(12): 789-792. 20. Tekalign, T., I. Haque and E.A. Aduayi, 1991. Soil,

7. Alfaro, M.A., S.C. Jarvis and P. J. Gregory, 2003. The plant, water, fertilizer, animal manure and compost
effect of grassland soil managements on soil analysis manual. Plant Science Division Working
potassium availability. Journal of Soil Science and Document No. 13. International Livestock Research
Plant Nutrition, 3(2): 31-41. Center for Africa, Addis Ababa.

8. Zhang,  Q.C.,  G.H.  Wang,  Y.K.  Feng, P. Qian and 21. Freese, D., R. Lookman, R. Merckx and W.H.
J.J. Schoe-nau, 2011. Effect of potassium fertilization Riemsdijk, 1995. New method for long term
on soil potassium pools and rice response in an phosphate desorption from soils. Soil Science
intensive cropping system in China. Journal of Plant Society of America Journal, 59(5): 1295-1300.
Nutrition and Soil Science, 174: 73-80. 22. Van  Reeuwijk,  L.P., 1992. Procedures for soil

9. Epstein, E. and A.J. Bloom, 2005. Mineral Nutrition of analysis, 3 Edition. International Soil Reference and
Plants: Principles and Perspectives, 2  Edition. Information Center (ISRIC), Wageningen, thend

Sunderland, Mass. Sinauer Associates, Inc. Netherlands.
10. Fageria, N.K., 2009. The Use of Nutrients in Crop 23. SAS (Statistical Analysis System) Institute, 2004.

Plants. New York. CRC Press. SAS/STAT user’s guide. Proprietary software
11. Bhonsle, N.S., S.K. Pal and G.S. Sekhon, 1992. version 9.13 SAS Institute, Inc., Cary, NC.

Relationship of K forms and release characteristics 24. Donald, B., 2012. Measuring soil pH. Department of
with clay mineralogy. Geoderma, 54(1): 285-293. forest and natural resources management. State

12. Gandhi, A.P., 2006. Soybean-the greater bean, World University of New York College of Environmental
Grain (USA). Science and Forestry. Syracuse, NY, 13210: 315-470.

Babajide, D.K. Ojo and D.A. Adegbite, 2007.

nd

rd



Am-Euras. J. Agric. & Environ. Sci., 17 (3): 213-219, 2017

219

25. Anon, 1993. Soil chemical analysis: Improvement of 29. Girma, T., 1998. Effects of cultivation on physical and
soil services for agricultural development. Ministry chemical properties of Vertisols in Middle Awash
of Natural Resources Development and Valley, Ethiopia. Communication in Soil Science and
Environmental Protection. UNDP, FAO, Addis Plant Analysis, 29(5): 587-598.
Ababa, Ethiopia. 30. Dolan,   M.S.,    R.H.    Dowdy,     W.B.   Voorhees,

26. Waskom,   R.M.,    T.    Bauder,   J.A.   Davis  and J.F. Johnson and A.M. Bidwell-Schrader, 1992.
A.A. Andales, 2012. Diagnosing saline and sodic soil Phosphorus  and   potassium   uptake   in  response
problems. Colorado State University Extension. Fort to   soil   compaction.    Journal   of  Agronomy,
Collins, Colorado. 84(4): 639-642.

27. Saikhe, H., C. Varadachari and K. Ghosh, 1998. 31. Jones, J.B. Jr., 1991. Plant analysis hand book. Micro
Effects  of  deforestation  and  cultivation  on soil Macro Publisher. Athens, Georrgia.
CEC and contents of exchangeable bases. A case 32. Richards, J.E. and T.E. Bates, 1988. Studies on the
study in Simplipal National Park, India. Plant and Soil, potassium  supplying  capacities  of  Southern
204: 67-75. Ontario  soils.  Canadian Journal of Soil Science,

28. Barber, S., 1984. Soil nutrient bioavailability 68(2): 199-208.
mechanistic approach. Wiley, J. and Sons. Inc., New
York.


