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Abstract

A field study was conducted to evaluate the effect of potash management through gliricidia green leaf
manuring on physico-chemical and biological properties of Vertisol during Kharif 2016 at Research field
of AICRP for Dryland Agriculture, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola, Maharashtra.
The six treatments replicated four times in randomized block design comprised of control, 100% RDF
(30:75:30 NPK kg ha1), 75% and 50% N and 100% P through chemical fertilizers and the combinations
of 15 and 30 kg K ha* through gliricidia green leaf manure at 30 DAS and remaining recommended dose
of potassium as basal dose through inorganic fertilizers. The results indicated that application of 100 %
RDF (30:75:30 NPK kg ha) resulted in higher nutrient uptake and soybean yield and was found to be on
par with application of 75% N +100% P+15 kg K (inorganic) +15 kg K through gliricidia. However, the
significant improvement in biological properties of soil was recorded with application of 75% N +100%
P+15 kg K through chemical fertilizers +15 kg K through gliricidia. Hence, it is concluded that
conjunctive application of 75% N +100% P+15 kg K through chemical fertilizers +15 kg K through
gliricidia green leaf manuring at 30 DAS resulted in improvement in Physico-chemical and biological
properties of Vertisols under rainfed conditions.
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Introduction

Soybean (Glycine max. L.) is one of the important oil seed as well as leguminous crop. It is
originated in Eastern Asia/China and is second largest oilseed crop in India after groundnut. It
is a miracle “Golden bean” of the 21% century mainly due to its high protein content-40%, oil-
20%, carbohydrates-30%, fibre-0.5%, lecithin -0.5% and saponin -4%, and it is now making
headway in Indian agriculture. In India, it is mainly grown as oil seed crop and is the cheapest
and richest source of high quality protein. It supplies most of the nutritional constituents
essential for human health. Soybean occupies an intermediate position between legumes and
oilseeds. Gliricidia sepium belongs to leguminous family with subfamily Papilionoideae. It is
a leguminous multipurpose tree and adopts very well in a wide range of soils. The application
of green manures to soil is considered a good management practice in any agricultural
production system because it stimulate soil microbial growth and activity, with subsequent
mineralization of plant nutrients (Eriksen, 2005) ¥ and therefore improve soil fertility and
quality (Doran et al.,1988) 8],

Material and Methods

The experiment conducted at Research field of AICRP for Dryland Agriculture, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola, Maharashtra, which is situated in between 22° 41’ N
latitude and 77°02° E longitude at an altitude of 307.4 m above mean sea level and has a
subtropical climate. The climate is characterized by three distinct seasons viz., summer
becoming hot and dry from March to May. Monsoon characterized as warm rainy from June to
October and winter with dry mild cold from November to February. Most of the rainfall is
received from south west monsoon. The representative soil samples (0-20 cm) were collected
from all the plots at harvest of soybean crop and were analyzed as per standard procedures.
Bulk density was determined by clod coating method as described by Blake and Hartge (1986)
(61, Saturated hydraulic conductivity was determined by constant head method as described by
Black (1965) B, Hydrogen ion activity expressed as pH was measured with pH meter using
1:2.5 soil-water suspension (Jackson, 1973) [ Electrical conductivity (EC) the clear
supernatant extract obtained from soil-water suspension used for pH was utilized for the EC
measurement using a conductivity bridge (Jackson, 1973) [*2, and Walkley and Black method
as described by Jackson (1973) ' was used to determine organic carbon content of soil.
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Soil microbial carbon biomass (Jenkinson and Powlson, 1976)
(131 Dehydrogenase activity (Klein et al. 1971) 18, CO,
evolution (Anderson., 1982) Bl and Alkaline phosphatase
(Tabatabai and Bremner, 1969) 4, were estimated to find out
the biological activity of the soil.

Results and Discussion

Physical and chemical properties of soil

Importance of physical and chemical properties of soil in
relation to plant growth is widely recognized. Continuous
application of inorganic fertilizers increases productivity but
soil fertility status is generally reduced whereas, the combined
application of organic manures and chemical fertilizer
regulate quality; improve crop yield and physical environment
of soil.
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Bulk density

The data pertaining to the bulk density of soil as influenced
by various treatments was statistically non-significant and it
ranged from 1.46 to 1.48 Mg m?, indicating that the lowest
(1.46 Mg m3) bulk density was recorded with the application
of 75% N +100% P+15kg K (inorganic)+15 kg K through
gliricidia (T3) and 75% N +100% P+30kg K through gliricidia
(T4). The higher value of bulk density (1.48 Mg m=) was
found in treatment Ty i.e. control. The lower values of bulk
density in gliricidia treated plots may be due to aggregation of
soil particle due to increasing organic matter as well as
stability of aggregates which leads to increase the total pore
space in soil. Similar results were also reported by Guled et
al. (2002) 19 Selvi et al. (2005) 4. and Kalhapure et al.
(2013) 141,

Table 1: Effect of gliricidia green leaf manuring on physical properties of soil

Treatments BD (Mg m?®) | HC (cm hr?)
T Control 1.48 0.83
T2 100 % RDF (30:75:30 NPK kg ha) 1.47 0.85
T3 | 75% N +100%P+15 kg K(inorganic)+15 kg K through gliricidia 1.46 0.92
Ty 75% N +100%P+30 kg K through gliricidia 1.46 0.90
Ts 50% N +100%P+30 kg K through gliricidia 1.47 0.87
Te 100% K through gliricidia 1.47 0.88
SE (m) + 0.01 0.01
CD at 5% NS 0.03

Hydraulic conductivity

The data pertaining to the hydraulic conductivity of soil as
influenced by different treatments was statistically significant
and it ranged from 0.83 to 0.92 c¢cm hr?! indicating that the
highest (0.92 cm hr?) hydraulic conductivity was recorded
with the application 75% N +100% P+15kg K (inorganic)+15
kg K through gliricidia (T3) and it was found to be on par with
application of 75% N +100% P+30kg K through gliricidia
(T4). The lower value of hydraulic conductivity (0.83 cm hr?)
was found in treatment Ty i.e. control. Green manuring with
gliricidia and inorganic fertilizer applied in combination
recorded higher hydraulic conductivity which might be due to
the better soil particle aggregation, microbial respiration,
increased pore space and decreased soil bulk density. Similar
results were also reported by Bellakki and Badanur (1997) M,
Guled et al. (2002) 9, and Kalhapure et al. (2013) [*4],

pH (1:2.5)

The pH of soil ranged from 8.05 to 8.15, indicating that soil
was moderately alkaline in reaction. The higher value of pH
(8.15) was recorded in control treatment. The lowest pH
(8.05) was recorded with the application of 75% N +100%
P+15 kg K (inorganic)+15 kg K through gliricidia (Ts).
However, treatment wise variation in pH was found to be
non-significant. The lower value of pH in integrated nutrient
management treatments may be due to application of organics
which produce organic acids, thereby reduce the pH of soil.
Decrease in pH may be due to organic matter added with
gliricidia green leaf manuring which acts as a pH buffer,
releasing H* which is responsible for reducing alkalinity of
the soil. Similar results were also reported by Rao and
Janawade (2009) ¥, Kalhapure et al. (2013) 4 and Sanjay
Kumar et al. (2015) 2,

EC (dSm™)
The data in respect of electrical conductivity of soil ranged
from 0.33 to 0.37 dS m*. However, the data indicated that the

lower value (0.33 dS m*) was observed with application of
75% N +100% P+15 kg K (inorganic)+15 kg K through
gliricidia (Ts). However, treatment wise variation in EC
indicated that all the treatments were found to be on par with
each other, except control. The higher value (0.37 dS m™) of
electrical conductivity was recorded in treatment T; i.e.
control. Electrical conductivity did not vary much in different
treatments with incorporation of green manures over fertilizer
application. Similar results were also reported by Vaiyapuri et
al. (2008) [?81, Rao and Janawade (2009) [*%. and Hababi et al.
(2013) 24,

Organic carbon

Organic carbon is an indication of organic carbon fraction of
soil formed due to microbial decomposition of organic
residue. The data pertaining to the organic carbon content of
soil as influenced by different treatments was statistically
significant and it ranged from 0.48 to 0.64% indicating that
the highest (0.64%) organic carbon was recorded with the
application of 75% N +100% P+15 kg K(inorganic)+15 kg K
through gliricidia (T3) and it was found to be on par with
application of 100% RDF (30:75:30 NPK kg ha) (T,), and
treatment receiving 75% N +100% P+30 kg K through
gliricidia (T4). It was also observed that 33.3% and 3.2
increase in organic carbon content was recorded in treatment
T3 as compared to control and 100 % RDF (30:75:30 NPK kg
hal) treatments respectively. The lower value (0.48%) of
organic carbon was found in treatment T, i.e. control. The
higher values of organic carbon content with application of
gliricidia green leaf manuring may be attributed to addition of
organic materials and greater root biomass with their addition
as evidenced from the higher yields obtained in these
treatments. Similar results were also reported by Malewar and
Hasnabade (1995) [7], Surekha and Rao (2009) [?2, Hababi et
al. (2013) ™1 and Aher et al. (2015) 21,
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Table 2: Effect of gliricidia green leaf manuring on chemical properties of soil
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Treatments pH (1:2.5) | EC (dSm™) | OC (%)
T1 Control 8.15 0.37 0.48
T2 100 % RDF (30:75:30 NPK kg ha-1) 8.10 0.36 0.62
Ts | 75% N +100%P+15 kg K(inorganic)+15 kg K through gliricidia 8.05 0.33 0.64
T4 75% N +100%P+30 kg K through gliricidia 8.07 0.34 0.61
Ts 50% N +100%P+30 kg K through gliricidia 8.08 0.34 0.54
Ts 100% K through gliricidia 8.08 0.35 0.52
SE (m) + 0.04 0.01 0.01
CD at 5% NS 0.03 0.03

Biological properties of soil

The observations in respect of soil microbial biomass carbon
and dehydrogenase activity are presented in the Table 3 while,
the results in respect of alkaline phosphatase and CO.
evolution are presented in the Table 4.

Soil microbial biomass carbon

The results pertaining to soil microbial biomass carbon status
of soil was significantly influenced by various treatments. The
soil microbial biomass carbon in soil varied from 99.36 mg
kg soil to 144.48 mg kg soil. The results specified that
treatment with application of 75% N +100% P+15kg
K(inorganic)+15 kg K through gliricidia (T3) recorded highest
soil microbial biomass carbon (144.48 mg kg?soil ) and it
was found to be on par with application with 75% N +100%
P+30kg K through gliricidia (T) and lowest soil microbial

biomass carbon was noted in control treatment (T1). Increase
in soil microbial biomass carbon might be due to application
of gliricidia green leaf manuring which adds mineralizable
and readily hydrolyzable carbon which resulted in higher
microbial activity and in turn higher SMBC content.
Moreover, the SMBC acts as the transformation agent of the
organic matter in the soil. Similar results were also reported
by Kirchner et al. (1993) 81, Chander et al. (1997) [l and
Mali et al. (2015) €1,

Dehydrogenase activity

The results regarding dehydrogenase activity in soil was
significantly influenced by different treatments. The
dehydrogenase activity in soil varied from 25.52 pg TPF g
24 h1t033.51 ug TPFgt24ht

Table 3: Effect of gliricidia green leaf manuring on SMBC and DHA in soil

Treatments SMBC (mg kgt soil) | DHA (ugTPF g*24 h?)
T1 Control 99.36 25.52
T2 100 % RDF (30:75:30 NPK kg ha) 128.27 31.33
T3 | 75% N +100%P+15 kg K(inorganic)+15 kg K through gliricidia 144.48 33.51
T4 75% N +100%P+30 kg K through gliricidia 140.10 31.77
Ts 50% N +100%P+30 kg K through gliricidia 130.20 28.51
Ts 100% K through gliricidia 122.34 27.15
SE (m) + 2.01 0.51
CD at 5% 6.07 1.55

The results showed that treatment with application of 75% N
+100% P+15kg K(inorganic)+15 kg K through gliricidia (Ts)
recorded highest dehydrogenase activity (33.51ugTPF gt 24
h™1) and it was found to be on par with application of 75% N
+100% P+30kg K through gliricidia (T4). The lowest
dehydrogenase activity in soil was recorded in control (T1)
treatment. Relatively stronger effects of gliricidia green leaf
manuring on dehydrogenase activity might be due to the more
easily decomposable component- green manure on the
metabolism of soil microorganisms and due to the increase in
microbial growth with addition of carbon substrate. Similar
results were also reported by Chander et al. (1997) '], Tejada
et al. (2008) 1, Surucu et al. (2014) 31, Mali et al. (2015)
1181 and Aher et al. (2015) 2,

Alkaline phosphatase

The results revealed that alkaline phosphatase was
significantly influenced by different treatments in soybean.
The treatment with application of 75% N +100% P+15kg

K(inorganic)+15 kg K through gliricidia (T3) recorded
significantly highest alkaline phosphatase (201.46ug P-
nitriphenol g* 24 h') and it was found to be on par with
application of 100% RDF (30:75:30 NPK kg ha) (T,) and
75% N +100% P+30kg K through gliricidia (T4). The
treatment with application of 75% N +100% P+15kg
K(inorganic)+15 kg K through gliricidia (Ts) recorded
significantly highest alkaline phosphatase (201.46ug P-
nitriphenol g* 24 h?) and it was found to be on par with
application of 100% RDF (30:75:30 NPK kg ha) (T,) and
75% N +100% P+30kg K through gliricidia (T4). The lowest
alkaline phosphatase was observed in control treatment.
Significantly higher activities of alkaline phosphatase in soil
treated with gliricidia green leaf manuring may be due to
enhanced microbial activity and diversity of phosphate
solubilizing bacteria. Similar results were also reported by
Chander et al. (1997) [/, Abdallahi and N'Dayegamiye (2000)
(1 Tejada et al. (2008) 2%, Mali et al. (2015) (81 and Aher et
al. (2015) [,
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Table 4: Effect of gliricidia green leaf manuring on Alkaline phosphatase and CO2 evolution in soil

Alkaline phosphatase CO:z evolution (CO:2
Treatments P- nitripﬁenoFl)g'1 24 h(}ll)g evolved per 100 g(of soil)
T1 Control 187.97 29.43
T2 100 % RDF (30:75:30 NPK kg hat) 197.87 36.99
T3 | 75% N +100%P+15 kg K(inorganic)+15 kg K through gliricidia 201.46 40.70
T4 75% N +100%P+30 kg K through gliricidia 196.65 38.78
Ts 50% N +100%P+30 kg K through gliricidia 192.12 36.58
Ts 100% K through gliricidia 191.89 34.10
SE (m) + 2.06 0.95
CD at 5% 6.20 2.87

CO:; evolution

The results pertaining to CO, evolution in soil was
significantly influenced by different treatments. The treatment
with application of 75% N +100%P+15 kg K(inorganic)+15
kg K through gliricidia (Ts) recorded significantly highest
CO, evolution (40.70 CO; evolved per 100 g of soil) followed
by treatment with application of 75% N +100%P+30 kg K
through gliricidia (T4). The lowest CO, evolution was
observed in control treatment. The increased metabolically
active microbial biomass could have resulted in increased soil
respiration rate by the application of gliricidia green leaf
manuring. The treatments with inorganic fertilizers alone
recorded comparatively lower rate of microbial respiration.
Similar results were also reported by Tejada et al. (2008) 2%
and Mali et al. (2015) [8,

The results indicated that the use of gliricidia green leaf
manuring at 30 DAS in conjunction with chemical fertilizers
resulted in improvement of physico-chemical and biological
properties of soil. Hence, it is concluded that the integrated
application of 75% N +100% P+15 kg K through chemical
fertilizer+15 kg K through gliricidia green leaf manuring at 30
DAS resulted in improvement in physico-chemical and
biological properties Vertisols under rainfed conditions.

References

1. Abdallahi MM, Dayegamiye AN. Effects of two
incorporations of green manures on soil physical and
biological properties and on wheat (Triticum aestivum L.)
yields and N uptake. Can. J Soil Sci. 2000; 80(1):81-89.

2. Aher SB, Lakaria BL, Swami Kaleshananda, Singh AB,
Ramana S, Ramesh K et al. Effect of organic farming
practices on soil and performance of soybean (Glycine
max) under semi-arid tropical conditions in Central India
J Applied and Natural Science. 2015; 7(1):67-71.

3. Anderson JPE. Soil Respiration. In A.L. Page, R.H.
Miller and D.R. Keeney (ed.) Methods of Soil Analysis.
Part 2. Chemical and Microbiological Properties,
Agronomy Monograph No. 9, ASA-SSSA Publisher,
Madison, Wisconsin, USA, 1982, 831-871.

4. Bellakki MA, Badanur VP. Long-term Effect of
Integrated Nutrient Management on Properties of
Vertisols under Dryland Agriculture. Journal of the
Indian Society of Soil Science. 1997; 45(3):438-442.

5. Black CA. Methods of Soil Analysis" Part 1. Physical
and mineralogical properties including statistics of
measurements and sampling. Amer. Soc. of Agronomy.
Inc. Publisher Madison, Wisconsin, USA, 1965.

6. Blake GR, Hartge KH. Bulk density, in: Methods of soil
analysis part-1, Klute A. (Ed) American society of
Agronomy Inc, and Soil Science of America Inc.
Madison, Wisconsin, USA, 1986, 371-373.

7. Chander K, Goyal SM, Mundra C, Kapoor KK. Organic
matter, microbial biomass and enzyme activity of soils

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

~ 2165~

under different crop rotations in the tropics. Biol Fertil
Soils. 1997; 24.306-310.

Doran JW, Fraser DG, Culik MN, Liebhardt WC.
Influence of alternative and conventional agricultural
management on soil microbial process and nitrogen. Am.
J Alternative. Agr. 1988; 2:99-106.

Eriksen J, Gross sulphur mineralization-immobilization
turnover in soil amended with plant residues. Soil Biol
Biochem. 2005; 37:2216-2224.

Guled MB, Gundlur SS, Hiremath KA, Surkod VS,
Balanagoudar SR. Effect of organic and inorganic
fertilizer on soil physical and chemical properties of
Vertisols under rainfed conditions. Karnataka J Agric.
Sci. 2002; 15(3):509-513.

Hababi, Armin, Abdollah Javanmard, Seyed Bahman
Mosavi, Mohammad Rezaei et al. Effect of Green
Manure on Some Soil Physicochemical Characteristics.
International journal of Agronomy and Plant Production.
2013; 4(11):3089-3095.

Jackson ML. Soil Chemical Analysis. Prentice Hall
Publication Pvt. Ltd., New Delhi, India, 1973.

Jenkinson DS, Powlson DS. The effect of biological
treatments on metabolism in soil. V.A. method for
measuring soil biomass. Soil Biol. Biochem., 1976;
8:209-213.

Kalhapure AH, Shete BT, Dhonde MB. Integrated
nutrient management in maize (Zea mays L.) for
increasing production with sustainability. International
Journal of Agriculture and Food Science Technology.
2013; 4(3):195-206.

Kirchner MJ, Wollum AG, King LD. Soil microbial
populations and activities in reduced chemical input agro
ecosystems. Soil Science Society of America Journal.
1993; 57(5):1289-1295.

Klein DA, Loh TC, Goulding RL. A rapid procedure to
evaluate dehydrogenase activity of soils low in organic
matter. Soil Biol. Biochem. 1971, 3:385-387.

Malewar GU, Hasnabade AR. Effect of long term
application of fertilizer and organic sources on some
properties of Vertisols. J Maharashtra Agric. Univ. 1995;
20(2):285-286.

Mali DV, Kharche VK, Jadhao SD, Jadhao SM, Saoji
BV, Gite PA et al. Soil biological health under long-term
fertilization in sorghum-wheat sequence on swell-shrink
soils of central India. J Indian Soc. Soil Sci. 2015;
63(4):423-428.

Rao, Satyanarayana, Janawade AD. Influence of
integrated nutrient management practices on physico-
chemical properties of cotton growing soils. J Cotton
Res. Dev. 2009; 23(1):60-63.

Sanjay Kumar, Subash Chand, Gautam BPS. Enhance the
soil health, nutrient uptake and yield of crops under rice —


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry http://www.phytojournal.com

wheat cropping system through green manuring. Int.
Journal of Tropical Agriculture. 2015; 33(3):2075-2079.

21. Selvi D, Santhy P, Dhakshinamoorthy M. Effect of
inorganics alone and in combination with farmyard
manure on physical properties and productivity of Vertic
Haplustepts under long-term fertilization. J Indian Soc.
Soil Sci. 2005; 53(3):302-307.

22. Surekha K, Rao KV. Direct and residual effect of organic
sources on rice productivity. J Indian Soc. Soil Sci.,
2009; 57(1):53-57.

23. Surucu A, Ozyazici MA, Bayrakli B, Kizilkaya R.
Effects of green manuring on soil enzyme activity.
Fresenius Environmental Bulletin. 2014; 23(9):2126-
2132.

24. Tabatabai MA, Bremner JM. Use of p-nitrophenyl
phosphate for assay of soil phosphatase activity. Soil
Biol. Biochem. 1969; 1:301-307.

25. Tejada MJ, Gonzalez LA, Garcia-Martinez M, Parrado J.
Application of a green manure and green manure
composted with beet vinasse on soil restoration effects on
soil  properties. Bioresource  Technology. 2008;
99(11):4949-4957.

26. Vaiyapuri K, Amanullah MM, Somasundaram E,
Sathyamoorthi K, Pazhaznivelan S. Post-harvest soil
chemical and physical properties and cotton yield as
influenced by intercropping unconventional green
manuring in cotton. Green Farming. 2008; 2(1):47.

~ 2166~


http://www.phytojournal.com/

