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ABSTRACT

Very little information is available on the effects of long-term fodder crop cultivation on soil properties in
India, mainly because organized fodder production has not yet been widely adopted. Therefore, the present
study was conducted to evaluate the changes in soil physical, chemical and biological properties under
different fodder crop-based systems in Golaghat district of Upper Brahmaputra Valley Zone of Assam.
Continuous cultivation of fodder crops improved several soil properties compared with virgin soil. Soil pH
increased with fodder cultivation, resulting in a relatively less acidic soil reaction. Soil organic carbon
increased under continuous fodder cultivation, with napier grass recording the highest content. Available
nitrogen, phosphorus, potassium, calcium and magnesium also increased, with napier and setaria showing
comparatively higher nutrient contents. Continuous fodder cultivation improved hydraulic conductivity
through increased soil porosity and reduced bulk density, with five years of continuous hybrid napier
cultivation recording the lowest bulk density. Available water content increased under fodder crops. Soil
aggregation and mean weight diameter were higher under continuous cultivation of napier and setaria than
under other fodder crops and virgin soil. Biological properties were also improved, as indicated by higher
microbial biomass carbon, phosphomonoesterase activity and dehydrogenase activity under fodder crops.
The highest microbial biomass carbon was recorded under six years of continuous napier cultivation, while
five years of continuous hybrid napier cultivation recorded the highest phosphomonoesterase and
dehydrogenase activities. Overall, continuous fodder crop cultivation improved the physical, chemical and
biological properties of soil and demonstrated its potential for sustainable soil management in the Upper
Brahmaputra Valley Zone of Assam.

Key words: Fodder crops, virgin Soil, soil physico-chemical properties, soil biological properties.

Introduction

Agriculture and animal husbandry in India are closely
integrated into the socio-economic and cultural fabric of
rural communities, particularly through mixed farming
systems. Livestock provides an important source of
income for small and subsistence farmers and serves as
a form of economic security during crop failures.
Adequate availability of quality fodder is therefore
essential for sustaining livestock production. In addition
to providing feed, fodder crops, particularly perennial

grasses, can contribute substantially to the improvement
of soil quality and the sustainability of agricultural systems.

Perennial fodder grasses have extensive and fibrous
root systems that contribute to soil aggregation, improve
soil structure, enhance water infiltration and increase soil
water retention. Ghosh et al., (2009) reported that soils
under perennial grasses showed increases of 30% in soil
organic carbon (SOC), 70% in mean weight diameter,
20% in available soil water, 40% in hydraulic conductivity,
63% in infiltration rate and 10% in soil microbial biomass
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carbon. Among the grasses, Setaria, Congosignal and
Makunia recorded comparatively higher values of these
soil quality attributes, which were attributed to their
extensive root systems and better soil binding capacity.
The improved soil physical properties and continuous
ground cover provided by perennial grasses also reduced
soil erosion by about 33%, indicating their potential
contribution to ecological sustainability and carbon
sequestration (Ghosh et al., 2009).

The extensive root systems of forage grasses facilitate
water infiltration and transmission, particularly in soils
with poor structural stability. Perennial grasses have also
been reported to improve soil quality and conserve soil
moisture (Dalal et al., 1991; Carter et al., 1994).
Continuous addition and decomposition of root biomass
contribute to the accumulation of organic matter and SOC,
which subsequently influence several soil physical
properties and processes, including aggregate formation
and stability, water-holding capacity, hydraulic conductivity
and resistance to water and wind erosion (Zebarth et al.,
1999; Franzluebbers, 2002; Celik et al., 2004).
Improvements in infiltration rate, hydraulic conductivity
and available water content under perennial grasses are
closely associated with changes in soil pore
characteristics. The water-holding capacity of soil is
primarily governed by the number and size distribution of
pores and the specific surface area of soil particles
(Haynes and Naidu, 1998).

Besides improving physical properties, continuous
cultivation of fodder crops can influence soil chemical
and biological properties through the regular addition of
plant residues and root-derived organic matter. Soil
microbial biomass carbon is considered an important and
sensitive indicator of changes in soil quality under different
land-use and management systems (Sheng et al., 2015).
Enhanced microbial activity under perennial vegetation
may also stimulate the production and activity of soil
enzymes involved in nutrient cycling and organic matter
decomposition (Duchene et al., 2017; Veres et al., 2015).
Thus, long-term cultivation of fodder crops has the
potential to improve the overall physical, chemical and
biological functioning of soil.

Despite these potential benefits, relatively limited
information is available on the long-term effects of
different fodder crop-based systems on soil quality under
the agro-climatic conditions of Assam. Therefore, the
present study was undertaken to quantify the effects of
continuous cultivation of different fodder crops on the
physical, chemical and biological properties of soil in
Golaghat district of the Upper Brahmaputra Valley Zone
of Assam. The specific objectives were (i) to assess the

changes in soil physical properties under continuous
cultivation of different fodder crops, (ii) to evaluate their
effects on soil chemical properties, and (iii) to assess the
changes in soil biological properties under different fodder
crop-based systems. The study was intended to determine
the extent to which continuous fodder cultivation improved
soil quality and to identify fodder crops with greater
potential for maintaining or enhancing soil health under
the conditions of Assam.

Materials and Methods

A field and laboratory study was conducted during
2019-2023 to assess the physical, chemical and biological
properties of soil under different fodder crop-based
systems at Bokakhat, Golaghat district, Assam. The
district lies in the Upper Brahmaputra Valley agro-climatic
zone between 25°50° —26°47° N and 93°16° -94°10’ E,
with a mean annual rainfall of 138.04 cm. The study site,
located on the old Brahmaputra floodplain at 72.2 m above
mean sea level (26°38” 24” N, 93°36° 02” E),
experiences a humid subtropical climate with
temperatures ranging from 11.6°C to 31.78°C and relative
humidity of 52.34-96.5%.

Soil samples were collected from seven fodder crop-
based systems from farmer’s field of Bokakahat. The
systems included 3 years’ continuous cultivation of Napier
(Cenchrus purpureus) followed by 4 years of Maize
(Zea mays), 6 years’ continuous cultivation of Napier
(Cenchrus purpureus), 6 years’ continuous cultivation
of Setaria (Setaria sphacelata), 4 years’ continuous
cultivation of Bajra (Pennisetum glaucum L.), 5 years’
continuous cultivation of Hybrid Napier (Pennisetum
purpureum x Pennisetum glaucum), 4 years’ continuous
cultivation of Oat (Avena sativa) and Virgin soil. The
virgin soil was an uncultivated and undisturbed soil that
had remained free from crop cultivation throughout the
study period. Only organic sources of nutrients, namely
farmyard manure (FYM), compost and crop residues,
were applied to the fodder crop-based systems. Soil
samples were collected from five depths, viz., 0-20, 20—
40, 40-60, 60—80 and 80-100 cm, from each fodder crop
system and the virgin soil. The collected soil samples
were analyzed in the laboratory for various physical,
chemical and biological properties.

All physical and chemical properties of soil were
analysed by using standard laboratory procedures.
Estimation of soil microbial biomass carbon was done
through fumigation-extraction method described by
Jenkinson and Powlson (1976). Estimation of
phosphomonoesterase activities was done colorimetrically
following the method of Tabatabi and Bremner (1969)
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Table 1: Distribution of soil pH under fodder crops and virgin soil.

Napier (3Y) , . . Hybrid .
Depth followed b Napier | Setaria | Bajra e Oat M Virgin SE SD cv
Y pier ean -

(cm) Maize (4Y) 6Y) 6Y) @y 5Y) @y soil (0.05) %
0-20 5.23 5.63 541 5.23 5.63 5.46 543 4.67 0.13 0.33 6.22
20-40 5.12 5.79 5.38 5.69 6.24 5.84 5.68 5.19 0.15 0.40 7.13
40-60 4.78 512 5.93 5.84 5.46 6.21 5.56 4.67 0.22 0.59 10.96
60-80 5.36 5.94 5.70 6.2 5.78 5.97 5.83 5.42 011 0.30 5.25
80-100 5.89 6.23 6.48 6.14 6.32 6.1 6.19 5.32 0.14 0.38 6.23

Table 2: Distribution of electrical conductivity (dSm) of soils under different fodder crops.

Napier (3Y) , . . Hybrid .
Depth followed b Napier | Setaria | Bajra e Oat M Virgin SE SD cv
Y pier ean -

(cm) Maize (4Y) 6Y) 6Y) @y 5Y) @y soil (0.05) %
0-20 0.029 0.018 0.019 0.019 0.023 0.020 | 0.022 0.013 0.002 0.005 | 24.390
20-40 0.019 0.017 0.018 0.018 0.020 0.012 | 0.017 0.012 0.001 0.003 | 19.664
40-60 0.018 0.016 0.014 0.014 0.018 0.017 | 0.016 0.012 0.001 0.002 | 14.760
60-80 0.014 0.008 0.014 0.014 0.017 0.018 | 0.014 0.009 0.001 0.004 | 27.820
80-100 0.011 0.008 0.011 0.011 0.013 0.015 | 0.012 0.006 0.001 0.003 | 27.850

Table 3: Distribution of hydraulic conductivity (cm sec?) of soils under different fodder crops.

Napier (3Y)

Hybrid

Depth followed by Napier | Setaria | Bajra napier Qat Mean Vi rgi n SE SD cv
(cm) Maize (4 ) 6Y) 6Y) @Yy) 5Y) @Yy) soil (0.05) [ %
0-20 0.036 0.119 0.065 0.085 0003 | 0014 | 0.054 0004 | 0017 | 0045 | 95.81
20-40 0.005 0.010 0.042 0.007 0003 | 0002 | 0011 0003 | 0005 | 0014 | 13860
40-60 0.002 0.006 0.009 0.002 0001 | 0001 | 0.004 0003 | 0001 | 0003 | 87.27
60-80 0.001 0.003 0.003 0.001 0001 | 0001 | 0.001 0001 | 0001 | 0001 | 6210

80-100 0.001 0.001 0.002 0.001 0003 | 0001 | 0.001 0001 | 0001 | 0001 | 3307

Table 4: Distribution of bulk density (Mg m) of soils under different fodder crops.

Napier (3Y) , . . Hybrid .
Depth followed b Napier | Setaria | Bajra e Oat M Virgin SE SD cv
Y pier ean -

(cm) Maize (4Y) 6Y) 6Y) @y 5Y) @y soil (0.05) %
0-20 1.34 1.30 131 137 1.30 1.39 1.34 144 0.02 0.05 3.92
20-40 1.36 133 1.34 1.39 1.39 143 137 155 0.03 0.07 5.36
40-60 147 141 135 143 142 145 142 1.70 0.04 011 7.64
60-80 150 151 151 154 1.48 147 150 177 0.04 0.10 6.75
80-100 156 155 1.62 157 154 1.60 157 1.86 0.04 011 6.93

and expressed as pg p-nitrophenol/gm dry soil/ha.
Estimation of Dehydrogenase activities which represents
the total oxidative activities of soil microorganisms during
organic matter breakdown was done following the method
of Casida et al., (1964).

Result and Discussion
Effect of fodder crops on soil physico-chemical
properties

Inclusion of any crops in a cropping system is always
associated with its effect on the soil physico-chemical
properties. It is this effect through which any crop
influences the soil quality and health and ultimately effect

agricultural production.

Soil pH is a property of soil that has a tremendous
influence on the soil behavior and thus availability of
nutrients in soils by effecting chemical environment. The
mean value of soil pH for fodder crops ranged from 5.43
to 6.19 with a mean of 5.74 and for virgin soil, pH values
ranged from 4.67 to 5.32 with a mean of 5.05 (Table 1).

Soil electrical conductivity (EC) is a measure of the
salt content in the soil and it is an important indicator of
soil health. Soil EC is affected by cropping, irrigating,
land use, and history of application of fertilizer, manure,
and compost. Variations in EC values down the profile
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Table 5: Distribution of particle density (Mg m®) of soils under different fodder crops.

Napier (3Y) , . . Hybrid .
Depth followed b Napier | Setaria | Bajra e Qat M Virgin SE SD cv
Y pier ean -
(cm) Maize (4Y) 6Y) 6Y) @y) 5Y) @y) soil (0.05) %
0-20 201 2.00 2.03 211 202 219 2.06 221 0.03 0.09 4.27
20-40 2.22 213 219 2.27 214 221 219 2.32 0.03 0.07 3.06
40-60 2.27 2.25 2.27 2.35 2.28 2.28 2.28 2.39 0.02 0.05 2.22
60-80 2.37 2.34 2.38 2.56 2.33 2.37 2.39 241 0.03 0.08 324
80-100 2.68 251 243 2.63 248 2.54 2.55 2.59 0.03 0.09 343
Table 6: Distribution of water content of soils at field capacity (%) under different fodder crops.
Napier (3Y) , . . Hybrid .
Depth Napier | Setaria | Bajra . Oat Virgin SD cv
followed by napier Mean : SE
(cm) Maize (4Y) 6Y) 6Y) @y) 5Y) @y) soil (0.05) %
0-20 22.39 22.46 22.27 19.19 2294 | 2019 | 2157 20.01 0.57 150 7.02
20-40 21.28 2114 211 1841 22.31 1967 | 20.65 19.87 0.49 129 6.32
40-60 19.68 20.69 20.07 16.58 20.12 1816 | 19.22 18.86 0.54 142 741
60-80 16.94 19.17 19.08 1473 18.06 1649 | 1741 1531 0.66 175 | 1022
80-100 14.32 14.56 15.39 12.96 15.69 1421 | 1452 1312 0.39 1.03 7.20
Table 7: Distribution of water content of soils at permanent wilting point (%) under different fodder crops and virgin soil.
Napier (3Y) , . . Hybrid .
Depth followed b Napier | Setaria | Bajra e Qat M Virgin SE SD cv
Y pier ean -
(cm) Maize (4Y) 6Y) 6Y) @y) 5Y) @y) soil (0.05) %
0-20 10.09 10.2 10.05 9.07 9.58 9.96 9.83 9.52 0.15 041 4.15
20-40 10.65 109 1091 8.55 94 986 | 10.05 9.93 0.33 0.87 8.68
40-60 991 10.86 10.13 8.19 9.25 9.37 9.62 9.63 0.31 0.83 8.62
60-80 8.03 1091 991 8.61 8.83 8.93 9.20 8.52 0.37 098 | 10.76
80-100 7.93 843 9.46 7.29 8.27 8.77 8.36 7.76 0.27 071 8.59
Table 8: Distribution of mean weight diameter (mm) of soils under different fodder crops and virgin soil.
Napier (3Y) . . . Hybrid .
Depth followed b Napier | Setaria | Bajra e Qat M Virgin SE SD cv
Y pier ean - 0
(cm) Maize (4Y) 6Y) 6Y) @y) 5Y) @4y) soil (0.05) Yo
0-20 172 3.85 243 2.46 3.46 139 2.55 121 0.38 100 | 4279
20-40 148 2.39 155 161 2.59 1.09 179 101 0.23 060 | 36.09
40-60 144 130 107 107 137 0.92 120 0.72 0.10 026 | 229
60-80 0.84 1.09 091 0.83 104 0.73 091 0.68 0.06 015 | 17.28
80-100 0.63 0.83 0.73 0.51 0.79 0.52 0.67 0.51 0.05 014 | 2142

also found in both fodder crops and virgin soil. With the
increase in depth the EC values decreases (Table 2).

Hydraulic conductivity, an indicator of the soil’s
capacity to transmit water under saturated conditions,
decreased with increasing soil depth across all locations
(Table 3). Hydraulic conductivity was higher under fodder
crops (0.054-0.001 cm s*; mean 0.014 cm s1) than under
virgin soil (0.004-0.001 cm s?; mean 0.002 cm s1). Six
years of continuous Napier cultivation recorded the highest
mean hydraulic conductivity (0.028 cm s?), followed by
Setaria (0.024 cm s7).

Higher hydraulic conductivity under fodder crops was
associated with lower bulk density, greater porosity and

improved root development. Vegetation can enhance
hydraulic properties by modifying soil structure,
aggregation and root characteristics (Hao et al., 2019;
Cercioglu et al., 2019). The decline with depth was mainly
due to increased bulk density and reduced porosity.

Bulk density (BD) as an essential soil physical
parameter is found to increase down the profile indicating
increase in soil compaction (Table 4). Highest bulk density
was observed in virgin soil ranging from 1.44 Mg m- to
1.86 Mg m down the profile with a mean value of 1.66
Mg m=3. Continuous cultivation of napier grass for six
years showed lowest mean value (1.42 Mg m®) of bulk
density ranged from 1.30 Mg m®to 1.55 Mg m3.
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Table 9: Distribution of organic carbon content (%) of soils under different fodder crops and virgin soil.
Napier (3Y) , . . Hybrid .
Depth followed b Napier | Setaria | Bajra e Qat M Virgin SE SD cv
Y pier ean -
(cm) Maize (4Y) 6Y) 6Y) @y) 5Y) @y) soil (0.05) %
0-20 137 121 131 130 136 133 131 112 0.03 0.09 7.00
20-40 104 131 138 114 126 124 123 1.06 0.05 013 | 10.63
40-60 0.89 1.09 121 111 122 131 114 0.78 0.07 019 | 1746
60-80 0.89 0.64 0.86 0.67 0.79 0.52 0.73 0.61 0.05 014 | 1937
80-100 0.61 0.48 0.52 0.59 0.74 0.47 0.57 0.46 0.04 010 | 1832
Table 10: Distribution of organic carbon content (%) of soils under different fodder crops and virgin soil.
Napier (3Y) , . . Hybrid .
Depth Napier | Setaria | Bajra . Oat Virgin SD cv
followed by napier Mean : SE
(cm) Maize (4Y) 6Y) 6Y) @y) 5Y) @y) soil (0.05) %
0-20 491.1 482.7 509.3 4276 4508 | 4625 | 4722 3820 | 1622 | 4291 | 934
20-40 382.0 438.2 4547 3945 4266 | 3847 | 4135 3638 | 1270 | 3360 | 827
40-60 363.8 4199 345.6 348.1 3987 | 3281 | 3674 2910 | 1629 | 4309 | 12.09
60-80 254.6 268.8 2910 2465 2974 | 2310 | 2649 244.6 9.38 2483 | 948
80-100 200.1 2157 2183 2024 210.3 1792 | 2043 178.3 6.16 1630 | 813
Table 11: Distribution of available phosphorus (kg ha) of soils under different fodder crops and virgin soil.
Napier (3Y) , . . Hybrid .
Depth followed b Napier | Setaria | Bajra e Oat M Virgin SE SD cv
Y pier ean -
(cm) Maize (4Y) 6Y) 6Y) @y) 5Y) @y) soil (0.05) %
0-20 28.67 3043 26.91 26.16 3102 | 2860 | 2863 21.77 0.67 176 6.18
20-40 37.25 38.40 30.64 271.78 35.02 | 2561 | 3245 25.09 2.09 553 | 1761
40-60 33.72 35.66 28.01 25.30 3379 | 2644 | 3049 25.82 1.66 440 | 1476
60-80 26.03 29.30 22.95 23.74 2939 | 2958 | 26.83 23.39 115 304 | 1156
80-100 29.10 2114 31.30 21.28 2576 | 2782 | 26.07 22.74 152 401 | 1566
Table 12: Distribution of available potassium (kg ha) of soils under different fodder crops and virgin soil.
Napier (3Y) , . . Hybrid .
Depth Napier | Setaria | Bajra . Oat Virgin SD cv
followed by napier Mean : SE
(cm) Maize (4Y) 6Y) 6Y) @y) 5Y) @y) soil (0.05) %
0-20 2124 2044 161.2 1437 167.9 | 1213 | 1685 87.0 1676 | 4435 | 28.28
20-40 3004 135.7 180.7 97.0 1211 854 | 1534 98.3 2850 | 7540 | 5182
40-60 2345 88.5 89.7 101.7 126.2 60.7 | 1169 1176 | 2119 | 5604 | 47.92
60-80 1289 715 66.1 62.7 70.2 44.2 739 80.9 9.95 2631 | 3b.12
80-100 97.3 401 279 347 437 36.0 46.6 68.4 9.30 2460 | 49.47

Particle density increased with soil depth and was
higher in virgin soil than in fodder-cropped soils, mainly
due to the lower organic matter content of virgin soil
(Table 5). Continuous fodder cultivation increased organic
matter addition and consequently reduced particle density.
Six years of Napier and five years of hybrid Napier
cultivation recorded comparatively lower particle density,
with mean values of 2.25 and 2.25 Mg m3, respectively.
Overall, the lower particle density under fodder crops
reflected the beneficial effect of continuous organic matter
addition.

The highest percentage of field capacity water
content range were found in case of five years continuous

cultivation of hybrid napier (22.94% to 15.69% with a
mean of 19.82%) followed by six years continuous
cultivation of napier (22.46% to 14.56% with a mean of
19.60%). The mean percent water content of soils at
field capacity under fodder crops was higher than the
virgin soil and decreased with the increase in soil depth
down the profile (Table 6). As reported by Ghosh et al.,
(2009) the saturated water content under grasses was
20% higher than the control. The results of the present
investigation also indicate similar trend. This is basically
due to increased organic matter content, leading to
alteration of pore structure and geometry and also its
role in soil aggregate formation.
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Table 13: Distribution of cation exchange capacity (c mole (p+) kg?) of soils under different fodder crops and virgin soil.

Napier (3Y) , . . Hybrid -
Depth followed b Napier | Setaria | Bajra e Oat M Virgin SE SD cv
y pier ean X
(cm) Maize (4Y) 6Y) 6Y) @4Y) 5Y) @4Y) soil (0.05) | %
0-20 12.68 15.67 13.60 1217 1444 | 1314 | 1362 9.99 0.68 180 | 1372
20-40 1251 14.44 13.18 1113 1393 | 1212 | 1289 6.01 107 283 | 2374
40-60 10.92 13.93 11.00 9.69 1103 | 1092 | 1125 4.72 105 2.78 | 2698
60-80 8.88 11.03 1.22 9.00 10.03 940 [ 926 441 0.82 217 | 2634
80-100 6.59 10.03 6.72 5.87 8.18 6.88 7.38 401 0.71 187 | 2711
Table 16: Distribution of microbial biomass carbon (ugm gm™) in soils under different fodder crops and virgin soil.
Napier (3Y) , . . Hybrid -
Depth followed b Napier | Setaria | Bajra e Oat M Virgin SE SD cv
y pier ean - 0
(cm) Maize (4Y) 6Y) 6Y) @4Y) 5Y) @4Y) soil (0.05) Yo
0-20 484.0 561.6 5183 4369 | 4693 | 4942 | 494.1 2810 | 3382 | 8948 | 1930
20-40 3133 4356 316.8 357.6 3828 | 2395 | 3409 1631 | 3441 | 9104 | 2885
40-60 2240 299.1 264 2231 2603 | 2133 | 2473 1137 | 2221 | 5876 | 25.75
60-80 157.0 197.6 89.9 721 101.0 792 | 1161 61.0 1898 | 5022 | 46.39
80-100 820 78.7 50.3 495 80.7 674 [ 681 35.6 6.95 1840 | 20.01
Table 17: Distribution of phosphomonoesterase (ugmgmhr?) activity in soils under different fodder crops and virgin soil.
Napier (3Y) , . . Hybrid -
Depth Napier | Setaria | Bajra . Oat Virgin SD cv
followed by napier Mean : SE
(cm) Maize (4Y) 6Y) 6Y) @4Y) 5Y) @4Y) soil (0.05) | %
0-20 2053 2713 239.2 974 2806 | 1694 [ 2120 1531 | 2593 | 6861 [ 3370
20-40 1424 230.7 1404 1724 1813 | 1204 | 1646 69.0 1925 | 5095 | 3375
40-60 187.8 132.3 1135 789 164.2 942 | 1285 60.5 1734 | 45838 | 3863
60-80 91.9 57.0 89.2 64.3 79.1 67.1 74.8 417 6.80 17.99 | 2568
80-100 522 326 67.2 195 3.1 270 | 386 312 6.20 1641 | 4371

The water content of soils at permanent wilting point
under fodder crops and virgin soil decreased with the
increase in soil depth of soil profile (Table 7). But with
the increase in soil depth the per cent water content of
soils at permanent wilting point of fodder crops were
higher than the virgin soil.

Available water capacity, which represents the water
readily available to crops, was higher under continuous
cultivation of perennial fodder crops. This improvement
was mainly attributed to increased organic matter and
root biomass from root decay and crop residue
incorporation, which reduced bulk density and enhanced
soil water-holding capacity, infiltration, hydraulic
conductivity, and available water content.

The ranges of mean weight diameter under fodder
crops were higher than the virgin soils and it decreased
down the profile with increase in soil depths (Table 8).
the highest range of mean weight diameter was found in
six years’ continuous cultivation of napier (3.85mm to
0.83mm with a mean of 1.89mm) followed by five years’
continuous cultivation of hybrid napier (3.46mm
t00.79mm with a mean of 1.85mm).

According to Coskun Gulser (2006) forage cropping
increased mean weight diameter by increasing the
proportion of macro-aggregation over the control due to
different root mechanisms. Soil aggregation represented
by mean weight diameter (MWD) and percentage of
water stable aggregate (WSA) was significantly (p <
0.05) affected by long-term pasture (Ghosh et al., 2009).
Similar type of results was observed in the present study.

Organic carbon content decreased with the increase
in soil depth (Table 9). Fodder crops showed high per
cent of soil organic carbon content than virgin soil and
the percent organic carbon is high in case of napier than
other fodder crops. Das et al., (2016) also observed
highest soil organic carbon stock under napier followed
by congosignal grass. The increase in soil organic carbon
under forage compared to the initial value may be due to
high root biomass, and addition of organic matter to the
soil through decaying of large volume of dead roots
(Fissore et al., 2008; Ghosh et al., 2009; Bonnin and Lal,
2012; Kristina et al., 2009).

Nitrogen being the most important nutrient element
responsible for vegetative growth is essentially the most
important parameter for success of forage crops. With
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Table 18: Distribution of Dehydrogenase activity (ugmgm-hr?) in soils under different fodder crops and virgin soil.

Napier (3Y) , . . Hybrid -
Depth followed b Napier | Setaria | Bajra e Oat M Virgin SE SD cv
Y pier ean -

(cm) Maize (4Y) 6Y) 6Y) @y 5Y) @y soil (0.05) %
0-20 22.39 22.46 2.27 19.19 229 2019 | 2157 20.01 057 150 7.02
20-40 21.28 2114 211 18.41 2231 1967 | 20.65 19.87 0.49 1.30 6.32
40-60 19.68 20.69 20.07 16.58 20.12 18.16 | 19.22 11.86 118 312 17.17
60-80 6.94 9.17 9.08 4.73 8.06 6.49 741 531 0.66 175 24.59
80-100 4.32 4.56 5.39 2.96 5.69 4.21 452 312 0.39 1.03 23.86

the increase in soil depths available nitrogen content
decreases down the profile (Table 10). Six years
continuous cultivation of napier grass showed highest
range of available nitrogen content of 482.6 kg ha' to
215.7 kg hat with a mean of 365.1 kg ha™.

Soil available phosphorus decreased with increasing
soil depth but remained higher under fodder crops than in
virgin soil (Table 11). Hybrid napier recorded the highest
phosphorus content (25.76-31.02 kg ha'; mean 31.00
kg hat), followed by napier (21.14-30.43 kg ha*; mean
30.99 kg hat). The higher phosphorus availability under
napier may be attributed to enhanced
phosphomonoesterase activity and greater organic matter
accumulation.

Available potassium content was higher under fodder
crops than in virgin soil and decreased with increasing
soil depth (Table 12).The highest range of available
potassium content was found in continuous cultivation of
three years napier and four years maize (212.4 kg ha*to
97.3 kg ha* with a mean of 194.7 kg hal), followed by
six years continuous cultivation of napier (204.4 kg ha
to 40.1 kg ha* with a mean of 108.0 kg ha?).

Cation exchange capacity of soil in fodder crops were
higher than virgin soil and decreased with the increase in
soil depth down the profile (Table 13).

Soil calcium concentration and availability to crops is
influenced by pH, cation exchange capacity, soil type,
and the concentration of other minerals in the soil. The
soil calcium and magnesium contents decreased with the
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Fig. 1: Distribution of calcium (c mole (p+) kg*) and magnesium

(c mole (p+) kg?) of soils under different fodder crops
and virgin soil.
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increase in soil depth down the profile and fodder crops
showed higher range of calcium and magnesium contents
in soil than virgin soil (Fig. 1).

Effect of fodder crops on soil biological properties

The microbial biomass carbon of fodder crops was
much higher than the virgin soil and biomass carbon
decreased down the profile with increase in soil depth
(Table 16). Highest microbial biomass carbon range was
found in case of six years continuous cultivation of napier
(561.6pgm gm? to 78.7 pgm gm* with a mean of
314.5ugm gm?). Ghosh et al. (2009) observed maximum
soil microbial biomass carbon under setaria. They also
found that soil microbial biomass carbon was 10% higher
under perennial grass than under cultivated cropland
(contraol).

The phosphomonoesterase (PME) activity decreased
with increasing soil depth (Table 17) and was higher under
fodder crops than virgin soil, with the highest activity
recorded under five years of continuous hybrid Napier
cultivation. Zhang et al., (2021) reported that forage
cultivation and organic phosphorus addition can enhance
PME activity, particularly in plant roots and rhizosphere
soil.

Several factors such as soil moisture, oxygen
availability, redox potential, pH, organic matter content,
depth of the soil profile, temperature, and season of the
year, heavy metal contamination and soil fertilization or
pesticide use can effect significantly the dehydrogenase
activity of soil. The dehydrogenase activities of fodder
crops were higher than the virgin soils and in most of the
cases it decreased down the profile (Table 18.).

Conclusion

Continuous cultivation of fodder crops improves soil
physico- chemical and biological properties, soil
aggregation and mean weight diameter of soil. Cultivation
of napier grass and also setaria, seemed to have greater
influence on soil physico- chemical and biological
properties as compared to other fodder crops. Besides
napier, continuous cultivation of setaria as well as
congosignal also showed high improvement of these
properties than other fodder crops. This study reveals
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that incorporation of fodder crop in any cropping system
should be mandatory to maintain soil quality and ensure
higher soil carbon sequestration. With more and emphasis
on organic/ natural farming, inclusion of fodder crop will
also help the animal component in the farming system.
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