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Abstract

Interaction of different soil moisture conservation tech-
niqgue (MCT) and pasture species i.e. Cenchrus ciliaris
and Stylosanthes seabrana productivity as well as growth
stage and soil microbial community structure were stud-
ied. In hortipasture system, pasture species had direct
impact on soil microbial community structure. Among soil
MCT, contour staggered trench was significantly better in
conserving soil moisture (5.38 and 4.28 %) at 15-30 and
0-15 cm depth and yielded higher forage (8.28t/ha) of
Cenchrus ciliaris and maximum soil microbial popula-
tion (7.70, 106.40 and 91.68) x10° cfu/g soil of fungi, bac-
teria and actinomycetes respectively. Higher microbial,
fungi, bacteria and actinomycetes population was re-
corded with rhizospheric soil of C. ciliaris, while rhizo-
sphere soil of S. seabrana had lowest microbial popula-
tion. Active growth stage (sprout to flower initiation) of all
crops significantly had higher soil microbial population
than dormant stage. Soil moisture content due to differ-
ent soil MCT also had significant effect on soil microbial
population in all the crops.
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Introduction

Aonla (Emblica officinalis Gaertn) is an important fruit
crop of semi-arid region of India and identified as poten-
tial hortipasture system for semi arid region. Soil micro-
organisms (fungi and bacteria) play a fundamental role
in driving nutrient cycling and carbon turn over in all ter-
restrial ecosystem and are very much affected by
changes in land use, soil cover and management prac-
tices. Productivity and stability of soils as a medium for
plant growth depend greatly on the balance between liv-
ing and nonliving components.

Accepted: 20" June, 2012

Agricultural practices alter soil microbial biomass
(Franzluebbers et al., 1995) and soil microbial commu-
nity composition (Caldero’n et al., 2000). Biological ac-
tivity indicates the potential of soil to support biochemi-
cal processes, which are essential for maintaining soil
fertility (Makoi and Ndakidemi, 2008). Plants are an im-
portant determinant of soil microbial communities. The
soil microbial biomass (fungi and bacteria) is involved
in transformation of C within soil with variable capacity.
Fungi have hyphae that allow them to move, colonize
and degrade more surface litters than that of soil bacte-
ria. Microbial characteristics of soils are sensitive indi-
cators of soil health because of the clear relationships
between microbial diversity, soil and plant quality, and
ecosystem sustainability (Doran et al., 1994). In terres-
trial ecosystems, the above and belowground plant-lit-
ter input constitutes the main resource of energy and
matter for an extraordinarily diverse community of sail
organisms connected by highly complex interactions.
Recycling of carbon and nutrients during decomposi-
tion is a fundamentally important ecosystem process
that has major control over the carbon cycle, nutrient
availability and consequently plant growth and commu-
nity structure (Bardgett, 2005). The introduction of plants
to soil affects the physico—chemical properties and the
biological parameters of the soil environment close to
the growing roots (Hinsinger et al., 2006). The
rhizodeposition of nutrients by plant roots supports in-
creased microbial growth (Mougel et al., 2006). Plant
species and seasonal changes affect the indigenous
bacterial soil communities (Costa et al., 2006) and func-
tion of fungal communities (Mougel et al., 2006). The
effect of plant developmental stage on rhizosphere mi-
crobial communities has not been so widely investi-
gated. The change from young seedling, flowering to
senescence may influence the microbial community
structure. A strong need exists for increased efforts to
investigate the diversity of soil microbes for the
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functional significance of litter decompostion in the sys-
tem for long-term sustainability. While the understand-
ing of microbial properties such as biomass, activity and
diversity are important to further increase knowledge of
the factors contributing to soil health, results of such
analyses may be useful to extension personnel and farm-
ers in devising practical measures of soil quality. The
overall objective of this study was to determine how qual-
ity and quantity of plant litter inputs and different soil
moisture techniques affecting soil microbial community
structure and system productivity in aonla based
hortipasture system.

Materials and Methods

Study was conducted at Central Research Farm of In-
dian Grassland and Fodder Research Institute Jhansi
(longitude 25° 26’ 08" N, latitude 78°, 30’ 21" E and alti-
tude 216 m above msl) during 2010-2011in aonla based
hortipasture system. Grafted plants of aonla ‘NA7’ were
planted during 2007 at 8 x 8 m in 1m? pit, filled with soil
+ 30 kg farmyard manure. The soil was clay loam; con-
taining 38.55% clay, 32.5% sand and 29.5% silt with
around 2 m depth. The initial soil composition was poor
in available N (140-148 kg/ha), P (3.8-4.1 kg/ha) and K
(110.7 kg/ha), low in organic carbon (0.42%), almost
neutral in pH (6.54). The plot size was 40 m x 24 m
having 15 trees /plot (8m x 8m). The inter spaces be-
tween aonla plants was transplanted with rooted slips
of C. ciliaris maintaining 100 cm row spacing and 30 cm
plant to plant. One row of S. seabrana between two rows
of C. ciliaris was sown in alternate row. Five treatments
were tested in RBD. T,: Contour staggered trenches (3
x 0.5 x 0.5m) with catchment of 25 sq. m.; T,: Continuous
contour trench of 0.5 x0.5 m with storage capacity of 0.25
m® (PRM) made at 5 m interval; T,: Deep basin stone
mulch, in a basin diameter of 1.5 m with storage depth
of 0.4 m with 0.1m thickness of stone muich; T,: Vegeta-
tive barrier, transplanting of two rows of Panicum maxi-
mum at 50 cm spacing in cris cross between two rows
of aonla and T,: control without any moisture conserva-
tion technique. The weather parameter during the ex-
periment period were collected (Fig -1) from meteoro-
logical observatory of IGFRI, Jhansi. The data regarding
aonla plant growth parameter (height, collar diameter
and canopy spread) in cm , forage yield (g/h) and soil
microbial population of (fungi, bacteria and actino-
mycetes) soil in the rhizosphere of each crop at three
growth stages (active growth, senescence and dormant)
was recorded. Soil moisture (%) of each soil moisture
conservation treatment was measured from pooled soil
samples from all four sides for two months October and
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November of 2010 at two depths (0-15 and 15-30 cm).
Soil microbialcount in term of colony forming unit (cfu)/g
of rhizosphere soil of each crop from each treatment
was done following serial dilution and plate count meth-
ods (Diaz-Ravina et al, 1992). All the data recorded were
statistically analyzed using statistical package SAS 9.2.

Fig-1 Rainfall distrubution during study period
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Results and Discussion

Effect of moisture conservation: All the moisture con-
servation treatments were significantly better than con-
trol to conserve per cent soil moisture after monsoon at
both the soil depth. Among four MCT, contour staggered
trench had maximum soil moisture content 4.28 percent
at 0-15 cm and 5.38 per cent at 15.30 soil depth respec-
tively during October 2010 and it was significantly better
in conserving soil moisture and conserved nearly double
the control (2.11 percent at 0-15 cm and 15-30cm soil
depth). Continuous contour trench had soil moisture
content 3.96 per cent at 0-15 cm and 4.82 percent at 15-
30 cm soil depth, deep basin stone mulch (3.05 per cent
at 0-15 cm and 4.67 percent at 15-30 cm soil depth) and
vegetative barrier (2.83 per cent at 0-15 cm and 3.64
percent at 15-30 cm soil depth) respectively.

Effect of system productivity: Aonla plant growth and
fodder productivity: Plant height, collar diameter and
canopy spread were significantly higher in all the MCT
than control treatment in both the year (2010 and 2011)
of observation. Maximum plant height, collar diameter
and canopy spread were (280.9 cm, 7.57 cm and 245.2
cm) with contour staggered trench respectively. Similarly,
pasture production from two cuts from both the pasture
species i.e. C. ciliaris and S. seabrana in term of dry
matter (t/ha) was also significantly higher under all MCT
plots than control. Maximum total pasture from both the
cuts of both species was 8.28 t/h obtained from contour
staggered trench followed by continuous contour, deep
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basin stone mulch and vegetative barrier (7.27, 6.77and
5.94) t/ha respectively. However, in control plot where rain-
water was allowed to flow naturally, pasture production
was only 4.07 t/ha during 2010-11. Soil moisture is a
limiting factor for low productivity in arid and semi arid
condition. Higher productivity in MCT plots might be due
to soil moisture for longer period in the MCT plots sup-
ports the growth for long duration of pasture species.
Extended growth period, receipt more sunlight and allow
the crop to more photosynthesis and increases in their
biological yield.

Effect on soil microbial population: Rhizosphere micro-
bial population (fungi, bacteria and actinomycetes) 10°
cfu/g soil was also significantly changed due to different
soil MCT, crops and their growth stages. The higher fun-
gal population (7.70, 4.70 and 3.53) x 10° cfu / g soil was
recorded with crops C. ciliaris, S. seabrana and aonla
respectively in contour staggered trench at active growth
stage, which was significantly higher than control ( 5.09,
2.27 and 2.59) x 105 cfu / g soil and other MCT also (Fig
2a). The MCT and crop species of the aonla system influ-
enced the fungal population in the rhizosphere soil of
respective crop species individually and with interaction
of its growth stages. In general, higher population of fungi
was recorded with fodder species than tree. Fungal popu-
lation in the rhizosphere soil varied with different MCT
and crop with their growth stage. Fungal count was 1.79
- 2.60 x105cfu in aonla, 3.86 - 5.18 x 10° cfu in C. ciliaris
and 1.72 -3.19 x 10° cfu in S. seabrana rhizosphere soil
(Table 1a). The fungal population declined significantly
from active growth stage to senescence and the dormant
stage, minimum being with aonla followed by S. seabrana
and C. ciliaris in dormant stage and varied from 1.49 -
2.98 x 10%cfu, 1.19-3.31 x 10%cfuand 2.71 - 6.26 x 10%cfu
respectively (Table-1c).

Fig.2a Effect of MICT and crops on fungal population
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Treatment and crop

Similarly, bacterial and actinomycetes population were
also influenced with different soil MCT, crop species,
and their growth stage (Fig 2b and 2c). Higher count
(106.40 x 10° cfu) and (32.63 x 10° cfu) /g soil popula-
tion was recorded with C. ciliaris followed by S. seabrana
(94.62 x 10°cfu and 90.61 x 10°cfu) and aonla (46.92 x
10°%cfu and 32.63 x 10°cfu ) of bacteria and actino-
mycetes population respectively at active growth of
crops. It varied from lower to higher as (90.11 - 106.40
and 54.97 - 66.59) x 10°cfu/ g soil, (78.13 - 94.62 x 10 5
cfu and 75.51 - 90.63 x 10 5 cfu) and (34.02 - 46.92 x 10
Scfu and 22.49 - 32.63 x 10 %cfu) with different MCT
treatment at active growth of crops. Declined trend in
bacterial and actinomycetes population was similar to
fungal population and minimum population recorded
when crops become dormant (Table- 1b and 1c).

Fig 2b Effect of MCT and crop on bacterial population
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Fig 2c Effect of MCT and crops actinomycetes population
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Treatment and crop
T1= Contour staggered trenches, T2= Continuous contour
trench, T3= Deep basin stone mulch, T4= Vegetative barrier,
T5= Control (without moisture conservation), MCT= Moisture
conservation technique
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Table 1a. Effect of treatment and crop on microbial population

Treatment Population of microbes x 10%/g rhizosphere soil
Crop Fungi Bacteria Actinomycetes
T, C. ciliaris 5.18 80.48 66.61
S.seabrana 3.19 68.07 62.31
aonla 2.60 35.16 23.86
T, C. ciliaris 4.71 77.48 64.98
S.seabrana 2.61 64.43 59.59
aonla 2.21 32.37 21.23
T, C. ciliaris 4.55 7417 62.87
S.seabrana 2.37 60.39 57.17
aonla 2.12 29.84 19.72
T, C. ciliaris 4.14 67.57 60.07
S.seabrana 2.07 57.29 53.72
aonla 1.98 27.76 17.92
T, C. ciliaris 3.86 64.05 56.73
S.seabrana 1.72 48.11 49.57
aonla 1.79 26.10 16.21
CD >0.05 0.41 04.69 04.20

Table 1b. Effect of treatment and crop growth stage on microbial population

Treatment Population of microbes x 10°/g rhizosphere soil
Growth stages Fungi Bacteria Actinomycetes
T, Active growth stage 5.31 82.65 71.64
Senescence 3.61 61.32 51.76
Dormant 2.04 39.75 29.38
T, Active growth stage 4.32 79.39 69.49
Senescence 3.29 58.39 48.55
Dormant 1.93 36.49 27.75
T, Active growth stage 412 75.68 67.14
Senescence 3.09 55.53 46.46
Dormant 1.83 33.19 26.16
T, Active growth stage 3.85 70.22 63.73
Senescence 2.68 51.48 44 11
Dormant 1.65 30.93 23.86
T, Active growth stage 3.31 67.42 60.28
Senescence 2.50 43.39 40.97
Dormant 1.55 27.45 21.27
CD >0.05 0.24 02.71 02.42

T1= Contour staggered trenches, T2= Continuous contour trench, T3= Deep basin stone mulch, T4= Vegetative barrier, T5=
Control (without moisture conservation), MCT= Moisture conservation technique

Interaction effect of different soil MCT, fodder production
and crop growth stages on soil microbial population was
also significant. Different soil MCT, higher pasture pro-
duction and crop growth stages influenced rhizosphereric
microbial population directly or indirectly in many ways.
The reason may be water conservation for longer period,
which support the growth and sporulation (particularly) in
fungi or microbes in the soil. Higher plant growth sup-
ported by MCT influence root exudation, includes the

secretion of ions, free oxygen and water, enzymes, mu-
cilage, and a diverse array of carbon-containing primary
and secondary metabolites (Uren, 2000) in the rhizo-
sphere which were ultimately utilized by soil microbes.
Plant litter has long been recognizing as one of the im-
portant drivers of terrestrial ecosystem processes. De-
composition process brings about change in chemical
constituents of organic matter that determines the spe-
cies composition of successive colonize and this trend
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continues until organic substrates are mineralized.
Microbial activity is influenced by soil management,
soil nutrition, plant litter, rhizosphere effect, and abi-
otic environment (Steenserth et al., 2003). Hossain, et
al., (2010) also reported that litters from different
grassland species influence the microbial population
in the soil. These decomposer fungi play a vital role in
maintaining the fertility and sustainability in the tropi-
cal forests. Sharma et al., (2011) reported from natu-
ral and managed forest from Northeastern India that
managed practices influenced the fungal species and
species richness.

Host trees can modify their soil abiotic conditions through
their leaf fall quality which in turn may influence the fungal
community composition. Similarly, plants create positive
feedbacks to nutrient cycling because of species differences
in carbon deposition and competition with microbes for
nutrients. Physiological traits such as relative growth rate
(RGR) and specific leaf area (SLA) have been linked to the
success of plant growth and to soil biota (Singh, et al., 2009).
They also reported presence of plants resulted in a signifi-
cant increase in soil moisture content, supports growth in
soil microbial communities but also influences soil abiotic
properties.

Table 1c. Effect of crop and crop growth stages on microbial population

Population of microbes x 10%/g rhizosphere soil

Crop Crop growth stage Fungi Bacteria Actinomycetes
C. ciliaris Active growth stage 6.26 99.00 88.16
C. ciliaris Senescence 4.48 68.88 61.20
C. ciliaris Dormant 2.71 50.36 37.39
S. seabrana Active growth stage 3.31 86.26 83.44
S.seabrana Senescence 2.67 62.34 59.30
S.seabrana Dormant 1.19 30.39 26.68
Aonla Active growth stage 2.98 39.96 27.77
Aonla Senescence 1.95 30.84 18.61
Aonla Dormant 1.49 19.94 12.98

CD >0.05 0.18 02.10 01.88

Conclusions

From the findings of present study on effect of different
soil moisture conservation techniques on production
potential of under story pasture species and aonla
plant growth and their influence on soil microbial com-
munity in aonla based hortipasture system, it can be
cancluded that soil moisture techniques help in higher
fodder production and aonla growth. Similarly, the for-
age crops growth also enhances the microbial popu-
lation directly and indirectly.
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