Annals of Arid Zone 37(1): 75-81, 1998

Interactive Effect of Tillage and Phosphate Fertilization in Conjunction with
FYM to Sorghum+Greengram Intercropping System on Physico-chemical

Properties of the Soil

K.C. Laddha and K.L. Totawat

Agriculture Research Station, Rajasthan Agriculture University,

Campus Arjia, Bhilwara 311 001, India

Abstract: Tillage operations,

particularly disc and chisel ploughing, on medium

textured soils for two consecutive years (kharif. 1989 and 1990) significantly lowered
the bulk density and increased soil porosity, water hold%g capacity, hydraulic con-
ductivity and basic infiltration rate of the soil. Incorpotation of farm yard manure
and phosphate fertilization improved the physical conditions of the soil and the

stored soil moisture profile.
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Legumes intercropped with sorghum
may help in stabilizing yields and return
over space and time, apart from stepping
up the pulse production in the country.
Excessive tillage not only deteriorates the
soil environment, but also increases the
cost of production. On the other hand, zero
tillage seriously affects the growth and es-
tablishment of plant through increased weed
competition and poor soil physical con-
ditions. Reduced tillage has been found
highly useful in improving soil physical
environment and the yield of crop without
adverse effect on the environment (Gupta
and Aggarwal, 1992). In dryland soils where
crop depend only upon conserved soil mois-
ture, there is an essential need to enhance
profile water storage. Thus, tillage practices
play an important role in dry farming/rainfed
agriculture, however, proper choice of im-
plements, timely operations and the methods
of their use have to be specified for different
agroclimatic zones. Hard setting soil, and
those having root restricting layers, need

A

some form of mechanical loosening through
deep tillage to conserve soil and water
and facilitate crop growth (Lal, 1989). In-
corporation of FYM not only improves the
soil physical and chemical characteristics,
but also the utilization efficiency of nutrients
by crops (Gaikwad and Khuspe, 1976; Ag-
garwal and Kumar, 1996) through enhanced
soil biological activity. Furthermore, ade-
quate fertilization of surface soil and proper
management are important in promoting
deeper, vigorous and extensive rooting sys-
tem (Tisdale et al., 1993). In view of the
above facts, a field experiment was con-
ducted to elucidate the interactive effect
of tillage, FYM and phosphate fertilization
to sorghum+greengram interactive system
on physico-chemical properties of the soil,
akey factor governing the crop productivity.

Materials and Methods

W

The field experiment was conducted dur-
ing kharif, 1989 and 1990. The mean annual

rainfall of the reg';.uﬁd' 1s 6377 mm, most
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of which is received during the last week
of June to mid September. The soil of
the experimental field was sandy loam in
texture, non-saline (EC, 0.31dS m )havmg
pH of 7.4 and was low in N. (250.2 kg
ha'! ), medium in P (34.5 kg P205 ha )
and high in K (412 kg K0 ha'l).

The experiment was conducted in the
split plot design with main plot treatment
being five tillage operations (conventional
tillage, disc ploughing, chisel ploughing,
minimum tillage and zero tillage) and the
sub-plot treatment being two levels of FYM
(0 and 10 t ha) and three levels of phos-
phorus (0, 30 and 60 kg hal) making in
all, 30 treatments. These treatment com-
binations were replicated four times in a
net plot size of 21.0 sq. m. The same
set of treatments was repeated in the second
year. The tillage treatments were imposed
during seed bed preparation in strips of
30x6 m (main plot). Conventional tillage
had twice (cross) 7.5 cm deep ploughing
with a country plough. Disc ploughing had
one 25 cm deep ploughing with a cross
cultivation. Chisel ploughing had one 40
cm deep ploughing at 52.5 cm spacing,
followed by a cross cultivation. In minimum
tillage, one 12.5 cm deep disc harrowing
was undertaken. No tillage operation was
undertaken in zero tillage treatment.

Sorghum (var. CSH-6) and greengram
(var. K-851) were used as test crops and
were grown in an intercropping system on
the same site under rainfed conditions for
two consecutive years. At the end of two
years of experimentation, soils from each
treatment plot were analyzed for physical
(bulk density, soil porosity, water holding
capacity, basic 1nf11trat10n rate and hydraulic
conductivity), and ch®ical (EC, organic

carbon and available P,Os and K,0) con-
stants using standard methods of analysis.
For determining the bulk density and hy-
draulic conductivity, undisturbed soil cores
were drawn with the help of core sampler
from two depths, 0-15 and 15-30 cm (Ar-
nold, 1986). Hydraulic conductivity was
determined using constant head technique
over the soil column. The water holding
capacity was determined in the disturbed
core of soil samples collected from each
plot to a depth of 30 cm using Keen Raczk-
owsi boxes (Piper, 1950). The infiltration
rate was determined in the field for each
plot using double ring infiltrometer (Singh,
1980). Profile soil moisture was computed
from soil moisture determined gravimet-
rically from three consecutive soil depths,
0-15, 15-30 and 30-45 cm. Test of sig-
nificance (F test) was used for estimating
the treatment differences.

Results and Discussion

Physical parameters

When compared with the values of physi-
cal constants determined prior to the ex-
perimentation, various tillage operations re-
sulted in improvement of the soil physical
conditions (Table 1).

Bulk density and porosity: 1t is apparent
from the data that various tillage treatments
significantly decreased the bulk density and
increased the soil porosity in both 0-15
and 15-30 cm soil layers, as compared
to zero tillage treatments. Disc ploughing
was found to be more effective and mini-
mum values of bulk density of 1.37 and
1.46 Mg m> were recorded as against 1.43
and 1.50 Mg m’ under conventional, and
1.46 and 1.52 Mg m™ under zero tillage
treatment in surface (0-15 cm) and sub-
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Table 1. Initial physico-chemical characteristics of
experimental field

Characteristics Content
Physical
Mechanical separates (%)

Sand 59.71

Silt 22.09

Clay 17.29
Textural class Sandy loam
Bulk density (Mg m’3)

0-15 cm 1.47

15-30 cm 1552

30-45 cm 1.59
Particle density (g/cc) 2.65
Total porosity (%)

0-15 cm 44.53

15-30 cm 42.64

30-45 cm 40.00
Hydraulic conductivity (cm hr')

0-15 cm : 0.76

15-30 cm 0.56
Basic infiltration rate (cm hr') 0.71
Water holding. capacity (%) 33.84
Moisture retention (%)

Field capacity 18.2

Permanent wilting point 89
Chemical
pH 7.40
EC2 (dS m™) 0.31
Organic carbon (%) 0.37
‘Available N (kg ha™) 250.20
Available P20s (kg ha™) 34.35
Available K>0 (kg ha™) 482.40

surface (15-30 cm) layers of soil, respec-
tively.

Decrease in bulk density and increase
in soil porosity to a greater degree, as
a consequence of disk ploughing (deep till-
age), is attributed to the change brought
in pore geometry. Bhusan et al. (1973)

have also reported that deep ploughing re-
sults into more strirring (loosening and mix-
ing) of soil decreasing the large size
aggregates (2 to 5 mm), but improved the
granulation of smaller aggregates (1 to 0.1
mm) (Batra et al., 1972) and thereby in-
creased the total pore spacing of the soil,
and consequently decreased the bulk density
in both surface and sub-surface soil layers,
as a consequence of enhanced and pro-
liferated root growth (Nitant and Singh,
1995). The extent of decrease in bulk density
due to application of FYM and phosphorus
treatment were, 5.52 and 3.47, and 4.57
and 0.67% in both surface and sub-surface
layers, respectively.

Water holding capacity: All tillage op-
erations, except conventional tillage, sig-
nificantly increased -the water holding
capacity of soil over the treatment receiving
zero tillage. Among the different tillage
treatments, disk ploughing was found to
be the best, where the value recorded was
37.89% as against 34.47% and 35.34% re-
corded under zero and conventional tillage,
respectively. Further, incorporation of FYM
increased the WHC (36.78%) of soil over
no FYM treatment (34.89%), however, ap-
plication of phosphatic fertilizers did not
affect this physical parameter.

Basic infiltration rate and hydraulic con-
ductivity of soil: Tillage treatments had sig-
nificantly increased the basic infiltration
of soil over that in zero tillage. The mag-
nitude of increase, due to disc and chisel
ploughing, was to the tune of 79 and 62%
over zero tillage, and 52 and 38% over
conventional tillage treatment, respectively.
Disc ploughing was also found to be the
best, where a maximum value of hydraulic
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Table 2. Effect of tillage, FYM and levels of phosphorus on soil physical parameters

Treatment Bulk density Soil porosity Maximum Basic Hydraulic

(mg m) (%) water infiltration ~conductivity

Soil depth (cm) Soil depth (cm) holding rate (cm hrl)

0-15 15-30 0-15 15-30 capacity (mm hr') Soil depth (cm)

2 (%) 0-15 15-30

Initial values 1.47 152 44.53 42.64 33.84 7.10 0.76 0.56
Tillage
Conventional 1.43 1.50 46.15 43.35 3533 9.90 1.30 1.06
Disk 1.37 1.46 48.17 45.00 37.89 15.10 1.92 1.18
Chisel 1.40 1.49 47.25 43.58 36.02 13.69 1.64 1.57
Minimum 1.41 1.50 46.92 43.52 35.47 9.09 1.54 1.29
Zero 1.46 152 4498 4247 34.47 8.44 1.07 0.87
S.Em+ 0.003 0.005 0.121 07T 0.313 0.004 . 0011 0.008
CD at 5% 0.010 0.014 0.372 0.546 0.963 0.012 0.035 0.027
FYM (t hal)
Fo 1.45 1.53 45.29 42.16 34.89 9.29 1.43 1.26
Fio 1.37 1.46 48.09 45.01 36.78 13.20 1.54 1.38.
S.Emt 0.004 0.003 0.111 0.101 0.302 0.007 0.006 0.008
CD at 5% 0.008 0.008 0.312 0.285 0.850 0.020 0.018 0.021
Phosphorus (P205 kg ha™)
Po 1.44 1.50 45.81 43.22 35.45 I 1.40 .23
P30 1.42 1.49 46.57 43.72 36.14 1E25 1.50 1.36
Peo 1.39 1.49 47.69 43.82 3591 1E3) 1.56 1.38
S.Emt 0.004 0.003 0.136 0.124 0.369 0.009 0.009 0.009
CD at 5% 0.010 0.009 0.382 0.349 NS 0.025 0.022 0.026

conductivity, 1.92 cm hr' was recorded
as against 1.30 and 1.07 cm hr! for the
treatment receiving conventional and zero
tillage. Like tillage treatment, FYM and
phosphate fertilization had also significantly
increased the basic infiltration rate and hy-
draulic conductivity of the soil under study.
The magnitude of increase in basic in-
filtration rate was 42.1% due to FYM treat-
ment. Pelegrin et al. (1988 and 1990) have
also reported that the difference in infil-
tration rate by disc ploughing, chisel plough-
ing and other tillage implements could be

caused by a different structure pattern with
a different pore’ system being created by
them due to influence of plough pan. An
improvement in basic infiltration rate and
hydraulic conductivity of the soil due to
disc, and chiesel ploughing over zero tillage
is attributed to a significant change in the
soil pore geometry and enhanced root
growth in the surface soil layer, which
is also evident by decreased bulk density
and increased porosity under these treat-
ments (Subramanian er al., 1975; Jorge
et al., 1984).
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Table 3. Effect of tillage, FYM and levels of phosphorus on per cent soil moisture content (volume

basis)
Treatment At sowing At harvest
Depth (cm) Depth (cm) :
0-15 15-30 30-45 0-15 15-30 30-45
1989 1990 1989 1990 1989 1990 1989 1990 1989 1990, 1989 1990
Tillage
Convent. 18.43 19.30 2049 2522 1620 2848 10.11 1646 1284 19.01 17.39 21.71
Disc 1892 2039 2120 2640 16.58 29.57 11.58 18.82 14.12 20.37 1820 23.05
Chisel 18.62 1920 21.01 26.11 1630 29.73 10.80 18.39 1345 20.14 1889 22.86
Minimum 18.51 1892 21.23 2570 16.19 2859 1044 18.01 1234 1994 16.62 21.94
Zero 18.15 1820 20.46 2348 1579 26.14 948 1629 10.70 1794 1571 20383
S.Em* 0.107 0.082 0.084 0.084 0.067 0.183 0.068 0.165 0.070 0.143 0.234 0.159
CD. 5% 0331 0253 0257 0257 0205 0.564 0.209 0.507 0.216 0.438 0.719 0488
FYM (t ha)
Fo 18.14 1854 20.43 2468 1590 27.78 9.70 1680 11.75 18.81 16.63 21.35
Fio 1890 19.86 21.32 26.08 1652 2922 1126 1839 13.63 20.15 18.09 22.80
S.Emt 0.060 0.073 0.059 0.076 0.048 0.165 0.076 0.137 0.076 0.160 0.124 0.172
CD. 5% 0228 0207 0.167 0214 0.133 0466 0215 0.387 0.214 0451 0.348 04385
Phosphorus levels (kg P ha'l)
Po 18.48 18.61 2082 2476 16.23 27.86 10.16 17.27 1226 18.89 16.70 21.43
P13 1855 19.17 20902535 16162846 10:515. 17.65-+12.73:41939:F:17.34 + 2205
P2g 18.54 19.81 2090 26.04 1625 29.19 1078 17.86 13.08 20.16 18.04 22.76
S.Em* 0.073 0.090 0.073 0.093 0.081 0202 0.093 0.167 0.009 0.196 0.151 0.211
@b 5% NS 0253 NS 0263 NS 0569 0263 0473 0.263 0.552 0.428 0.595

Soil moisture: Various tillage treatments,
as compared to zero tillage, recorded sig-
nificantly higher moisture content in all
the three soil layers examined during both
the years of investigation (Table 2). The
soil profile moisture as a whole, at sowing
and after harvest of the crop, was higher
in the disc and chisel ploughing treatments.
Likewise, an increase in the soil moisture
content was also evident as a consequence
of FYM during both the years and phosphate
fertilization in the second year of experi-
mentation. An improvement in soil physical
parameters, in turn, resulted in an increased
soil moisture content in different soil layer

of the profile, has also been reported by
Heilman et al. (1991).

Chemical parameters: Different tillage
treatments, though did not influence the
pH, electrical conductivity and available
K status of the soil, but have significantly
altered the organic carbon and available
P status of the soil (Table 3). Significantly
highest values of organic carbon was ob-
served in plot receiving zero tillage (0.42%),
while the soil available phosphorus was
the highest (47.74 kg P2Os ha™') from the
plot receiving disc ploughing treatment. In-
corporation of FYM and P-fertilization have
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also significantly improved the organic carb-
on, and available P2Os and KO status
of the soil. An improvement in the level
of available P in the soil under deep tillage
has also been reported by Gaikwad and
Khuspe (1976). The favorable effect of deep
tillage, FYM and phosphate fertilization
in improving these soil parameters, is an
outcome of increased proliferation of roots
and microbial activity, which in turn have
released the organic acids lowering down
the pH of the soil (Maurya and Gosh,
1972) and releasing the native phosphorus
" and potassium from the soil, apart from
reduction in fixation of applied phosphorus
(Khaini and More, 1984). Higher value
of organic carbon in the plot receiving
zero tillage is attributed to lesser degree
of decomposition of organic matter in the
soil (Carter er al.,1988). Wruke and Arnold
(1985) have also reported that direct drilling
of seed caused changes in soil macro ag-
gregates, reduced the evaporation rate and
increased the microbial biomass, C and
N, total organic carbon and N and extractable
ions, at the surface when compared with
the treatment receiving deep tillage.

The results indicated that deep tillage
treatments (Disc and Chisel ploughing) were
superior to shallow tillage treatments (con-
ventional tillage, minimum tillage and zero
tillage) in improving the physical conditions
of the soil along with chemical parameters
and greater profile water storage, which
in turn resulted in deeper rooting system
for efficient use of water from lower soil
depth during dry spell and better supply
of nutrients to crop. Thus, deep tillage is
especially desirable for enhancing down-
ward movement of water in the profile

for higher crop yields under dryland con-
dition.
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