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Abstract | Sustainability of the soil productivity and soil moisture conservation are two major problems of
rainfed agriculture. Thus, to address these issues, a two year field study was carried out at Agronomic Research
Area of University Research Farm of PMAS-Arid Agriculture University Rawalpindi during 2012-14.The
effects of difterent tillage systemscombined with glyphosate herbicide on soil moisture content,bulk density
and porosity associated with wheat grain yield were evaluated. Seven tillage treatments were applied in the
fallow periods (summer seasons) of both years before sowing of wheat crop. These tillage treatments were (i)
Once Mould board plowing followed by 8 cultivations with planker (1 MBP + 8 CS) as a check, (ii) No-till
tollowed by twice application of glyphosate herbicide (NT + GH), (iii) Once Mould board plowing followed
by twice application of glyphosate herbicide (1 MBP + GH), (iv) Once Mould board plowing followed by
4 cultivations with planker (1 MBP + 4 CS), (v) Once disc harrowing followed by twice application of gly-
phosate herbicide (1 DH + GH), (vi) Once disc harrowing followed by 4 cultivations with planker (1 DH
+ 4 CS)and (vii) Once chisel plowing followed by twice application of glyphosate herbicide (1 CP + GH).
Results of two year study showed integrated use of glyphosate and tillage systems in general did not affect
soil moisture content (P > 0.05). However, soil moisture content was 9% higher in NT + GH as compared
to check (1 MBP + 8 CS; P < 0.05). Soil moisture content was significantly higher at 30-45 cm soil depth as
compared to top soil (0-30 cm; P < 0.05). Besides, higher soil moisture content was measured at wheat devel-
opmental stage relative to other stages (P < 0.05). Soil porosity was significantly higher and bulk density was
significantly lower under two statistically similar treatments, i.e. 1 MBP + 8 CS as well as 1 MBP + 4 CS."The
wheat production was significantly affected by deep tillage systems having highest and statistically similar
yield under the treatments,i.e. 1 MBP + 8 CS as well as 1 MBP + 4 CS. The regression analysis proved that
soil moisture content and bulk density have a great association with tillage systems, whereas, the correlation
analysis proved that soil porosity and tillage intensity have a strong and positive correlation with wheat grain
yield. In conclusion soil moisture dynamics can be improved by combine use of no-till and glyphosate her-
bicide (NT + GH)while soil porosity, its productivity and wheat economical yield in rainfedagriculture can
be enhance by once mould board plowing following 4 cultivations with planker (1 MBP + 4 CS). However,
further long term investigations are recommended tostudy the dynamics of conserved soil moisture under
conservation tillage system.
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Introduction

oil moisture content is the only resource of water

for crop production in rainfed agriculture (Mweso,
2003). Moisture is generally the restraining parame-
ter of crop yields (Lindwall, 1984). Soil particles ar-
rangement and moisture dynamics are reliant on soil
properties, tillage types and prevailing climatic condi-
tions (Celik et al., 2011; A'lvaro-Fuentes et al., 2012).
'The soil moisture fluctuations are of most significance
for semi-arid zones (Lindwall, 1984). Soil moisture is
extraordinarily imperative to make sure good and uni-
form seed germination and sprout emergence (Arsyid
et al., 2009). Organic matter percentage and soil pore
spaces play a critical role in the efficiency and hydrol-
ogy of cultivated soils. Soil pore spaces may be having
different sizes, shapes and continuity which influence
the infiltration, storage and drainage of soil-water,
the translocation and circulation of gases and the
penetration of growing roots into the soil (Kay and
Bygaart, 2002). According to Holland (2004), con-
ventional tillage damages soil makeup by nonstop soil
disturbance, compression that results in soil degrada-
tion through wind and water erosion. Frequent tillage
ultimately adds to the cost of production of crops by
boosting fuel expenses. Soil disturbance through in-
tensive tillage operations also amends its features that
are connected with growth of plants such as moisture,
temperature, nutrients and aeration (E1-T'iti, 2003).In
contrast, conservation tillage systems are the source
of continuous enhancement in soil nutritional sta-
tus, but may or may not have slight effect on crop
yield (Malecka et al., 2012). The basic fundamentals
of conservation agriculture include very little or no
soil disturbance, direct drilling of seed into previous-
ly untilled soil, crop rotation, and enduring soil cov-
er (Derpsch, 2007). Unimpressive response of soil to
reduced and no tillage results into a little uptake of
nitrogen by the crop plants due to its halt in the soil
profile, greater soil bulk density, cooler temperatures
in the winter seasons and resistance of the soil to pen-
etration of crop roots that impede the growth of the
plant root system (Angas et al., 2006). The biolog-
ical, chemical and physical properties of soil which

are interrelated can be modified by reduced or mini-
mum tillage (Thomas et al., 2007). The No-till system
augment the deposition of diverse plant biomass like
weeds on undisturbed soil surface especially in fallow
season due to increases its moisture content after rain-
fall. However, it can accelerate soil microbial activity,
improve aggregate structure and soil physic-chemical
properties predominantly nitrogen content, organic
matter percentage, organic carbon content and cation
exchange capacity of soil; whereas, it decreases car-
bon nitrogen ratio (Madejon et al., 2009; Naudin et
al., 2010; Derpsch et al., 2010; Moussa-Machraoui
et al., 2010; Benitio, 2010; Celik et al., 2011; A'lva-
ro-Fuentes et al., 2012). Conservation agriculture is
spreading rapidly worldwide, but a little work has
been done in Pakistan’srainfed cropping system es-
pecially in Pothwar Region. As all agro-ecosystems
are different; therefore, this study could be very much
helpful for better planning of moisture conservation,
soil improvement and yield enhancement of different

crops for this region (Derpsch, 2007).

Conventionally bred herbicide tolerant (CHT) and
genetically modified herbicide-tolerant (GMHT)
crops have changed weed management practices and
made an important contribution to the global pro-
duction of some commodity crops (Lamichhane et
al.,, 2017). Herbicides are currently the backbone of
weed management in intensive crop production sys-
tems (Heap, 2014). In such systems, effective weed
management without herbicides is inconceivable
in the short-term. However, improvements and/or
adoption of the knowledge and technologies of in-
tegrated weed management (IWM) can achieve
large gains in herbicide reduction with consequential
lower risks of herbicide resistance evolution. For ex-
ample, weeds are more likely to evolve resistance to
some herbicide sites of action (e.g. ALS inhibitors)
than others (Heap, 2014). Glyphosate (N- (phospho-
nomethyl) glycine) is a broad-spectrum systemic
herbicide and crop desiccant. It is an organophos-
phorus compound, specifically a phosphonate. It is
used to kill weeds, especially annual broadleaf weeds
and grasses that compete with crops. It was discov-
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ered to be an herbicide by Monsanto chemist John E.
Franz in 1970 (Franz, 1974). Glyphosate is absorbed
through foliage, and minimally through roots (Spran-
kle et al., 1975; Jump 2015; Jump, 2013) and trans-
ported to growing points. It inhibits a plant enzyme
involved in the synthesis of three aromatic amino ac-
ids: tyrosine, tryptophan, and phenylalanine. There-
fore, it is effective only on actively growing plants
and is not effective as a pre-emergence herbicide. So
this herbicide can easily destroy the fallow period
weeds to make a dead weeds mulch on the soil for
summer moisture conservation up to winter season.
Wiater/moisture that is an important factor for the
crop growth and development is becoming limited
day by day in Pakistan. Therefore, it is the need of
time to conserve water during its excessive availability
to cope the water deficit conditions and the evalua-
tion of this technology in our agro-ecology is neces-
sary before its adaptation. A number of studies have
been conducted on crop productivity in this rainfed
area (Ali et al., 2014; Ali et al., 2016a; 2016b; 2016c;
Sadafetal.,2017), yet there is lack of systematic study
of soil physico-chemical properties dynamics under
conservation tillage systems in wheat. In the light of
the above mentioned facts, it was hypothesized that
integration of conservation tillage and non-selective
systemic herbicide Glyphosate (Round up) applied
at fallow period in summer before seed drilling may
prove an effective way of creating dead weeds mulch
for soil moisture conservation that will ultimately
sustain soil productivity in this area. To test this hy-
pothesis, a two-year comprehensive field study was
carried out to investigate the effect of different tillage
practices along with glyphosate application on bulk
density, porosity and moisture contents of soil and

wheat yield.

Materials and Methods

Experimental details

Site description: A field experiment was conducted
at Agronomic Research Area of University Research
Farm of PMAS-Arid Agriculture University Rawal-
pindi on a sandy loam soil during 2012-14 having
co-ordinates (latitude 33°N, longitude 73° E and al-
titude 500 masl) in Rawalpindi District of Pakistan.

Experimental design: The experiment was laid down
in Randomized Complete Block Design (RCBD)
with factorial arrangement having four replications.
'The net plot size was 13.5 m x 13.5 m.

Treatments: Seven tillage treatments integrated
with glyphosate herbicide @ 2.5 L ha'viz. T,: Once
Mould board plowing followed by 8 cultivations with
planker (IMBP + 8CS) as check, T,: No-till fol-
lowed by twice application of glyphosate herbicide
(NT + GH) where first application of glyphosate was
done at first flush of weeds and second application
of glyphosate was done at second flush of weeds,,
T,: Once Mould board plowing followed by twice
application of glyphosate herbicide (IMBP + GH),
T,: Once Mould board plowing followed by 4 culti-
vations with planker (IMBP + 4CS), T.: Once disc
harrowing followed by twice application of glypho-
sate herbicide (1IDH + GH), T : Once disc harrowing
followed by 4 cultivations with planker (1IDH + 4CS)
and T.: Once chisel plowing followed by twice ap-
plication of glyphosate herbicide (1CP + GH) were

used before sowing of wheat crop.

This study was carried out for two years i.e. 2012-13
and 2013-14. The tillage treatments integrated with
glyphosate were applied in summer seasons while;
crops were grown in winter seasons of both years as
per the requirements of the treatments. A wheat culti-
var Chakwal-50 was used as test cultivar. Its seed was
taken from Barani Agricultural Research Institute
Chakwal. The crop sowing was done on October 23,
in 2012 and on October 28, in 2013 having 22.5 cm
row to row distance. The fertilizers were incorporated
at the rate of 90-60-60 kg ha? N-P-K respectively in
the form of urea (46% N), di-ammonium phosphate
(DAP) (18%N, 46% P,O.) and sulfate of potash (50%
K,O). Nitrogen fertilizer was applied in two splits i.e.
first split was applied at the time of sowing; where-
as, second split was given at tillering stage of wheat.
Phosphorus and potash fertilizers were incorporated
fully at the time of preparation of seed bed.

Soil Sampling: Soil samples were collected through
king tubes of 2.5 cm diameter for the study of soil
moisture contents from a depth of 0-15, 15-30 and
30-45 cm in W shape from each plot and then a com-
posite sample was made to take a working sample at
pre-sowing stage, developmental stage (90 DAS)
and post-harvesting stage of wheat, whereas, samples
were taken from three places in each plot with the
help of soil core sampler of 5 cm diameter and 5 cm
length from only 0-15 c¢m soil depth at pre-sowing
and post-harvesting stage of wheat for the determi-
nation of soil bulk density and porosity and then av-
erage was taken.
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Data collection

Bulk density of soil (Mg m™): To determine the bulk
density of soil, a core sampler having 0.05 m length
and 0.05 m diameter was used at sowing and har-
vesting stage of wheat for each treatment. For this
purpose the soil core sampler was penetrated into the
soil up to the depth of 0-15 cm for filling the inner
vacuum of metal cylinder. Later on the soil out of the
box was scratched with the knife. This soil was then
poured in metal tins and put into the oven at 105°C
up to the constant weight and it was weighed before
and after oven drying. The bulk density of soil was

calculated using following formula;

Bulk Density (Mg m~) = —”
u ensity gm Volume

Porosity of soil (%): The soil porosity was calculated
from predetermined particle density and bulk density
of soil as follows:

Bulk Density (BD)
Percent solids = X
Particle Density (PD)

100

Percent pore space = 100 — Percent solids

BD
Pore spaceratio=1 ———
PD

Soil water contents (%): Soil water contents were de-
termined from 0-15 cm, 15-30 cm and 30-45 cm soil
depths through gravimetric method before sowing
of wheat, at tillering stage of wheat and at post-har-
vesting stage of wheat. Fresh soil samples were tak-
en through king tubes having 2.5 cm diameter in
the metallic cans and weights were recorded through
electric balance. Afterwards, the samples were dried
in the oven at 105 C- till the constant weight. Then
samples were removed from the oven and dry weights
were recorded. Water content at each depth was av-
eraged and converted to a percent basis for respective
treatment, stage and depth using following formula

given by (SAA, 1977).

Weight of Moist Soil — Weight af Dry Soil «

Moisture (%) =
oisture (%) Weight af Dry Soil

100

Yield of wheat (t ha®): For having wheat yield, crop
was harvested from three places of one square meter
area and tied in to bundles. The bundles were sun-

dried for one week and the crop was threshed with
mini wheat thresher located at URF to separate the
grains from straw. The grain yield of each plot was
weighed through electronic balance and it was con-
verted into tonns per hectare.

Statistical tools used

A computer software MSTAT-C (Crop and Soil
Sciences Department of Michigan State University
of the United States) was used to analyze the data
collected for all parameters. Factorial ANOVA was
applied to analyze the data. Least significance dif-
ference test was applied at 5% level of probability to
compare the treatments means (Steel et al., 1997).
Statistix 8.1 version software was used to draw re-
gressions and correlations between different study pa-
rameters. A computer software PAST version 2.17¢

was used for performing Cluster analysis (Hammer
et al., 2001).
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Figure 1: Monthly mean temperature of the ambient air (solid line)
and cumulative rainfall (bars) during 2012-13 and 2013-14 (Ali
etal,2016b).
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Results and Discussion

Meteorological observations

‘There was a significant variation in weather data of two
years. In 1% year of study (month 1 to 12) the moon
soon rains in fallow period were lower than normal
but rainfall was highest during crop growth period
(month 4) that attributed to good establishment of
wheat crop during this year (Figure 1), whereas, rain-
fall was received maximum in summer season (during
fallow period) of 2™ year of study and there was a
long drought spell initiating from the time of sow-
ing to developmental stage of wheat that attributed
to poor germination and development of wheat in 2"
year of study. Although there was an abnormal spell
of rains at maturity stage of wheat, that also negative-
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ly affected the crop in 2 year (month 13 to 24).

Soil bulk density (Mg m™)

'The data regarding bulk density are presented in (Ta-
ble 2). In both years, the bulk density was recorded
from 0-15 cm soil depth at pre-sowing and post-har-
vesting stage of wheat. The mean bulk density of soil
was affected significantly by different tillage systems,
sowing years and sampling stages. In case of tillage
systems, maximum bulk density was recorded in no-
till system followed by the treatment where once disc
harrowing followed by glyphosate was applied. Min-
imum bulk density was recorded in the treatments of
deep tillage with mould board plough followed by 8
and 4 shallow cultivations with cultivator, but they
were statistically at par with each other. The bulk den-
sity was significantly higher in 2013-14 as compared
with 2012-13 (Table 2). Moreover, it was also sig-
nificantly higher at pre-sowing stage than post-har-
vesting stage. The interaction between sowing years
and sampling stages was found significant and it was
found that bulk density was significantly lower at
post-harvesting stage of 2012-13 as compared with
all other treatments (Table 2). The regression line was
drawn between bulk density and wheat grain yield
and that showed a negative effect of bulk density on
grain yield (Figure 2) i.e the grain yield was decreased
with increase of bulk density.

Table 1: Soil physico-chemical properties of experimental
site (Pooled for two years).

Characteristics Soil Depth (cm)
0-15 15-30
Textural class Loam  Loam
Ph 7.35 7.36
Electrical conductivity 0.79 0.82
Saturation percentage 36 36
Organic matter (%) 0.68 0.60
Total nitrogen (mg kg?) 340 298
Available phosphorus (mg kg™) 5.1 4.4
Extractable potassium (mg kg™) 100 100

Soil porosity (%)

The data regarding total porosity (%) of soil are pre-
sented in (Table 2). The mean porosity was affected
significantly under different tillage systems, sow-
ing years and sampling stages. Highest soil porosity
was recorded under the treatment where once mould
board ploughing was run followed by 8 cultivations
that was followed by other deep tillage treatment

with mould board plow following 4 shallow cultiva-
tions. These both treatments were statistically at par
with each other. Minimum porosity was noted un-
der the treatment where no-till system was applied.
In case of sowing seasons, porosity was significantly
higher in 2012-13 as compared with 2013-14. Sim-
ilarly soil porosity was recorded significantly higher
at post-harvesting stage in comparison with pre-sow-
ing stage of wheat (Table 2). The interaction between
sowing years and sampling stages was found signif-
icant and it was found that soil porosity was signif-
icantly higher at post-harvesting stage of 2012-13
as compared with all other treatments. A regression
line was drawn between soil porosity and wheat grain
yield and it was found that there was a positive and
strong relationship between grain yield and soil po-

rosity (Figure 3).
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Figure 2: Relationship between soil bulk density and wheat grain
yield of all treatments together (P<o0. 05,y = 13.1-6.2525%; R’ =
0.47).
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Figure 3: Relationship between soil porosity and wheat grain yield
of all treatments together (P < 0. 05y =-3.3911 - 0.1637x; R® =
0.46).

Soil moisture contents (%)

Soil moisture contents were measured in both years
under each tillage treatment from three soil depths
i.e. 0-15 cm, 15-30 cm and 30-45 cm at three times
i.e. at pre-sowing stage of wheat, at developmental
stage of wheat and at post-harvesting stage of wheat.
In the mean data of two years it was found that till-
age systems and sowing years did not affect the soil
moisture contents significantly (Figure 4). However,
soil moisture content was 9% higher in NT + GH
as compared to check (1 MBP + 8 CS; P < 0.05).
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Table 2: Soil bulk density and porosity (Mean + SE) as
influenced by tillage system, sowing year and sample stage.

Tillage System (T) Soil Bulk Density Soil Porosity

(Mgm") (%)
1 MBP + 8 CS 1.53 + 0.05*c 42 + 2.0a
NT + GH 1.68+0.05a 37+1.7c¢
1 MBP + GH 1.60 + 0.05 abc 40 + 1.9abc
1 MBP + 4 CS 1.54+0.05c 42 +1.8a
1 DH + GH 1.64 + 0.04ab 38 £ 1.3bc
1DH +4CS 1.58 + 0.04bc 40 £1.7 ab
1CP+ GH 1.59 + 0.06bc 40 + 2.1ab
LSD Values 0.09 3.40
Sowing Year (Y)

2012-13 (Y1) 1.52 +0.03b 43+ 1.1a
2013-14 (Y2) 1.67 + 0.02a 37+£0.7b
LSD Values 0.05 1.8
Sampling Stage (S)

Pre-sowing (S1) 1.68 £ 0.02a 37£0.7b
Post-harvesting (S2) 1.52 +0.03b 43+1.1a
LSD Values 0.05 1.8
Interaction

TxY NS NS

TxS NS NS
TxYxS NS NS

SxY #* (P<0.01) #* (P<0.01)
S1xY1 1.69 + 0.03a 37+1b
S1xY2 1.67 +0.03a 37+1b
S2 xY1 1.36 + 0.03b 49+ 09 a
S2 xY2 1.68 + 0.02a 37+09b
LSD Values 0.07 2.5

*1 Any two means in a column within tillage system or sowing year
or sampling stage not sharing a common letter differ significantly at
5% level of probability; ™*: Highly Significant; NS: Non-significant;
MBP: Mouldboard ploughing; NT: Mo tillage; GH: Glyphosate
herbicide; CS: Cultivations; DH: Disc harrowing; CP: Chisel
ploughing (Ali et al., 2016¢).

Minimum moisture was recorded under the con-
ventional tillage system where one deep plowing
was conducted following 8 shallow cultivations with
cultivator that was statistically at par with all other
treatments. In 2013-14 the mean moisture contents
were higher than 2012-13 that were statistically at
par with each other (Figure 5). However soil mois-
ture contents were significantly different under three
soil depths and at three sampling stages (Figure 6).
Maximum moisture was recorded at 30-45 cm soil
depth and minimum moisture was found at 0-15 cm
soil depth that was statistically at par with medium
soil depth i.e. 15-30 cm. Similarly significantly high-
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Figure 4: Effect of tillage system on soil moisture contents (Overall
means of two years, three soil depths and three sampling stages).

Small letters on bars indicate the difference among treatments at 5%
probability level. Error bars shows standard error of the mean. Insets

in figure represent outcomes of the analysis of variance (ANOVA).
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Figure 5: Effect of sowing year on soil moisture contents of all treat-
ments together.
Error bars shows standard error of the mean. Insets in figure repre-
sent outcomes of the analysis of variance (ANOVA); NS = non-sig-

nificant.
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Figure 6: Effect of soil depth on soil moisture content of all treat-
ments together.

Small letters on bars indicate the difference among treatments at 5%
probability level. Error bars shows standard error of the mean. Insets
in figure represent outcomes of the analysis of variance (ANOVA).
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er moisture was recorded at developmental stage of
wheat followed by post harvesting stage, whereas,
minimum moisture was recorded at pre-sowing stage
of wheat (Figure 7). The interaction between sow-
ing years and sampling stages was found significant.
Maximum moisture was recorded from developmen-
tal stage of wheat in 2012-13 and it was minimum at
pre-sowing stage of wheat in same year (Figure 8).
The interaction was highly significant between sam-
pling stages and soil depths. Maximum moisture was
recorded from 30-45 soil depth at developmental and
post-harvesting stage that were statistically at par
with each other and minimum moisture was record-
ed from 15-30 cm soil depth at pre-sowing stage of
wheat (Figure 9).

ANOVA Table
df F-value
1 8 0 _ Sampling Stage 2 20376

P-value n?
<0.001 0.074

16.5 - b
15.0 -

13.5 2

Soil Moisture Content (%)

Pre-sowing Developmental Post-harvesting
Sampling Stage

Figure 7: Effect of sampling stages on soil moisture content of all
treatments together.

Small letters on bars indicate the difference among treatments at 5%
probability level. Error bars shows standard error of the mean. Insets
in figure represent outcomes of the analysis of variance (ANOVA).

m2012-13 m2013-14

ANOVA Table

df F-value P-value 72
Year 1 1.244 0.265 0.002
Sampling Stage 2 21.899 <0.001 0.081
Year x Sampling stage 2 23.626 <0.001 0.087

—

*®

(=]
]

._.
o
W

_.
b
o

—_
W
(V)]

Soil Moisture Content (%)

Developmental
Sampling Stage

Post-harvesting

Pre-sowing

Figure 8: Effect of sampling stage on soil moisture content of all
treatments together during 2012-13 and 2013-14.

Small letters on bars indicate the difference among treatments at 5%
probability level. Error bars shows standard error of the mean. Insets
in figure represent outcomes of the analysis of variance (ANOVA).

H0-15cm ®15-30cm  =30-45 cm
ANOVA Table
df F-value P-value n?
Soil Depth 2 26.049 <0.001 0.095
Sampling Stage 2 22.449 <0.001 0.083
Soil Depth x Sampling stage 4 3.277 0.011 0.026
18.0 - a a
ab [
16.5 be

_.
el
o

—_
W
()]

Soil Moisture Content (%)

Pre-sowing Post-harvesting

Developmental

Sampling Stage

Figure 9: Effect of sampling stage and soil depth on soil moisture
content of all treatments together.

Small letters on bars indicate the difference among treatments at 5%
probability level. Error bars shows standard error of the mean. Insets
in figure represent outcomes of the analysis of variance (ANOVA).

Table 3: Wheat grain yield as influenced by tillage system

and sowing year.

Tillage system Wheat Grain Yield (t ha™)

Sowing year

2012-13  2013-14 Means
1 MBP + 8 CS 4.01 a* 3.80 ab* 3.90 a*
NT + GH 3.01 be 2.87 be 2.94 be
1 MBP + GH 2.91 be 3.59 ab 3.25 abc
1 MBP +4 CS 3.39ab 3.55ab 3.47 ab
1 DH + GH 3.04abc  2.10cd 2.57 ¢
1DH +4CS 3.11ab 3.18 ab 3.15 be
1CP + GH 3.36 ab 1.77d 2.56 ¢
Means 326 NS 298 3.12

*: Any two means within a column or row not sharing a common
letter differ significantly at 5% level of probability; NS: Non-signif-
icant; MBP: Mouldboard ploughing; N'T: No tillage; GH: Glypho-
sate herbicide; CS: Cultivations; DH: Disc harrowing; CP: Chisel

ploughing.

Wheat grain yield (t ha')

The grain yield is the ultimate product of all yield
components of wheat. The overall data regarding
grain yield are given in (Table 3). The data revealed
that the tillage systems significantly affected the grain
yield; whereas, sowing years did not affect the grain
yield significantly. The interaction of tillage systems
and sowing years was also found significant. Maxi-
mum grain yield (3.90 t ha') was obtained in 1 Mould
board plowing + 8 cultivations that was statistically at
par with 1 Mould board plowing + glyphosate and
1 Mould board plowing + 4 cultivations; whereas,
minimum grain yield (2.56 t ha') was recovered in

1 Chisel plowing + glyphosate followed by 1 Disc
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harrowing + glyphosate and No-till + glyphosate (Ta-
ble 3 and Figure 11). In 2012-13, the grain yield was
slightly better as compared to 2013-14, but statisti-
cally non-significant (Table 3). In case of interaction
of tillage systems and sowing years, maximum grain
yield was achieved in 1 Mould board plowing + 8 cul-
tivations during 2012-13, followed by 1 Mould board
plowing + 8 cultivations in 2013-14, 1 Mould board
plowing + glyphosate during 2013-14 and 1 Mould
board plowing + 4 cultivations during 2013-14; while
minimum grain yield was attained in case of 1 Chisel
plowing + glyphosate followed by 1 Disc harrowing +
glyphosate and No-till + glyphosate during 2013-14
(Table 3).

Bulk density is an important physical property of soil
that is directly or indirectly responsible for the root
penetration of crops, infiltration rate of water and
aeration of soil. It also has a great influence on soil
aeration and movement and uptake of nutrients and
water. The bulk density of a soil gives an indication of
the soil’s strength and thus resistance to tillage imple-
ments or plants as they penetrate the soil. Bulk den-
sities in excess of 1.6 Mg m™ can restrict root growth
and result in low levels of water movement into and
within the soil. The higher bulk density under (NT
+ GH) may be due to non-disturbance of soil which
may have ultimately reduced the porosity and infil-
tration rate of water and consequently the moisture
content may have increased in (NT + GH) at all soil
depths if properly crop residues are retained (Table 2).
'The mean bulk density of 2013-14 was significant-
ly higher than 2012-13 this higher bulk density in
2013-14 may be due to very low rainfall in 2013-14 as
compared with 2012-13 and it may also be due to the
effect of minimum disturbance of soil under conser-
vation tillage treatments which may have ultimately
reduced the porosity and infiltration rate of water. The
mean bulk density of two years at pre-sowing stage
was significantly higher than post-harvesting stage
of wheat that may be due to no or minimum distur-
bance of soil under conservation tillage treatments.
'The results are in line with Hossain et al. (2004), who
recorded that the bulk density of soil was increased
significantly by no-tillage. According to Aikins and
Atuakwa (2012), the bulk density was increased in
no-till over disc harrowing and disc ploughing. Simi-
larly, Matecka et al. (2012) reported an increase in the
soil bulk density value of 0.15 Mg m™ in the surface
soil layer at 0-5 cm soil depth in reduced tillage, while
no-tillage caused an increase bulk density (0.30 Mg

m™) over conventional tillage. He also found non-sig-
nificant differences in bulk density between tillage
systems at 10-20 cm soil depth. Higher penetration
resistance and soil bulk density under tillage with ro-
tavator (minimum tillage) over tillage with cultivator
(conventional tillage) was recorded by (Ahmad et al.,
2010).

Porosity is also another important soil physical prop-
erty that has great influence on soil water recharge.
Porosity is the opponent of bulk density, if bulk den-
sity increases then porosity decreases unquestiona-
bly. The higher total porosity under (IMBP + 8CS)
may be due to maximum disturbance of soil through
frequent and intensive tillage, which may have ulti-
mately increased the porosity and consequently the
moisture use efficiency, whereas, the significantly low-
er porosity in no-till treatment may be due to contin-
uously non disturbance of soil in both years (Table
2). The overall mean total porosity in 2012-13 was
significantly higher than 2013-14 that may be due to
previous cultural practices adopted at experimental
soil that was decreased with the passage of time under
conservation tillage practices. The mean total porosity
at post-harvesting time was significantly higher than
pre-sowing stage of wheat that may be due to crop
residues retained on the soil surface in conservation
tillage treatments. Similar results were reported by
Aikins and Afuakwa (2012), who stated that tillage
practices significantly affected soil porosity for both
the 0-10 cm and 10-20 cm soil layers where the disc
ploughing followed by disc harrowing treatment pro-
duced the highest total porosity while the No-tillage
treatment gave the lowest total porosity. Higher total
porosity in the tilled plots compared with the No-till-
age plots for organic soils of North Central Ohio was
also reported by (Elder and Lal, 2008). According to
Auskalnis, (2005), in comparison of conventional and
conservation soil tillage methods there was significant
effect on soil bulk density, structure and total porosity.

It is obvious from the data shown (Figures 4, 5, 6, 7,
8 and 9) that tillage systems and sowing years had
not significant effect on soil moisture content, but the
mean moisture content of three sampling stages dif-
fered significantly from each other in all the three soil
depths. The reason behind non-significant results for
tillage systems may be that the higher moisture con-
tents of deepest soil layer, i.e. 30-45 cm may have been
used efficiently by the crop under no-till and mini-
mum tillage treatments as the moisture of upper soil
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layer may have been evaporated easily due to unavail-
ability of soil mulch at no-till surface soil, whereas, the
moderate moisture content of upper soil layer,i.e.0-15
cm may have been consumed efficiently by the treat-
ments with maximum or reduced tillage that attribut-
ed to the non-significant results. Minimum moisture
recorded under the conventional tillage system may
be due to more soil aeration, maximum crop water use
efficiency under this treatment and maximum evap-
oration of soil moisture through higher soil porosity.
The total moisture contents recorded in 2013-14 was
slightly higher as compared to 2012-13. The higher
moisture content in 2013-14 may be due to the rea-
son that the conservation tillage treatments conserved
more moisture under the deeper layer of soil during
excellent monsoon rainfall that could not be absorbed
by the crop due to less soil porosity and movement
of water through the soil profile in no-till and other
reduced tillage systems. In conclusion, no apprecia-
ble moisture content differences were observed from
sowing to harvesting of wheat under difterent tillage
systems in both years individually and in pooled data;
this may be due to short duration of experiment and
loamy texture soil of experimental area that did not
held the moisture for longer period after each rain-
fall. The higher moisture in 2012-13 at developmental
stage may be due to enough rainfall in the month of
February at this stage and the minimum moisture at
pre-sowing stage in this year may be due to the rea-
son that there was very low rain fall in the monsoon
season before this stage. The higher moisture under
30-45 cm soil depth at developmental and post-har-
vesting stage may be due to enough rainfall at devel-
opmental stage of 2012-13 and enough rainfall at ma-
turity stage of 2013-14. The minimum moisture under
15-30 cm soil depth at pre-sowing stage of wheat may
be due to lower rainfall in monsoon of 2012-13. The
linear regression line was drawn between soil moisture
contents and wheat grain yield and it was found that
grain yield was decreased by increasing moisture that
may be due to higher moisture contents under deeper
layer of soil i.e 30-45 cm (Figure 10). The correlations
between the moisture contents of soil at all growth
stages and soil depths to all other parameters are pre-
sented in (Table 4). Similar results about soil water
content were obtained by several researchers such as
Ahmad (2002), Fuentes et al. (2003) and Latta and O’
Leary (2003), who found non-significant results about
moisture contents under different tillage systems. On
the other hand Moret et al. (2006) and Su et al. (2006)

recorded less moisture content under reduced tillage

systems. According to Malecka et al. (2012), water
content values were significantly increased by 3.1%
under reduced tillage and 5.4% under no-tillage rel-
ative to conventional tillage in the 0-5 cm soil layer;
whereas, water content values were increased by only
1.6% under reduced tillage and 2.5% under no-till-
age over conventional tillage in the 10-20 cm soil lay-
er, but Strudley et al, (2008) claimed that No-tilled
soils contained more moisture in spring time as com-
pared to where intensive primary tillage was adopted.
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Figure 10: Relationship between soil moisture content and wheat
grain yield of all treatments togez‘/oer (P> 0.05; Yy =6.2949-0.2091x;
R?=0.045).
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Figure 11: Effect of tillage system on wheat grain yield (Over-
all means of two years).Small letters on bars indicate the difference
among treatments at 5% probability level. Error bars shows standard
error of the mean. Insets in figure represent outcomes of the analysis of
variance (ANOVA).

Table 4: Correlation among wheat grain yield and meas-
ured soil attributes across all tillage systems, sowing years
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and sampling stages.
Soil Soil Soil Bulk
Moisture Porosity Density
Content
Wheat Grain r-value  -0.21 0.68 -0.69
Yield P-value  0.65 009 0.9
Soil Moisture r-value -0.54 0.54
Content P-value 021 021
Soil Porosity r-value -1.00
P-value 0.00
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Figure 13: Dendrogram of cluster analysis showing Euclidean dis-
tances for various tillage systems based on studied parameters.

NT: No tillage; GH: Glyphosate herbicide; DH: Disc harrowing;
MBP: Mouldboard ploughing; CP: Chisel ploughing; CS: Cultiva-

tions.

'The maximum grain yield in 1 Mould board plowing
+ 8 cultivations, 1 Mould board plowing + glyphosate
and 1 Mould board plowing + 4 cultivations may be
because of heavier seed weight and larger seed size
during 2013-14 that was probably attributed to deep
tillage with mould board plough, low bulk density of
soil, higher moisture content at stem elongation stage,
more porosity of soil, ultimately greater aeration and
movement of soil water and nutrients in these treat-
ments; whereas, the minimum grains yield in 1 Chisel
plowing + glyphosate followed by 1 Disc harrowing +
glyphosate and No-till + glyphosate may be attributed
to least number of fertile tillers (m), comparatively
low number of grains per spike and least 1000 grain

weight during 2013-14. The effect of tillage intensi-

ty on grain yield was identified by arranging tillage
systems in increasing order of tillage intensity along
with grain yield data and then the regression line was
drawn between these two factors which showed that
the grain yield was significantly improved under in-
tensive cultivation (Figure 12). The tillage systems
were also grouped on the base of all studied param-
eters through cluster analysis (Figure 13) and it was
observed that 1 Mould board plowing + glyphosate
and 1 Mould board plowing + 8 cultivations fell in
same group as they performed similarly for produc-
ing higher yield of wheat. These results are in line
with those of Usman et al. (2009; 2010), Malecka et
al. (2012) and Ali et al. (2016a; b; c), who reported
higher grains yield under conventional and innovative
sowing techniques, but the results are contradictory to
the findings of Ahmad (2002), who found the highest
grains yield under zero-tillage system. This variation
in results may be due to climatic data variation or any
other agro-ecological factor.

Conclusion

'This study concluded that soil moisture dynamics can
be improved by combine use of no-till and glyphosate
herbicide (NT + GH) while once deep tillage with
mould board plough at the onset of monsoon in fallow
period and then a shallow tillage by cultivator with
planker after each effective rainfall (1 MBP + 4 CS)
can increase soil porosity, its productivity and wheat
economical yield in rainfedagriculture. Conservation
tillage followed by application of glyphosate herbicid-
eis necessary to conserve the monsoon soil moisture,
control weeds and reduce soil weed seed bank.How-
ever, conservation tillage needs a long term study to
give a strong conclusion for its recommendation in
rainfed agriculture of Pakistan.
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