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Abstract

In rainfed areas main reason of poor crops stand is the weed infestation as well as mono cropping and
conventional tillage practices round the year. Different tillage practices and cropping systems can suppress
weeds growth and ultimately can improve crops yield. The present field experiment was conducted to assess the
effect of different tillage practices and cropping system on weeds density, moisture conservation and crops yield
at University Research Farm Koont Rawalpindi (Pakistan) during 2013-2015. Different tillage and cropping
systems used during the experiment were T:= 3 cultivations (Drill sowing), T-= Mold board+ 2 cultivations (Drill
sowing), Ts= Chisel + 2 cultivations (Bed planting), and T,= Minimum tillage + Glyphosate (Drill sowing)
CS:= Wheat- Fallow- Wheat Fallow, CS. = Wheat + Brassica- Fallow- Wheat + Brassica- Fallow, CS; = Wheat
+ Chickpea- Fallow- Wheat + Chickpea- Fallow, CS; = Wheat- Guar (Green manuring) - Wheat- Guar (Green
manuring) . Strip plot design was used to carry this experiment with three replications. Weed density and yield
and yield components of wheat, brassica and chickpea were recorded during the experiment. The study showed
that tillage treatment T- along with cropping system CS; followed by CS. controls weeds population density more
affectively. Whereas, yield of crops also enhanced by tillage treatment T- along with cropping system CS;3
followed by CS..
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Introduction

Conventional tillage practices and mono cropping
systems in rainfed regions are the main reason of low
net farms income, low cropping intensity and limited
yield index (Arif and Malik, 2009). The present mono
cropping systems in rainfed areas does not make
proficient use of rainfall (Arif, 2009). Deep tillage
during monsoon and inter cropping limits the weeds
growth, enhanced water infiltration and can improve

yield of different crops (Singh et al., 2011).

Disturbance of land again and again by using deep
tillage practices not only promotes weed densities but
also nutrients loss occurs to great extent as compared
tointercropping and less disturbance of soil under
rainfed condition (Lima et al, 2010). Water use
efficiency can be enhanced by doing intercropping
with different crops and by multiple cropping systems
as compared to land fallowing in monsoon season,
this not only stimulate crops growth but also
suppressed weeds of the area which otherwise
compete with our main crops (Ofosu and Limbani,

2007).

The soil moisture conservation techniques by year-
long fallow sometimes good for transplanting of
winter crops but in case when these rainfalls are not
sufficient, which mostly occur, limit the estimated
crop yield. So, it is essential to bring the cropping
system in such a way that it follows the rainfalls of the
area (Arif and Malik, 2009). The crop yield of rainfed
areas can be enhanced by improving the yield
potential of a crop and by growing of more than a
single crop per unit area besides leaving it fallow
(Aslam and Mehmood, 2003). Broad leaf species of
weeds adapt better a frequently more disturbed
habitat and mono cropping for a long period of time
so, they grow faster in conventional tillage and

cropping systems (Streit et al., 2003).

Different tillage and cropping system are very crucial
for better weed control and getting of good crops
yield. Under

dominant on that particular area and more frequency

mono cropping weeds becomes

of land disturbance like under conventional tillage

2015

systems promotes that particular weed to great
extent which ultimately deteriorate quality and
quantity of main agricultural crops (Bolliger et al.,
2006). So, there was a need to conduct such an
experiment under rainfed condition which not only
suppressed weeds but also gave good crops yield,
that’'s why we performed such sort of experiment
whicg not only suppressed weeds on the area but also

improved crops yield.

The present study was designed to investigate how
different tillage and cropping systems affect the
weeds density and also to know that how the yields of
different crops can be enhanced as farmers of rainfed
regions spend more money for weeds control than on

other crop inputs.

Materials and methods

Experimental location and treatments

Two years field experiment was conducted during
2013-2015 to know the influence of different tillage
and cropping systems on weeds density and crops
yield under rainfed condition at University Research
Farm, Koont Rawalpindi (Pakistan) which lies from
about 32.5°N to 34.0°N Latitude and from about
72°E to 74°E Longitude. The soil of this area is
medium textured to clay-loam with pH ranges in 7.5 -
8.5.

The cropping systems which were used as follows:

CS:= Wheat- Fallow- Wheat- Fallow, CS.= Wheat +
Wheat Fallow,
CS;=Wheat+ Chickpea- Fallow- Wheat+ Chickpea-
Fallow, CS4;= Wheat -Guar (Green manuring) -Wheat

Brassica- Fallow- + Brassica-

-Guar (Green manuring).

The tillage treatments which were used as under:

Ti= 3 cultivation (Drill sowing), T-= Mold board + 2
cultivations (Drill sowing), T3= Chisel + 2 cultivations
(Bed plant sowing), T4= Minimum tillage +

Glyphosate (Drill sowing)

Methodology
The experiment was conducted in a field, using strip-

plot design having three replications with a plot size
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of 6m x 8m. A total of 16 plots in each replication
were present. Crops varieties of wheat, brassica,
chickpea and guar which were sown during the
experiment includes; Chakwal-50, Shiralee, PAK-86
and BR-99 respectively. Wheat (Triticum aestivum)
was sown @ 100 Kg ha* with row spacing of 25 cm
apart. The fertilizer NPK was applied @ 90-60-60 kg
hat in the form of Urea, Diammonium Phosphate
(DAP) and Potassium Sulphate, respectively. Brassica
(Brassica napus) was sown @ 4 Kg ha! with row
spacing of 40 cm apart. The fertilizer NPK was
applied @ 50-45-45 kg ha?, respectively. Chickpea
(Cicer arietinum) was sown @ 60 Kg ha! with row
spacing of 45 cm apart. The fertilizer NPK was
applied @ 25-50-20 kg ha?, respectively. Guar
(Cyamopsis tetragonoloba) was sown @ 75 Kg ha
with row spacing of 35 cm apart. The fertilizer NPK
was applied @ 25-50-50 kg ha?, respectively.
Glyphosate a non-selective herbicide was sprayed at
recommended dose to control the weeds during fallow
period by using hand knap sack sprayer equipped
with T-Jet nozzle. During whole the experiment
weeds data was not recorded from fallow plots and
the plots having guar (used as green manuring). Only
the soil moisture contents were taken from these

plots.

In tillage treatment (T:) 3 cultivations was done by
using cultivator during the whole experiment. Seed
sowing was done with seed drill. Whereas, in tillage
treatment (T2), one tillage was performed by using
mould board plough and two cultivations with
cultivator, seed sowing was done with seed drill.
While the tillage treatment (T3) includes one chiseling
+ 2 cultivations and seed sowing was done by using
seed bed planter. In (T,) tillage system minimum
tillage was performed (only tillage operation was done
for seed bed preparation by using cultivator) and seed
sowing was done with seed drill. In all tillage
treatments after each tillage practice planker was

used for land leveling.

In first cropping system (CS:), Wheat crop was sown
in winter season of 2013, while no crop was sown in

summer season of 2014, again same practice was
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done during the 27 experimental year. The 2nd
cropping system (CS.) was started by sowing wheat +
Brassica in winter 2013 and no crop was sown in
summer season of 2014, same cropping system was
followed during 2" year. In 3rd cropping systam
(CS3) wheat + Chickpea was sown in winter season of
2013 and no crop was sown in summer season of
2014, during next year same practice again
performed. In CS, cropping system wheat sowing was
done in winter season of 2013 and Guar (as green
manure) was sown in summer season of 2014, again
same cropping system was done during next
experimental year. In all cropping systems weeds of
the fallow period were controlled by using Glyphosate
(Round-Up).

Soil Sampling

Soil data was taken from three soil depths i.e. 0-15cm,
15-30ocm and 30-45cm to know the soil moisture
contents (MC). Soil data was taken before sowing and

after harvesting of all the crops.

Moisture determination

Fresh samples of soil were taken and weighed it
before drying in oven at 105°C overnight. Then the
samples were weighed again by using electric balance.
Moisture of samples was determined and then put

these values in following formula.

Moisture % =Wet weight — Oven Dry weight x 100

Oven dry weight

Different parameters for weeds and crops were

studied as follows:

Weed population density (Pw m=)

Weed population density (Pw) was recorded using
quadrate method. A quadrate measuring 100 cm x
100 cm was randomly placed at eight places in each
plot to record weed density. Individual weed plants

were counted to determine average weed density.

Different parameters of wheat, brassica and chickpea
which were taken during the whole experiment are as

under;
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Yield Parameters of Wheat

A quadrate having size 1m * 1m randomly placed at
three places and then average was taken to determine
numbers of tillers/unit area. 1000 kernals Weight was
determined by collecting the sample from each plot
after their threshing. Biological yield was determined
by taking the all above grounded portion of wheat.
Whereas, the grain yield were determined after
harvesting the crop at its maturity. Harvest index of
wheat was determined by dividing grain yield to

biological yield and then multiplied by 100.

Yield Parameters of Chickpea and Brassica

No. of pods per plant of chickpea and brassica were
taken by taking ten plants randomly from each plot
and then average was taken. No. of seeds per pod
were counted by taking ten pods randomly of each
plot and their mean value was determined. Biological
yield was taken by weighing above ground part of all
plants of chickpea and brassica from each plot and
total biomass was determined. Grain yield was
determined by removing the grain from pods and
then average grain yield was converted to kg ha.

Harvest index was determined by dividing the grain

2015

yield to biological yield and then multiplied by 100, by
this we find out the values of harvest index of both

these crops.

Statistical analysis
The data for all parameters was statistically analyzed
software 8.1

Significant Difference (LSD) was also determined at 5

using computer statistics Least
% level of significance for the comparison of all

treatments means.

Results and discussion

Influence of different tillage practices along with
different cropping system on weeds population
density, soil moisture contents and on the yield of
wheat, brassica and chickpea was investigated during
the study years 2013-15. Weeds which were present at
the area their data was recorded firstly after 60 days
of crops emergence and secondly at maturity of the
winter crops. Weeds data was recorded regarding
weed population density to know which tillage
treatment and cropping system have better effects on
weeds suppression. Weeds emerge during the guar
growing season were controlled in fallow plots by

using round up spray.

Table 1. Mean values of temperature and rainfall during the wheat, brassica and chickpea growing season 2013-

2015.

Month Rainfall Mean Temperature (0C) R.H (%) Sunshine (Hours/day) Pan Evaporation
(mm) Minimum Maximum (mm/day)

July 169.8 24.6 34.6 67.1 6.7 5.4
August 122.7 24.1 32.4 77.2 6.8 5.0
September 126.0 22.4 33.9 70.9 8.3 4.5
October 24.6 18.3 32.3 59.7 9.2 4.1
November 14.4 7.7 23.5 64.5 7.9 2.2
December 4.3 2.8 20.4 72.1 7.2 1.4
January o 0.6 17.0 69.3 3.9 1.6
February 37.4 4.9 16.3 70.6 6.2 1.7
March 94.1 7.4 21.5 70.8 5.8 3.7
April 66.0 11.5 28.1 62.6 7.5 5.0
May 67.5 18.3 32.1 50.3 9.2 9.9
June 35.5 22.8 40.0 30.0 9.9 10.5
July 110.1 23.0 36.0 47.6 9.5 7.3
August 151.8 24.0 33.3 66.2 9.1 5.4
September 141.2 21.6 31.8 76.1 7.9 3.8
October 74.8 16.2 29.2 61.3 8.0 3.2
November o 4.9 24.1 64.9 8.0 1.9
December o) -0.7 19.4 83.6 7.7 1.3
January o 0.4 16.2 71.3 3.5 1.4
February 88.6 4.3 15.3 74.6 5.1 1.3
March 109.8 6.9 19.2 72.3 4.8 3.1
April 60.6 10.5 27.4 64.4 7.1 4.8
May 69.8 18.1 31.8 52.4 9.0 9.2
June 37.1 20.4 39.8 32.4 9.6 10
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Data which was recorded during the whole

experiment discussed as under:

Moisture contents (MC) were determined from three
soil depths i.e. 0-15cm, 15-30cm and 30-45cm
respectively before sowing and after harvesting of
crops. It can be seen through interactive affects of
cropping system and tillage treatments from all the
three soil depths before sowing of crops significant
results were found, T> (Mold board + 2 cultivations)
with CS; (Wheat + Chickpea- Fallow- Wheat +
Chickpea- Fallow) interaction gave maximum soil MC

ranges (17.81 %- 18.11 %) from all the three depths. T

Table 2.

2015

(Chisel + 2 cultivations) with CS. showed the 2nd
maximum values from all the three soil depths. When
we discussed about minimum values of interaction
then it can be seen that T: with CS: gave minimum
MC from all the three depths 11.88 %- 12.70 % (Table
2). After harvesting of winter crops significant results
were also observed regarding interactive effects of
tillage and cropping systems from all the three soil
depths. T». with CS; showed maximum moisture
contents ranged from 17.41 %- 17.75 %. Minimum
values of interaction obtained from T: with CS: from
all the depths i.e. 11.66 %- 12.40 % (Table 2).

Interactive effect of tillage treatments and cropping systems on soil moisture contents (%) before

sowing and after harvesting of crop at different soil depths over the two consecutive years.

Soil depth 0-15 cm

CS, (Before) CS: (After) CS.(Before) CS. (After) CS; (Before) CS; (After) CS, (Before) CS, (After)
T, 11.88j* 11.66h* 13.30hi* 12.96fg* 13.75fgh* 13.31fg* 13.01i% 12.58g*
T. 15.75bc 15.05¢ 16.55b 16.23b 17.81a 17.41a 15.78bc 14.75¢d
Ts 14.05efgh 13.53ef 14.71de 14.31cde 15.41cd 15.10C 14.53def 14.18de
T, 13.03i 12.76fg 13.60ghi 13.35fg 14.35efg 14.28cde 13.65fghi 13.35fg
Soil depth 15-30 cm
CS, (Before) CS: (After) CS.(Before) CS. (After) CS; (Before) CS; (After) CS, (Before) CS, (After)
T, 12.53k* 12.255* 13.66hij* 13.15ghi* 14.35fgh* 13.91fg* 13.331jk* 12.88hij*
T 16.20bcd 15.83¢ 16.91b 16.68b 17.90a 17.57a 16.55bc 15.98bc
Ty 14.56fg 13.83fg 15.40de 14.91de 15.98cd 15.48cd 14.86ef 14.46ef
T, 13.10jk 12.71ij 14.06fghi 13.51gh 14.68efg 14.36ef 14.00ghi 13.48ghi
Soil depth 30-45 cm
CS, (Before) CS, (After) CS.(Before) CS. (After) CS; (Before) CS; (After) CS, (Before) CS, (After)
T, 12.70j* 12.40i* 13.91hi* 13.80gh* 14.73fg* 14.25fg* 13.53i* 13.21hi*
T 16.28cd 16.03c¢ 17.30b 16.93ab 18.11a 17.75a 16.75bc 16.36bc
Ty 14.86efg 13.68gh 15.58de 15.08de 16.11cd 15.75¢d 15.21ef 14.08fg
T, 13.55hi 13.10hi 14.30ghi 13.91fgh 15.03efg 14.66ef 14.31gh 13.76gh

* Means not sharing a letter in common differ significantly at 5% probability level.

Interactive effects were also observed before sowing
of guar from all three depths and was found that, T-
with CS; interaction showed maximum soil moisture
contents i.e. 16.63 %- 17.10 %. Minimum value of
interaction was examined in T; with CS; ranges 10.93
%- 11.35 % (Table 3). T3 (Chisel + 2 cultivations) with
CS; showed higher values than T: with CS. and T,
(Minimum tillage + Glyphosate) with CS. but less
than that of T. with CS;. After green manuring
Significant results of interaction were also observed
from all the three soil depths. T> with CS3; gave

maximum value from all the three depths 18.75 %-

18.88 %. Minimum values of interaction were
examined in T; with CS; from all depths ranges 14.63
%- 15.23 % (Table 3). Moisture contents from all three
depths were higher in CS; and T- after mixing of guar
in soil as compared to CS. and T after harvesting of
winter crops, this is because of the high rain fall
during the guar growing period and due to the higher
moisture retention capacity of soil ploughed through
mold board (MB) plough which not only eradicated
the weeds but also conserve moisture during
monsoon. Similar findings were observed by (Jin et

al., 2007; Arachchi, 2009).
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Table 3. Interactive effect of tillage treatments and cropping systems on soil moisture contents (%) before

sowing and after mixing of guar from depth-01, 02 and 03 over the two consecutive years.

Soil depth 0-15 cm
CS: (Before) CS: (After) CS.(Before) CS. (After) CS;(Before) CSs (After) CS4(Before) CS, (After)

T: 10.93i* 12.80i* 12.13gh* 13.85gh* 12.25gh* 14.63fg* 11.90gh* 13.73h*
T>  14.45bcd 16.68bc 15.10b 17.45b 16.63a 18.75a 14.50bc 16.96b

T; 12.75fg 14.95ef 13.70cde 15.60de 14.28bced 16.11cd 13.58def 15.06ef
T4 11.80hi 13.65h 12.31gh 13.95gh 13.45ef 15.03ef 12.16gh 13.91gh

Soil depth 15-30 cm

CS: (Before) CS: (After) CS. (Before) CS. (After) CSs(Before) CS; (After) CS, (Before) CS, (After)

T: 11.35i% 13.51k* 12.38gh* 14.48hij* 13.00fg* 15.23fgh* 12.10hi* 14.05ijk*

T> 14.93bc 17.08bced 15.63b 17.85b 16.76a 18.81a 15.11bc 17.63bc

T; 13.01fg 15.31fgh 13.96de 16.58de 14.31cd 16.88cd 13.86de 15.80ef

T; 11.86hi 13.90 jk 12.66fgh 14.95fghi 13.23ef 15.68efg 12.60fgh 14.78ghij

Soil depth 30-45 cm

CS,: (Before) CS: (After) CS. (Before) CS. (After) CSs(Before) CS; (After) CS, (Before) CS, (After)

T: 11.28j* 13.58i* 12.65ghi*  15.03fgh*  13.30efg*  15.73def* 11.88ij* 14.55gh*
T. 15.33bc 17.21¢ 16.23ab 18.15b 17.10a 18.88a 15.51bc 17.68bc
Ts  12.81fghi 15.25¢efg 13.96de 16.41d 14.56¢d 17.21¢ 13.48efg 16.08d
T, 12.16hij 14.51h 12.93fgh 15.28ef 13.65def 15.95de 12.65ghi 15.26efg

* Means not sharing a letter in common differ significantly at 5% probability level.

When we talk about the weeds population densities these crops. Results showed that all the tillage
then it can be seen that Anagallis arvensis population treatments have significant results after 60 days and
density (WPD) was determined after 60 days of at maturity of crops (Table 4).

winter crops emergence and after harvesting of all

Table 4. Interactive effect of tillage treatments and cropping systems on billi booti (Anagallis arvensis), Piazi
(Asphodelus tenuifolius) and Bathu (Chenopodium album) population density (Plant/m2) after 60 days of

emergence and at maturity over the two consecutive years.

On billi booti (Anagallis arvensis) population density (Plant/m?)

CS, (After CS, (At CS. (After CS. (At CSg (After C83 (At CS4 (After CS4 (At
60 days) Maturity) 60 days) Maturity) 60 days) Maturity) 60 days) Maturity)

T. 7.30a* 20.84a* 5.80d* 16.53d* 6.25bcd* 17.97bc* 6.51bc* 18.89b*
T. 3.26h 11.11i 2.08i 8.34k 2.461 9.22jk 2.53i 10.04j
Ts  4.25fg 15.19¢e 3.10h 11.781 3.88g 13.05h 4.10g 14.10fg
T, 6.76ab 17.79¢ 4.70ef 13.52gh 5.20€ 14.58ef 6.11cd 16.38d

On Piazi (Asphodelus tenuifolius) population density (Plant/m?2)
CS: (After CS, (At CS2  (After CS: (At CS;  (After CSs (At CS;  (After CS, (At
60 days) Maturity) 60 days) Maturity) 60 days) Maturity) 60 days) Maturity)

T. 7.41a* 14.63a* 6.16¢c* 12.63b* 6.93b* 13.10b* 7.08b* 13.43b*
T 2.90k 6.93g 1.76m 5.90h 2.631 6.21gh 3.30j 6.20gh
Ts  4.55fg 9.48e 3.561 7.81f 4.20h 8.31f 4.35gh 8.56f
T, 5.70d 11.61c 4.35gh 9.61e 4.65f 10.13de 5.35€ 10.45d

On Bathu (Chenopodium album) population density (Plant/m2)
CS, (After CS, (At CS. (After CS. (At CSg (After CSg (At CS4 (After CS4 (At
60 days) Maturity) 60 days) Maturity) 60 days) Maturity) 60 days) Maturity)

T: 5.35a* 16.91a* 4.38d* 13.10def* 4.80c* 13.88cd* 5.06b* 15.35b*
T 2.73i 10.43i 2.13k 6.751 2.40j 7.90k 2.51j 9.03j

T;  3.41fg 12.81efg 2.851 10.38i 3.10h 10.83hi 3.31fg 11.75gh
T, 3.80e 14.61bc 3.26gh 12.45fg 3.41fg 13.61cde 3.46f 14.00cd

* Means not sharing a letter in common differ significantly at 5% probability level.
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Interactive effect of cropping system and tillage
treatments after 60 days and at maturity of crops also
revealed significant results, T: with CS; interaction
showed maximum WPD i.e. 7.30 plant/m? after 60
days and 20.83 plant/m2 at maturity. When we
discussed about minimum values of interaction then
it can be seen that T. with CS. gave minimum WPD
after 60 days and at maturity, 2.08 plant/m? was
observed after 60 days and 8.34 plant/m2 at maturity
of the crops. After T» with CS. it can be seen that T
with CS; (Wheat + Chickpea- Fallow- Wheat +
Chickpea- Fallow) showed minimum values (Table 4).
Weed density increased with the passage of time i.e.
weed density was more as the data recorded at
maturity stage as compare to after 60 days. This is
due to the favourable climatic condition at maturity
stage and more availability of moisture near the
wheat maturity stage. Weeds grow better under
favourable moisture and environmental condition
(Takim and Yomi, 2010). Deep tillage with MB plough
suppressed the weed growth due to the seed
extraction from the deeper soil layer which acts as
seed reserve. Similar results were also depicted by

(Mira and Samota, 2008).

Population density of Asphodelus tenuifolius was
determined after 60 days of winter crops emergence
and after harvesting of all these crops. Interactive
effect of cropping system and tillage treatments after
60 days and at maturity of crops also revealed
significant results, T: with CS: interaction showed
maximum WPD i.e. 7.41 plant/m2 after 60 days and
14.63 plant/m? at maturity. When we discussed about
minimum values of interaction then it can be seen
that T» with CS. gave minimum WPD after 60 days
and at maturity, 1.76 plant/m2 was observed after 60
days and 5.90 plant/m? at maturity of the crops. T
with CS; gave 2" minimum values after 60 days and
at maturity (Table 4). Deep tillage and favourable
cropping system suppress the weeds density and their
2011). CS.

tenuifolius density

emergence (Ozpinar and Ozpinar,
suppressed the Asphodelus
because the less available space due to the
intercropping of brassica with wheat and deep tillage

via MB plough as compare to other tillage treatments.

2015

Our results are also in line with (Nester et al., 2013).

Chenopodium album population density (WPD) was
determined after 60 days of winter crops emergence
and after harvesting of all these crops. Interactive
effect of cropping system and tillage treatments after
60 days and at maturity of crops also revealed
significant results, T: with CS: interaction showed
maximum WPD i.e. 5.35 plant/m? after 60 days and
16.91 plant/m2 at maturity. When we discussed about
minimum values of interaction then it can be seen
that T. with CS. gave minimum WPD after 60 days
and at maturity, 2.13 plant/m2 was observed after 60
days and 6.75 plant/m2 at maturity of the crops.
Results also revealed that best control of this weed
was also observed in T. with CS; after T> with CS.
(Table 5). Above results showed that ploughing with
MB plough retarded the Chenopodium album growth
as compare to other tillage operations because its
quality of extracting of earlier buried weed seeds.
Cropping system CS. also reduced the weeds density
this might be due to the spreading nature of brassica
plants, weeds get less light for their growth. Similar
findings regarding different tillage operations and

cropping systems also drawn by (Bilalis et al., 2012).

Circium arvense population density (WPD) was taken
after 60 days of winter crops emergence and after
harvesting of all these crops. Interactive effect of
cropping system and tillage treatments after 60 days
and at maturity of crops also showed significant
results, T: with CS; interaction gave maximum WPD
i.e. 4.61 plant/m2 after 60 days and 20.25 plant/m?2 at
maturity. While T; with CS4 showed 2" maximum
value of population density after T: with CS;. When we
discussed about minimum values of interaction then
it can be seen that T» with CS. gave minimum WPD
after 60 days and at maturity, 2.66 plant/m?> was
observed after 60 days and 9.88 plant/m?2 at maturity
of the crops (Table 5). Less moisture availability,
proper seed bed preparation and deep tillage
practices can retards the weeds population density
(Dorado and Fando, 2006). Results showed that CS.
and T- retarded weeds density because of shading

effect of brassica plant on weeds and less space for
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spreading. Same findings had also been reported by

(Torresen et al., 2003).

Convolvulus arvensis population density (WPD) was
determined after 60 days of winter crops emergence
and after harvesting of all these crops. Interactive
effect of cropping system and tillage treatments after

60 days and at maturity of crops also showed

2015

significant results, T: with CS: interaction gave
maximum WPD i.e. 16.58 plant/m2 after 60 days and
30.25 plant/m2 at maturity. Minimum values of
interaction revealed by T. with CS: i.e. 9.01 plant/m2
was observed after 60 days and 18.31 plant/m2 at
maturity of the crops. Results also depicted that after
T» with CS: interaction T. with CS;3 gave also better
population density control (Table 5).

Table 5. Interactive effect of tillage treatments and cropping systems on Leih (Circium arvense), Lehli

(Convolvulus arvensis) and khabbal (Cynodon dactylon) population density (Plant/m2) after 60 days of

emergence and at maturity over the two consecutive years.

On Leih (Circium arvense) population density (Plant/m?)

CS: (After CS, (At CS:  (After CS2 (At CS;  (After CS; (At CS; (After CS, (At
60 days) Maturity) 60 days) Maturity) 60 days) Maturity) 60 days) Maturity)

T. 4.61a* 20.25a% 4.01de* 17.66¢d* 4.18¢* 18.50bc* 4.38b* 19.56ab*

T- 3.33h 13.15j 2.66k 9.881 2.86j 11.95k 2.95ij 12.83jk

T3  3.56g 15.01gh 3.03i 13.00jk 3.21h 13.48ij 3.31h 14.53hi

T4 4.11cd 16.95 de 3.73f 14.71gh 3.91e 15.66fg 4.01de 16.56ef

On Lehli (Convolvulus arvensis) population density (Plant/m?)

CS: (After CS, (At CS:  (After CS2 (At CS;  (After CS; (At CS;  (After CSy (At
60 days) Maturity) 60 days) Maturity) 60 days) Maturity) 60 days) Maturity)

T. 16.58a* 30.25a* 13.88def*  26.50d* 14.36¢d* 27.78¢* 15.83ab* 28.68b*

T- 10.63h 22.58h 9.01i 18.311 9.56hi 19.86k 10.06hi 20.80ij

Ts  13.51def 24.30f 12.26g 20.50jk 12.81fg 21.63i 13.20efg 23.01gh

T4 15.11bc 27.11¢cd 13.28def 23.80fg 13.96de 24.48f 14.25¢cde 25.38e

On khabbal (Cynodon dactylon) population density (Plant/m2)

CS: (After CS, (At CS:  (After CS. (At CS;  (After CS; (At CS; (After CS, (At
60 days) Maturity) 60 days) Maturity) 60 days) Maturity) 60 days) Maturity)

T: 13.96bc* 32.70a* 11.50€e* 28.41c* 12.36d* 29.45b* 13.23¢c* 30.35b*

T 9.38g 25.46f 6.66j 20.661 7.70hi 22.33h 8.41h 23.48¢g

T; 11.88de 27.41de 7.40ij 24.10g 10.25f 25.56f 10.60f 26.51€

T, 15.76a 29.93b 9.41g 26.85¢e 13.23¢C 27.38de 14.250b 28.28cd

* Means not sharing a letter in common differ significantly at 5% probability level.

Above results depicted that CS. and T proved their
self best in suppression of Convolvulus arvensis
density at both the stages i.e. after 60 days of winter
crops growing and at maturity of the crops. This is
because of better effect of mold board plough and
better combination of wheat and brassica which
suppressed the weeds emergence. Montserrat et al.,
(2005) also depicted that proper tillage and cropping

system combination can retards the weeds growth.

Population density of Cynodon dactylon was
determined after 60 days of winter crops emergence
and after harvesting of all these crops. Interactive
effect of cropping system and tillage treatments after
60 days and at maturity of crops also showed
significant results, T: with CS: interaction gave
maximum WPD i.e. 13.96 plant/m? after 60 days and
32.70 plant/m? at maturity. Minimum values of

interaction revealed by T. with CS: i.e. 6.66 plant/m?
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was observed after 60 days and 20.66 plant/m? at
maturity of the crops. It was also found that T: with
CS3 gave 2 highest value after T; with CS; whereas,
T. with CS; showed 2" minimum value after T» with
CS. (Table 4). Cynodon dactylon is the common
weed of rainfed areas and can only be controlled if
proper cropping and tillage systems are used
(Gugliemini and Satorre, 2004). Our results of CS-
and T= showed better control of Cynodon dactylon
density as because of better uprooting of this weed by
deep ploughing capability of MB plough. Our findings
are also match with (Ramesh and Kumar, 2014) who
reported that mono cropping and shallow tillage
operations are not suitable for better weeds density

suppression.

Wheat yield as affected by different tillage systems
No. of tillers/unit area were counted by placing the
quadrate of 1m * 1m randomly at two places in each
plot and then average was taken. Interactive effect of
tillage treatments and cropping systems showed
significant differences. T> (Mold board + 2
cultivations) with CS; (Wheat + Chickpea- Fallow-
Wheat + Chickpea- Fallow) gave the maximum No. of
tillers/unit area i.e. 288 whereas, minimum showed
by T: (3 cultivations) with CS: (Wheat -Fallow-
Wheat- Fallow) which was 211. T-> with CS. (Wheat +
Brassica- Fallow- Wheat + Brassica- Fallow) after T»
with CS;3 gave the higher values than the other tillage
and cropping systems (Table 6).

Table 6. Interactive effect of tillage treatments and cropping systems on wheat (Triticum aestivum) No. of

tillers/unit area, 1000 kernels weight (g), biological yield (kg/hac), grain yield (kg/hac) and harvest index (%)

over the two consecutive years.

Interactive effect of tillage treatments and cropping systems on No. of tillers/unit area over the two consecutive years

Treatments CS, CS. CS; CS,
T: 2110% 217n* 220m* 218n*
T 273d 276b 282a 274¢
Ts 253h 265f 270e 2598
T, 2251 228k 2411 228k
Interactive effect of tillage treatments and cropping systems on 1000 kernels weight (g) over the two consecutive years
Treatments CS, CS. CS; CS,
T, 39.51m* 41.70k1* 43.591j* 40.593m*
T, 48.20i1 51.01b 53.01a 49.44¢
Ts 45.43gh 46.94ef 47.96de 46.27fg
T, 42.56 jk 45.17gh 46.62f 44.40hi
Interactive effect of tillage treatments and cropping systems on biological yield (kg/hac) over the two consecutive years

Treatments CS, CS. CS; CS,
T, 6914.4k* 7110.2jk* 8429.8ab 6961.2k*
T. 8027.6¢d 8211.4bc 8482.7a 7908.5de
T 7619.5fg 7867.5de 7544.9fgh* 7718.4ef
T, 7277.3ij 7449.0ghi 7752.9¢ef 7368.2hi

Interactive effect of tillage treatments and cropping systems on grain yield (kg/hac) over the two consecutive years
Treatments CS, CS. CS; CS,
T, 2209.71* 2395.0j* 2859.9¢* 2305.5k*
T. 2729.9fg 2988.1b 3226.5a 2809.9cd
Ts 2594.7h 2791.4de 2744.4¢efg 2694.58
T, 2387.7j 2584.2h 2746.0ef 2503.61

Interactive effect of tillage treatments and cropping systems on harvest index (%) over the two consecutive years

Treatments CS, CS. CS; CS,
T, 31.92j* 33.70ghi* 33.99efgh* 33.10hi*
T. 34.51efg 36.40bc 38.11a 35.52bed
Ty 34.02¢fg 35.49¢cd 36.43b 34.89de
T, 32.84ij 34.68def 35.44d 33.95fgh

* Means not sharing a letter in common differ significantly at 5% probability level.
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Number of tillers depends on seed variety, nutrients
management and better plant health (Khan et al.,
2011). In our experiment T. and CS. gave more
number of tillers/unit area, because deep tillage
conserve moisture during monsoon used wheat plant
during water deficient period. Also wheat- brassica
and wheat-chickpea intercropping used moisture
efficiently as compare to single cropping. (Tomm and
Foster, 2001) had also drawn the similar findings
regarding deep tillage operation and intercropping in

rainfed areas.

1000 kernels Weight was determined by taking the
sample from each plot and after their threshing.
Interactive effect of tillage treatments and cropping
systems showed significant differences. T> with CS;
showed the maximum kernals weight i.e. 53.01 g
whereas, minimum showed by T: with CS; which was
39.51 g. T, (Minimum tillage + Glyphosate) with CS;
also showed minimum values after T: * CS; i.e. 42.56
g (Table 6). As in T2 and CS; plant growth was proper
due to efficient utilization of moisture so, these two
tillage and cropping system gave healthy seeds. In T:
i.e. conventional tillage or farmer practice number of
tillage operations were more so the moisture loss
occurred and plant not utilize moisture efficiently,
while in T; shallow tillage has not conserve the
moisture properly during monsoon season that is why
wheat plant remained weak and not prepare healthy
seeds. (Verhulst et al., 2011) had also reported the

similar findings.

Biological yield was found by taking the all above
grounded portion of wheat. Interactive effect of tillage
treatments and cropping systems gave significant
differences. T. with CS; showed the maximum
biological yield i.e. 8482.7 kg/hac whereas, minimum
showed by T: with CS: which was 6914.4 kg/hac
(Table 6). Healthy plants have more biological yield
and proper moisture availability at vegetative stage
play crucial role in biological yield production
(Ehsanullah et al., 2013). T and CSs; because of
proper utilization of moisture and nutrient gave
better biological yield but better biological yield is not

the surety of more grain yield. Our findings are also in

2015

accordance with (Mikanova et al., 2012).

Grain yield was determined after harvesting the crop
at its physiological maturity. Interaction of tillage
treatments and cropping systems also gave significant
differences. T> with CS; showed the maximum grain
yield i.e. 3226.5 kg/hac whereas, minimum showed
by T: with CS: which was 2209.71 kg/hac (Table 6).
Grain yield related to spike length and number of
tillers/unit area, as T» and CS;3 gave more spike length
and number of tillers so the grain yield was also found
maximum in T. and CS;. (Mohammad et al., 2012)

were also found similar findings.

Harvest index was determined by dividing grain yield
to biological yield and then multiplied by 100.
Interactive effect of tillage treatments and cropping
systems showed significant differences. T- with CS;3
depicted maximum harvest index i.e. 38.11 %
whereas, minimum showed by T: with CS; which was
31.92 %. After T: with CS; minimum value of harvest
index gave by T, with CS: (Table 6). Harvest index
obtained by dividing grain yield to biological yield of
the crop and then by multiplying with 100. Harvest
index is also used to judge the efficiency of the end
result of a treatment. As grain yield was greater in T-
and CS; so, these two also gave maximum harvest
index and proved that T. and CS; are the best
practices in rainfed regions as compare to other
conventional practices. Minimum tillage practices to
some extent proved itself better than conventional
tillage practices but not better then T and Ts.
(Beiranvand et al., 2013) also depicted the similar

findings of their trials.

Brassica yield parameters

Cropping system CS. (Wheat + Brassica- Fallow-
Wheat + Brassica- Fallow) only have brassica with
main crop wheat as an intercrop and yield data which
was taken during both the study years discussed as

under;

No. of pods/plant was counted at maturity stage.
Results depicted that mean values of the combination

of tillage practice T> (Mold board + 2 cultivations)
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and the cropping system CS. gave maximum No. of
pods/plant i.e. 333 while the minimum found in
combination of tillage practice T: (3 cultivations) and
cropping system CS. which was 273 (Table 7).
Number of pods also related to better plant health a
healthy plant can give more number of pods. As
tillage operation T. was found best in conserving
moisture and eradication of weeds so number of pods
were also found maximum in T.. (Ranjbar et al,

2014) also documented the similar findings.

At maturity of brassica No. of seeds/pod were
counted and the results showed that mean values of
the combination of tillage practice T. and the

cropping system CS. gave maximum No. of seeds/pod

2015

i.e. 25.78 while the minimum found in combination of
tillage practice T: and cropping system CS. which was
18.72. T3 (Chisel + 2 cultivations) and CS. also gave
better No. of seeds/pod but not higher than T. and
CS. (Table 7). Healthy pods were developed in T-
because of healthy plant due to this seeds formation
was also found better in T.. Previous soil moisture
during monsoon which was conserved in maximum
amount in T. also played role in more number of
seeds formation. (Uzun et al., 2012; Mohammadi et

al.,, 2011) had also drawn the similar conclusion.

At maturity of brassica all the above grounded portion
of the brassica was cut down and the mean values

from all the plots were taken (Table 7).

Table 7. Mean values of impact of tillage and cropping system on brassica and chickpea parameters over the two

consecutive years.

Mean values of impact of tillage and cropping system on brassica parameters over the two consecutive years

Treatments Cropping system No. of No. of seeds/pod  Biological yield (kg/hac) Grain yield Harvest
pods/plant (kg/hac) index (%)

T, 02 273d 18.72d 11672.38d 2049.11d 17.61d

T. 02 333a 25.78a 13233.98a 2593.07a 19.60a

T, 02 311b 21.19b 12711.67b 2384.58b 18.76b

T, 02 291c 19.54¢ 11959.82¢ 2140.68c 17.91cd

Mean values of impact of tillage and cropping system on chickpea parameters over the two consecutive years

T: 03 34d 2.13d 5272.14d 1060.06d 20.10d
T. 03 452 2.93a 5792.54a 1297.74a 22.40a
Ty 03 37b 2.50b 5767.44b 1207.46b 20.93b
T, 03 36bc 2.33¢C 5710.69bc 1192.59bc 20.88¢

Results depicted that mean values of the combination
of tillage practice T and the cropping system CS.
gave maximum biological yield i.e. 13233.98 kg/hac
while, the minimum found in combination of tillage
practice T: and cropping system CS. which was
11672.38 kg/hac. Biological yield related to better
crops stand, tillage operation T. gave maximum
biological yield because of healthy plant stand in early
stages while the minimum biological yield was given
by T: because of poor crops stand as less moisture
conservation. Different researchers (Madejon et al.,

2007) had also depicted the similar findings.

Results showed that mean values of the combination

of tillage practice T» and the cropping system CS.

gave maximum grain yield i.e. 2593.07 kg/hac while,
the minimum found in combination of tillage practice
T: and cropping system CS. which was 2049.11
kg/hac (Table 7). Grain yield related to number of
pods development and healthy seeds formation. As T-
gave maximum number of pods so grain yield was
also found maximum in T.. (Qayyum et al., 2013) had

also revealed same findings.

Harvest index was determined by dividing the grain
yield to biological yield and then multiplied by 100.
Results depicted that mean values of the combination
of tillage practice T» and the cropping system CS.
gave maximum harvest index values i.e. 19.60 %

while, the minimum found in combination of tillage
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practice T: and cropping system CS» which was 17.61
% (Table 7). Due to better biological and grain yield in
T- harvest index was also found maximum in T». Inter
cropping conserve the moisture which otherwise
losses due to mono cropping. (Xing-bin et al., 2014)
had also found that deep tillage and inter cropping
are the key components in getting better crop yield

and eradication of weeds.

Chickpea yield components as affected by different
tillage systems

With our main crop wheat, only chickpea was sown in
cropping system CS3 (Wheat + Chickpea- Fallow-
Wheat + Chickpea- Fallow) as an intercrop and yield

data which was recorded discussed as under;

No. of pods/plant was counted at maturity stage. It
can be seen from the results that mean values of the
combination of tillage practice T- (Mold board + 2
cultivations) and the cropping system CS; gave
maximum No. of pods/plant i.e. 45 while the
minimum found in combination of tillage practice T:
and cropping system CS; which was 34. Ts (Chisel + 2
cultivations) and T, (Minimum tillage + Glyphosate)
values were close to each other and greater than T:
(Table 7). As in tillage treatment T- (Mold board + 2
cultivations) plant height and number of branches per
plant were more so, more number of pods per plant
were produced. Climatic factors at the time of pods
formation also favoured the maximum number of
pods formation. Our results are also in accordance

with (Wozniak, 2013).

No. of seeds/pod were counted at chickpea maturity
stage and the results revealed that mean values of the
combination of tillage practice T» and the cropping
system CS; gave maximum No. of seeds/pod i.e. 2.93
while the minimum found in combination of tillage
practice T: and cropping system CS; which was 2.13
(Table 7). Greater number of seeds formation
depends on seed variety and healthy development of
plant (Serraj et al., 2004). MB plough in T» mix the
nutrients properly in the soil and chickpea plants get
these nutrients efficiently in the soil and develop

more seeds/pod. Similar findings had also been
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reported by (Azhar et al., 2013).

At maturity of chickpea all the above grounded
portion was cut down and the mean values from all
the plots were taken (Table 7). Results showed that
mean values of the combination of tillage practice T-
and the cropping system CS3 depicted maximum
biological yield i.e. 5792.54 kg/hac while, the
minimum found in combination of tillage practice T:
and cropping system CS; which was 5272.14 kg/hac.
Biological yield related to healthy plant structure. A
healthy plant have more biological yield, as in T-
better crop stand was found due to which biological
yield was also found more in T.. Intercropping with
wheat was also a factor to produce more biological
yield as intercropping suppressed the weeds. Similar
findings regarding biological yield has also been
reported by (Lithourgidis et al., 2011).

Results of our findings showed that mean values of
the combination of tillage practice T- and the
cropping system CS;3 prove their self best and gave
maximum grain yield i.e. 1297.74 kg/hac while, the
minimum yield found in combination of tillage
practice T: and cropping system CS3; which was
1060.06 kg/hac (Table 7). Due to better pods and
number of seeds formation in T», highest grain yield
was found in T2. (Onyari et al., 2010) also found that
and better nutrient

better pods formation

management can give more grain yield.

Harvest index of chickpea was determined by dividing
the grain yield to biological yield and then multiplied
by 100. Results showed that mean values of tillage
practice T- and the cropping system CS3; combination
gave maximum harvest index values i.e. 22.40 %
while, the minimum found in combination of tillage
practice T: and cropping system CS3; which was 20.10
%. It can also be seen that T3 and CS3; combination
gave closest value to T» and CS; i.e. 20.56 (Table 7).
Better biological and grain yield can give the highest
values of harvest index. Harvest index is also the
proof of the better results of a treatment. T. as
compare to other tillage operations gave highest value

of harvest index as because of better and healthy crop
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stand under rainfed condition by providing moisture
during all the crop grown season. (Lenssen et al.,

2007) had also drawn the similar conclusion.

Weather data

During both the study years weather data was
recorded (Table 1). Maximum rainfall was recorded
during the month of July 2013 (169.8 mm) whereas,
minimum during the month of January 2014 and
November, Dec and Jan 2015 (0 mm). Mean
minimum temperature was recorded during the
month of Dec 2014 (-0.7 C°) while mean maximum
temperature was recorded during the month of June
2014 (40 C°). Weather data revealed that in early
months of wheat growing season i.e. Oct- Jan during
2013-2014 and Nov- Jan during 2014-2015 rainfall
was not sufficient and mean maximum and minimum
temperature during both the study years Oct-Nov
were also high due to which moisture loss occurred
from the soil surface and winter crops growth was not
efficient. This might be the reason that crop stand was
poor in all cropping systems but in conventional
tillage T: (farmer or controlled tillage treatment) and
cropping system CS; (Wheat- Fallow -Wheat- Fallow)
it was severe. During monsoon in both years deep
tillage with mold board and intercropping gave better
crops yield due to proper moisture conservation and
by proper eradication of weeds. In both the years it
can also be seen from the weather data that during
Feb-May rainfall was sufficient which recover the
poor crops stand to great extent in intercropping
systems but it did not recover yield properly in wheat-
fallow system. Weather data depicted that moisture
deficiency in rainfed areas can be controlled if deep
tillage practices performed during monsoon as well as

by doing intercropping practices.

Conclusion

Growing of single crop in rainfed regions is the main
cause of weeds infestation and also the low yield of
the main crop i.e. wheat. Conventional tillage
operations are unsuitable for moisture conservation
during monsoon season as well as eradication of
weeds. So, the growing of more than one crop or

intercropping of leguminous crops with main crop

2015

wheat was found best. This not only increased the
wheat yield but also suppressed the weeds of the
season. Conventional tillage operations were found
useless in weeds control as well as moisture
conservations because of more frequency of tillage,
conventional tillage not only degrade the soil but also
run off and nutrients loss occurred. Deep tillage with
mold board plough along with two tillage practices
with cultivator and intercropping of wheat with
chickpea found best because by this we not only
conserve more moisture during monsoon season but
it was also found affective in eradication of previous
weeds seeds and their roots which otherwise again

germinate every year.
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