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Abstract 

To study the impact of different tillage practices and weed control methods on weeds growth, 

phenology and yield of maize, an experiment was conducted at Agronomy Research Farm of The 

University of Agriculture Peshawar during summer 2016. The study was performed in randomized 

complete block design (RCBD) with split plot arrangement having four replications. Tillage 

practices (chisel plough + rotavator, mouldboard plough + rotavator, cultivator + rotavator and 

rotavator) were assigned to main plots while weed control methods (control, hoeing 15 days after 

sowing (DAS), hoeing 15 and 30 DAS, hoeing 15, 30 and 45 DAS, and herbicide i.e. Nicosulfuron) 

were assigned to sub-plots. Results revealed that treatment of chisel plough + rotavator had 

induced significantly early days to tasseling, silking and physiological maturity and produced 

maximum grain yield and biological yield as compared to other tested tillage practices. Minimum 

weeds m-2 and weeds fresh weight at 60 DAS was recorded from the treatment of chisel plough + 

rotavator. Among weed control methods, the treatment of hoeing 15, 30 and 45 DAS delayed days 

to tasseling, silking and physiological maturity and resulted in higher grain yield and biological 

yield. Hoeing 15, 30 and 45 DAS drastically reduced weeds m-2 and weeds fresh weight at 60 

DAS. It is concluded that chisel plough + rotavator and hoeing at 15, 30 and 45 days after sowing 

(DAS) significantly improved yield of maize crop. 
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Introduction 

Maize (Zea mays L.) belongs to family 

Poaceae, an essential cultivated cereal crop 

all over the world and has a great economic 

importance in poultry and livestock 

production [1]. In the year 2014-2015, in 

Pakistan it was grown on an area of 1142.5 

thousand hectares which produced 4936.8 

thousand tons grains and mean yield was 

4321 kg ha-1. In Khyber Pakhtunkhwa 

province, it was cultivated on 463 thousand 

hectares with a whole production of 909.7 

thousand tones and mean yield was 1965 kg 

ha-1 [2]. 

Despite of high yielding varieties of maize 

and suitable production environment in 

Pakistan, the yield per hectare is still low. 

Improper tillage practices and weeds 
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infestation are the key problems in declining 

yield of maize in Pakistan. Tillage is one of 

the most important components of crop 

production system that influences crop yield. 

About 20% yield contribution is due to tillage 

implements amongst the other crop 

production elements [3]. Plowing operations 

and disturbance of soil usually can improve 

soil aeration, mineralization of organic 

nitrogen and its availability for plant 

consumption [4]. A hard seedbed may 

possibly reduce growth of seedlings and 

severely disturb crop production. The success 

or failure of crop production system amongst 

different variables depends upon seedbed 

environment.  

Weeds control is one of the utmost important 

factors for sustainable agriculture [5]. Weeds 

are unwanted plants species growing in 

yieldable crops. The idea of weeds as 

undesirable plants developed, when man 

began to produce plants for food and other 

different purposes [6]. Weeds infestation is 

also responsible for lower yield of the crops. 

Extreme weeds growth in corn field leads to 

66-80% reduction in crop yield [7]. Weeds 

compete for space, water, light and nutrients 

with main crop and thereby decreasing crop 

yield and increasing production cost [8]. 

About half of the maize yield may reduce 

when weeds are not sufficiently controlled 

[9]. Weeds can be controlled through several 

measures such as cultural, mechanical, 

biological and chemical methods. 

Lacking suitable tillage practices with 

conventional weeds control measures are the 

key problems in declining yield of maize in 

Pakistan. Keeping in view the importance of 

tillage practices and weed control methods, 

the present research was conducted to find 

out suitable tillage practice(s) along with 

proper weed control method(s) for attaining 

higher maize yield. 

Materials and methods 

The experimental site Agronomy Research 

Farm of The University of Agriculture 

Peshawar, Pakistan, is located at 34oN 

latitude, 71oE longitude with an altitude of 

350 m above sea level and has a sub-tropical 

climate [10]. Soil of experimental site was 

alkaline (pH 8.02) and calcareous 

(CaCO3>3%) in nature, low in organic matter 

(0.845 g kg-1), non-saline (EC (1:1) 0.87 d S 

m-1), low in available nitrogen (0.04 g kg-1) 

and phosphorous (4 mg kg-1) with nearly 

sufficient in potassium (80 mg kg-1). The 

texture of the soil was silty clay loam having 

40% clay, 51.3% silt and 8.7% sand. Canal 

water was available for irrigation [11]. To 

study the weeds behavior, phenology and 

yield response of maize to various tillage 

practices and weed control methods, a field 

experiment was conducted during kharif 

season 2016. The experiment was carried out 

in randomized complete block design 

(RCBD) with split-plot arrangement. Each 

treatment was replicated 4 times. Tillage 

practices (chisel plough + rotavator, 

mouldboard plough + rotavator, cultivator + 

rotavator and rotavator) were allotted to main 

plots and weed control methods (control i.e. 

weedy check, hoeing 15 days after sowing 

(DAS), hoeing 15 and 30 DAS, hoeing 15, 30 

and 45 DAS, and herbicide i.e. Nicosulfuron) 

to subplots. Azam variety of maize was sown 

with a seed rate of 30 kg ha-1. Row to row 

distance was kept 0.75 m and plant to plant 

distance was maintained 0.2 m. The sub plot 

size was 3 m x 3.75 m. Recommended 

nitrogen and phosphorous was applied at the 

rate of 150 and 90 kg ha-1 from urea and 

diammonium phosphate (DAP) respectively. 

Herbicide, Nicosulfuron was applied at the 

rate of 750 ml ha-1 to suppress both grassy 

weeds and broad leaf weeds. The herbicide 

was sprayed at 4-5 leaves stage of weeds (25 

days after sowing of maize crop). All other 

agronomic practices were applied equally to 

each experimental unit. Data was recorded on 

Weeds m-2, weeds fresh weight at 60 days 

after sowing, phenology (number of days to 

tasseling, silking and physiological 
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maturity), grain yield, biological yield and 

harvest index of maize. Weeds m-2 at 60 days 

after sowing (DAS) was determined by 

randomly throwing a 50 cm x 50 cm iron ring 

at three different places in each subplot. 

Number of weeds inside the ring was counted 

and converted into weed m-2. For weeds fresh 

weight, the weeds counted at 60 DAS were 

cut down and weighed to determine weeds 

fresh weight. The data was converted into g 

m-2. Days to tasseling was recorded by 

counting days from the date of sowing to date 

when 80% plants produced tassels in each 

sub plot. Data on number of days to silking 

was recorded by counting days from the date 

of sowing to date when 80% plants produced 

silks in each subplot. Data regarding 

physiological maturity was taken by counting 

the number of days from the date of sowing 

to the date when 80% plants showed a black 

scar at the base of their grains in each sub 

plot. At harvest maturity three central rows in 

each experimental unit were harvested, sun 

dried and weighed with the help of an 

electronic balance for recording biological 

yield (t ha-1) data. For grain yield three 

central rows were harvested, threshed, 

cleaned and weighed with an electronic 

balance for computing grain yield (t ha-1). 

Data regarding harvest index was calculated 

by the following formula. 
Harvest index (%) = 

Grain yield (t ha
-1

)

Biological yield (t ha
-1

)
x 100 

All the collected data was analyzed 

statistically according to the appropriate 

procedure used for randomized complete 

block design with split plot arrangement. 

Least significant difference test (P≤0.05) was 

applied in case of significant F-test for mean 

comparisons to classify the significance 

between treatments means as described by 

[12].  

 

 

 

Results and discussion 

Weeds m-2 at 60 days after sowing 

Table 1 reveals data regarding number of 

weeds m-2 at 60 days after sowing (DAS) in 

response to different tillage practices and 

weed control methods. Statistical analysis of 

data indicated that tillage operations and 

weeds control methods had significantly 

(P≤0.05) affected number of weeds m-2. The 

interaction of tillage practices and weed 

control methods was non-significant. 

Maximum weeds m-2 was observed in 

treatment of rotavator followed by cultivator 

+ rotavator. Minimum number of weeds m-2 

at 60 days after sowing was recorded from 

treatment of chisel plough + rotavator. The 

superiority of chisel plough to decrease 

weeds population at 60 days after sowing 

could be attributed to the presence of 

significantly less number of weed seeds in 

soil layer as compared to other tillage 

operations which helped the crop to take lead 

in its growth and establishment with 

suppressing the weeds growth due to less 

weeds density. [13-15] revealed that tillage 

practice (chisel plough) reduced number of 

weeds. Significant variations were observed 

in weeds m-2 with different weeds control 

strategies. Lowest number of weeds m-2 at 60 

DAS was recorded from the treatment of 

three hoeings i.e. hoeing 15, 30 and 45 days 

after sowing followed by weeds m-2 from the 

application of herbicide (Nicosulfuron). 

Highest weeds m-2 at 60 days after sowing 

was recorded from control. [16, 17] reported 

that different weed control methods 

specifically with hoeing significantly 

reduced weeds population including both 

grassy and broad-leaf weeds in maize crop. 

Weeds fresh weight (g m-2) at 60 days after 

sowing 

Weeds fresh weight (g m-2) at 60 DAS was 

significantly affected by different tillage  
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practices and weed control methods (Table 

1). Interaction of tillage practices and weeds 

control methods was found non-significant. 

Treatment of chisel plough + rotavator 

resulted in minimum weeds fresh weight 

followed by mouldboard plough + rotavator. 

Maximum weeds fresh weight at 60 days 

after sowing was recorded from treatment of 

rotavator. [13] revealed that chisel plough 

significantly decreased weeds fresh weight as 

compared to operation of rotavator. [18, 19] 

reported that majority of weeds (71%) are 

concentrated in soil at the depth of 10-15 cm 

which can be disturbed greatly by deep tillage 

(chisel plough) operations. Lowest fresh 

weeds biomass was recorded from the 

treatment of hoeing at 15, 30 and 45 DAS 

followed by application of herbicide 

(Nicosulfuron). Highest fresh weeds biomass 

at 60 DAS was recorded from control. [20, 

21] revealed that various weeds control 

methods at different stages significantly 

reduced weeds fresh weight. 

 

Table 1. Weeds m-2 at 60 DAS, weeds fresh weight (g m-2) at 60 DAS, days to tasseling, 

silking and physiological maturity of maize as affected by different tillage practices and 

weed control methods. 

Tillage Practices 
Weeds m-2 

at 60 DAS 

Weeds fresh 

weight (g m-2) at 

60 DAS 

Days to 

tasseling 

Days to 

silking 

Days to 

physiological 

maturity 

Chisel plough + Rotavator 125 d 252.56 c 52 c 57 c 89 c 

Mouldboard plough + 

Rotavator 
159 c 312.82 b 53 b 58 b 91 b 

Cultivator + Rotavator 189 b 361.54 a 53 b 58 b 92 b 

Rotavator 211 a 370.22 a 54 a 59 a 93 a 

Weed control methods      

Control 249 a 505 a 51 d 56 d 90 c 

Hoeing 15 DAS 219 b 424.91 b 52 c 57c 91 b 

Hoeing 15 and 30 DAS 150 c 264.53 c 53 b 58 b 91 b 

Hoeing 15, 30 and 45 DAS 93 d 173.97 d 55 a 60 a 93 a 

Nicosulfuron 144 c 253.02 c 53 b 58 bc 91 b 

LSD(0.05) for TP 21 37.72 0.74 0.57 1.33 

LSD(0.05) for WCM 10 21.92 0.87 0.86 0.84 

TP x WCM ns ns ns ns ns 

Means in same column followed by same letter(s) are statistically similar at 5% level of significance. 

DAS = Days after sowing, TP = Tillage practices, WCM = Weed control methods, ns= non-significant 

 

Days to tasseling 

Data pertaining to number of days to 

tasseling in maize as affected by different 

tillage practices and weed control methods is 

shown in Table 1. Early tasseling was 

observed in the treatment of chisel plough + 

rotavator followed by cultivator + rotavator 

which was statistically similar with 

mouldboard plough + rotavator. Treatment of 

rotavator resulted in delayed tasseling. Early 

tasseling might be due to more favorable soil 

environment such as breaking of hard pan 

through chisel plough which improved soil 

aeration and released efficient nutrients for 

the development of crop. Our results are in 

agreement with [22] who reported that as 

tillage depth increases the number of days to 

tasseling decreases. Among weed control 
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methods, the delayed tasseling were recorded 

from the treatment of hoeing 15, 30 and 45 

days after sowing (DAS) followed by days to 

tasseling from treatment of hoeing 15 and 30 

DAS which was statistically similar with the 

application of Nicosulfuron. Early tasseling 

was recorded for control (weedy check). It 

may be attributed to efficient weeds control 

and lower weeds-crop competition in terms 

of moisture, uniform solar radiation, space 

and nutrients for plant growth. [23] reported 

that weeds free plots significantly delayed 

time taken to 50% tasseling. 

Days to silking 
Number of days to silking in maize as 

influenced by different tillage practices and 

weed control methods is presented in Table 

1. Less days to silking was recorded from the 

treatment of chisel plough + rotavator 

followed by mouldboard plough + rotavator 

which was not significantly different from 

cultivator + rotavator. Maximum days to 

silking were observed in treatment of 

rotavator. This might be due to early tasseling 

and more favorable conditions provided by 

chisel plough + rotavator. Similar results 

were declared by [24]. Among weed control 

methods, the treatment of hoeing 15, 30 and 

45 DAS showed maximum days to silking 

followed by treatment of hoeing 15 and 30 

DAS. Lowest number of days to silking was 

noted from control plots. The 3 hoeing 

efficiently controlled weeds density which 

led to less weed-crop competition and 

ensured more water and nutrients availability 

for crop plants. The maize crop has got the 

opportunity for maximum utilization of soil 

and environmental resources for growth and 

hence took more days to attain the stage of 

silking. [23] reported that weeds free plots 

significantly delayed time taken to 50% 

silking in maize crop. 

Days to physiological maturity 
Significant variations were recorded in days 

to physiological maturity of maize as 

influenced by different tillage operations and 

weed control methods (Table 1). Mean values 

of the data showed that treatment of chisel 

plough + rotavator induced early 

physiological maturity of maize crop 

followed by mouldboard plough + rotavator. 

Delayed physiological maturity was recorded 

from treatment of rotavator. [22] recorded 

early physiological maturity in the plots 

ploughed with chisel plough. Among weed 

control methods, treatment of hoeing 15, 30 

and 45 DAS took more number of days till 

physiological maturity followed by the 

application of Nicosulfuron which was 

statistically at par with the treatment of 

hoeing 15 and 30 DAS. Minimum days to 

physiological maturity were recorded from 

control. [25] reported that different weed 

control measures have significantly increased 

number of days to physiological maturity. 

Biological yield (t ha-1) 
Table 2 presents data regarding biological 

yield of maize crop as affected by tillage 

practices and weed control methods. Mean 

values revealed that highest biological yield 

was harvested from the treatment of chisel 

plough + rotavator. Treatment of mouldboard 

plough + rotavator ranked 2nd in the 

production of biological yield. Lowest 

biological yield was recorded from the 

treatment of rotavator. The possible reason 

for more biological yield due to chisel plough 

might be attributed to the good soil 

conditions such as softened seedbed 

preparation, good soil aeration, increased 

infiltration rate, availability of nutrients and 

moisture. The operation of rotavator 

destroyed the weeds that provided more 

favorable environment for crop plants to 

efficiently utilize the available soil moisture, 

nutrients, space and solar radiation. Our 

results are in line with those of [26, 27]. 

Among weed control methods, significantly 

highest biological yield was obtained from 

treatment of hoeing at 15, 30 and 45 DAS 

followed by the treatment of hoeing at 15 and 

30 DAS which was statistically similar with 
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the application of herbicide i.e. Nicosulfuron. 

Lowest biological yield was harvested from 

the control. It could be due to less weeds 

infestation, low crop-weeds competition for  

resources, higher nutrients and moisture 

uptake by crop. [28, 29] reported that various 

weeds control methods significantly 

improved biological yield of maize. 

 

Table 2. Biological yield (t ha-1), grain yield (t ha-1) and harvest index (%) of maize as 

affected by different tillage practices and weed control methods 

Tillage Practices Biological yield (t ha-1) Grain yield (t ha-1) Harvest index (%) 

Chisel plough + Rotavator 11.98 a 3.41 a 28.62 

Mouldboard plough + Rotavator 11.24 b 3.15 b 28.33 

Cultivator + Rotavator 10.38 c 2.97 b 28.81 

Rotavator 9.49 d 2.69 c 28.77 

Weed control methods    

Control 9.18 d 2.62 d 28.69 

Hoeing 15 DAS 10.01 c 2.93 c 29.83 

Hoeing 15 and 30 DAS 11.29 b 3.18 b 28.26 

Hoeing 15, 30 and 45 DAS 12.35 a 3.49 a 28.38 

Nicosulfuron 11.04 b 3.05 bc 27.99 

LSD(0.05) for TP 0.707 0.22 ns 

LSD(0.05) for WCM 0.765 0.248 ns 

TP x WCM ns ns ns 

Means in same column followed by same letter(s) are statistically similar at 5% level of significance 

DAS = Days after sowing TP = Tillage practices, WCM = Weed control methods, ns= non-significant 

 

Grain yield (t ha-1) 

Grain yield of maize was significantly 

influenced by different tillage practices and 

weed control methods (Table 2). The 

treatment of chisel plough + rotavator 

produced highest grain yield of maize 

followed by the treatment of mouldboard 

plough + rotavator. Lowest grain yield was 

recorded from treatment of rotavator. Chisel 

plough is very effective in breaking the hard 

pan of compacted soil which provides 

favorable environment for enhanced root 

growth. The operation of rotavator crushed, 

grinded and buried the weeds in the soil which 

later on served as organic matter for current 

maize crop. [30, 31] reported the positive 

impact of tillage treatment (chisel plough + 

rotavator) on soil physical properties  

which might led to higher grain yield of maize. 

Among weeds control methods, hoeing 15, 30 

and 45 days after sowing (DAS) produced 

highest grain yield of maize, followed by grain 

yield obtained from the treatment of hoeing 15 

and 30 DAS which was statistically similar 

with the application of herbicide 

(Nicosulfuron). Lowest grain yield was 

harvested from control (Weedy check). It is 

revealed that harvest of higher grain yield was 

due to efficient weeds control, minimum 

weeds population and minimum weeds-crop 

competition in terms of moisture, solar 

radiation, space and nutrients. Similar results 

were declared by [28, 32] who reported that 

various weed control methods specifically 

with hoeing significantly enhanced grain yield 

of maize crop. 
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Harvest index (%) 

Harvest index of maize was neither 

significantly affected by various tillage 

practices nor by different weed control 

methods (Table 2). All the means were 

statistically similar. Our findings agree with 

the results of [33] who reported that different 

tillage practices had a non-significant effect on 

harvest index of maize. 

Conclusion 
From the research conducted, it can be 

concluded that among various studied tillage 

practices, treatment of chisel plough + 

rotavator resulted in maximum biological and 

grain yield with minimum weeds m-2 and 

weeds fresh weight at 60 days after sowing 

(DAS). Among weed control methods, hoeing 

at 15, 30 and 45 DAS produced highest grain 

yield of maize and also reduced weeds m-2 and 

weeds fresh weight at 60 DAS. Thus, 

ploughing field with chisel plough + rotavator 

and 3 hoeing i.e. hoeing at 15, 30 and 45 days 

after sowing is recommended for obtaining 

higher maize yield under the agro-climatic 

conditions of Peshawar region. 
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