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ABSTRACT 
The present investigation was carried as field experiment which was conducted at Agronomy Research Area of the 
Department of Agronomy, Chaudhary Charan Singh, Haryana Agricultural University, Hisar (India). The experimental 
field was dominated by Phalaris minor, Melilotus indica, Rumex retroflexus, Anagallis arvensis, Lathyrus abhaca and 
Chenopodium album during both the years. The density of different weed species increased significantly under three and 
four irrigations compared to two irrigations. Different levels of irrigation significantly increased the dry weight of 
Phalaris minor and broad leaf weeds. Maximum dry matter was observed under four irrigations. The consumptive use of 
water and water use efficiency increased progressively with the increasing levels of irrigation. The maximum value of 
consumptive use of water (397.44mm) by wheat was recorded under four irrigations. Moisture extraction pattern from 
the uppermost (0-30cm) soil layer increased with increasing number of irrigations. It is inferred from the present study 
that in order to check broad leaf weeds in wheat crop minimum no of irrigation must be applied. 
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INTRODUCTION 
Various kind of Grassy weeds (Phalaris minor, Avena ludoviciana, Poa annua etc.) and broad leaf weeds 
(Chenopodium album, Anagallis arvensis, Melilotus indica, Lathyrus aphaca, Vicia sativa, Fumaria 
parviflora, Rumex retroflexus, Convolvulus arvensis and Cirsium arvense). Phalaris minor is the dominant 
weed found intensively in rice-wheat cropping system and it alone affects wheat yield up to 40 per cent 
[3].. The losses in wheat yield caused by weeds ranges between 25-50 per cent depending upon weed 
species, density of weeds and the crop, soil moisture and fertility status and emergence pattern of weeds 
in relation of crop [1]. Among different methods of weed management, herbicides are most preferably 
used by growers. Isoproturon was the most effective and economical herbcides for controlling Phalaris 
minor in wheat [4, 17], but with the passage of time and continuous use, isoproturon has not only allowed 
shift in weed flora in favour of broad leaf weeds, but  has also resulted in the evolution of resistant 
biotypes [8]. For control of broad leaf weeds, mainly 2, 4-D (Na salt), 2, 4-D (Ester) or metsulfuron-methyl 
either alone or with urea herbicides have been used. For the management of complex weed flora in wheat 
particularly in resistance affected areas, there was no suitable herbicide available with the farmers. Use of 
2, 4-D or metsulfuron-methyl tank mixed with clodinofop or fenoxaprop leads to antagonisms [16]. In 
such situations is find appropriate that management practices like alteration in irrigation pattern may 
help to control the weed infestation pattern in wheat crop.  
 
MATERIAL AND METHODS 
Experimental site and location  The present investigation entitled, “Studies on effect of different levels 
of irrigation and consumptive pattern of soil moisture in wheat” was carried out at experiment field 
Department of Agronomy, Chaudhary Charan Singh, Haryana Agricultural University, Hisar (India). Hisar 
is located at 215.2 metres above mean sea level with a latitude of 29º10' North and longitude of 75º36' 
East. 
Weather and climate Climate of Hisar is semi-arid with hot and dry dessicating winds accompanied 
by frequent dust storms of high velocity in summer, severe cold during winter and humid warm monsoon 
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seasons. The mean maximum temperature sometimes exceeds 48ºC during summer while minimum 
temperature falls to the level of 0ºC accompanied by frost in winter. 
The mean annual rainfall is around 400 mm and the total rains as well as its distribution is subjected to 
great variations. About 85 percent of the total rains are received from South-West monsoon during July, 
August and early September. A few showers of cyclonic rains also occur during December, January & late 
spring. The meteorological data were recorded at the meteorological observatory located near Agronomy 
Research Farm, Chaudhary Charan Singh Haryana Agricultural University, Hisar.  
Soil analysis 
Chemical analysis of soil 
For chemical analysis of soil of the experimental field, the soil samples (0-15 cm) were taken from five 
random places in the field. The samples taken from all places were mixed thoroughly, dried under shade 
and ground into fine powdery mass and were analysed for chemical constituents. The observation 
recorded and methods used are presented in (Table 1). 
Mechanical analysis of soil 
For mechanical analysis of the soil, the composite soil samples were analyzed by International Pipette 
Method [11]. On the basis of mechanical composition, presented in (Table 2), the soil is categorized as 
sandy loam in texture. 
 

Table 1. Chemical composition of soil of experimental field 
Components 2005-

06 
2006-

07 
Methods employed 

Organic carbon (%) 0.35 0.36 Walkley and Black’s wet oxidation method [5] 
pH  8.2 8.2 pH meter with glass electrode in 1:2 soil water suspension 

[5] 
EC (dSm-1 at 25ºC) 0.43 0.44 Conductivity bridge method in 1:2 soil water suspension 

[13] 
Available nitrogen (kg ha-1) 208.0 211.0 Alkaline permanganate method [14] 
Available phosphorus (kg ha-

1) 
15.1 16.2 Olsen’s method [10] 

Available potassium (kg ha-1) 407 409 Flame Photometeric method [13] 
 

Table 2. Mechanical composition of soil of experimental field 
Components  2005-06 2006-07 Method 
Sand (%) 61.58 61.37 International pipette method 11 
Silt (%) 20.32 20.34 
Clay (%) 18.20 18.29 

 
Experimental treatment combinations: 
Main plot treatment 
Irrigation’ levels   No. of irrigation  
I1    2 (22, 85 DAS) 
I2    3 (22, 65, 105 DAS) 
I3    4 (22, 45, 85, 105 DAS) 
Replications    : Four 
Design     :Split Plot 
Variety    :WH 711 
Gross plot size   : 10.0 m x 6.0 m 
Net plot size    :9.0 m x 5.5 m 

Weed studies 
Weed intensity 
The determination of weed intensity was done by quadrant method described. Weed population 
(individual dominant weed) was recorded from three quadrats (0.25 m2 each) placed at random in each 
plot at 30,60,90 days after sowing and at harvest and were expressed on per square meter basis. The 
values thus obtained were subjected to square root transformation )1x(  ) before analysis. 
Dry matter accumulation by weeds 
The samples collected for recording weed intensity were utilized for weed dry matter accumulation. 
These samples were first dried in sun and then in oven at 65ºC for 72 hours.  
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Statistical analysis 
Data collected during the study were statistically analyzed using the techniques of analysis of variance. 
The results were tested for treatment means by applying F-test of significance on the basis of null 
hypothesis suggested by [2]. To judge the significance of difference between means of two treatments, 
critical difference (C.D.) was computed as follows: 

 %5tx
n

iancevarError2
.D.C   

Where  
CD  =  Critical difference 
n  =  Number of replications 
t  =  Value from Fisher’s table (1958) for error degree of freedom at 5 per cent level of 
significance.  
 
RESULTS AND DISCUSSION 
Weed studies 
Phalaris minor 
Phalaris minor was present during both 2005-06 and 2006-07, and contributed about 22.62 and 22.48 
per cent of total weed population at 60 DAS (Table 3). The population of Phalaris minor was similar up to 
30 DAS during both the years, however at 60 and 90 DAS and at harvest, the population was significantly 
more at four irrigation levels than that at three and two irrigation levels. Application of four irrigations 
resulted into maximum weed population i.e. 15.3 m-2 in 2005-06 and 13.0 m-2 in 2006-07 at harvest. At 
two irrigations, P. minor at harvest was 9.85 and 9.42 m-2 during the first and second year, respectively. 
(Table 9).  
 

Table 3. Density and relative density to dominant weeds in un weeded wheat plots at 60 DAS during 
2005-06 and 2006-07 

Scientific name   Density (No. m-2) Relative density (%) 
 2005-06 2006-07 2005-06 2006-07 
Phalaris minor 7.04 6.75 22.62 22.48 
Melilotus indica 4.90 5.10 15.74 17.05 
Rumex retroflexus 5.30 4.94 17.03 16.45 
Anagallis arvensis 4.70 4.58 15.10 15.25 
Lathyrus aphaca 3.67 3.28 11.79 10.92 
Chenopodium album 5.51 5.35 17.70 17.82 
Total  31.12 30.02   

 
Table 4. Effect of irrigation on density   (No. m-2) of Phalaris minor 

Treatments  2005-06 
Days after sowing 

2006-07 
Days after sowing 

30 60 90 At Harvest 30 60 90 At Harvest 
No. of irrigations 
2 5.94 (34.3) 2.73 (12.2) 2.68(11.5) 2.48(9.85) 5.62(30.6) 2.58(11.0) 2.48(10.4) 2.35(9.42) 
3 5.94 (34.2) 2.80 (12.6) 2.73(12.5) 2.58(10.8) 5.62(31.3) 2.62(11.5) 2.56(11.1) 2.47(10.5) 
4 5.93 (34.2) 3.04 (15.3) 2.98(14.5) 2.85(13.0) 5.67(31.1) 2.81(13.0) 2.68(12.0) 2.57(11.3) 
SEm± 0.04 0.03 0.02 0.02 0.03 0.02 0.02 0.02 
CD 5% NS 0.10 0.10 0.09 NS 0.09 0.09 0.05 

Note: Values are square root transformed (x + 1) and actual values are given in parentheses  
 
Rumex retroflexus 
Density of Rumex retroflexus at 60, 90 DAS and at harvest was significantly higher at four irrigation levels 
as compared to three and two irrigation levels (Table 5). 
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Table5. Effect of irrigation on density (No.m-2) of Rumex retroflexus 
Treatments  2005-06 

Days after sowing 
2006-07 

Days after sowing 
30 60 90 At Harvest 30 60 90 At Harvest 

No. of irrigations 
2 5.02 (24.2) 2.28 (7.1) 2.16 (6.6) 1.98 (5.2) 3.72 2.22 (6.32) 2.13 (6.0) 1.84 (3.99) 
3 5.01 (24.1) 2.37 (7.5) 2.17 (6.1) 2.09 (5.6) 3.80 2.30 (6.89) 2.14 (6.0) 1.99 (4.85) 
4 5.01 (24.1) 2.67 (9.5) 2.41 (8.3) 2.25 (7.01) 3.76 2.55 (8.47) 2.36 (7.1) 2.17 (6.25) 
SEm± 0.03  0.02  0.02  0.02  0.02 0.02 0.02 0.01 
CD 5% NS  0.08  0.07  0.68  NS 0.08 0.07 0.06 

Note: Values are square root transformed (x + 1) and actual values are given in parentheses  
 
Melilotus indica  
The relative density of Melilotus indica in the experimental field was found to be 16 and 17 per cent 
(Table 3) at 60 DAS in 2005-06 and 2006-07, respectively. A significant difference in the density of 
Melilotus indica was found at 60 and 90 DAS and at harvest stages under different irrigation levels during 
both the crop seasons (Table 11). At four irrigation levels, there was significantly more number of M. 
indica than that of two and three irrigation levels at 60 and 90 DAS and at harvest. (Table 6).  
 

Table 6. Effect of irrigation on density (No. m-2) of Melilotus indica 
Treatments  2005-06 

Days after sowing 
2006-07 

Days after sowing 
30 60 90 At Harvest 30 60 90 At Harvest 

No. of irrigations 
2 3.7 2.1 (5.8) 1.8 (3.2) 1.69 (3.4) 4.72 (2.13) 2.17 (6.32) 2.07 (5.4) 1.82 (19.1) 
3 3.8 2.2 (6.4) 1.9 (3.9) 1.83 (3.8) 4.70 (21.1) 2.24 (6.95) 2.11 (5.7) 1.90 (0.96) 
4 3.7 2.5 (8.4) 2.3 (5.3) 2.00 (5.4) 4.70 (21.1) 2.43 (8.05) 2.27 (7.1) 2.1 (0.0) 
SEm± 0.02 0.02  0.01  0.01  0.03 0.02 0.02 0.01 
CD 5% NS 0.07  0.06  0.05  NS 0.07 0.07 0.06 

 
Anagallis arvensis  
Density of Anagallis arvensis was significantly influenced by irrigation levels at 60 and 90 DAS and at 
harvest during 2005-06 and 2006-07. (Table 7).  
 

Table 7. Effect of irrigation on density (No. m-2) of Anagallis arvensis 
Treatments  2005-06 

Days after sowing 
2006-07 

Days after sowing 
30 60 90 At Harvest 30 60 90 At Harvest 

No. of irrigation 
2 4.13 (16.1) 2.02 (5.35) 1.93 (5.35) 1.83 (4.50) 3.84 (13.7) 1.95 (4.87) 1.83 (4.45) 1.78 (4.05) 
3 4.23 (16.9) 2.10 (5.77) 2.01 (5.97) 1.88 (4.92) 3.99 (14.9) 2.02 (5.27) 1.86 (4.72) 1.84 (4.55) 
4 4.16 (16.3) 2.15 (6.07) 2.04 (5.85) 1.90 (5.05) 3.93 (14.5) 2.10 (5.90) 1.93 (5.12) 1.84 (4.95) 
SEm± 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.01 
CD 5% NS 0.66 0.66 NS 0.8 0.6 0.5 0.5 

Note: Values are square root transformed (x + 1) and actual values are given in parentheses 
 

Lathyrus aphaca 

A significant difference was found in terms of density at 60 and 90 DAS and at harvest stages among 
different irrigation levels during both the crop seasons (Table 8). At four irrigation levels, there was 
significantly more infestation of Lathyrus aphaca compared to two and three irrigation levels at 60 and 90 
DAS and at harvest. 
 

Table 8. Effect of irrigation treatments on density (No. m-2) of Lathyrus aphaca 
Treatments  2005-06 

Days after sowing 
2006-07 

Days after sowing 
30 60 90 At Harvest 30 60 90 At Harvest 

No. of irrigations 
2 3.0 (8.17) 1.69 (2.82) 1.65 (2.65) 1.39 (1.42) 2.84 (7.09) 1.59 (2.29) 1.45 (1.75) 1.37 (1.32) 
3 2.99 (8.08) 1.79 (3.32) 1.69 (2.79) 1.53 (1.07) 2.79 (6.81) 1.65 (2.51) 1.56 (2.20) 1.48 (1.90) 
4 2.98 (7.93) 1.98 (4.55) 1.82 (3.50) 1.60 (2.27) 2.85 (7.14) 1.83 (3.5) 1.62 (2.42) 1.50 (2.05) 
SEm± 0.01 0.01 0.1 0.01 0.01 0.01 0.01 0.01 
CD 5% NS 0.05 0.04 0.03 NS 0.04 0.03 0.02 

Note: Values are square root transformed (x + 1) and actual values are given in parentheses  
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Chenopodium album  
During both years, the density of Chenopodium album at 60 and 90 DAS and at harvest was significantly 
more under four irrigation levels (Table 9).  
 

Table 9.  Effect of irrigation on density (No. m-2) of Chenopodium album 
Treatments  2005-06 

Days after sowing 
2006-07 

Days after sowing 
30 60 90 At Harvest 30 60 90 At Harvest 

No. of irrigations 
2 5.15 (25.6) 2.38 (7.80) 2.30 (8.04) 2.24 (8.12) 5.00 (24.0) 2.17 (6.77) 2.05 (5.77) 1.87 (4.77) 
3 5.12 (25.2) 2.42 (8.17) 2.39 (8.80) 2.31 (8.65) 5.02 (24.3) 2.38 (7.87) 2.18 (6.62) 1.95 (5.20) 
4 5.17 (25.7) 2.54 (9.32) 2.48 (9.47) 2.40 (9.42) 5.04 (24.4) 2.44 (7.35) 2.27 (7.35) 2.11 (6.25) 
SEm± 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.01 
CD 5% NS 0.08 0.08 0.08 NS 0.08 0.07 0.08 
SEm± 0.04 0.02 0.02 0.02 0.04 0.02 0.01 0.01 
CD 5% NS 0.06 0.06 0.06 NS 0.06 0.05 0.05 

Note:Values are square root transformed (x + 1) and actual values are given in parentheses  
 
Dry matter accumulation by weeds 
Dry matter accumulation by Phalaris minor 
Dry matter accumulation by Phalaris minor was obviously similar up to 30 DAS during both the years, 
however, it was significantly higher at harvest followed by 90 DAS (Table 10) under four irrigation levels 
during both the crop seasons. 
  
Table 10.Effect of irrigation n dry matter accumulation by Phalaris minor (g m-2) at different crop growth 

stages 
Treatments  2005-06 

Days after sowing 
2006-07 

Days after sowing 
30 60 90 At Harvest 30 60 90 At Harvest 

No. of irrigation 
2 2.35 2.0 (5.6) 2.7 (13.3) 3.0 (18.9) 1.74 (2.05) 2.05 (5.92) 2.80 (14.8) 2.82 (17.0) 
3 2.31 2.0 (5.5) 2.8 (15.2) 3.1 (20.2) 1.75 (2.08) 2.21 (7.42) 2.86 (16.0) 3.08 (18.9) 
4 2.33 2.2 (7.4) 2.9 (16.7) 3.2 (22.1) 1.74 (2.03) 2.34 (8.52) 2.90 (16.8) 3.13 (19.5) 
SEm± 0.03 0.01 0.03 0.03 0.008 0.02 0.3 0.03 
CD 5% NS 0.06 1.0 0.12 NS 0.07 0.10 0.11 

Note:Values are square root transformed (x + 1) and actual values are given in parentheses  
 
Dry matter accumulation by broadleaf weeds  
The dry matter accumulation by broad leaf weeds was significantly influenced by different irrigation 
levels at all the crop growth stages except at 30 DAS during both the years of study. The significant 
difference was observed between two and four irrigations and maximum dry matter was produced under 
four irrigations (Table 11). However, three and four irrigation levels were at par in respect of dry matter 
accumulation by broadleaf weeds during both the years. 
 

Table 11. Effect of irrigation on dry matter of broad leaf weeds (g m-2) at different crop growth stages 
Treatments  2005-06 

Days after sowing 
2006-07 

Days after sowing 
30 60 90 At Harvest 30 60 90 At Harvest 

No. of irrigations 
2 6.1 2.5 (10.1) 2.8 (13.6) 2.9 (15.6) 2.3 (4.5) 2.4 (9.4) 2.6 (12.4) 2.8 (14.4) 
3 6.6 2.5 (10.8) 2.8 (14.5) 2.9 (16.2) 2.4 (5.1) 2.5 (10.1) 2.8 (14.1) 2.9 (15.3) 
4 6.1 2.7 (12.) 2.9 (15.2) 3.0 (17.1) 2.5 (5.5) 2.5 (10.1) 2.9 (14.8) 3.0 (16.4) 
SEm± 0.08 0.03 0.03 0.03 0.01 0.03 0.03 0.03 
CD 5% NS 0.12 0.10 NS 0.04 NS 0.10 0.11 

Note: Values are square root transformed (x + 1) and actual values are given in parentheses 
 

DISCUSSION 
The different irrigation levels has evaluated against weeds & crop performance was studied The field was 
dominated by natural population of broad leaved weeds constituting 77.36 and 77.49% of the total weed 
population in 2005-06 and 2006-07, respectively. The annual grass, Phalaris minor constituted 7.04 and 
6.75 percent of the total weed population in 2005-06 and 2006-07, respectively (Table 3-9). The 
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maximum number of weeds were observed up to 60 DAS and afterwards there were slightly decreased 
due to maturity of weeds prior to wheat crop. The density of different weed species was influenced 
significantly due to increased in number of irrigation at all the crop growth stages except at 30 DAS 
during both the years. There was significant increase in the population of weeds with higher irrigations as 
compared to two irrigations. The dry matter accumulation by Phalaris minor and broad leaf weeds was 
increased with the advancement of growth stages and it was maximum at harvest in 2005-06 and 2006-
07 Different levels of irrigations significantly increased the dry weight of P. minor and broad leaf weeds at 
all the crop growth stages except 30 DAS during both the years. Maximum dry matter was recorded at 
four irrigation levels but three and four irrigation levels were at par. The increasing number of irrigations 
increased the consumptive use of water in wheat from 378.0 at two to 384.5 at three and 397.4 mm at 
four irrigations, during 2005-06 (Table 10). Similarly corresponding figures during 2006-07 were 381.5, 
389.4 and 408.7mm under two, three and four irrigation, respectively. The increase in consumptive use 
with successive increase in numbers of irrigations might be attributed to greater and faster growth of 
wheat at higher number of irrigations leading to more utilization of soil moisture during both the years of 
study. Similar findings were reported by6. Water use efficiency of wheat increased with successive 
increase in number of irrigations from 12.32 kg ha-1 mm under two to 13.45 and 14.08 kg ha-1 mm under 
three and four irrigation, respectively during 2005-06 (Table 10). Similarly, the water use efficiency also 
increased during 2006-07 from 12.54 kg ha-1 mm under two to 13.65 and 14.43 kg ha-1  mm under three 
and four levels of irrigation, respectively. This increase in water use efficiency with increasing levels of 
irrigation might be due to higher crop growth leading to higher grain yield 7. It was observed that most of 
the water utilized by wheat crop came from the upper 60 cm soil depth which was so presumably mainly 
due to the distribution and concentration of the active roots in this zone of soil (Table 11). The average 
moisture extraction by wheat crop from the top soil layer (0-30cm) increased from 40.42 per cent under 
two to 40.85 per cent under three level of irrigation. The extraction of water from 0-30 cm soil depth was 
highest under all the treatments because of the evaporation component in addition to extraction by roots. 
Similar results were reported by [9, 12, 15]. 
 
CONCLUSION 
The consumptive use of water and water use efficiency increased progressively with the increasing levels 
of irrigation. The maximum value of consumptive use of water (397.44mm) by wheat was recorded under 
four irrigations. Moisture extraction pattern from the uppermost (0-30cm) soil layer increased with 
increasing number of irrigations. It is inferred from the present study that in order to check broad leaf 
weeds in wheat crop minimum no of irrigation must be applied. 
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