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ABSTRACT 
 

Allelopathic crop water extracts mixtures integrated with herbicides alongwith 

lower rates of haloxyfop 10.8 EC were evaluated to control weeds in groundnut 

under rainfed system in the Department of Agronomy, PMAS Arid Agriculture 

University, Rawalpindi, Pakistan during 2009 and 2011. The experiment was 

laid out in RCBD with nine treatments viz. control (T1) control, hand weeding 

(T2) haloxyfop 10.8 EC @ 108 g a.i. per hectare 30 days after sowing (T3) barley 

water extract @ 20 L per hectare 30 and 50 days after sowing (T4) brassica 

water extract @ 20 L per hectare 30 and 50 days after sowing (T5) barley water 

extract + brassica water extract @ 10+10 L per hectare 30 and 50 days after 

sowing (T6) barley water extract + brassica water extract @ 10+10 L per hectare 

+ haloxyfop @ 27 g a.i. per hectare 30 days after sowing (T7) barley water 

extract + brassica water extract @ 10+10 L per hectare + haloxyfop @ 54 g a.i. 

per hectare 30 days after sowing (T8) and barley water extract + brassica water 

extract @ 10+10 L per hectare + haloxyfop @ 81 g a.i. per hectare 30 days after 

sowing (T9). Results revealed that integration of crop water extracts with 

reduced rates of haloxyfop decreased density and dry weights of total weeds 

by 19 to 39 percent and 14 to 38 percent, respectivly. Treatment (T3) reduced 

density by 33 and 38 percent and dry weight by 13 and 26 percent during 2009 

and 2011, respectively. Maximum number of pods per plant, kernels per pod 

and pods yield were recorded in T2. Statistically similar yields were obtained 

from allelopathic water extracts combined with reduced rates of herbicide and 

its full dose. Maximum net benefits i.e. (Rs.71415, 73635/ha) were achieved in 

T9 during both years 2009 and 2011 respectively. Marginal rate of return ranged 

from 24-944 percent from herbicide mixed with extracts. To suppress weeds in 

groundnut crop it is economical to use combinations of barley and brassica 

crop extracts with 50-75 percent of haloxyfop. 
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INTRODUCTION 

 
Groundnut (Arachis hypogaea L.) is an important oilseed crop. In Pakistan it 
is raised on an area of 93500 hectares with total production of 74000 tons. 
Major groundnut area (80%) lies in Pothwar region contributing 66 percent 
towards national groundnut production. Average yield of groundnut is two 
fold compared with national average yield (790 kg/ha) (3). 
 
Many factors are responsible for decreasing yields but weeds infestation is a 
major one. It can reduce yield in groundnut upto 70 percent (11). Weeds in 
crop are generally managed with application of pre-emergence herbicides 
and through manual labour. Manual method, is effective to manage weeds 
but it is costly and labour intensive. Agricultural labour is decreasing due to 
rapid industrialization. Farmers are looking for alternative methods to control 
weeds. Chemical method has its own limitations like weather dependence 
and resistance development in weeds. It also poses environmental and 
health hazards (22). For economical crop production, there is need to 
develop environment friendly approaches to control weeds without affecting 
quality of produce and public health. Allelopathy is a natural and 
environmentally sound approach offering potential to manage weeds. It is 
demonstrated with action of allelochemicals exhibited by a living plant on 
processes of growth and development of other plant species present in their 
vicinity (19). The discharge of allelochemics into the environment occurs 
through dissolution of toxins from decomposed and fresh litter in water (21). 
Brassica species contain high levels of glucosinolates (8). These are 
hydrolyzed toisothiocyanates having suppressive effects on weeds (24). 
Water extracts and residues incorporation of barley crop in soil showed 
inhibitory effects on specific weeds. Phytotoxic substances released from 
barley suppressed weeds biomass (7). Analysis of barley water extracts 
revealed caffeic acid, hydrocinnamic acid, ferulic acid, m-coumaric acid, p-
coumaric acid and coumarins(10). 
 
Application of allelopathic extracts helped depress weeds growth. Ashraf and 
Naeem (5) concluded mixture of sorghum and sunflower water extracts 
decreased weeds numbers and weeds biomass stronger than their individual 
extracts. Allelochemicals and allelopathic crops water extracts can be used 
alongwith lower doses of herbicides to manage weeds effectively (15). 
 
In present study individual and combined influence of barley and brassica 
aqueous extracts alongwith lower doses of herbicide was evaluated to control 
weeds in groundnut. The study was designed to reduce the usage of 
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herbicides by integration with allelopathic water extracts and to help farming 
community in utilizing allelopathic crops for economical weed control. 
 

MATERIALS AND METHODS 
 

This study was conducted under rainfed conditions in the Department of 
Agronomy, PMAS Arid Agriculture University (AAU) Rawalpindi, Pakistan 
during 2009 and 2011. The experiment was laid out in RCBD with nine 
treatments. Treatments included; control (T1), hand weeding, (T2) haloxyfop 
10.8 EC @ 108 g a.i.per hectare 30 days after sowing (T3), barley water 
extract @ 20 L per hectare 30 and 50 days after sowing (T4), brassica water 
extract @ 20 L per hectare 30 and 50 days after sowing (T5), barley water 
extract + brassica water extract @ 10+10 L per hectare 30 and 50 days after 
sowing, (T6) barley water extract + Brassica water extract @ 10+10 L per 
hectare + haloxyfop @ 27 g a.i. per hectare 30 days after sowing (T7), barley 
water extract + brassica water extract @ 10+10 L per hectare + haloxyfop @ 
54 g a.i. per hectare 30 days after sowing (T8) and barley water extract + 
brassica water extract @ 10+10 L per hectare + haloxyfop @ 81 g a.i. per 
hectare 30 days after sowing (T9). 
 

The herbage of barley (Hordeum vulgare L. cv. Stirling) and brassica 
(Brassica campesrtis L. cv. Chakwal Sarson) were collected at their maturity 
from the farm. Dried crop straw was chopped into small pieces and stored to 
make fresh water extract. The chopped herbage of each crop was soaked in 
tap water in a ratio of 1:10 (w/v) for 24 hours at room temperature. The 
extract was filtered with the help of sieves and filtrate was boiled to reduce 
the volume to 20 times. These concentrated water extracts were used in 
respective treatments of the study. 
 

Groundnut variety (BARI 2000) was sown on April 24, 2009 for first year and 
experiment was repeated during 2011. It was sown using kernels @ 100 kg 
per hectare with pores attached on tractor mounted cultivator at 45 cm line to 
line and 15 cm plant to plant spacing. Plant to plant distance was maintained 
by uprooting extra plants. Recommended rates of fertilizers i.e. 25-75-50 kg 
NPK per hectare were used uniformly in all treatments at final seed bed 
preparation. Herbicide and its combinations with crop extracts were sprayed 
at 30 days after sowing (DAS). Allelopathic crop extracts alone and their 
mixture were sprayed at 30 and 50 DAS with Knapsack sprayer after 
calibration with water @ 375 litre per hectare. 
 

Meteorological data were collected from the nearest meteorological station 
(Table 1). Data on weeds dynamics were recorded at 65 DAS while yield and 
yield components of groundnut crop were recorded at maturity.  
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Table 1. Temperature and rainfall received during 2009 and 2011. 

 

 
Month 

2009 2011 

Temp. (
0
C) Rainfall 

(mm) 

Temp. (
0
C) 

Rainfall (mm) 
Min.  Max.  Min. Max.  

January 2.01 18.21 19.70 -0.49 16.11 4.00 

February 3.96 19.99 39.00 6.56 16.11 87.70 

March 7.98 25.28 39.80 12.86 24.75 23.00 

April 12.23 29.70 84.60 13.32 28.03 44.20 

May 17.90 37.24 39.90 20.95 37.81 35.80 

June 21.12 39.39 5.60 24.65 38.04 51.50 

July 22.52 36.51 189.35 23.87 33.43 130.10 

August 23.02 35.82 75.70 24.07 31.67 237.95 

September 19.90 34.90 40.00 21.64 31.04 40.20 

October 12.78 32.98 4.00 14.75 29.95 16.50 

November 7.13 23.00 7.09 9.11 24.89 12.70 

December 6.86 25.54 0.00 2.20 19.31 0.00 

 
The data collected were subjected to analysis of variance technique and 
means obtained were compared by least significant difference test (LSD) at 
five percent level of probability (20). Economic and marginal analysis were 
carried out on the basis of variable costs and market prices of commodities. 
 

RESULTS AND DISCUSSION 

 
Weeds species found at the experimental site included Desmostachya 
bipinnata L. Stapf (big cord grass), Cynodon dactylon (L) pers, Brachiaria 
reptans (running grass), Tribulus terristris L., Cyperus rotundus L. (purple 
nuts edge) and Digera arvensis Forsk. (false amaranth). Former four species 
were the major weeds present at the site. 
 

Weeds total density (g/m
2
) 

 

Weeds total density was decreased in majority of the treatments during 2009 
and 2011. Maximum weeds suppression was recorded in (T2) followed by 
(T9). Total density ranged from 12 (T2, 2009) to 61.25 (T1, 2011) weed plants 
per m

2 
during both years (Table 2). Maximum density was counted from 

control treatment during the study. Ali et al. (2) also obtained the highest 
weeds populations from weedy check treatment. Maximum weed reductions 
were recorded in T2 (59.59 - 64.71%) followed by T9 and T3 during both 
years. Ansary et al. (4) achieved the maximum control of weed density with 
hand weeding. Full dose of herbicide (T3) gave similar weed control as 
obtained from T9 during the study. Farooq et al. (13) also obtained equivalent 
weed control from full herbicide dose in combination with low quantities of 
crop extracts. 
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Table 2. Effect of weed control treatments on total weeds dynamics at 65 DAS. 

 
Treatments Weeds total 

Density (g/m
2
 

Weeds total 

dry weight (g) 

2009 2011 2009 2011 

T1 : Control  34.0 a 61.25 a 48.2 a 30.7 a 

T2 : Hand weeding 12.0 d 
(64.71) 

24.75 g 
(59.59) 

9.1 e 
(81.08) 

10.4 g 
(66.26) 

T3 : Haloxyfop 10.8 EC@ 108 g a.i.per 
       hectare 30 DAS 

21.0 c 
(38.24) 

41.25 ef 
(32.65) 

41.8bcd 
(13.38) 

22.6 e 
(26.46) 

T4 : BaWE @ 20 L per hectare 30 and 
      50 DAS 

33.5 a 
(1.47) 

52.5 bc 
(14.29) 

43.8 bc 
(9.19) 

25.3 c 
(17.46) 

T5 : (BrWE) @ 20 L per hectare 30 and 
       50 DAS 

34.25 a 
(0.74) 

56.0ab 
(8.57) 

45.1 ab 
(6.39) 

27.2 b 
(11.26) 

T6 : BaWE + BrWE @ 10+10 L per hectare 
      30 and 50 DAS 

32.75 a 
(3.68) 

51.25 bcd 
(16.33) 

42.7bcd 
(11.51) 

24.6 cd 
(19.93) 

T7 : BaWE + BrWE @ 10+10 L
 
per hectare + 

       Haloxyfop @ 27 g a.i. per hectare 30 DAS 

26.5 b 
(22.06) 

49.75 cd 
(18.78) 

41.5 bcd 
(13.86) 

23.3 de 
(24.00) 

T8 : BaWE + BrWE @ 10+10 L per hectare 
       Haloxyfop @ 54 g a.i. per hectare 30 DAS 

24.5 b 
(27.94) 

46.0 de 
(24.90) 

40.3 cd 
(16.43) 

21.8 e 
(29.07) 

T9 : BaWE + BrWE @ 10+10 L
 
per hectare + 

       Haloxyfop @ 81 g a.i. per hectare 30 DAS 

21.0 c 
(38.24) 

37.25 f 
(39.18) 

39.1 d 
(18.88) 

19.2 f 
(37.55) 

LSD at 5% probability level 2.84 6.07 4.26 1.68 

*Ba = Barley water extract, Br = Brassica water extract, WE = Water extract, DAS = Days after sowing, 
Means sharing same letters are non-significant at 5% probability level, Figures in parenthesis show 
percent decrease over control. 

 

Weeds total dry weight (g) 
 

Weeds total dry weight (g) at 65 DAS was decreased significantly by all 
treatments except T5 during the study. Hand weeding (T2) suppressed total 
weeds biomass by 81.08 percent during 2009 and 66.26 percent during 2011 
(Table 2). Density of Desmostachya bipinnata L. was more during 2009 
which resulted in higher total weeds biomass. 
 
Integration of crop extracts with herbicide (T7, T8, and T9) demonstrated 
statistically similar decrease of weeds dry weight as of full dose of herbicide 
(T3). Barley and brassica extracts and their mixture (T4 and T6) diminished dry 
weight of total weeds by 9.19 to 19.93 percent. Previous studies revealed 
that barley water extracts inhibited growth of weeds (10). Brassica extracts 
reduced growth of Phalaris minor (23). Allelopathic crop extracts suppressed 
weeds growth which resulted in less weight gain by the weeds (6). Low doses 
of herbicides when combined with allelopathic aqueous extracts inhibited 
growth of weeds and showed comparable weed control as observed from full 
rates of chemical (13). 
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Number of pods per plant 
 

Number of pods per plant in groundnut was improved with different 
treatments compared with control during experimentation. Better crop growth 
during first season favoured more pods per plant. More rainfall (Table 1) was 
received at earlier stages of crop establishment during 2009 which gave 
better growth start to the crop as compared to 2011. 
 

Individual crop extracts (T4 and T5) and control (T1) treatments depicted 
similar pods per plant but combinations of extracts enhanced during 2011. 
Maximum number of pods from single plant (15.90 in 2009 and 13.15 in 
2010) was recorded from hand weeding (Table 3). Higher number of pods 
per plant in weed control treatments may be ascribed to weeds growth 
inhibition. El-Naim and Eldouma (12) reported more pods per plant by 
controlling weeds in groundnut crop. Similarly, Abouziena et al. (1) 
demonstrated less number of groundnut pods from the plots where weeds 
were not controlled. 
 

Number of kernels per pod 
 

Number of kernels per pod was also affected by different treatments. 
However, majority of the treatments were similar in this regard. Maximum 
number of kernels (1.70 and 1.82) were obtained from hand weeding (T2) 
during the both years (Table 3). Weedy check produced the lowest kernels 
(1.50) but it was at par with T4 (1.55 and 1.60) and T5 (1.55 and 1.65). Weed 
management treatments produced more kernels per pod because weeds 
suppression helped crop accumulate more photosynthates and consequently 
higher number of kernels per pod. Khaliq et al. (17) improved grains per pod 
by manipulation of weeds with herbicides and their mixtures with sorghum 
extracts and hand weeding. 
 

Pod yield (kg/ha) 
 

Pod yield of groundnut was increased by all treatments compared with 
control during both years (Table 3). Hand weeding (T2) produced the highest 
pod yield (1526.95 and 1401.06 kg/ha) during the both years. Relatively more 
yield was recorded during first year because of higher number of pods per 
unit area. Maximum pod yield recorded from T2 was followed by T8 (1337.94 
and 1354.78 kg/ha) and T9 (1409.38 and 1368.28 kg/ha). Check treatment 
produced the lowest yield (1137.01 and 1005.89 kg/ha) due to higher weeds 
competition. Although crop aqueous extracts enhanced pods yield but their 
impact was less than herbicide alone and its combinations with allelopathic 
extracts. Weed control treatments exhibited higher yield than control which 
may be due to more pods and number of kernels per plant. Khan et al. (18) 
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also reported increase in yield of mungbean with weed control. Herbicide 
treated and weed free plots produced more pod yield than check (16). 
Similarly, Chandolia et al. (9) recorded yield increases from herbicides and 
manual weeding compared with control. 
 

Table3. Effect of weed control treatments on number of pods, kernels number, 100-kernel weight 

and pods yield of groundnut during 2009. 
 

Treatments Pods/plant Kernels/ 

pod 

Pods yield 

(kg/ha) 

2009 

T1 : Control  13.65 b 1.50b 1137.01f 

T2 : Hand weeding 15.90 a 1.70a 1526.95a 

T3 : Haloxyfop 10.8 EC@ 108 g a.i.per hectare 30 DAS 15.10 ab 1.63ab 1372.63bc 

T4 : BaWE @ 20 L per hectare 30 and 50 DAS 14.35 ab 1.55ab 1245.56de 

T5 : BrWE @ 20 L per hectare 30 and 50 DAS 14.10 ab 1.55ab 1207.51ef 

T6 : BaWE + BrWE @ 10+10 L per hectare 30 and 50 DAS 14.50 ab 1.60ab 1272.64cde 

T7 : BaWE + BrWE @ 10+10 L
 
per hectare + Haloxyfop @ 

       27 g a.i. per hectare 30 DAS 

14.80 ab 1.60ab 1338.32bcd 

T8 : BaWE + BrWE @ 10+10 L per hectare Haloxyfop @ 54 
       g a.i. per hectare 30 DAS 

15.20 ab 1.63ab 1377.94b 

T9 : BaWE + BrWE @ 10+0 L
 
per hectare + Haloxyfop @ 81 

       g a.i. per hectare 30 DAS 

15.40 ab 1.65ab 1409.38b 

LSD at 5% probability level 1.81 0.18   101.09 

2011 

T1 : Control  10.95d 1.50c 1005.89f 

T2 : Hand weeding 13.15a 1.82a 1401.06a 

T3 : Haloxyfop 10.8 EC@ 108 g a.i.per hectare 30 DAS 12.5abc 1.70ab 1321.89bc 

T4 : BaWE @ 20 L per hectare 30 and 50 DAS 11.90bcd 1.60bc 1142.94e 

T5 : BrWE @ 20 L per hectare 30 and 50 DAS 11.60cd 1.60bc 1085.83e 

T6 : BaWE + BrWE @ 10+10 L per hectare 30 and 50 DAS 11.95bc 1.65b 1224.22d 

T7 : BaWE + BrWE @ 10+10 L
 
per hectare + Haloxyfop @  

       27 g a.i. per hectare 30 DAS 

12.30abc 1.68b 1272.67cd 

T8 : BaWE + BrWE @ 10+10 L per hectare Haloxyfop @ 54 
       g a.i. per hectare 30 DAS 

12.75ab 1.70ab 1354.78ab 

T9 : BaWE + BrWE @ 10+10 L
 
per hectare + Haloxyfop @  

       81 g a.i. per hectare 30 DAS 

12.85ab 1.73ab 1368.28ab 

LSD at 5% probability level 0.97 0.13     70.82 

*Ba = Barley, Br = Brassica, WE = Water extract, DAS = Days after sowing, Means sharing same letters 
are non-significant at 5% probability level, Figures in parenthesis show percent decrease over control. 
 

Economic and marginal analysis 
 

The results (Table 4) depicted higher net benefits from weed control 
treatments than control. During both seasons maximum benefits (Rs. 73635 
and 71415) were recorded in case of T9 against minimum (Rs.61380 and 
54300) in T1. The variation in benefits may be attributed to differences in 
pods yield and input costs. Iqbal et al. (14) obtained more net benefits from 
combination of allelopathic crop aqueous extracts with glyphosate compared 
with its full rates. 
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Marginal analysis revealed (Table 5) dominance of all treatments except 

mixtures of crop extracts with low rates of haloxyfop during 2009 and 2011. 

Maximum marginal rate of return was achieved in T7 (684.11 and 944.04%) 

followed by T8 (307.55 and 737.74%) and T9 (216.98 and 24.53%). Lower 

marginal benefits and higher costs rendered other treatments as non-

profitable. Similar results were depicted by Iqbal et al. (14) who obtained 

higher MRR with sorghum and sunflower extracts mixed with low glyphosate 

doses  than  its  label  rates  which  was  dominated  because of less 

marginal benefits. 
 

Table 5. Marginal analysis during 2009 and 2011. 

 
Treatments Variable cost 

(Rs.) 

Net benefits 

(Rs.) 

Marginal rate of return (%) 

T1 - 61380 - 

T7 1385 70855 684.11 

T5 1610 63610 D 

T6 1710 66990 D 

T4 1810 65450 D 

T8 1915 72485 307.55 

T9 2445 73635 216.98 

T3 2470 71630 D 

T2 10500 71940 D 

2011 

T1 - 54300 - 

T7 1385 67375 944.04 

T5 1610 57010 D 

T6 1710 64410 D 

T4 1810 59930 D 

T8 1915 71285 737.74 

T9 2445 71415 24.53 

T3 2470 68930 D 

T2 10500 65160 D 

D = Dominated. 

 

CONCLUSION 

 
The study concluded that barley and brassica aqueous extracts integrated 

with one half to three fourth rates of haloxyfop can be utilized to decrease 

weeds dynamics economically and enhance groundnut pods yield. It is 

further needed to investigate effect of other allelopathic crop extracts to 

manage summer weeds. 
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