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ABSTRACT 

 
Chickpea (Cicer arietinum L.) crop has gained attention of the arid region 

farmers across Pakistan because of the low water requirement. Meanwhile, the 

chickpea is poor competitor of weeds in its early growth stages due to its slow growth 

rate and leaf area development. Taking under consideration the negative impact of 

weeds on chickpea crop, field, pot and laboratory studies were conducted during 

2012-13 and 2013-14. During field studies, the effects of different chickpea seeding 

rates and different weed control techniques were tested against chickpea weeds under 

rain-fed conditions. The results of the field experiments showed that during both the 

years the lowest weed density (115.18 and 64.40 m-2) was recorded in Stomp 330 EC 

followed by Dual Gold 960 EC. The maximum seed yield (1226 and 1411 kg ha-1) 

was recorded in Stomp 330 EC for both the years, respectively followed by the 

application of Dual Gold 960 EC and manual weeding. Among the chickpea seeding 

rates, the maximum number of branches plant-1, 100 seed weight, biological yield and 

seed yield kg ha-1 were observed for 70 kg ha-1 seed rate during both the years. The 

economic analysis exposed that the maximum net profit to the farmers in case of 

added cost was obtained from the application of pre-emergence herbicides i.e., Stomp 

330 EC and Dual Gold 960 EC as compared to the other weed control techniques. In 

pot studies the sensitivity of chickpea was tested against two pre-emergence 

herbicides (Stomp 330 EC and Dual Gold 960 EC) and three post-emergence 

herbicides (Topik 15 WP, Puma Super 75 EW and Isoproturon 500 EW). In pot 

studies, chickpea was more sensitive to pre-emergence than post-emergence 

herbicides in terms of their toxicity. All the studied parameters of chickpea showed a 

significant response to the herbicides applied except nodules fresh and dry biomass. 
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Moreover, the least chickpea plant height (cm), number of nodules plant-1 and protein 

content (%) in seed were recorded under the pre-emergence application of Stomp 330 

EC. In the third experiment, the allelopathic potential of five common weeds 

including Parthenium hysterophorus L., Cyperus rotundus L., Datura stramonium L., 

Phragmites australis (Cav.) Trin. and Convolvulus arvensis L. was examined against 

the different chickpea varieties (Karak-I, Karak-III and Sheenghar) under laboratory 

conditions. The results of the lab. studies demonstrated that among the chickpea 

varieties the “Karak-III” showed more susceptibility against the phytotoxic effects of 

weed extracts. However, among the tested extracts, C. arvensis showed more 

allelopathic effects in terms of germination failure in chickpea and just gave 43.33% 

germination as compared to control treatment (97.50%). However, the extract of P. 

australis showed a little stimulatory effects on all the tested chickpea varieties. 

Hence, it is concluded that an integrated weed management approach involving 

cultural practices and herbicides is needed to develop an effective and economical 

weed control technique and to achieve maximum chickpea yield. 
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I. INTRODUCTION 

Pakistan has a rich and vast natural resource base, covering various ecological 

and climatic zones; hence the country has great potential for producing various types 

of food commodities. Agriculture has an important direct and indirect role in 

generating economic growth. The majority of the population directly or indirectly 

dependent on this sector. It contributes about 24% of gross domestic product and 

accounts for half of the employed labour force and is the largest source of foreign 

exchange earnings (Economic Survey, 2012-13). 

The importance of legume crops, particularly chickpea (Cicer arietinum L.)  in 

the national economy cannot be exaggerated. Although, an important constituent of the 

daily human diet, chickpea has not sufficiently attracted the due attention of the 

farmers, researchers, policy makers and extension specialists in Pakistan. The farmers 

allocate marginal lands to this crop. Consequently, this crop has emerged as a crop of 

rain-fed and low fertility regimes. The chickpea is grown in rain-fed and rod-kohi 

areas as well as on the residual moisture after rice in the irrigated areas. Chickpea crop 

is not irrigated as such, because the excessive moisture encourages vegetative growth 

with a consequent poor fruiting.  

Chickpea mainly grown for human consumption with annual area sowed 

fluctuating between 9.3 and 12.0 million ha over the previous decade (FAOSTAT, 

2007). Chickpea is not only popular food stuff in developing countries, but also 

considered healthy food in developed countries due to having too high protein contents 

(Abbo et al., 2003). Like other legumes chickpea also contributing in increasing soil 

fertility because of its nitrogen fixing capability (Maiti, 2001).  

In Pakistan during 2012-13 chickpea was grown on an area of 992.0 thousand 

hectare with total production of 751.3 thousand tons having an average yield of 757.0 

kg ha-1. Likewise, in Khyber Pakhtunkhwa (KPK) province the chickpea crop was 

cultivated on 37.9 thousand hectare area with a total production of 20.1 thousand tons 

with an average seed yield of 530 kg ha-1 (MNFSR, 2013). The chickpea seed yield in 
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the other developing countries is higher as compared to Pakistan. The main responsible 

factors for this low seed yield in Pakistan are weeds infestation, poor soil, harsh 

climatic conditions, inadequate soil moisture and insufficient or even no fertilizer 

application (Aslam et al., 1996). Including all other production limitations, weeds are 

one of the strongest contributors responsible for yield reduction of chickpea due to its 

cultivation on residual (left over) soil moisture therefore, weed competition pose a 

major hurdled in the WUE (water use efficiency). It has been observed that in chickpea 

crop yield losses due to weeds vary between 40 to 94% in the Indian subcontinent 

(Bhan and Kukula, 1987). Weeds always struggle against crop plants for existing 

nutrients, soil moisture, sunlight and space etc. In addition, weeds can also deteriorate 

the quality of chickpea grains that creates serious problems by affecting the market 

rate (Saxena, 1979).  

In rain-fed areas farmers usually plant their crops at higher rates to get optimum 

stands and better competitive ability of the crop with weeds. Suppression of weeds by 

higher seed rates seems attractive, but above optimum plant density may lead to higher 

intera specific competition among the crop plants for the already meager moisture (Jan 

et al., 2010). 

Various methods are used to control weeds in the chickpea crop, including 

manual, mechanical, cultural, biological and chemical. Weeds control through manual 

or with animals drawn implements are effective but expensive due to increased cost of 

labour. Chemical weed control is a good supplement to the conventional methods and 

is an integral part of the modern crop production system (Patel et al., 2006). Therefore, 

in such situation the judicial use of chemicals (herbicides) is one of the appropriate 

ways for an efficient and economical weed control technique. In case of severe weed 

infestation, the use of proper herbicide has become indispensable for the control of 

weeds, resulting in the diversion of nutrient and moisture to the crop plants (Rahman et 

al., 2012). Among the weed control techniques herbicidal control is mostly preferred 

over the other techniques due to its quick action and relatively low price (Shah et al., 

1989). Herbicides have given a cheap and effective means of weed control to the land 

managers (Robinson, 2009). Weeds are controlled effectively by using selective 
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herbicides. On the other hand, the continuous use of herbicides may cause weed 

resistance to herbicides and weed shift problem (Zhang, 2003). The adverse effect of 

herbicides resulted in poor germination and stunted growth hampered the plant height 

and lowered grain yield to the extent of even 25% lesser than the weedy check and 

hand weeded plots (Avola et al., 2008). Drew et al. (2004) reported that when legumes 

are exposed to several herbicides, reduced the nodulation and nitrogen fixation in these 

crops. Alvi et al. (2003) observed a remarkable reduction in protein content in Vigna 

radiata after the application of herbicide Atrazine.   

Weeds not only compete with the crop plants for nutrients, soil moisture and 

light but can also disturb the crop plants by releasing some toxic chemicals known as 

allelochemicals in the crop surroundings (Kadioglue et al., 2005). The toxicity level 

and the type of allelochemicals are depended on the plant parts like root, stem, leaf, 

flowers and seeds. Moreover, the effectiveness of an allelochemical on seed 

germination and development of other crops or plants might be different at different 

ecological conditions (Tinnine and Muller, 2006). Even though, the plant part of a 

same weed specie exert unlike allelopathic potential on other plants (Aziz et al., 2008). 

Although, different plant parts of a weed showed variable behavior upon exerting their 

allelopathic potential on different crops (Veenapani, 2004, Batish et al., 2007). In 

another aspect of weed allelopathy is the utilization of weeds water extracts in 

combination with the low rates of herbicides in alone or with combination has now 

become a well recognized fact (Jabran et al., 2008). Many scientists have been 

examined the allelopathic properties of many weeds. Parthenium hysterophorous L. 

being an invasive and problematic weed in Pakistan has displaced lots of native 

species due to its strong allelopathy. Similarly, the aquatic weed Phragmites australis 

L. releases allelochemicals that can inhibit the enzyme system in different plants (Li 

and Hu, 2005). Growth suppression of Microsystis aeruginosa L. has been also noticed 

due to the allelopathy of P. communis (Xiane et al., 2005). The isolated 

allelochemicall named “EMA” (ethyl 2-methylacetoacetate) from Phragmitis australis 

having the capability to suppress some common algae species.       
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Therefore, researchers across the world are looking for alternative methods of 

weed management (Bhowmik, 2007). Thus the use of allelopathic potential in the 

service of weed management is of recent times (Hassan and Khan, 2007). So the 

present situation demands that some efforts should be initiated for developing an 

alternative methodology for weed suppression and for the purpose the allelopathy is 

seems to be a suitable potential technology.  

 Hence, keeping under consideration the importance of chickpea crop and the 

competitive ability including allelopathic effects of weeds, a series of experiments 

were designed under the lab., pot and field conditions during 2012-13 and 

subsequently repeated in 2013-14, having the following objectives. 

1. To figure out the effect of different seeding rates on yield and yield 

components of chickpea. 

 

2. To test different pre and post-emergence herbicide against chickpea weeds. 

 

3. To evaluate the efficacy of Parthenium hysterophorus weed water extracts 

for controlling weeds in chickpea. 

 

4. To compare the integrated effects of Parthenium hysterophorus weed water 

extracts, herbicides and hand weeding on weed control in chickpea. 

 

5. To study the chemical influence of herbicides on chickpea plant nodulation 

and protein content. 

 

6. To investigate the varietal response of chickpea to the water extracts of 

different weeds. 
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II. REVIEW OF LITERATURE 

Chickpea is the principal pulse crop that provides a major source of protein to the diet 

of the predominately low income population of the country. Chickpea is traditionally 

cultivated in sandy and arid areas of Khyber Pakhtunkhwa Pakistan. Many 

investigations on weed control in this crop have been undertaken in many countries. 

The research work previously reported in the weed control in chickpea through 

herbicidal application, plant extracts and cultural control i. e. seeding rates are briefly 

reviewed in this chapter.    

 

2.1 HERBICIDES 

 

 Thakar et al. (2000) observed that weed caused a serious reduction of 54-56% 

in the grain yield of pigeon pea when there was no check on the weeds throughout the 

growing season of the crop. They noticed that the application of herbicides Stomp 

(pendimethalin) @ 0.75 kg ha-1 and Linuron @ 0.94 kg ha-1 showed wonderful 90%  

weed control resulted highest pigeon pea seed yield of 1.59 and 1.44 t ha-1 respectively 

as compared to control that gave only 0.69 t ha-1 seed yield. Moreover, they found that 

the herbicides isoproturon and fluchloralin were also unsuccessful in controlling weeds 

in pigeon pea in the same trial. 

  

Malik et al. (2003) judged the efficiency of different herbicides alone or in 

combination with manual weeding against chickpea weeds. They found that 

integration of one manual weeding (30 days after sowing), with the application of 

thiazopyr at 120 g ha-1 minimized the weed density and dry biomass of weeds 

considerably by giving a weed control effectiveness upto 94%.  

 

Aamil et al. (2004) tested the effect of three herbicides, including fluchloralin, 

2,4-D and isoproturon on chickpea, rhizobium symbiosis, seed yield, nitrogen content, 

photosynthetic pigments and weeds. They reported that higher concentrations of these 

chemicals/ herbicides inhibited the growth of the root nodule bacterium under field 
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conditions. Moreover the nodulation and leghaemoglobin content were also adversely 

affected by the application of herbicides at their high rates.  

 

Khan et al. (2004) carried out an experiment under greenhouse conditions in 

order to evaluate the effects of different herbicides viz., Bentozone, Isoproturon, 

Fluchloralin and 2, 4-D at different doses on plant vitality and seed production in 

chickpea, inoculated with Mesorhizobium ciceri. They observed that ten times more 

than the recommended rates of all herbicides adversely affected the plant vigor and 

seed production. Fluchloralin and 2,4-D gave the highest adverse effects on seed 

production and nodulation in chickpea. But meanwhile the protein content in seeds 

increased significantly.  

 

Marwat et al. (2005) tested various herbicides for controlling weeds in 

chickpea under rainfed conditions of district Karak, Khyber Pakhtunkhwa, during 

2004-05. They arranged two rows spacing (30 and 45 cm) in main plots, while 5 

different herbicides, manual weeding and a weedy check were allotted to sub-plots. 

They applied pendimethalin (Stomp 330 EC) at 1.32 kg ha-1, s-metolachlor (Dual Gold 

960 EC) at 0.35 kg a.i ha-1 and metribuzin at 1.92 kg ha-1 as pre-emergence and 

fenoxaprop-p-ethyl at the rate of 0.75 kg a-i ha-1 and clodinafop-propargyl at 0.05 kg as 

a post-emergence. They found that among the treatments the hand weeding plots 

proved superior in term of controlling wild onion density completely compared to the 

weedy check treatments where 7.00 wild onion weeds m-2 were noticed. Likewise, the 

highest seed yield (1297 kg ha-1) was noticed in hand/ manual weeding plots, chased 

by the herbicide pendimethalin (1136 kg ha-1) as compared to control plots where only 

423 kg ha-1 seed yield was achieved. 

 

Hassan et al. (2006) sprayed different herbicides with different application 

times and with different doses for controlling weeds in chickpea.The tested herbicides 

were clodinafop-propargyl, s-metolachlor, isoproturon (post), pendimethalin (pre), 

pendimethalin (post), metribuzin (pre), metribuzin (post) and fenoxaprop-p-ethyl. 

They discovered that the herbicide fenoxaprop-p-ethyl was the best among all the 
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tested herbicides in term of weed suppression by giving only 20.60 weeds m-2 as 

compared to 31.33 weeds m-2 in control plots. They concluded that the best weed 

control in fenoxaprop-p-ethyl plots ultimately gave the highest seed yield of (1077 kg 

ha-1) and 100 seed weight (58.33g) followed by clodinafop-propargyl that produced a 

seed yield (876 kg ha-1). Further, they noted that the efficacy of these herbicides were 

uniformly effective against all broadleaf and grassy weeds in chickpea crop excluding 

Asphodalus tenuifolius that is now one of the challenging and tough weed of chickpea 

crop in southern districts of Khyber Pakhtunkhwa Province of Pakistan.   

 

Patel et al. (2006) evaluated the effect of fertilizers and weed management 

practices on weed control in chickpea. They concluded that fertilizer treatments did not 

significantly affect density and dry weight of weeds, number of pods plant-1 and 100 

seed weight (g). Significantly higher seed and straw yields were recorded under 

application of 5 t ha-1 FYM by the application of oxadiargyl under the rate of 0.75 kg  

ha-1 with two hand weeding at 20 and 40 DAS. Moreover, during the study oxadiargyl 

and pendimethalin gave a weed control efficiency of 76.5 and 71.5% respectively.  

 

Hassan and Khan (2007) tried to control the noxious weed Asphodelus 

tenuifolius in chickpea with the spray of some post-emergence (poe) herbicides. They 

tested metribuzin at (2.45 kg a-i) ha-1, isoproturon 4.5 (kg a-i ha-1), clodinafop-

propargyl at (0.16 kg a-i ha-1) and fenoxaprop-p-ethyl at (1.87 kg a-i ha-1). 

Interestingly, they noted that all herbicides failed and found the least control of A. 

tenuifolius, but hand weeding proved the best one by giving only 3.73 A. tenuifolius 

density m-2 in comparison to the other herbicides applied plots. However, maximum 

seed yield was recorded in clodinafop-propargyl, isoprotuon and hand weeding plots. 

 

Datta et al. (2008) tested the response of soil pH and herbicide isoxaflutol 

applied as pre-emergence @ 300 g (a.i.) ha-1on tolerance of chickpea. They tested two 

chickpea genotypes (tolerant line vs sensitive line) and four levels of pH (5.2, 6.8, 8.1, 

and 8.9). Their results presented variable tolerances for chickpea genotypes against 

different rates of herbicides isoxaflutol with different soil pH levels. The pre 
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application of Isoxaflutol showed higher toxicity at high herbicidal dose with high pH.. 

A damaged was noted when the high tolerant variety exposed to maximum pH level at 

high herbicide dose that caused serious chlorosis resulted remarkable resduction in 

plant height and canopy fresh and dry biomasses. However, the sensitive genotype was 

more severely affected as compared to the tolerant one. They finally observed that the 

vulnerability of chickpea to isoxaflutol were genotype and soil pH depended that 

should be taken under consideration, while breeding some new lines in chickpea for 

high production. 

 

Datta et al. (2009) investigated the extent of damage of herbicide isoxaflutol 

towards the plant growth, nitrogen (N) fixation capability and nodulation of two 

chickpea varieties one is isoxaflutol tolerant and the other is isoxaflutol sensitive. Both 

the gram varieties grown with two levels (0 & 1.5 mm) of soil nitrate (NO3). 

Moreover, two treatments of rhizobia including inoculated rhizobia and uninoculated 

rhizobia control were also included with two rates of herbicide i.e. 0 and 75 g ha-1 were 

also part of their research. The growth of gram, its nitrogen faxing capability and their 

nodulation in reply towards the tested herbicide isoxaflutol. They found 29% stunted 

plant growth at recommended rate of isoxaflutol with reduced 22% shoot and 50% root 

dry biomass of the susceptible or sensitive chickpea variety. However, isoxaflutol 

showed non significant effects on growth of the other tolerant variety. The Isoxaflutol 

also reduced the total N content, nodulation (number and dry weight) and N (nitrogen) 

fixation capability of the sensitive gram cultivar. They noticed a considerable decline 

in the Nitrogen fixing capability in both the gram varieties i.e. tolerant and sensitive 

when exposed to the recommended rate of isoxaflutol. 

 

Ahmad and Saghir (2010) assessed the plant promoting process of 

Mesorhizobium sp. in the presence of scientific grade of herbicide and its effects on 

herbicide phytoxicity to chickpea sown in herbicide treated plots. They isolate MRC4 

recovered from the nodules of chickpea containing quizalafop-p-ethyl and clodinafop 

tolerant Mesorhizobium, siderophores, hydrogen cyanide and ammonia with or without 

scientific grade. Their studies proved that the herbicide quizalafop-p-ethyl @ 40, 80 
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and 120 μg/ kg soil and clodinafop @ 400, 800 and 1200 μg/ kg soil, decreased the 

plant growth of chickpea inoculated with Mesorhizobium sp. MRC4 vs un-inoculated 

chickpea. They noted that the all the three concentrations of herbicide quizalafop-p-

ethyl were found more toxic comparatively to other un inoculated chickpea that 

decreased biomass, leghaemoglobin content, nodulation, mineral uptake, seed yield 

and seed protein contents.  

 

Ansar et al. (2010) carried out a field trial to evaluate the performance of pre 

and post-emergence herbicides on weeds and yield and yield components of chickpea. 

Treatments under consideration were Dual gold 960 EC, Stomp 330 EC as a pre-

emergent herbicides and Topik 15 WP and Puma super 75 EW as post-emergence 

herbicides. Hand hoeing and weedy check were also included in the treatments. The 

results revealed that maximum seed yield was recorded for hand hoeing followed by 

post- emergence herbicide, while the lowest seed yield was recorded for weedy check 

treatment. They concluded that by controlling weeds enhancement occurred in the 

yield and associated yield factors. Therefore, from their investigations they noted that 

hand weeding was the best option for small land holders if sufficient labour are 

available, otherwise the post application of herbicide Puma super 75 EW at the rate of 

1.25 L ha-1 is the good option. 

 

Emenky et al. (2010) launched an experiment to check the efficacy of different 

methods of weed management on chickpea growth and seed yield. They used different 

plough types (disc plow, mould board plow, cultivator) as a main plot effect. However, 

different weed management practices (hand hoeing, trifluraline (soil incorporated), 

aloxy and paraquat) as sub-plot effects. They found non-significant effects for the 

plough types on any growth parameter or seed yield of chickpea. While, in case of 

weed control techniques the hand hoeing plots significantly gave the maximum seed 

yield and 100 seeds weight. They further concluded that both hand-weeding and the 

herbicide paraquat were superior in number of branches (3.5 and 3.4), number of pods/ 

plant (12.3 and 11) and biological yield (363.9 and 318.2 kg) respectively. The 

interaction of hand weeding with cultivator was significant for most of the chickpea 
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parameter in the present study. However, the noted a significant interaction effect of 

paraquat with cultivator in case of plant height. 

 

Khan et al. (2010a) determined the effect of different herbicide dose rate for 

suppressing the noxious weed Asphodlus tenuifolius in chickpea on farmer field. The 

tested herbicides include s-metolachlor, pendimethalin, fenoxaprop-p-ethyl, 

Isoproturon and MCPA having four doses for each. They interestingly observed 

phytotoxic effects of herbicide MCPA on both weed and crop by completely inhibiting 

the crop and weed growth in the trial. Moreover, the herbicide Isoproturon showed 

lesser efficacy on A. tenuifolius and less phytotoxic effects on chickpea. High seed 

yield (1164 & 1150 kg ha-1) was noticed under pre emergence herbicides at high doses 

in comparison to post emergence fenoxaprop-p-ethyl that was 1088 kg ha-1. During 

next year they found almost similar results and maximum (1109 kg ha-1) seed yield 

was observed for both pendimethalin and s-metolachlor, that it was statistically similar 

to the yield obtained from fenoxaprop-p-ethyl (1107 kg ha-1). In addition, half and full 

doses of post-emergence herbicides produced good results as compared to one and half 

doses. Furthermore, the application of pre emergence herbicides found effective only 

at 1.5X dose during the study. 

 

Tanveer et al. (2010) tested nine pre and post-emergence herbicides on 

chickpea in a pot trial and then subsequently in the field. They tested Stomp 455 CS @ 

1875 mL ha-1, Dual gold 960 EC @ 1500 mL ha-1, Buctril super 60 EC @ 1125 mL ha-

1, Aim 40 DF @ 75 g ha-1, Starane MN 60 EC @ 1125 mL ha-1, Sencor 70 WDG @ 

375.5 and Topgrowe 90 WDG @ 700 g a.i ha-1 as pre emergence herbicides, while aim 

40 DF @ 75.5 g ha-1 was tested as pre emergence sand mix with broadcast application. 

However, Basagrane 48 SL @ 1500 mL ha-1 applied as a post emergence herbicide. 

Their results demonstrated that all the applied herbicides except Aim-40 DF at sand 

mixed broadcast method showed 100 percent crop mortality under pot experiment. 

Moreover, they found that Euphorbia dracunculoides controlled 30 to 92% under 

different treatments. During their field experiment they noted that all the tested 

herbicides except Dual gold 960 EC showed 82 to 100% control of Asphodelus 
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tenuifolius, while in case of Carthamus oxycantha it ranging from 75-100% control. In 

addition, they observed that Pre application of herbicide Stomp 455CS, Aim 40 DF 

and Topgrow 90 WDG each showed more than 40% increase in seed yield of chickpea 

over control plots. 

 

Muhammad et al. (2011) carried out a field trial to examine the effect of some 

pre and post emergence herbicides against chickpea weeds. Treatments included Dual 

gold 960 EC, Stomp 330 EC and Cruze 10 SL (pre emergence) and Topik 15 WP and 

Puma super 75 EW (post-emergence) along with hand weeding and weedy check plots 

for comparison. They concluded that the application of  pre-emergence herbicides with 

high dose gave better weed control efficacy as compared to lower doses and post-

emergence herbicide while maximum weed control efficacy were noted by hand 

weeding treatments. They calculated the highest Benefit Cost Ratio for lower doses of 

both pre-emergent herbicides i.e., Stomp 330 EC at the rate of 3.00 lit. (1:17), Dual 

gold 960 EC at the rate of 2.00 (1:12) and Cruze 10 SL at the rate of 2.00 (1:16), while 

lower (1:11) C:B:R were noted for hand weeding and post emergence plots i.e. Puma 

super 75 EW @ 1.25 lit ha-1 and Topik 15 WP @ 250 g ha-1 (1:3). 

 

Sibtaina et al. (2011) studied the herbicide Penthalene-plus for control of wild 

onion (Asphodelus tenuifolius Cav.) in chickpea (Cicer arietinum L.). They tested 

different herbicide application methods and their rate for controlling wild onion. They 

used six treatments comprised of two rates of herbicide Penthalene-plus (2.5 L and 3.0 

L ha-1) and two methods of herbicide application i.e., pre-emergence application with 

sand mix broadcast method of application. Manual control of weeds (hoeing) and 

control treatment were also included in the trial. They got significant results of 

Penthalene-plus doses and application methods on wild onion density, dry weight (m-2) 

and seed yield and other components of chickpea. They found highest density (210 m2) 

and dry weight (436 g m2) of wild onion in control, while the hoeing treatment had the 

lowest density (10 m-2) and dry weight (7.56 g m-2). Similarly, they got the highest 

seed yield (2256 kg ha-1) of chickpea in manual weeding, which was not statistically 

different from Penthalene-plus (2225 kg ha-1) applied at 2.5 L ha-1  as compared to 
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control (1770 kg ha-1). Chickpea seed yield following Penthalene-plus at 2.5 L ha-1 

sand mix broadcast application was 284 kg ha-1 more than the weedy check. In 

addition Penthalene-plus spray at 2.5 L ha-1 proved the best alternative to manual weed 

control for controlling wild onion and for increasing chickpea seed yield. 

  

Khan et al. (2012a) observed the effect of different herbicides (per and post-

emergence) and two plants water extracts (Parthenium and Eucalyptus) on weeds and 

yield of chickpea. They concluded that Isoproturon 500 EW was very effective in 

suppressing chickpea weeds by reduced the weed density (98 m-2) significantly as 

compared to control that gave a weed density of (368.3 m-2). Moreover, they noted 

significantly higher plant height 56.77cm each for both Parthenium and Eucalyptus 

extracts. Highest 100 seed weight of 20.25 g was noted for Isoproturon 500 EW 

treated plots. Further their results exposed that outmost biological yield (4000 kg  ha-1) 

was observed under Parthenium extract treated plots compared to weedy check that 

produced biological yield (2500 kg ha-1).  

Chandrakar et al. (2014) tested different herbicides, herbicides combinations 

and time of herbicide application in rajmash (Phaseolus vulgaris L.). Two hand 

weeding at 20 and 40 DAS were also used as a non- chemical weed management 

technique. The results showed that consecutive twice hand weeding at 20 and 40 DAS 

proved superior in term of weed control in P. vulgaris followed by the herbicidal 

application of pendimethalin+ imazethapyr at the rate of 1000 and 100 g ha-1 

respectively. They concluded that the application of herbicides and manual weeding 

not only controlled different weeds efficiently, but also enhanced the different yield 

components in P. vulgaris.  

Godara et al. (2014) observed the growth and productivity of mung bean 

[Vigna radiata (L.) Wilczek] under different pre and post-emergence herbicides. 

Pendimethalin was applied as a pre-emergence, while quizalofopethyl used as a post-

emergence with different application rates (4, 6, 20, 25, 37.5, 50 and 60 g ha-1) each 

individually. Moreover season long weedy check and weed free check were also 



13 
 

included. Results revealed that season long weed free check recorded minimum weed 

dry weight (g m-2). Moreover, post-emergence application of imazethapyr at 40 or 60 g 

ha-1 produced a significantly higher seed yield, biological yield, harvest index, pods 

plant-1, seeds pod-1 and weight of seeds pod-1 but variations were indifferent to season 

long weed free check and pre-emergence pendimethalin. However, post-emergence 

application of 60 g ha-1 imazethapyr recorded higher net return.  

Martin et al. (2014) investigated the response of two types of soybean i.e. 

vegetable type soybean and grain-type soybean against 2X (double) registered doses of 

different herbicides. The examined herbicides in their investigation were; fomesafen, 

linuron, bentazon, imazamox, and sulfentrazone. During their study, they recorded 

data for crop injury and seedling growth in both the types of soybean. They found no 

significant adverse effect of fomesafen, linuron, bentazon, imazamox, and 

sulfentrazone to vegetable type soybean germplasm than grain-type soybean. After 

their successful research findings the tested herbicides are now registered for vegetable 

type soybean in United State. 

 

Pramanik et al. (2014) studied the effect of manual weeding and biofertilizers 

on the growth characters and seed yield of summer mung bean (Vigna radiate L.). 

Hand weeding was comprised of four levels viz. no weeding, single hand weeding, 

two hand weeding and three hand weeding, while biofertilizers having five levels (0, 1, 

2, 3 and 4 kg ha-1). The results showed that three times weeding produced highest plant 

height, dry weight plant-1 and seed yield under the application of 2 kg ha-1biofertilizer.  

 

Robert et al. (2014) evaluate eight weed control treatments in integration with 

irrigation and tillage systems on dry bean development and weed suppression. Their 

results revealed that overhead irrigation with 13 mm of water immediately after 

herbicide application and planting in early June did not improve or lessen herbicide 

efficiency but where herbicides were not utilized, irrigation increased weed 

emergence. Moreover, crop injury from pre-emergence herbicides increased when 
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crusting of soil occurred. However, reduced crop injury was observed from herbicides 

under no tillage system. In addition the post-application of Imazamox plus bentazon 

caused early-season dry bean injury resulted in a remarkable reduction in crop seed 

yield compared to the pre-emergence application of dimethenamid-P or halosulfuron. 

 

Kumar and Ram (2015) studied, integrated weed management approaches for 

weed suppression in soybean [Glycine max (L.) Merrill]. They mainly focused on two 

herbicides (pendimethalin and imazethapyr) and hand weeding. Their results indicated 

that the pre-emergence application of imazethapyr at the rate of 100 g ha-1 followed by 

one hand weeding at 20 DAS gave the highest weed control efficacy. Moreover, the 

highest stover yield was obtained under the application of pendimethalin with single 

hand weeding at 20 DAS. Similarly, the plots treated with the herbicide imazethapyr at 

the rate of 100 g ha-1 in combination with one manual or hand weeding at 20 DAS 

produced the maximum seed yield. 

 

 

2.2  ALLELOPATHY 

 

Agarwal et al. (2000) initiated a research to assess the allelopathic effect of 

different weeds i.e. Cyperus rotundus L., Polygonum hydropiper L., Avena fatula L. 

and Solanum nigrum L. on seedling growth of some wheat varieties. Their results 

proved that water extracts of the studied weeds suppressed the plumule length in all 

varieties (100%) with Solanum nigrum and 46%, 92%, and 77% with C. rotundus,  P. 

hydropiper and A.  fatula,  respectively. 

 

Singh et al. (2003) conducted a trial to study the allelopathic worth of un-burnt 

(UR) and burnt (BR) plant residues of invasive weed Parthenium hysterophorus 

against the growth radish and chickpea. The water extracts of UR and BR P. 

hysterophorus both proved toxic towards the seedling length and dry biomass of the 

examined crops, particularly from BR one. They accredited this variation to the high 
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alkaline nature of BR P. hysterophorus residues. Moreover, the growth trial conducted 

on the soil amended with both UR and BR P. hysterophorus residues also revealed 

phytotoxic impacts towards the tested crops. They attributed these effects with the 

presence of phenolic compounds in the water extract of P. hysterophorus. 

 

 Hamayun et al. (2005) evaluated the allelopathic potential of Cyperus rotundus 

and Echinochloa crusgalli on germination, plumule and radical growth of maize (Zea 

mays L.). Their data indicated that water extract of C. rotundus and E. crusgalli 

drastically inhibited the germination and radical and plumule growth of the maize 

crop. Moreover, the phytotoxicity of C. rotundus was more compared to E. crusgalli in 

their investigation. 

 

Batish et al. (2006) conducted a field trial to find out the phytotoxic effect of 

invasive weed Ageratum conyzoides on chickpea (Cicer arietinum L.). They observed 

that Ageratum conyzoides residues amended in the soil significantly reduced the 

chickpea growth. Moreover, root length, plant height and biomass of chickpea was 

lower in the soils amended with below or above ground weed residues. In addition the 

nodulation (nodule number, their weight and leghemoglobin content) of chickpea was 

also reduced in the amended soils resulting in reduction in seed yield of chickpea. 

 

Batish et al. (2007) investigated the allelopathic effects of Chenopodium 

murale L. on growth, macromolecule content and nodulation of two legume crops that 

were Cicer arietinum L. (chickpea) and Pisum sativum L. (pea). They noticed a 

reduction in shoot and root length when the legumes were sown in soil composed of 5, 

10, 20 and 40 g residue of C. murale L. per kg in soil. They further observed that with 

the increasing amount of residue in soil, growth decline was recorded. The reduction 

also noted in protein, carbohydrates (macro-molecules) and total chlorophyll content in 

plants. Interestingly they found that the soil content 10 and 20g residue of C. murale 

per kg soil the nodulation were totally absent in both peas and chickpea at high 

concentration levels. The growth reduction from their observed data indicated that 

some inhibitory chemical compounds were present in soil residues. They concluded 
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that the residues of C. murale release some phenolic compounds (allelochemicals) 

which had the ability to affect growth, macromolecule content and nodulation of pea 

and chickpea. 

 

Belza et al. (2007) tested the allelopathic potential of Parthenium 

hysterophorus. They studied the levels of contribution of parthenin in the overall 

phytotoxicity of P. hysterophorus decomposed leaf material of. They examined the 

responses of plant species including Ageratum conyzoides, Eragrostis curvula, 

Eragrostis tef, Echinochloa crus-galli and Lactuca sativa  against parthenim extracting 

from P. hysterophorus having various doses.  They observed that species differed 

significantly in term of their sensitivity to the leaf extracts, where A. conyzoides was 

declared the most susceptible in case of root length retardation and failure in seed 

germination. Moreover, the parthenin caused significant delay in seed germination, 

while stimulated the root growth at its lower doses. Their results demonstrated that the 

effect of parthenin was found highly concentration dependent varied between 16 and 

100% of the overall leaf extracts phytotoxicity. The pure parthenin completely 

reproduced the inhibition in quantifying amounts, by testing the extract high levels on 

the most sensitive species (A. conyzoides). They concluded that during decomposition 

of P. hysterophorus leaves a release of parthenin occurred that has a potential to play a 

major role for allelopathic worth in P. hysterophorus. 

 

Kong et al. (2007) checked the weeds interfere through allelopathy with the 

growth and development of crop plants. They conducted series of experiments to 

identify the phtotoxicity of allelochemicals of Ambrosia trifida against wheat 

(Triticum aestivum). Their result showed that growth of wheat was inhibited in soil 

composed of the residues of A. trifida.  

 

Mersie and Singh (2007) examined the allelopathic effects of whole shoot 

extract, part extract and the shoot residue of Parthenium hysterophorus L. on Zea mays 

L., Lolium multiflorum, Triticum aestivum L., Abutilon theophrasti and Glycine max L. 

growth. P. hysterophorus shoot contain water soluble compounds that found toxic 
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against root growth of T. aestivum and A. theophrasti. They noted a reduction 60 and 

75% for both T. aestivum and A. theophrasti, respectively treated with shoot 

concentration of P. hysterophorus at 4% (w/v). However, at 1 and 2% (w/v) extract 

prepared from the inflorescence and leaves found more toxic against inhibition rather 

than extract prepared from P. hysterophorus stem. Moreover, In case of incorporation 

of Parthenium shoot residue in soil at a concentration of 1% (w/w) caused more root 

inhibition in soybean, wheat, corn and ryegrass.  

 

Sharma and Gupta (2007) tested Cyperus rotundus tubers for their allelopathic 

worth against two important crops i.e., Tomato and wheat. They found strong 

phytotoxicity of C. rotundus tubers water extract on both the tested crops in term of 

their seed germination failure and root and shoot growth retardation. In addition, 

tomato was proved more susceptible than wheat during the investigation. 

  

Babar et al. (2009) studied the allelopathic effects of water extract obtained 

from fruits, roots and shoot of fully mature wild onion (Asphodelus tenuifoiuus) 

against chickpea. In their experiment the fruit extract caused a maximum reduction in 

germination (%) of chickpea. They found that shoot length, root length and the 

biomass of chickpea was reduced at all the parts extract of wild onion as compared 

with distlled water where 100% germination recorded. The shoot, root length and dry 

weight of chickpea seedlings were highly affected by the fruit extract of wild onion.  

 

Singh et al. (2009) observed the allelopathic effect of Cyperus rotundus on 

banana (Grande Naine). Out of four concentrations 0.2 and 0.6% lowered the shoot 

multiplication and length, while 1 and 2% weed extract completely inhibited the shoot 

multiplication. In another study the Cyperus rotundus water extracts were added to 

hydroponic medium during raised banana plantlets. 1 and 2% extract concentrations 

lowered the root length, shoot length, new roots, number of leaves, fresh weight, 

protein and chlorophyll content in banana. 
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Matloob et al. (2010) evaluated the allelopathic potential of different crop 

residues viz. sorghum, sunflower, brassica (applied alone or in combination) for the 

suppression of purple nutsedge (Cyperus rotundus L.). They chopped the residues and 

incorporated at 12 t ha-1 (6 g kg-1 of the soil) into the soil and a weedy check was also 

maintained for compression. Six tubers of purple nutsedge were placed in the soil 

filled pots. They observed that residues substantially delayed the tuber sprouting. 

Nonetheless combinations of residues showed more successful in purple nutsedge 

inhibition than the sole application of either of them. Sorghum and brassica residues, 

when both applied in combination inhibit the tuber to sprout. They also found a 

significant inhibition in final germination up to 41-45% when applied solely and 27-

100% in combination of different crop residues. They concluded that the residual 

incorporation of allelopathic crop can be a useful tool for purple nutsedge 

management. 

 

Khan et al. (2011a) tested the allelopathy of five common weeds including 

Imperata cylindrica, Poa annua, Cirsium arvense, Phragmites australis and Datura 

stramonium against Avena fatua, Zea mays, Convolvulus arvensis, Rumex crispus 

Asphodelus tenuifolius and Ammi visnaga.  Their result presented significant data on 

all the studied parameter. Moreover, they observed that P. australis showed a more 

inhibitory effect on the tested species compared to others. Similarly, the seed of A. 

tenuifolius were completely inhibited with the all applied weed extracts.  

 

Khan et al. (2011b) conducted a laboratory experiment to investigate the 

allelopathic effects of Silybum marianum L. on chickpea (Cicer arietinum L.), mung 

bean (Vigna radiata L.), kidney bean (Phaseolus vulgaris L.) and soybean (Glycine 

max L.). Their results proved that by increasing leaves extract concentration of S. 

marianum a remarkable decrease in germination%, germination index, means 

germination time and seed vigor index of the tested legumes were noted. Moreover, 

they noted that the soybean and mung bean tolerance against extract concentration was 

higher than the rest of the tested legumes. They found chickpea more susceptible to S. 
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marianum allelopathy. Therfore, they suggested the prevention and proper 

management of this weed in the legume fields. 

 

Khan et al. (2012b) investigated the allelopathic potential of different plant 

parts (root, stem and leaf) aqueous extracts of invasive weed Parthenium (Parthenium 

hysterophorus L.) on seedling growth and germination of some wheat varieties (Siran,  

Sahar, Ata Habib and Lasani). Their results exposed significant inhibitory effects of all 

the parts extracts of P. hysterophorus on both the seed germination and seedling 

growth of all the wheat varieties which were examined in comparison to the control 

treatment. Moreover, the leaf extract of Parthenium declared the most effective in term 

of germination inhibition, and seedling growth retardation in all the tested wheat 

varieties. In addition, the wheat variety Siran was found less inhibited comparatively 

other by the Parthenium extracts. They also found that cultivar (Lasani) was the most 

susceptible to the extract of all parts of Parthenium. 

 

Noor et al. (2012) carried out a field study to find out the allelopathic worth of 

Parthenium hysterophorus L. that was applied alone and  in combination with full and 

half recommended doses of two common herbicides (Puma Super and Buctril Super) 

against weeds in wheat crop. Their results revealed that all the weed control 

techniques, i.e., hand weeding twice, herbicides and water extract P. hysterophorus 

(congress grass) considerably controlled weeds as compared to weedy check (control). 

In case of treatments, the application of herbicide Puma Super at the rate of 625.0 mL 

ha-1 (full doze) remarkably increased the leaf area duration, leaf index, crop growth 

rate, number of tiller plant-1, number of grain per spike, 1000 grain weight and grain 

yield kg ha-1. Both the weed density m2 and dry biomass of weeds kg ha-1 were found 

lower in hand weeded plots. Furthermore, they concluded that the application of 

herbicides can be preferred to control weeds in wheat fields in case when labor is 

expensive. Hence, they suggested the popularization of P. hysterophorus as a 

bioherbicide. 
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Radicetti et al. (2012) conducted two year field trials to estimate the 

competitive capability and yield response of various chickpea genotypes towards the 

allelopathy of Polygonum aviculare. They sowed six chickpea genotypes in weed free 

conditions with Polygonum aviculare at four different densities (4- 8- 16 and 32 plants 

m-2). They found higher chickpea seed yield in weed-free conditions in chickpea 

varieties (C6150) and Sultaano. Further P. aviculare showed an average chickpea yield 

loss of 14, 45, 75 and 89% having a density of 4- 8- 16 and 32 plants m2, respectively 

in contrast to the weed free crop. The relationship between the Polygonum aviculare 

planting density and the percentage of chickpea seed yield loss was depicted by the 

model of rectangular hyperbola having the asymptote constrained up to 100% utmost 

yield loss. They suggested that, Polygonum aviculare plant density should be less than 

4 (four) plants m-2 in order to avoid severe chickpea yield loss under field conditions 

and attribute the chickpea seeding growth retardation due to allelopathy of P. 

aviculare. 

 

Anwar et al. (2013) conducted a research to find out the allelopathic properties 

of different weeds comprised of: Rumex dentatus, Parthenium hysterophorus, 

Euphorbia helioscopia and Carica papaya against seed germination and seedling 

growth of Triticum aestivum, Helianthus annuus, Avena fatua, R. dentatus and Zea 

mays under lab. conditions.  They observed that germination of seeds, shoot and root 

length of T. aestivum were considerably affected by the leaf extracts of R. dentatus and 

P. hysterophorus while, E. helioscopia and C. papaya had no effect compared to their 

control treatments. Moreover, they found that E. helioscopia and P. hysterophorus leaf 

powder application delayed the seed germination and seedling growth of A. fatua and 

R. dentatus. However, effect on growth of Z. mays and H. annuus was observed when 

the leaf powder of E. helioscopia was applied on their seedlings.  

 

Khan et al. (2014a) designed a pot experiment to evaluate the allelopathic 

effects of (Cyperus rotundus L. and Sorghum halepense L.) on chickpea plants. They 

prepared two concentrations of C. rotundus and S. halepense i.e at the rate of 150 and 
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200 g L-1. They found some stimulatory effects of the applied extracts against chickpea 

plants when applied at low concentrations. 

 

Khan et al. (2014b) tested the efficacy of Parthenium hysterophorus L. extract 

against three winter weeds including (Rumex crispus, Vicia ludoviciana and Anagallis 

arvensis). The results clearly showed that all the studied parameters were drastically 

affected by the application of Parthenium weed. However, Parthenium suppressed the 

tested weed more aggressively when Parthenium was applied as pre emergence to 

these weeds as compared to its post-emergence application. 

 

Khan and Khan (2015) recently observed the allelopathic potential of some 

common weeds including Parthenium hysterophorus L., Cyperus rotundus L., Datura 

stramonium L., Phragmites australis (Cav.) Trin.  and Convolvulus arvensis L. against 

the different chickpea varieties (Karak-I, Karak-III and Sheenghar). They found that 

that among the chickpea varieties the “Karak-III” variety was more susceptible against 

the phytotoxic effects of the examined weed water extracts. Among the means of 

weeds extract, C. arvensis showed more toxic effects in terms of chickpea germination 

failure and restricting the seed germination up to only 43.33% as compared to control 

treatment that gave 97.50% germination. In addition, they found that water extract of 

P. australis showed a little stimulatory effect on all the tested chickpea varieties by 

expediting their germination by giving lowest mean germination time. From their 

study they concluded that the invasion of problematic weed i.e. C. arvensis in chickpea 

filed can pollute the soil upper layer by accumulating the toxic allelochemicals which 

may lead to the seed germination failure and growth inhibition of chickpea. So, they 

finally suggested the timely prevention and proper removal of C. arvensis in the 

chickpea fields.  

 

2.3 SEEDING RATES 

 

Felton et al. (2000) focused on row spacing and seeding rates in chickpea for 

achieving higher chickpea yield in New South Wales. They examined chickpea yields 
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grown in 25, 50, 75 and 100 cm rows and at seeding rates of 20-80 kg ha-1. They noted 

no reduction in seed yield of chickpea sowed with variable row spacing in some of 

their experiments. However, they found an average linear yield reduction of 4.4 ± 1.3 

kg ha-1 cm1. Moreover, they concluded that by increasing the chickpea seeding rate 

yield improved upto certain extant. 

 

Whish et al. (2002) examined the effects of increasing crop row spacing on 

weed competition in chickpea crops. They sowed chickpea under two different row 

spacing i.e., at 32 and 64 cm. They also checked the interaction effects of both 

chickpea row spaces against the weed densities of wild oats (Avena sterilis) and turnip 

weed (Rapistrum rugosum). In their investigations they found that weed free plots 

gave higher seed yield when chickpea was sown in 32 cm rows compared with 64 cm 

rows. Furthermore, they noted that weeds caused no greater loss in crop yield with the 

wider row spacing. They concluded that the use of wide rows has minimal impact on 

weed competition in chickpea crop. 

 

John et al. (2004) conducted a field trial to test variable seeding rates and 

herbicides in canola and barlay crops. They observed significant results at each crop 

seeding rate on crop yield, net economic return and seed production. They also found 

that crop seeding rate influenced the response of canola and barley yield and the 

infested weed seed production to different rate of tested herbicides. They noted that in 

most cases the yield of both the crop reached a maximum between one-half and the 

full recommended seed rate under herbicide application. Meanwhile, the efficacy of 

herbicides was noted superior against weeds in lower seeding crop rates. Their results 

indicated that seeding canola and barley at high rates could reduce risk associated with 

lower crop yields and increased weed seed production at recommended herbicide rates.  

Yau (2005) tested the contribution of chickpea seeding rates and sowing time in 

achieving high seed yield in field studies under rain-fed conditions. The objectives of 

their study were to find the optimal sowing month and to test the hypothesis that a 

lower than the normal seeding rate is needed for winter-sown chickpea. The chickpea 
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seeding rates consisted of three seeding rates; 25, 40 and 55 seeds m2, and 2 sowing 

dates; one each in November and March. Their findings revealed that sowing in 

December or January gave a similar seed yield as November sowing. In case of 

seeding rates they found non significant effects on chickpea seed yield. Moreover, they 

also got a non significant effect of the interaction of seed rates x sowing dates of 

chickpea during their studies. Though, they found that chickpea sown at 25 seeds 

m2 yielded bigger seeds as compared to the rest seeding rates.  

Chang et al. (2007) conducted a field study to assess the impact of chickpea 

seeding rates, type (desi & kabuli) and row spacing on ascochyta blight disease of 

chickpea. They sowed chickpea at three seeding rates (20, 40 and 60 seeds per 3 m 

row). They found a smaller effect of seeding rates, row spacing and their interactions 

on ascochyta blight disease in the initial stage of the crop, but later on the blight 

severity was consistently lower in the wide row spacing and low seeding rate that 

ultimately increased the seed yield of chickpea plant-1. They concluded that the low 

chickpea seeding rate could be a tool to manage ascochyta blight in chickpea crop. 

   

Jan et al. (2010) carried out a field trial to assess the effect of two tillage 

systems i.e. conventional tillage (CT) and no tillage (NT) by using three sowing seed 

rates of chickpea crop comprised of 40, 80 and 120 kg ha-1. The main aim of their 

study was to develop a management strategy for weeds control and increase yield of 

chickpea under rain-fed conditions. Their results showed that CT was found more 

effective in term of controlling weeds and enhancing the seed and straw yield as 

compared to NT. Further, the plots sown at the rate of 80 kg ha-1 produced higher weed 

biomass and lower straw or biological yield as match up to with 120 kg ha-1 rate. 

Likewise, the seed rate 80 kg ha-1 under CT seems seems more promising combination 

for achieving optimum yield in chickpea under rain-fed condition. 

 

Khan et al. (2010b) checked the response of chickpea towards four seeding 

rates (60, 75, 90 and 100 kg ha-1) and five rows spacing (15, 30 45 15/45 cm paired 

rows and 15/75 cm paired rows). The aim of their study was to establish proper row 
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spacing and seed rate for consistency of plant population per unit area and their 

interactive effects on chickpea yield. The results demonstrated that yield and yield 

components of chickpea were significantly affected by different seeding rates and row 

spacing. Moreover, the interaction between seeding rates and row spacing were also 

found significant in all studied parameters. They noted that the maximum average 

number of pods plant-1, seeds pod-1, 100 seed weight and CGR was recorded under the 

interaction of 45 cm row spacing x 75 kg seed rate ha-1 while a least pods plant-1 and 

CGR were recorded in 15 cm row spacing x 100 kg seed rate ha-1. In addition,   

minimum 100 seed weight was recorded in 15/75 cm paired rows. They got the highest 

seed yield of chickpea in 45 cm row spacing. They suggested a row spacing of 45 cm 

with 75 kg seed rate ha-1 for the chickpea growers having arid climatic conditions.   

 

 Marwat et al. (2011) conducted field trials to examine the performance of 

seeding rates (100 and 150 kg ha-1) and four different herbicides (Puma super, Topik, 

Isoproturon and Buctril super) on weeds and wheat. Their results revealed that higher 

wheat seed rate decreased weed biomass and increased biological yield. They 

suggested that the higher seeding rate and herbicide Buctril super should be used in an 

integrated weed management fashion because it increased the wheat grain yield and 

decreased weed density.   

 Sibtain et al. (2015) examined the response of chickpea against different 

densities of wild onion (Asphodelus tenuifolius). A. tenuifolius was sown in chickpea 

plots at various densities i.e. 0, 20, 40, 80, 160 and 320 plant m-2. The results showed 

decrease in primary and secondary branches of chickpea, number of pods plant -1, 

number of seeds pod-1, 100 seed weight and chickpea seed yield kg ha-1 by per 

increasing in densities of A. tenuifolius. In addition, increase in A. tenuifolius density 

expedited chickpea yield losses and reached the maximum values of 28, 35, 42, 50, 58 

and 96% at 20, 40, 80, 160 & 320 A. tenuifolius plants per meter square, respectively. 

The yield loss estimation model showed that chickpea loss with infinite  A. 

tenuifolius density was 60%. Moreover, 2.52% yield reduction predicted with increase 

of one A. tenuifolius plant m-2. They concluded that A. tenuifolius has a sturdy 



25 
 

influence on chickpea seed yield and demonstrated a linear response at the range of 

studied densities. 

  Tanveer et al. (2015) conducted a field trial to assess the yield loses in chickpea 

with varying densities of Euphorbia dracunculoides L. There were eight density levels 

(5, 10, 15, 20, 25, 30, 35 and 40 plants m-2) of E. dracunculoides were compared to 

weedy check plots. They observed that each increment in densities of E. 

dracunculoides from 5 to 40 plants m-2 reduced chickpea plant height, number of 

fruits, seeds and dry weight plant-1. Similarly chickpea seed yield losses varied from 1 

to 63% with E. dracunculoides density ranging from 5 to 40 plants m-2. Moreover, 

protein content of chickpea seed was significantly decreased above a weed density of 

25 plants m-2. They suggested the proper control of E. dracunculoides at densities 

above 5 plants m-2 to harvest optimum chickpea seed yield.  
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III. MATERIALS AND METHODS 

3.1. EXPERIMENT-I: INTEGRATION OF SEED RATES AND WEED 

MANAGEMENT TECHNIQUES FOR WEED SUPPRESSION IN CHICKPEA                            

(Cicer arietinum L.) 

 Field studies were carried out at Agricultural Research Station, Ahmad Wala 

(latitude and longitude, 32°93'N, 71°23'E), Karak, Khyber Pakhtunkhwa during Rabi 

season 2012-13 and 2013-14. Chickpea variety, Karak-1 was sown with four different 

seed rates, i.e., 60, 70, 80 and 90 kg ha-1. The experiment was comprised of 28 

treatment combinations (7 weed management techniques x 4 seeding rates) replicated 

four times using randomized complete block design (RCBD) with split plot 

arrangement.  

 

 The seed rates were allotted to main plots, while sub-plots were comprised of 

different weed management treatments. The individual sub-plot size was 4 x 1.5 m-2 

having 30 cm apart rows. Sub-plot treatments were comprised of two pre-emergence 

herbicides (Dual gold 960 EC and Stomp 330 EC), two post-emergence herbicides 

(Puma Super 75 EW, Topik 15 WP), post application of Parthenium extract, hand 

weeding (twice) and a weedy check for comparison. Nitrogen was applied at the rate 

of 20 kg ha-1 as a basal dose, while all other agronomic practices were kept uniform in 

all the treatments. The pre emergence herbicides were sprayed immediately after the 

sowing of chickpea, while the herbicides assigned to post application were applied at 

20 DAS i.e. approximately at the two leaf stage of the weeds with the help of knapsack 

sprayer. 

 

The details of the treatments during the studies are:  

 

Main plots (Factor-A) 

 

Seed rates:  

60, 70, 80 and 90 kg ha-1 
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Sub-plots (Factor-B) 

 

Weed management techniques 

     

 
Treatments Common name Dose 

Application time 

T1 Dual Gold 960 EC  s-metolachlor 1 L ha-1 Pre emergence 

T2 Stomp 330 EC  pendimethalin 2.5 L ha-1 Pre emergence 

T3 Topik 15 WP  clodinafop-propargyl 2 kg ha-1 Post emergence 

T4 Puma Super 75 EW  fenoxaprop-p-ethyl 2 kg ha-1 Post emergence 

T5 Hand weeding (twice)  -------------------- ---------- --------------- 

T6 Parthenium extract -------------------- 120 g L-1 Post-emergence 

T7 Weedy check -------------------- ---------- --------------- 

 

3.1.1 P. hysterophorus plants collection and extract preparation 

Fresh plants of P. hysterophorus were collected randomly from the research farm 

(New Developmental Farm), The University of Agriculture, Peshawar. The P. 

hysterophorus plants were clipped off at the soil surface level at pre flowering growth 

stage using manual shears. The plants were then washed with tap water to remove the 

dirt and dust and, subsequently subjected to air drying. After drying the whole P. 

hysterophorus plants were chopped and mechanically grind (Grinder model: F.F.C 

Hico-5”). The grind powder of P. hysterophorus was then weighed with electrical 

balance and mixed with distilled water at the rate of 120g/ liter in order to prepare 

water extract at normal room temperature (28 C0) for 24 hrs following the method 

described by Chema et al. (2003).  Finally, the water extract of P. hysterophorus was 

obtained by filtering the extract water solution with the help of 10 and 60-mesh sieves. 

After that the final prepared extract was preserved in bottles for further use. 

 

3.1.2   Data collection 

 During both the studied years the data were recorded on the following 

parameters. The procedure of data recording for each parameter is also given below.  

 

 

S. No. 

NO 
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3.1.2.1   Weed density m-2 

The data for weed density (m-2) were recorded after three weeks of the 

treatments application. A quadrate of size 33 x 33 cm-2 thrown at three randomly 

selected sites at each subplot and subsequently the means were taken from three 

observations.  

3.1.2.2    Fresh weed biomass (kg ha-1) 

 At 75 DAS the weeds plants were collected from each treatment by placing 

quadrate randomly and the weeds inside quadrates were cut above ground surface and 

were weighed by using electrical balance then subsequently converted to kg ha-1. 

3.1.2.3    Dry weed biomass (kg ha-1) 

 The already collected weeds (in fresh form) were oven dried for 24 hrs at 65 C0 

and then weighed and subsequently converted into kg ha-1.  

3.1.2.4    Plant height at maturity (cm) 

At plant maturity stage five representative plants in each treatment were 

selected randomly and their height were measured from the base to the tip of each of 

the selected plants using graduated scale and the averages were taken and recorded for 

individual treatment. 

3.1.2.5    Number of branches per plant  

In each sub plot five representative chickpea plants were selected randomly and 

the number of branches plant-1 were counted and the averages were taken.  

3.1.2.6    Number of pods plant-1  

Five representative plants in each treatment were randomly selected and the 

numbers of pods plant-1 were counted and then means were computed.      
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3.1.2.7    Number of seeds pod-1  

Among all bear pods only twenty pods were randomly collected from five 

labeled plants in each subplot and the seeds present in each pod were counted and the 

means were calculated. 

3.1.2.8    100 seed weight (g)  

Randomly a sample of 100 seeds from each treatment was selected and was 

weighed by electronic balance in grams (g). 

3.1.2.9    Biological yield (kg ha-1) 

For calculating the biological yield, from each sub plot three central crop rows 

were harvested and were tied in bundles. The weight of each tied bundle was measured 

with the help of spring balance after sun dried and converted consequently in to kg ha-1 

by applying the following formula.  

   
Biological yield (kg ha-1) =     Biological yield (from the net plot) in kg  x 10000  
                                                               Harvest area in m-2 
 

3.1.2.10    Seed yield (kg ha-1) 

Seeds were collected from the already harvested three central rows of each 

treatment after separating from pods and were weighted. Finally the data was 

converted to seed yield in kilo gram ha-1 by the following formula, 

 
Seed yield (kg. ha-1) =   Seed yield in (from the net plot) in kg   x 10000  

                                                        Harvest area in m-2 
 
3.1.2.11    Harvest index (%) 

 The harvest index (%) was calculated by using the given formula. 

 

Harvest index % =   Seed yield (kg ha-1)             x 100 
                                                         Biological yield (kg ha-1) 
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3.1.2.12    Cost-benefit ratio (CBR) 

The Cost Benefit Ratio (CBR) is a clear indicator of evaluating the success or 

failure of a new intervention in agricultural research. At least >1 CBR is required for 

any intervention being recommended to the growers for adoption. The CBR was 

calculated for each weed control technique by using the following formula. 

CBR =   Added Income 
                  Added Cost 

Statistical Analysis 

The recorded data for each parameter were subjected separately to MSTATC 

computer software to run the ANOVA technique and then the data means were 

separated by Least Significance Difference (LSD) test by following the procedure 

mentioned by Steel et al., 1997.  

Table 3.1. Weather data of district Karak-Pakistan during the chickpea growing        

        seasons in 2012-13 and 2013-14. 

 

Year 

 

Month 

Temperature (C0) Precipitation 

(mm) Mean Max Mean Min 

2012 
October 
November 

30.5 
25.8 

17.0 
10.8 

00.0 
03.0 

December 21.8 07.5 47.0 

 
2013 

 

January 

 

18.0 

 

04.9 

 

00.0 
February 19.4 09.8 133 
March 24.9 12.5 110 

April 28.2 16.5 77.0 

 

 

Average 

 
24.8 11.2 Total:370 

2013 

October 

November 

31.8 

25.0 

20.0 

11.0 

00.0 

09.0 
December 21.8 5.23 1.00 

2014 

 
January 

 
19.8 

 
05.0 

 
1.00 

February 19.6 07.5 26.0 

March 20.0 11.4 96.6 
April 30.0 18.7 64.8 

 
 

Average 

 
24.0 11.2 Total:198.4 

Source: Agriculture Research Station Ahmad Wala, Karak, KPK Pakistan.  
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3.2. EXPERIMENT-II: STUDIES ON TOLERANCE OF CHICKPEA TO 

SOME PRE AND POST EMERGENCE HERBICIDES 

The present pot experiments were carried out during two consecutive years 2012-2013 

and 2013-2014 at the Department of Weed Science, The University of Agriculture 

Peshawar, Pakistan to evaluate the response of chickpea (Cicer arietinum L.) towards 

different pre and post-emergence herbicides.  

3.2.1 Seed collection  

The seed of chickpea variety Karak-I was collected from the Agricultural Research 

Station, Ahmad Wala Karak, Khyber Pakhtunkhwa Pakistan during September, 2012. 

For minimizing the risk of germination failure and contamination, the seed was sun 

dried after cleaning.  

3.2.2 Trial design and setup  

The trials were laid out in completely randomized design (CRD) repeated three times. 

Total ten seeds of chickpea variety Karak-I was sown that later on thinned to six 

seedlings in each pot during both the studied years. The specification of each pot was 

18.79 cm in height and 21.84 cm in diameter.  

3.2.3 Herbicide application  

Initial calibration was made to know the exact volume of water and herbicides with 

recommended doses were applied to each pot individually with a knapsack sprayer 

having a jet nozzle except the control pots. The pre-emergence herbicides were applied 

to the pots immediately after sowing, while the post-emergence were applied at 20 

days after sowing. Herbicides applied along with dosage and time of application is 

given below.  
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Table: 3.2.1   Herbicides used, the dose and the time of application during pot  

  experiment on chickpea.  

Trade name Common names   Dose/ ha 
Application 

time 

Dual Gold 960 EC    s-metolachlor 1 L ha-1 Pre-emergence 

Stomp 330 EC Pendimethalin 2.5 L ha-1 Pre-emergence 

Topik 15 WP clodinafop-propargyl 2 kg ha-1 Post-emergence 

Puma Super 75 EW fenoxaprop-p-ethyl 2 kg ha-1 Post-emergence 

Isoproturon 500 EW  di-methyl urea 1.85 kg ha-1 Post-emergence 

No herbicide/ Control ------------------ -------------- -------------- 

 

3.2.4 Data recorded 

During the course of study the data were recorded on the given parameters.  

3.2.4.1    Plant height (cm) 

The plant height data was recorded when chickpea reached to maturity. In each 

pot, the height of all the plants were measured from the base to the tip of the plant with 

the help of graduated scale and their averages were individually taken plant -1. 

 

3.2.4.2    Number of branches plant-1 

All the branches of chickpea were counted in each pot and then the average was 

taken for calculating branches plant-1. 

 

3.2.4.3    Number of pod plant-1 

The pods were counted in all plants present in each pot and then mean was 

taken for calculating pods plant-1. 
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3.2.4.4    Number of nodules plant-1 

 For uprooting the plants along with all the attached nodules the pots were well 

watered to loosen the soil and ensure smooth uprooting long with their nodules on 

their roots. After uprooting the roots were gently washed using low pressure of water 

and then the nodules were counted. 

3.2.4.5    Nodule fresh weight plant-1 (g) 

The fresh weight of the nodule was calculated with the help of an electrical 

balance. 

3.2.4.6    Nodule dry weight plant-1 (g) 

 After measuring the fresh weight of the nodules these samples were kept in an 

oven for 48 hours at 70 C0 to ensure a complete dryness of the nodules. The samples 

were then measured with the help of an electrical balance.  

 

3.2.4.7    Protein content of chickpea seed (%) 

 After harvesting the chickpea plants from the pots ten seeds from each pot was 

collected and were ground into powder form in order to analyze their protein content 

in all samples. Analysis of the protein content was done using the earlier scientific 

method of AOAC (2000) with the following formula. 

 

% Crude Protein = % N x 5.70 (*factor for legumes)  
              
% N = (S-B) x N x 0.014 x D x 100 / Weight of sample x V 

S = Sample titration reading 

 D = Dilution of sample after digestion 

 V = Volume taken for titration 

 N = Normality of HCl 

 B = Blank titration reading 

 0.014 = mass equivalent weight of nitrogen  
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3.2.4.8    Number of seeds plant-1 

After harvesting the chickpea plants from each of the pots, all the seeds from 

each pot were collected, counted and averaged to measure the number of seed plant-1. 

Statistical Analysis 

The recorded data for each parameter were subjected separately to MSTATC 

computer software to run the ANOVA technique and then the data means were 

separated by Least Significance Difference (LSD) test by following the procedure 

mentioned by Steel et al., 1997.  
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3.3 EXPERIMENT-III: VARIETAL RESPONSE OF CHICKPEA           

(Cicer arietinum L.) TOWARDS THE ALLELOPATHY OF DIFFERENT 

WEEDS. 

 

3.3.1 Trial site and design  

The trial was conducted at the Research laboratory of Weed Science Department, The 

University of Agriculture Peshawar during rabi season, 2013 and repeated again with 

the same protocol in, 2014. The experimental set up was run under Completely 

Randomized (CR) design having factorial setup with four replications. The chickpea 

varieties were examined in opposition to the allelopathic potential of five common 

weeds. The details of the factors used in the experiment are given under.  

 

Factor-A:  Chickpea varieties        

V1= Karak-I 

V2= Karak-III  

V3= Sheenghar 

 

Factor-B:  Weed extracts  

S. No.  Scientific name    Common name 

T1   Parthenium hysterophorus L.  Parthenium weed 

T2   Phragmites australis (Cav) Trin.  Common reed  

T3   Datura stramonium L.    Jimsonweed 

T4   Cyperus rotundus L.    Yellow nutsedge 

T5   Convolvulus arvensis L.   Field bind weed 

T6   Control     -------------------- 

       

3.3.2 Collection of weeds and extract preparation 

Mature and healthy weeds as stated above have been randomly collected from 

the different farmer’s field at district Peshawar, Pakistan. The weed samples were 

clipped off at the soil surface level at pre flowering growth stage using manual cutter. 

The collected weeds were then washed with tap water to remove the dirt and dust and, 
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subsequently subjected to oven drying at 65 C0 for 48 hrs. After drying the samples 

were then chopped and mechanically grind with the help of Lab. grinder having model 

number F.F.C Hico-5. The grind powder of the weed samples were then individually 

weighed with electrical balance and mixed with distilled water at the rate of 120g/ liter 

in order to prepare water extract at normal room temperature (28 C0) for 24 hrs 

following the method described by Cheema et al. (2003).  Finally, the water extract of 

each weed sample was individually obtained by filtering the extract water solution 

with the help of 10 and 60-mesh sieves. After that the final prepared extract was 

preserved in bottles for further use in the trial. 

 

3.3.3 Procedure of experiment 

 A petri dish having a diameter of 9 cm was selected for the present experiment 

containing Whatman No-1 filter paper at the base. Ten seeds of each chickpea variety 

was settled individually in the respective petri dishes. The same petri dishes protocol 

was repeated four times in the study. After placing the seed in petri dishes each petri 

dish then received a three milliliter (mL) of the particular weed extract. A distilled 

water treatment was also included for comparison. For the entire experimental duration 

(15 days) all the experimental units (petri dishes) were examined on daily basis and 

extract were applied on need base for preventing the seeds from drying out.  

 

3.3.4 Parameters  

During laboratory studies the following parameters of chickpea varieties were 

examined. 

 

3.3.4.1   Germination (%) 

The germination data were taken on daily basis during course of 

experimentation. Only those seeds were considered as germinated one that secures 

approximately 2 mm radical size. At the final day of experiment the total number of 

germinated seeds (%) was calculated with the below formula, 

 
Germination (%) =  Germinated seeds of a particular variety  x 100 
                                    Total seed in particular petri dish 
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3.3.4.2   Mean germination time (M.G.T) 

For calculating the MGT values for the tested chickpea varieties the below 

equation of Ellis and Roberts, 1981was followed. 

 Mean germination time =    Σ Dn__ 
                                     Σ n 

Where “D” representing the number of counted days from the beginning of 

germination and “n” are the germinated seeds number on day “D”. 

 

3.3.4.3   Germination index (G.I) 

For calculating the GI for all the chickpea varieties a formula was followed 

prescribed by the AOSA, 1983 (Associations of Official Seed Analysts). 

 

GI = Number of seed germinated + …………. + Number of seed germinated  
First day count                Final day count 
 

3.3.4.4   Seed vigor index (SVI) 

The data for SVI was calculated by following the below formula as mentioned 

by Abdul baki & Anderson, 1973. 

 

Seed Vigor Index = Germination (%) × seedling length (cm) 

 

3.3.4.5   Seedling length (cm) 

Seedling length in all Petri dishes was calculated or measured with the help of a 

graduated ruler in all the settled treatments at the end stage of experiment i.e. fifteen 

days after germination and were then averaged. 

3.3.4.6   Root length (cm) 

The root length in all the chickpea varieties was measured with the help of a 

graduated ruler for the seedlings in all treatments and averaged at the end. 
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3.3.4.7   Fresh seedling biomass plant-1 (mg) 

The fresh seedlings were collected from each treatment and individually 

measure with the help of electronic balance and subsequently the average means     

plant-1 were calculated for all the treatments. 

3.3.4.8   Dry seedling biomass plant-1 (mg) 

The collected fresh seedlings were dried in an oven (model: Wisevin) at 65oC 

for 48 hrs. The dry seedling biomasses were taken through electrical balance and then 

consequently the means were calculated for each treatment. 

Statistical Analysis 

Data analysis was performed using ANOVA by MSTATC software package 

and the significance of the values were tested using LSD test at p=5% as mentioned 

earlier by Steel et al.,1997. 
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IV.  RESULTS AND DISCUSSION 

4.1 INTEGRATION OF SEED RATES AND WEED MANAGEMENT 

TECHNIQUES FOR WEED SUPPRESSION IN CHICKPEA             

(Cicer arietinum L.) 

The data recorded according to the procedure as outlined under “Materials and      

Methods” were statistically analyzed for both the years regarding the field study. The 

mean data of both the studied years (2012-13 and 2013-14) are presented in tables, 

4.1.1-4.1.12, while the interaction between seeding rates and weed management 

techniques are shown in figures, 4.1.1- 4.1.20 individually for each year i.e. 2012-13 

and 2013-14.  

4.1.1 Weed density (m-2) 

The experimental plots during both the years were mostly infested with the 

weed species; Asphodelus tenuifolius Cav., Trigonella incise Benth, Fumaria indica 

L., Convolvulus arvensis L., Euphorbia dracunculoides Lam., Cynodon dactylon 

(Linn.) Pers, Nonea edgeworthii A. DC, Astragalus tribulifolius (Benth) ex Bunge, 

Cyperus rotundus L. and Cousinia bijarensis Rech. F. 

The analysis of variance revealed significant (P ≤ 0.05) differences for both the 

years, chickpea seed rates, weed management techniques and their interactions in term 

of weed density (Appendix-A1.1). During the year 2012-13, the mean values for the 

seed rates showed the lowest (73.17 m-2) weed density recorded at 90 kg ha-1 seed rate, 

while the maximum (256.46 m-2) weed density was noted under seed rate of 60 kg ha-1. 

Likewise, during the year 2013-14 the seed rates mean showed a similar trend like the 

previous year by recording the minimum weed density (99.67 m-2) at 90 kg ha-1 seed 

rate, which is statistically comparable with the seed rate 80 kg ha-1 (104.04 m-2). The 

seed rate 60 and 70 kg ha-1 showed the maximum weed density of 129.98 and 112.62 

m-2 respectively, and were statistically at par (Table- 4.1.1). If the crop plants are more 

space from one another, the available space is captured by weeds, while in case of 

dense population crop the space is not available for growth and even germination in 

the species requiring exposure to light for germination. (Jan et al., 2010). This could 
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be one reason that the minimum weed density was found when the chickpea was sown 

at a high seed rate (90 kg ha-1), while high weed density was found at the lower (60 kg 

ha-1) seeding rates. Whish et al. (2002) observed that decline in chickpea yield and 

yield related parameter increased with increasing weed density and weed density 

increased by increasing row spacing. Seeding rate is an important factor for achieving 

optimum yield in chickpea. High seeding rate helps to suppress weeds, however, yield 

does not always increase with high seeding rate and there are some risks associated 

with this, such as crop lodging, diseases and insect infestation (Kristensen et al., 

2008). On the other hand, low seeding rates reduce seed cost. Thus, there are also 

some risks associated with the use of low seeding rate such as losses due to weed 

competition and poor chickpea seedling establishment (Chauhan et al., 2012).  

Weed density, allelopathy, morphology and biomass are the main cause of crop 

yield reduction. Thus, the weed management with different techniques enhances crop 

yield. In the instant studies, during 2012-13 the mean values for weed management 

techniques exhibited the lowest (115.18 m-2) weed density in Stomp 330 EC @ 2.5 L 

ha-1, while the highest (236.58 m-2) weed density in weedy check plots followed by 

Parthenium extract (218.19 m-2). The same trend was found in the year 2013-14 for the 

different weed management techniques where the pre-emergence herbicides gave 

promising weed control as compared over the control and the rest of the treatments. 

During 2013-14 the herbicide Stomp 330 EC showed similar results like the previous 

year by giving the minimum weed density 64.40 plants m-2 that was statistically 

comparable with Dual Gold 960 EC. However, the maximum weed density of 286.71 

m-2 was observed in weedy check plots (Table-4.1.1). Due to the lack of weed control 

measures there was a highest density of weeds in these plots. Furthermore, in such 

cases when weed management is lacking the germinated weed population will grow 

vigorously and will strongly compete with the crop plants for growth resources and 

will lead to significant reduction of the crop yield. On the other hand the lesser number 

of weeds m-2 in the plots treated with herbicides was due to the strong toxic effect of 

these herbicides (chemicals) that persist in the upper soil layer for a long time that not 

only prevent weed seeds to germinate but also retard the seedling growth by disturbing 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4084956/#pone.0101919-Chauhan5
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the food translocations channels inside the weed plants. Likewise, the achievement of 

lower density of weeds in the manual weeding plots was due to the slow and poor 

growth of weeds by the result of two hand weeding. The present results can also be 

supported by the findings of Muhammad et al. (2011) who reported the greater weed 

control efficiency of both the pre emergence herbicides Dual Gold and Stomp. Khan et 

al. (2012a) have also found minimum weed density in herbicides treated plots as 

compared to plant extract and weedy check plots.  

 

By comparing the weed density of the studied year 2013-14 with the previous 

year investigations 2012-13, we observed overall decrease in weed density including 

weedy check plots in the present year. This might be due to decrease in seasonal 

average precipitation in the study area that reduced the weed seed germination in the 

reported year compared to the previous year (Table-3.1). Moreover, the reduction in 

overall weed seed numbers in the present year indicated that weeds are very much 

environmental conditions dependent. In earlier studies Patel et al. (2006) concluded 

that the pre spray of herbicide Stomp 330 EC @ 0.74 kg/ ha and fluchloraline @ 1.00 

kg/ ha significantly different from one another, infect found superior significantly 

compared to control plots in term of weed suppression. In similar studies Kanter et al. 

(2000) also found that the application of herbicides (both pre and post emergence) 

significantly suppressed weeds flora of chickpea. The overall data of the instant study 

revealed that both the weed management measures and chickpea seed rates 

significantly affect the weed density.  

 

 The interaction between the weed management techniques and chickpea seed 

rates also presenting the significant (P≤0.05) differences for both the years (Appendix-

A1.1). The interaction of seeding rates and weed management techniques during 2012-

13 revealed that the lowest weed density (31.25) m-2 was recorded in Stomp 330 EC x 

90 kg ha-1, while the utmost weed density (321.35) m-2 was noted in weedy check x 60 

kg ha-1 (Fig. 4.1.1). Similarly, during 2013-14 the minimum weed density (44.80 m-2) 

was recorded in respect of seed rate 70 kg ha-1 x Dual Gold 960 EC and highest weed 

density (322.55 m-2)  noticed under the combination of seed rate 60 kg ha-1 x weedy 
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check (Fig. 4.1.2). The graphs for both the year showing that the herbicide applied 

treatments demonstrated the lower bars in the graphs, while the other less effective 

weed management techniques like Parthenium extract, Topik 15 WP, Puma Super 75 

EW and weedy check treatments presented taller bars in the graphs. The least weed 

density (m-2) in the plots treated with pre-emergence herbicides was because of their 

persistence for a long time in the soil that prohibits the weeds to germinate. These 

results are also in line with the observations of Hassan et al. (2006) who stated that the 

herbicide fenoxaprop-p-ethyl showed 60% weed control in comparison with control 

plots. The herbicides such as Stomp 330 EC and Dual gold 960 EC provide longer 

weed control that help better reduction of broadleaf and annual grasses weed density 

throughout the seasons. Recently, Rao et al., 2015 stated that weeds can be effectively 

and efficiently controlled with integration of pre-emergence herbicides Stomp 330 EC 

followed by hand weeding at 50 DAS ultimately results in higher grain yields of red 

gram (Cajanus cajan L.).  
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Table- 4.1.1.  Effect of seed rates and weed management techniques on weed 

density (m-2) in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
Weed density (m-2) 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
256.46 a* 

 
129.98 a 

70 237.52 b 112.62 b 
80 147.83 c 104.04 c 
90 73.17 d 99.67 c 
LSD (0.05) 10.400 7.579 
   
B) WEED MANAGEMENT 

TECHNIQUES 
  

 
Dual Gold 960 EC 

 
134.54 f 

 
70.64 de 

Stomp 330 EC 115.18 g 64.40 e 

Topik 15 WP 191.25 d 88.38 c 

Puma Super 75 EW 202.86 c 78.25 d 

Hand weeding 152.62 e 75.75 d 

Parthenium Extract 218.19 b 116.91 b 

Weedy check 236.58 a 286.71 a 

LSD (0.05) 8.664 10.032 
   
INTERACTION  

(SR xWMT)  LSD (0.05) 
19.08 20.04 

*The means with common letter showed a non significant variation in their respective 

columns by LSD test at P 0.05.    
SR= Seed Rates, WMT= Weed Management Techniques 
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Fig. 4.1.1. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed  

       management techniques on weed density m-2 during 2012-13.  

 

 

 

Fig. 4.1.2.  Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed  

        management techniques on weed density m-2 during 2013-14. 
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4.1.2 Fresh weed biomass (kg ha-1) 

 
Fresh weed biomass is a clear indicator of weed dynamics in the crop. The crop 

yield is inversely correlated with the fresh weed biomass. Analysis of the data revealed 

that the chickpea seeding rates, weed management techniques and their interaction had 

a significant effect (P ≤ 0.05) on fresh weed biomass during both the years i.e. 2012 -13 

and 2013-14 (Appendix-A1.2). The data of 2012-13 for the chickpea seed rates 

revealed that the lowest weed fresh weight (713.08 kg ha-1) recorded for the seed rate 

of 90 kg ha-1, while the highest fresh weed weight (795.51 kg ha-1) noted for 70 kg ha-1 

seeding rate. Similarly, during 2013-14 the least fresh biomass of weeds (648.08 kg  

ha-1) was computed for 90 kg ha-1 while the uppermost fresh weed biomass (734.63 kg 

ha-1) was noticed in seed rate of 70 kg ha-1 (Table-4.1.2). The reason behind achieving 

low fresh biomass in chickpea planted with high seed rates 80 and 90 kg ha-1 might be 

due to high competition with crop plants that did not allow weeds to utilize the 

maximum available resources as a result they got less biomass compared to wider 

spaced plots (Samedani et al., 2006).  

 

 The treatment means data in Table-4.1.2 demonstrated that during study year 

2012-13 the least fresh weed biomass (655.12 and 670.00 kg/ ha) was found for the 

hand weeded plots and Stomp 330 EC treated plots, respectively, however, the utmost 

fresh biomass of weeds (1028.88 kg ha-1) was observed in control (weedy check). 

During the year 2013-14 the least amount of fresh biomass (606.16 kg ha-1) was 

computed for Stomp 330 EC treated plot followed by hand weeding (591.50 kg ha-1), 

while the higher fresh weed biomass (983.40 kg ha-1) was noticed in control (weedy 

check) like the previous year. The minimum fresh weed biomass in Stomp 330 EC 

applied plots could be due to the selectivity of these chemicals (herbicides) that 

suppressed the plant growth or disrupted the inside systems of the weed and by that the 

weeds were inefficient to achieve a remarkable fresh weight. Likewise, Upadihyay and 

Bhalla (2002) observed minimum density and biomass of weed plants under herbicidal 

application and hand weeding plots. As discussed for weed density m-2, the fresh 

biomass of the infested weed flora also indirectly presenting the reduction in the crop 

biomass (Barker and Bhowmik, 2001). The instant results are in closely in line with 
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the findings of Patel et al. (2006) they observed that manual hoeing and herbicide 

Stomp 330 EC successfully declined the fresh biomass of weeds. Khan et al. (2009) 

also noted that both hand weeding and herbicide application have great influence on 

weed biomass grown in chickpea crop. 

Similarly, during 2012-13 the interaction data of weed management techniques 

and seeding rates (Fig. 4.1.3) showed the lower fresh weed biomass (608.69 kg ha-1) 

for hand weeding x 90 kg ha-1 seeding rate as compared to weedy check x 70 kg ha-1 

that produce a maximum fresh weed biomass of 1088.67 kg ha-1. During 2013-14 the 

minimum weed biomass (543.69 kg ha-1) was found for hand weeding x 90 kg ha-1 

followed by the herbicide Stomp 330 EC and the maximum fresh biomass of weeds 

(1016.98 kg ha-1) was resulting in weedy check (control) x 70 kg ha-1 (Fig. 4.1.4). 

Avola et al. (2008) reported that the reason behind the lesser weed biomass in 

herbicide treated plots could be due to the persistence of the these herbicide for a long 

period of time on the soil surface that made the upper layer toxic and  affects the 

normal growth and fresh biomass of the infested weed flora inside the crop field. 

Similarly, Kumar et al., 2015 also reported that significantly lowest weed density and 

weed fresh and dry weight were recorded under the herbicide treated plots particularly 

for quizalofop-ethyl @ 60 g ha-1.  
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Table- 4.1.2.  Effect of seed rates and weed management techniques on fresh 

weed biomass (kg ha-1) in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
Fresh weed biomass (kg ha-1) 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
742.87 b* 

 
709.24 a 

70 795.51 a 734.63 a 
80 747.22 b 681.89 b 

90 713.08 c 648.08 c 
LSD (0.05) 24.09 26.21 
   
B) WEED MANAGEMENT 
TECHNIQUES 

  

 

Dual Gold 960 EC 

 

687.88 c 

 

624.26 c 
Stomp 330 EC 670.00 c 606.16 cd 
Topik 15 WP 728.72 b 668.23 b 
Puma Super 75 EW 748.08 b 688.41 b 
Hand weeding 655.12 cd 591.50 d 
Parthenium Extract 728.72 b 679.75 c 

Weedy check 1028.88 a 983.40 a 
LSD (0.05) 32.131 31.11 
   
INTERACTION  
(SR xWMT)  LSD (0.05) 

33.89 37.22 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.    

SR= Seed Rates, WMT= Weed Management Techniques 
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Fig. 4.1.3. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed  

       management techniques on fresh weed biomass (kg ha-1) during 2012-13. 
 

 
 

Fig. 4.1.4. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed  

       management techniques on fresh weed biomass (kg ha-1) during 2013-14. 
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4.1.3 Dry weed biomass (kg ha-1) 

 
Dry weed biomass is an important indicator of actual accumulation of 

photosynthate in a plant, after removing the extrinsic and intrinsic moisture content.   

The data in the given Table-4.1.3 showed the dry weed biomass as influenced by 

different weed management techniques and seed rates of chickpea during the studied 

years 2012-13 and 2013-14. The results exposed that the year effect of dry weed 

biomass was non-significant (P ≤ 0.05), while weed management techniques, seed 

rates and their interaction all significantly affect the dry weed biomass. In 2012-13 the 

seed rates data presented that the minimum dry weed biomass (195.55 kg ha-1) was 

noted in 90 kg ha-1, however, the maximum dry biomass of weeds (221.95 5 kg ha-1) 

was recorded in 70 kg ha-1. The same trend was noted for the year 2013-14 for the 

seeding rates where again the seed rate 90 kg ha-1 gave the minimum (170.40 kg ha-1) 

dry biomass and the utmost dry weed biomass (207.66 kg ha-1) was resulted in 70 kg 

ha-1. When the weeds have enough space it grows rapidly and capture the maximum 

resources and got huge canopy, while the weeds surrounded with high crop density got 

less nutrition that ultimately reduced their canopy and biomass Julio et al. (2005).  

 

The weed management techniques, data revealed that like fresh weed biomass, 

the dry weed biomass were also influenced by different weed management techniques 

both the years. During 2012-13 the lower (172.45 kg ha-1) dry weed biomass recorded 

in manual hoeing followed by the herbicide Stomp 330 EC (194.41 kg ha-1) and the 

maximum dry biomass (266.81 kg ha-1) was resulted in control plots. In the same way, 

in the year 2013-14 the hand weeding and Stomp 330 EC plots were again given lesser 

dry weed biomass compared to rest of the treatments. Numerically the least dry weed 

mass (147.31 kg ha-1) was recorded in hand weeding (twice) followed by the 

application of Stomp 330 EC (169.26 kg ha-1) and the highest weed dry weight of 

241.65 kg ha-1 was recorded for weedy check treatment (Table-4.1.3). The maximum 

dry weed biomass in weedy check plots were due to un-control of weeds and as a 

result the weeds achieved the high strong vigor and canopy/ biomass in the absence of 

weed control measures, on the other hand, the lower weed biomass in the herbicides 

and hand weeding plots is due to the restriction of weed vigorous growth by disturbing 
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their normal growth resulted in their stunted growth. A twice manual weeding at 30 

and 60 days after sowing kept the crop approximately weed free till crop harvesting 

that produced the least dry weed biomass. Moreover, the herbicidal application, i.e., 

Stomp 330 EC at the rate of 2.00 L ha-1 at pre emergence stage gave considerably 

lower weed dry biomass compared to other weed control measures (Mohammadi et al., 

2005). In the hand weeding plots the weeds are weak because of disturbing the tops of 

weeds while they were in vigor conditions in the first 40 to 60 days after germination. 

The mowing of weeds through a sickle, even if the weeds regrow, will be weaker due 

to shading and competition for resources by the crop. Hence, their biomass will be 

greatly reduced. 

 

 The interactive means of weed management techniques and seed rates were 

also found significant (P ≤ 0.05) for both the studied years. In 2012-13 the lowest dry 

weed biomass of 144.96 kg ha-1 noted in hand weeding x 90 kg ha-1 and the outmost 

dry weed biomass of 277.33 kg ha-1 was calculated for weedy check x 70 kg ha-1 (Fig. 

4.1.5). During the year 2013-14 the higher 252.18 kg ha-1 dry biomass of weeds was 

recorded for weedy check x 70 kg ha-1 whereas, the least value of dry weed biomass 

(119.81 kg ha-1) was noticed in hand weeding x 90 kg ha-1 (Fig. 4.1.6). In some earlier 

studies Chaudhary et al. (2011) observed that manual hoeing provided the outstanding 

weed control and reduction in weed biomass as well, while the pre emergence 

application of stomp 330 EC also gave the maximum weed control and seed yield in 

comparison to weedy check. Both the hand hoeing and herbicidal application found 

superior in term of remarkably minimizing the dry and fresh weed biomasses as 

compared to weedy check (Aslam et al., 2007).  
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Table- 4.1.3.  Effect of seed rates and weed management techniques on dry weed 

biomass (kg ha-1) in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
Dry weed biomass (kg ha-1) 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
208.39 b* 

 
207.66 a 

70 221.95 a 196.80 b 
80 207.66 b 183.17 c 

90 195.55 c 170.40 d 
LSD (0.05) 6.168 9.90 
   
B) WEED MANAGEMENT 
TECHNIQUES 

  

 

Dual Gold 960 EC 

 

200.12 bc 

 

174.97 d 
Stomp 330 EC 194.41c 169.26 d 
Topik 15 WP 203.51bc 178.36 cd 
Puma Super 75 EW 206.25 bc 181.11 cd 
Hand weeding 172.46 d 147.31 e 
Parthenium Extract 215.16 b 190.01 b 

Weedy check 266.80 a 241.65 a 
LSD (0.05) 6.187 8.211 
   
INTERACTION  
(SR xWMT)  LSD (0.05) 

10.72 64.43 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05. 

SR= Seed Rates, WMT= Weed Management Techniques 
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Fig. 4.1.5. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed  

        management techniques on dry weed biomass (kg ha-1) during2012-13. 
 

 
 

Fig. 4.1.6. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed  

 management techniques on dry weed biomass (kg ha-1) during 2013-14. 
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4.1.4 Plant height at maturity (cm) 

Plant height is a genetic control trait, however, affected by environmental 

conditions. The results in the given Table-4.1.4 during the year 2102-13 showed that 

the tested chickpea seed rates had a non significant effect on plant height, but the 

higher numerical value (68.85 cm) was recorded under seed rate of 70 kg ha-1. The 

seed rates 60 kg ha-1 and 90 kg ha-1 both gave the lesser height (61.06 cm). However, in 

the year 2013-14 the seed rate means showed significant variations in plant height and 

the highest (63.32 cm) plant height was recorded under the seed rate 70 kg ha-1, while 

80 kg ha-1 gave the smaller value (57.75 cm). Among the weed management 

techniques, the means data (Table-4.1.4) showed significant results for the year 2012-

13 and the maximum plant height (68.5 cm) was attained in the Parthenium extract 

followed by weedy check (67.4 cm), while minimum plant height (61.5 cm) was noted 

in Topik 15 WP. Barker, (2007) claimed that achieving of low plant height in the 

herbicide treated plots might be due to strong phytotoxic effects of some herbicides 

that not only suppressed the weeds flora but also negatively effects the crop plant 

growth related parameters including plant height. In 2013-14 the treatment effect was 

also significant like the previous year and this time hand weeding plots gave maximum 

plant height of 63.1 cm followed by Puma Super 75 EW (62.0 cm), while the least data 

was recorded for weedy check (56 cm). In earlier studies Khan et al. (2014a) also 

noted some stimulatory effect of different weeds allelopathy on chickpea. Moreover, 

many herbicide groups are reported for crop injuries, while controlling weeds. The 

instant findings are the clear evidence of the negative impact of herbicides on plant 

growth parameters. Khan et al. (2004) also found a significant reduction in shoot 

length and plant height with the application of herbicides isoproturon and 2,4-D under 

field studies. The instant results are in accordance with Aslam et al. (2007) who found 

more height in the control treatments.  

The interactions were found non-significant for both the studied years in case 

of chickpea plant height. However, the maximum numerical chickpea plant height 

(70.9 cm) during 2012-13 was recorded under seeding rate 70 kg ha-1 with the pre-

emergence application of Dual Gold 960 EC at the rate of 1 L ha-1, while in 2013-14 
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the successive interaction was found for Parthenium extract x seed rate 70 kg ha-1 (Fig. 

4.1.8). In other studies Khan et al. (2000) also found a non-significant effect of 

different pre and post-emergence herbicides on plant height. These results can also be 

supported with the data of Muhammad et al. (2011) who found maximum plant height 

in those plots where weeds were controlled manually. The higher plant height at high 

seed rate like 70 and 80 kg ha-1 is might be due to contact struggle, including search 

for reaching sun light is higher. This recognized in high populations, the plant height is 

always large compared to thin population like seed rate 60 kg ha-1. In addition huge 

population the plants are trying to reach and harvest maximum of the sunlight, 

therefore, became taller. Similarly, in control plots inter-specific competition is greater 

for that reason again plants became taller in such condition (Manley et al., 2000). The 

sowing of chickpea at an optimum seed rate that made possible the aeration and 

nutrient consumption in conjunction with optimum weed control offered by Stomp 330 

EC. These results are in conformity with that of Singh and Singh (1998).  
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Table- 4.1.4.  Effect of seed rates and weed management techniques on plant 

height (cm) in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
Plant height (cm) 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
61.06 

 
55.62 c* 

70 68.85 63.32 a 
80 63.06 57.75 c 

90 61.06 60.24 ab 
LSD (0.05) NS 2.22 
   
B) WEED MANAGEMENT 
TECHNIQUES 

  

 

Dual Gold 960 EC 

 

61.9 c 

 

56.3 c 
Stomp 330 EC 65.1 abc 59.6 abc 
Topik 15 WP 61.5 c 58.3 bc 
Puma Super 75 EW 63.6 bc 62.0 ab 
Hand weeding 64.5 abc 63.1 a 
Parthenium Extract 68.5 a 59.1 abc 

Weedy check 67.4 ab 56.0 c 
LSD (0.05) 4.47 3.07 
   
INTERACTION  
(SR xWMT)  LSD (0.05) 

NS NS 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.     

SR= Seed Rates, WMT= Weed Management Techniques, NS= non-significant 
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Fig. 4.1.7. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed 

management techniques on plant height (cm) during 2012-13. 
 

 

Fig. 4.1.8. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed        

 management techniques on plant height (cm) during 2013-14. 
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4.1.5 Number of branches plant-1  

 
The ANOVA showed significant (P ≤ 0.05) results for year effects, seed rates, 

weed management techniques and their interaction on the number of branches plant -1 

(Appendix-A1.4). Elaborating the results of seeding rates the average number of 

branches plant-1 for the year 2013-14 were higher than 2012-13 that attributed to 

environmental fluctuations in both the studied years (Table-3.1). Although during 

2012-13 the maximum (4.82) number of branches plant-1 were observed under seed 

rate 70 kg ha-1 and the minimum (2.27) branches were counted for 90 kg ha-1 (Table- 

4.1.5). Conversely, in 2013-14 the highest (4.97) branches plant-1 were also recorded 

for 70 kg ha-1 that were statistically at par with both 60 and 80 kg ha-1 by bearing 4.67 

and 4.70 number of branches plant-1 respectively. The lowest (3.03) numbers of 

branches plant-1 were achieved under seed rate 90 kg ha-1. The higher number of 

branches plant-1 in moderately seeded treatments was due to fewer numbers of plants 

per unit area resulting in the higher resource availability to each plant and hence more 

branches to spread in the available space. As a result the plant boomed from the very 

first day and this vigor movement of plant remains till the end as a result it bear more 

and more number of branches. The high number of branches not only increase the total 

photosynthates but also bear more number of pods and seed that resulted in high yield. 

Meanwhile, the case is totally opposite for dense populated crop field. Some time the 

crop sown with huge density bear large number of branches and pods, but due to 

receiving little resources they are too weak that their contribution in the final 

production are negligible. By increasing the crop seeding rates the weed density 

decreases, but the yield related parameter also decreases due to intra-specific 

competition among crop plants Ahmed et al. (2014). 

 In case of weed management techniques the maximum (4.77) number of 

branches plant-1 was noted for Stomp 330 EC followed by the plots treated with Dual 

Gold 960 EC (4.35), while the minimum (2.51) branches per plant were noted in 

weedy check plots during the first year of study 2012-13 (Table- 4.1.5). However, in 

2013-14 the trend was almost in same pattern for the different treatments where the 

maximum (4.75) number of branches plant-1 were this time also obtained under the 
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application of herbicide Stomp 330 EC but statistically comparable with Dual Gold 

960 EC (4.61) and hand weeded plots giving 4.59 number of branches plant -1. 

Similarly, minimum (3.65) number of branches plant-1 was counted in weedy check 

like the previous year. The possible reason for maximum number of branches plant-1 in 

herbicides treated plots could be the best control of weeds and consequently the 

maximum availability of nutrients to the crop while the reason for minimum number of 

branches plant-1 for weedy check could be due to the fact of weed competition with the 

crop and make the lower nutrients availability to the crop Thakar et al. (2000). These 

results are also in line with those reported by Malik et al. (2001) who stated that yield 

attributing factors are enhanced by chemical weed control.  

In case of interaction, during 2012-13 the higher (5.85) number of branches 

plant-1 was recorded in seed rate 70 kg ha-1 x Stomp 330 EC at the rate of 2.5 L ha-1 

and minimum (1.40) was found in seed rate 90 kg ha-1 x weedy check (Fig. 4.1.9). The 

interaction effect in 2013-14 presented that the highest (5.90) number of branches 

plant-1 was recorded under the combination seed rate 70 kg ha-1 x hand weeding and 

minimum (2.22) number of branches plant-1 was found in seed rate 90 kg ha-1 x weedy 

check. 

These results are supported by the findings of Vaishya et al. (1996) who 

reported an inverse relationship with weed density and number of branches and 

number of pods per plant. Our results are analogy with that of Emenky et al., 2010 

they obtained outmost branches per plant in hand removal plots in comparison to other 

weed control methods. 
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Table- 4.1.5.  Effect of seed rates and weed management techniques on number 

of branches plant-1 in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
Number of branches plant-1 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
3.94 b* 

 
4.67 a 

70 4.82 a 4.97 a 
80 3.42 b 4.70 a 

90 2.27 c 3.03 b 
LSD (0.05) 0.492 0.831 
   
B) WEED MANAGEMENT 
TECHNIQUES 

  

 

Dual Gold 960 EC 

 

4.35 ab 

 

4.61 a 
Stomp 330 EC 4.77 a 4.75 a 
Topik 15 WP 3.49 cd 4.36 ab 
Puma Super 75 EW 3.21 de 4.24 ab 
Hand weeding 3.97 c 4.59 a 
Parthenium Extract 2.93 ef 4.07 bc 

Weedy check 2.51 f 3.65 c 
LSD (0.05) 0.501 0.481 
   
INTERACTION  
(SR xWMT) LSD (0.05) 

0.489 0.548 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.  

SR= Seed Rates, WMT= Weed Management Techniques  
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Fig. 4.1.9.  Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x  weed 

 management techniques on number of branches plant-1 during 2012-13. 

 

 

 
 

Fig.  4.1.10. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed 

 management techniques on number of branches plant-1 during 2013-14. 
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4.1.6 Number of pods plant-1 

The statistical analysis revealed that number of pods plant -1 was significantly     

(P ≤ 0.05) affected by seeding rates, different weed management techniques and their 

interaction. The seed rate means showed that in the year 2013-13 the highest (36.78) 

number of pods plant-1 were recorded under the seed rate 70 kg ha-1, while 90 kg ha-1 

gave the minimum (25.15) number of pods plant-1. During 2013-14 the seeding rate 70 

kg ha-1 again produced the maximum number of pods plant-1 (39.71) that was 

statistically at par with seed rate 60 kg ha-1.  The lower number of pods plant-1 (29.00) 

was noted under the seed rate 90 kg ha-1 like the previous studied year (Table 4.1.6).  

Similarly, the weed management techniques mean for the year 2012-13 

presenting that Stomp 330 EC gave the maximum number of pods plant-1 (35.03) 

followed by Dual Gold 960 EC, while the minimum number of pods plants-1 (27.49) 

was noticed in control (weedy check) treatments. In the second year again, the 

herbicides Stomp 330 EC and Dual Gold 960 EC were the leading plots in term of 

producing high (43.81 and 41.37) number of pods plant -1 respectively. The control 

plots were again failing to produce the satisfied number of pods plant-1 and it just 

produces (25.50) number of pods plant-1 in 2013-14. The highest number of pods plant-

1 might be due to the effective weed control at the right time i.e. at critical crop weed 

competition phase that boosted the crop plants for up taking more and more nutrients 

that improved the growth of chickpea (Patel et al., 2006). The uncontrolled weeds in 

weedy check plot leads to the lower number of pods plants-1 because of the strong 

competition of weeds with crop plants. Malik et al. (2001) also stated that the yield 

attributing factors (number of branches and number of pods) is enhanced by chemical 

weed control over control. 

The interactions between seed rates and weed control techniques presenting in  

fig. 4.1.11 and 4.1.12 individually for the year 2012-13 and 2013-14 respectively. 

During the first year (2012-13) the highest (39.62) values for number of pods plant-1 

was recorded under seed rate 70 kg ha-1 x Stomp 330 EC and the lowest 

(21.65)number of pods plant-1 were recorded in weedy check x 90 kg ha-1. During the 
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study year 2013-14 the highest (56.25) number of pods plant-1 were recorded in Stomp 

330 EC x 70 kg ha-1, however, the least (24.75)  number of pods plant-1 were recorded 

in weedy check x 90 kg ha-1 (Fig. 4.1.12). This is due to the sowing of chickpea at an 

optimum seed rate that made possible the aeration and nutrient consumption in 

conjunction with optimum weed control offered by Stomp 330 EC. These results are 

supported by the findings of Singh and Singh (1998). The results are also in agreement 

with the reports of Miller (2003) who concluded that the pea plots which were treated 

with the chemicals/ herbicides and hand removal gave more number of pods compared 

to non-treated plots.  
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Table- 4.1.6.  Effect of seed rates and weed management techniques on number of 

  pods plant-1 in chickpea during 2012-13 and 2013-14. 

FACTORS 
Number of pods plant-1 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
35.53 ab* 

 
39.10 a 

70 36.78 a 39.71 a 
80 31.16 c 33.39 b 

90 25.15 d 29.00 c 
LSD (0.05) 2.981 3.874 
   
B) WEED MANAGEMENT 
TECHNIQUES 

  

 

Dual Gold 960 EC 

 

33.81 ab 

 

41.37 ab 
Stomp 33 EC 35.03 a 43.81 a 
Topik 15 WP 32.85 b 31.81 bc 
Puma Super 75 EW 32.45 b 35.56 b 
Hand weeding 33.46 ab 39.56 abc 
Parthenium Extract 29.99 cd 29.50 de 

Weedy check 27.49 d 25.50 e 
LSD (0.05) 2.003 3.648 
   
INTERACTION  
(SR xWMT)  LSD (0.05) 

3.344 4.297 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.  

SR= Seed Rates, WMT= Weed Management Techniques  
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Fig. 4.1.11. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x  weed 

 management techniques on number of pods plant-1 during 2013-14. 

 

 

Fig. 4.1.12. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x  weed 

 management techniques on number of pods plant-1 during 2013-14. 

 

  

0

10

20

30

40

50

60

Dual Gold 
960 EC

Stomp 330 
EC

Topik 15 
WP

Puma Super 
75 EW

Hand 
weeding

Parthenium 
Extract

Weedy 
check

N
u

m
b

e
r 

o
f 

p
o

d
s 

p
la

n
t-1

Weed management techniques

60 70 80 90

0

10

20

30

40

50

60

Dual Gold 
960 EC

Stomp 330 
EC

Topik 15 
WP

Puma Super 
75 EW

Hand 
weeding

Parthenium 
Extract

Weedy 
check

N
u

m
b

e
r 

o
f 

p
o

d
s 

p
la

n
t-1

Weed management techniques

60 70 80 90



65 
 

4.1.7 Number of seeds pod-1 

The ANOVA showed significant (P ≤ 0.05) results for number of seeds        

pod-1 regarding chickpea seed rates, weed management techniques and their interaction 

(Appendix-A1.7). The main factor means showed that the seed rate 70 kg ha-1 gave the 

maximum (1.50) number of seeds pod-1, while seed rate 90 kg ha-1 produced the 

minimum (1.36) number of seeds pod-1 during 2012-13. However, in 2013-14 the 

means for seeding rates showed non-significant results regarding number of seeds  

pod-1, although the lowest (1.57) number of seeds pod-1 were counted for the seed rate 

90 kg ha-1 and the highest (1.59) number of seeds pod-1 was recorded for both the plots 

sown with 60 and 80 kg ha-1. 

The data in Table-4.1.7 indicated that Stomp 330 EC gave the higher number of 

seeds pod-1 (1.86) followed by Dual Gold 960 EC (1.62). However, the weedy check 

and Parthenium extract produces the lesser number of seeds pod-1 (1.03 and 1.13) 

respectively during 2012-13. The treatment effect of the same parameter during 2013-

14 indicated that the highest (1.71) number of seeds pod-1 were produced in Stomp 330 

EC which was statistically at par with Dual Gold 960 EC (1.68), while the lowest 

(1.45) seeds pod-1 were recorded in the weedy check. All other values in the treatments 

were comparable to each other. The un-weeded conditions in chickpea field can 

greatly reduced the plant dry biomass, number of pods, seed per pod and 100 seed 

weight (Mohammadi et al., 2005) Many scientists reported that manual weeding and 

the herbicidal application had a significant impact on number of seeds per pod and 

chickpea seed yield (Chaudhary et al., 2005). 

Significant (P ≤ 0.05) effects were also recorded for treatments and seeding 

rates interactions during the course of study in both the year (Appendix-A1.7). The 

results of the interaction for the year 2012-13 presented in fig. 4.1.13 showed that 

maximum number of seeds pod-1 were recorded at seed rate 70 kg ha-1 x Stomp 330 

EC (2.00) and minimum seeds pod-1 (1.01) were observed in seed rate  60 kg ha-1 x 

weedy check. Likewise, in 2013-14 the interaction also found significant by producing 

the highest number (1.82) seeds pod-1 was recorded in Stomp 330 EC x 60 kg ha-1 and 
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the minimum number (1.40) seeds pod-1 in weedy check x 80 kg ha-1 (Fig.4.1.14). The 

overall data showed that as like 2012-13 the herbicides positively influenced the 

number of pods plant-1. These results are greatly in line with those of Khan et al. 

(2012a) who reported the highest number of pods plant-1 in the plots treated with 

herbicides.  

Table- 4.1.7.  Effect of seed rates and weed management techniques on number 

of seeds pod-1 in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
Number of seeds pod-1 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 

60 

 

1.41 b* 

 

1.59 
70 1.50 a 1.65 
80 1.38 c 1.59 
90 1.36 d 1.57 
LSD (0.05) 0.021 NS 
   

B) WEED MANAGEMENT 
TECHNIQUES 

  

 
Dual Gold 960 EC 

 
1.62 b 

 
1.68 a 

Stomp 330 EC 1.86 a 1.71 a 
Topik 15 WP 1.40 c 1.61 ab 

Puma Super 75 EW 1.25 d 1.58 b 
Hand weeding 1.58 b 1.59 b 
Parthenium Extract 1.13 e 1.58 b 
Weedy check 1.03 f 1.45 c 
LSD (0.05) 0.053 

 
0.030 

   
INTERACTION  
(SR xWMT)  LSD (0.05) 

0.106 0.611 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.  
SR= Seed Rates, WMT= Weed Management Techniques, NS= non significant  
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Fig. 4.1.13. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x  weed 

 management techniques on number of seed pod-1 during 2012-13. 
 

 

 
 

Fig. 4.1.14. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x  weed 

 management techniques on number of seed pod-1 2013-14. 
 

  

0

0.5

1

1.5

2

2.5

Dual Gold 
960 EC

Stomp 330 
EC

Topik 15 
WP

Puma Super 
75 EW

Hand 
weeding

Parthenium 
Extract

Weedy 
check

N
u

m
b

e
r 

o
f 

se
e

d
s 

p
o

d
-1

Weed management techniques

60 70 80 90

0

0.5

1

1.5

2

2.5

Stomp 330 
EC

Dual Gold 
960 EC

Topik 15 
WP

Puma Super 
75 EW

Hand 
weeding

Parthenium 
Extract

Weedy 
check

N
u

m
b

e
r 

o
f 

se
e

d
s 

p
o

d
-1

Weed management techniques

60 70 80 90



68 
 

4.1.8 100 seed weight (g) 

100 seed weight is an important yield trait of chickpea and considered a 

predictor of total seed yield per hectare. The obtained data for this valuable trait 

showed significant (P ≤ 0.05) differences for the year, seed rates, weed management 

techniques and their interaction during both the studied years (Appendix-A1.8). In 

2012-13 the seed rate 70 kg ha-1 gave numerically more 100 seed weight (18.65 g), 

while the seed rate 90 kg ha-1 gave the minimum 100 seed weight of 14.41g. During 

2013-14 again the same trend in the result was noted and the highest 100 seed weight 

(24.45 g) was recorded in plots sowed with a seed rate of 70 kg ha-1, while lower 100 

seed weight (21.48 g) was noted in 90 kg ha-1. Narrow spacing among the crop plants 

results in greater intra and inter-specific competitions, and when fixed with poor weed 

management technique, the competition it further got aggressiveness that results into 

the hectic environment (Felton et al., 2000). Achieving the highest 100 seed weight in 

seed rate 70 kg ha-1 might be due to the moderate plant population in these plots as 

compared to seeding rates 80 and 90 kg ha-1 during both the years. 

 In case of weeds management techniques, the applications of different 

techniques tested to control weeds populations in chickpea gave a significant (P ≤ 

0.05) results for both the years, like the previous studied parameters this time also the 

pre-emergence herbicide Stomp 330 EC gave the maximum values of 18.66 g per 100 

seed weight followed by Dual Gold 960 EC and hand weeding (Table- 4.1.8), while 

the least value for 100 seed weight was recorded for weedy check (14.73 g) for the 

year 2012-13.  The trend of the result was almost similar for the year 2013-14 upon 

different weed management techniques affecting 100 seed weight and the higher 100 

seed weight (26.49 g) was recorded under the application of Stomp 330 EC that was 

statistically comparable with hand weeding (24.14) and lower 100 seed weight (20.08 

g) was noted in weedy check. These results are supported from the findings of Vaishya 

et al. (1996) and Mohammadi et al. (2005) they pointed out that uncontrolled weeds 

reduced the 100 seeds weight. The highest 100 grains weight from hand weeded plots 

was efficient suppression of weeds that makes sure the nutrients availability to the crop 

plants at optimal level. These results confirm those of Aslam et al. (2007) who 
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reported more 100 seed weight of chickpea in manual weeding as compared to weedy 

check. Likewise, previously Chaudhary et al. (2011) also appreciated the role of an 

appropriate weed control measure  by achieving the maximum weight for 100 seeds in 

chickpea in herbicides and hand weeding plots. 

The interactions means also showed significant differences for the said 

parameter. The interaction data for the year 2012-13 showed that highest 100 seed 

weight was noticed under the combination of 70 kg ha-1 x Stomp 330 EC as 21.50 g 

and lowest 100 seeds weight of 12.35 g in seed rate 90 kg ha-1 x weedy check (Fig. 

4.1.15). Similarly, in 2013-14 interaction revealed that the highest value for 100 seed 

weight (32.20 g) was observed for the combination 70 kg ha-1 x Stomp 330 EC, while 

the lower value for 100 seed weight (14.50 g) was calculated for 90 kg ha-1 x weedy 

check (Fig. 4.1.15). In some earlier investigations Qureshi et al. (2002) also reported 

that weed infestation ultimately reduced 100 seed weight.  
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Table- 4.1.8.  Effect of seed rates and weed management techniques on 100 seed 

weight (g) in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
100 seed weight (g) 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
17.91 b* 

 
23.30 ab 

70 18.65 a 24.45 a 
80 15.72 c 22.51 ab 

90 14.41 d 21.48 b 
LSD (0.05) 0.438 2.334 
   
B) WEED MANAGEMENT 
TECHNIQUES 

  

 

Dual Gold 960 EC 

 

17.90 ab 

 

23.66 ab 
Stomp 33 EC 18.66 a 26.49 a 
Topik 15 WP 16.57 d 22.65 bc 
Puma Super 75 EW 16.04 d 22.89 bc 
Hand weeding 17.21 bc 24.14 ab 
Parthenium Extract 15.62 de 20.64 c 

Weedy check 14.73 e 20.08 c 
LSD (0.05) 0.331 2.906 
   
INTERACTION  
(SR xWMT)  LSD (0.05) 

0.752 5.812 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.  

SR= Seed Rates, WMT= Weed Management Techniques  
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Fig. 4.1.15. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed 

 management techniques on 100 seed weight (g) during 2012-13. 
 

 

 
 

Fig.  4.1.16. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed 

 management techniques on 100 seed weight (g) during 2013-14. 
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4.1.9 Biological yield (kg ha-1) 

 
 The robust growth of chickpea is either grazed by goats and sheep or mowed 

for feeding to the cattle, thus serving as dual purpose (both grain and forage crop) in 

the southern district of Khyber Pakhtunkhwa Pakistan. Statistical analysis of the data 

for the year 2012-13 showed that chickpea seed rate showed significant effect on the 

biological yield kg ha-1 (Appendix-A1.9). The seed rate mean data showed that the 

plots sown at a seed rate of  90 kg ha-1 gave the outmost (4810.60 kg ha-1) biological 

yield  and seed rate 60 kg ha-1 gave the least value of (3820.7 kg ha-1) during 2012-13 

as shown in Table- 4.1.9. Although, in 2013-14 the result trend was same like previous 

year where again the seed rate 90 kg ha-1 had the highest (4572.5) biological yield kg 

ha-1, while the lowest value of (4408.3 kg ha-1) was computed for a seed rate of 60 kg  

ha-1. The reported high biological yield kg ha-1 under seeding rates 90 and 80 is 

probably due to the sowing of dense plant so more the number of crop plant more will 

be the crop biomass.  

The weed management techniques also significantly (P ≤ 0.05) influenced the 

biological yield kg ha-1 during both the studied years (Appendix-A1.9). In 2012-13 the 

maximum biological yield of 4819.8 kg ha-1 was recorded in Stomp 330 EC sprayed 

plots which was statistically comparable with Dual Gold 960 EC (4753.1 kg ha-1) and 

minimum (3563.5 kg ha-1) biological yield was noted in weedy check plots (Table- 

4.1.9). In the year 2013-14 the highest biological yield of 5051.7 kg ha-1 was recorded 

in hand weeded plots and bare minimum (4130.0 kg ha-1) biological yield was 

recorded in weedy check. In the plots where weeds were manually controlled, 

obliviously the crop plants will be the sole candidate to harvest more sun radiation due 

to which increased in photosynthesis process and ultimately increased in biological 

yield will occurred (Hashim et al., 2013). The instant results are also supported with the 

findings of Khan et al. (2012a) who reported maximum biological yield production in 

manual hoeing and herbicide treated plots as compared to weedy check in chickpea. 

Significant differences were reported for the interaction of chickpea seed rates and 

weed management techniques in case of biological yield, In 2012-13 the maximum 

biological yield was noted under the combination of chickpea seed rate 90 kg ha-1 x 
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Stomp 330 EC (5130.8 kg ha-1) and minimum biological yield of 2769.3 kg ha-1 was 

recorded under seed rate 60 kg ha-1 x weedy check (Fig. 4.1.17). The interaction results 

for the year 2013-14 showed that the maximum (5034.5 kg ha-1)  biological yield was 

observed in 80 kg ha-1 x hand weeding and minimum (4066 kg  ha-1 ) biological yield 

was computed under 80 kg ha-1 x weedy check. These results are in line with those of 

Jan et al. (2010) who observed that plots seeded at the rate of 80 kg ha-1 had higher 

weeds biomass and lower straw yield as compared with 120 kg ha-1 seed rate. The 

minimum biological yield harvested from weedy check (control) plots was due to 

uncheck on weed flora in these plots as a result all the necessary nutrient and moisture 

were stolen by these un wanted plats resulted in low biological yield per hectare. The 

inter-specific competition between the crop and weeds suppresses the weeds as well as 

crop growth and consequently the biological yield. 

Table- 4.1.9.  Effect of seed rates and weed management techniques on 

biological yield (kg ha-1) in chickpea during 2012-13 and 2013-14. 

FACTORS 
Biological yield (kg ha-1) 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
3820.7 d* 

 
4408.3 b 

70 4390.4 c 4412.6 b 

80 4631.0 b 4536.8 a 
90 4810.6 a 4572.5 a 

LSD (0.05) 197.113 220.43 
   
B) WEED MANAGEMENT 

TECHNIQUES 
  

 

Dual Gold 960 EC 

 

4753.1 a 

 

4673.1 b 
Stomp 330 EC 4819.8 a 4660.5 b 
Topik 15 WP 4580.8 c 4401.7 c 

Puma Super 75 EW 4515.5 c 4290.5 cd 
Hand weeding 4655.4 b 5051.7 a 

Parthenium Extract 4004.3 d 4157.4 d 
Weedy check 3563.5 e 4130.0 d 
LSD (0.05) 68.976 222.66 

   
INTERACTION  

(SR xWMT)  LSD (0.05) 
160.16 441.33 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.  SR= Seed Rates, WMT= Weed Management Techniques  
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Fig. 4.1.17. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x  weed  

 management techniques on biological yield (kg ha-1) during 2012-13. 

 

 

 
 

Fig.4.1.18. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1)  x weed     

         management techniques on biological yield (kg ha-1) during 2013-14. 
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4.1.10      Seed yield (kg ha-1) 

 
Higher crop yields are the cherished goal of chickpea growers. The analysis for 

seed yield kg ha-1 during 2012-13 showed the significant (P ≤ 0.05) differences among 

the seed rates, weed management treatments and seed rates x treatments interaction 

(Appendix-A1.10). The mean values in Table- 4.1.10 revealed that the average seed 

yield in the year 2012-13 was lesser compared to 2013-14 that possibly due to an 

overall decrease in weed density in 2013-14 than 2012-13. Among the seeding rates 

the seed rate 70 kg ha-1 showed the highest (1268.8 kg ha-1) seed yield followed by 60 

kg ha-1 (1189 kg ha-1) and the lowest yield (990 kg ha-1) was achieved by a seed rate of 

90 kg ha-1 during 2012-13. The trend of seed yield kg ha-1 in respect of seeding rates, 

weed management techniques and their interaction in the year 2013-14 was same as in 

previous year 2012-13, although, differences in yield were there due to environmental 

fluctuations in both the years. Despite the fact that both the seed rates 70 and 60 kg ha-

1 showed the highest (1353.9 and 1307.0 kg ha-1) seed yield respectively, and were 

statistically at par, while the seed rate 90 kg ha-1 showed the lowest seed yield of 

1082.4 kg ha-1. The resulted low yield in dense populated plots, i.e. at 90 kg ha-1 and 80 

kg ha-1 obviously attributed to intra-specific competition among crop plants. Despite 

the low density of weeds these plots did not higher yield like the moderate seed rates 

(60 and 70 kg ha-1) probably due to higher intra-specific competition among the crop 

plants.  The single plant output always reduced while planting at higher densities as 

compared to lower densities (Mudarres et al., 1998). Further, the fact behind lower 

seed yield in the plot sown with higher seed rate might be the strong intra-specific 

competition among the crop plant. Sharing a small area with a huge plant population 

means to share the inadequate availability of soil resources to many plants that 

ultimately responsible in low crop yield (Sobkowicz and Tendziagolska, 2005).  

On the other hand different weed management techniques also showed 

significant (P ≤ 0.05) effect on chickpea seed yield kg ha-1 during both the studied 

years (Table-4.1.10). In 2012-13 the weed management techniques mean data 

demonstrated that the maximum (1226.2 kg ha-1 ) chickpea seed yield was noted in 

Stomp 330 EC that was statistically at par with Dual Gold 960 EC (1223.3 kg ha-1) and 
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hand weeding (1198.8 kg ha-1), while the lowest seed yield was observed in weedy 

check as 973 kg ha-1 that is almost 30 % loss in seed yield because of serious weed 

infestation.  

 

The data of 2013-14 also presenting the same type of results in case of seed 

yield kg ha-1 and again maximum seed yield of 1411.5 kg ha-1 was recorded in plots 

treated with pre-emergence herbicide Stomp 330 EC which was statistically at par with 

Dual Gold 330EC (1347.1 kg ha-1) and hand weeded plots by giving 1292.5 kg ha-1 

seed yield. Again the least chickpea seed yield (1000.2 kg ha-1) was reported in weedy 

check plots as followed by the application of Parthenium extract (1050.0 kg ha-1). That 

might be due to the fact that weeds capture plant nutrients, soil moisture, soil fertility, 

solar radiation and space that ultimately resulted in seed yield reduction. The greater 

seed yield achieved in the plots treated with Stomp 330 EC and Dual Gold 960 EC are 

actually due to best weed control. As a result chickpea plant boomed and utilized the 

available nutrients, moisture and other beneficial resources throughout the growing 

season that eventually resulted in increased chickpea seed yield. Hassan and Khan 

(2007) also obtained minimum seed yield in weedy check (control). These current 

findings can be supported with the results of Mohammadi et al. (2005) who concluded 

that uncontrolled weeds minimized the economical yield and yield related parameters 

in chickpea crop.  

 

The interactions between seed rates and weed control techniques also gave 

significant values for both the years. During 2012-13 the  highest seed yield (1395.8 

kg  ha-1) was recorded at seed rate of 70 kg ha-1 x Stomp 330 EC and minimum seed 

yield of 912.3 kg ha-1 was recorded under seed rate of 90 kg ha-1 x weedy check (Fig. 

4.1.19). The same trend in the result was also noticed in the second year of the study 

(2013-14) the maximum seed yield (1642.8 kg ha-1) was recorded under the 

combination of pre-emergence herbicide Stomp 330 EC x 70 kg ha-1 and the lowest 

seed yield of 929.8 kg ha-1 was observed under the combination of weedy check x 90 

kg ha-1 (Fig. 4.1.20).  
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The overall data revealed that all the weed management strategies significantly 

affect the seed yield of chickpea. The instant data is also in agreement with those of 

Lyon and Wilson (2005) who claimed that unchecked weeds declined the economical 

yield and other growth parameters in chickpea. Our results are also in line with those 

of Chaudhary et al. (2011) who obtained the maximum seed yield in the plots treated 

with Stomp 330 EC and hand weeded than weedy check. In recent studies, Chandrakar 

et al., 2015 noted higher (1804 kg ha-1) seed yields under the application of pre-

emergence herbicide Stomp 330 EC @ 0.75 kg ha-1 followed by hand weeding at 20, 

40 and 60 DAS. 

Table- 4.1.10.  Effect of seed rates and weed management techniques on seed yield        

(kg ha-1) in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
Seed yield (kg ha-1) 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
1189.0 b* 

 
1307.0 a 

70 1268.8 a 1353.9 a 
80 1074.7 c 1112.2 b 
90 990.0 d 1082.4 b 

LSD (0.05) 56.839 59.942 
   
B) WEED MANAGEMENT 
TECHNIQUES 

  

 
Dual Gold 960 EC 

 
1223.3 a 

 
1347.1 ab 

Stomp 330 EC 1226.2 a 1411.5 a 
Topik 15 WP 1144.6 b 1210.8 b 
Puma Super 75 EW 1103.9 c 1184.9 c 
Hand weeding 1198.8 a 1292.5 ab 
Parthenium Extract 1060.8 d 1050.0 d 
Weedy check 973.0 e 1000.2 e 
   

LSD (0.05) 35.587 40.648 
   
INTERACTION  
(SR xWMT)  LSD (0.05) 

86.854 96.041 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.  

SR= Seed Rates, WMT= Weed Management Techniques  
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Fig. 4.1.19. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed  

         management techniques on seed yield kg ha-1 during 2012-13. 

 

 
 

Fig. 4.1.20. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x  weed 

 management techniques on seed yield kg ha-1 during 2013-14. 
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4.1.11     Harvest index (%) 

 
The analyzed data for the year 2012-13 revealed that different seed rates and 

weed management techniques had significantly (P ≤ 0.05) affect the harvest index of 

chickpea (Appendix- A1.11). Among chickpea seed rates higher harvest index 

(31.53%) was observed in 60 kg ha-1 followed by 70 kg ha-1 (29.04%) during 2012-13, 

while in next year 2013-14 the mean data for chickpea seed rates showed that the 

higher harvest index (30.68%) was recorded in 70 kg ha-1 followed by 60 kg ha-1 seed 

rate with a value of 30.03 % harvest index (Table- 4.1.11).  

 

The weed management technique means also verified the significant (P ≤ 0.05) 

data for both the studied year (Table- 4.1.11). The perusal of the data revealed that 

during 2012-13 the highest harvest index (28.11 and 27.39%) was recorded for Stomp 

330 EC and hand weeding followed by Dual Gold 960 EC (25.95%), whereas, the 

minimum harvest index (24.79%) was resulted in Puma Super 75 EW (Table- 4.1.11). 

However, in 2013-14 the mean data for weed management techniques confirmed that 

the maximum harvest index (30.43%) was recorded for Stomp 330 EC and minimum 

for weedy check (24.27%). The fact behind the maximum harvest index in herbicide 

treated plots was the effective control of weeds in these plots that positively enhanced 

the seed yield and biological yield of chickpea. Yaqoob et al. (2011) also found the 

outmost harvest index value in the herbicide treatment followed by hand weeding. 

 

The interaction data on weed management treatments and seed rates are 

presented in graphs individually for both the years. The Fig. 4.1.21 showed that the 

maximum harvest index (35.79%) was observed in Stomp 330 EC x 60 kg ha-1, 

whereas the lowest harvest index (19.71%) was resulting in Puma Super 75 EW x 90 

kg ha-1 during 2012-13. Describing the interaction for harvest index in 2013-14 the Fig. 

4.1.22 presented that utmost harvest index (32.20%) was observed in 70 kg ha-1 under 

the application of stomp 330 EC, while the lowest (17.57%) harvest index was noted 

in weedy check x 70 kg ha-1. Generally, the data demonstrated that herbicides notably 

affect the harvest index. The present results are closely in line with Hashim et al., 2013 
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who reported the higher harvest index for hand weeding and other weed control plots 

in comparison to weedy check.  

 

Table- 4.1.11.  Effect of seed rates and weed management techniques on harvest 

index (%) in chickpea during 2012-13 and 2013-14. 

 

FACTORS 
Harvest index (%) 

2012-13 2013-14 

A) SEED RATES (kg ha-1) 
60 

 
31.53 a* 

 
30.03 a 

70 29.04 b 30.68 a 
80 23.28 c 24.89 b 
90 20.64 d 24.33 b 
LSD (0.05) 1.817 2.159 
   
B) WEED MANAGEMENT 

TECHNIQUES 
  

 
Dual Gold 960 EC 25.95 b 

 
29.99 a 

Stomp 330 EC 28.11 a 30.43 a 
Topik 15 WP 25.29 bc 27.73 b 
Puma Super 75 EW 24.79 c 27.69 b 

Hand weeding 27.39 a 25.85 c 
Parthenium Extract 26.01 b 25.82 c 
Weedy check 25.30 bc 24.27 c 
   
LSD (0.05) 1.037 1.643 
   

INTERACTION  
(SR xWMT)  LSD (0.05) 

2.639 3.720 

   

*The means with common letter showed a non significant variation in their respective 
columns by LSD test at P 0.05.  
SR= Seed Rates, WMT= Weed Management Techniques  
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Fig. 4.1.21. Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha-1) x weed           

 management techniques on harvest index (%) during 2012-13. 

 
 

 

Fig. 4.1.22.   Interaction of chickpea seed rates (60, 70, 80 and 90 kg ha- 1) x weed     

 management techniques on harvest index (%) during 2013-14. 
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4.1.12    Cost Benefit Ratio 

 

 The Cost Benefit Ratio (CBR) is a clear indicator of evaluating the success or 

failure of a new intervention in agricultural research. At least >1 CBR is required for 

any intervention being recommended to the growers for adoption. The calculated data 

of CBR for the year 2012-13 are presented in the Table-4.1.12.  The results showed 

that all the practiced techniques including different herbicides, Parthenium extract and 

hand weeding significantly affected the chickpea seed yield and equally varied in 

terms of costs. The highest CBR (1:1.90) was calculated for those treatments that were 

sprayed with the pre application of Dual Gold 960 EC followed by Stomp 330 EC 

(1:1.89), while the minimum CBR (1:1.56 and 1:1.58) was recorded for Parthenium 

extract and weedy check respectively.  

Similarly, during 2013-14 the weed management practices appreciably 

influenced the crop yield and equally varied in terms of expenses or costs. The 

economic analysis results (Table-4.1.12) showed that the maximum CBR (1:2.17) was 

noted for Stomp 330 EC followed by the application of Dual Gold 96 EC (1:2.09) and 

Topik 15 WP (1:1.89), whereas the lower CBR (1:1.55) was computed for Parthenium 

extract followed by a weedy check (1:1.62).  

The calculations of CBR clearly demonstrated that all the herbicides 

particularly Stomp 330 EC and Dual Gold 960 EC remarkably increased the farmer net 

income. The current CBR values showed that the application and adaptation of 

chemical weed control will increase the chickpea grower’s income as it showed a high 

profit in the instant study as compared to rest of the treatments. Chaudhary et al. 

(2011) also computed the higher net income for the application of Stomp 330 EC and 

manual weeding plots. The present results are also analogy with the data of Iqbal et al., 

2010 who reported that both herbicides and hand weeding proved superior in case of 

CBR in comparison to weedy check. The data is further in line with the results of 

Muhammad et al. (2011) they calculated the outmost CBR values for the pre 

application of Dual Gold 960 EC and Stomp 330 EC, while controlling weeds in 

chickpea. Herbicide Stomp 330 EC declared the most economical treatment in respect 
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of CBR, while controlling weeds in chickpea under the irrigated conditions (Khan and 

Khan, 2011). The instant results demonstrated that the efficacy of the pre-emergence 

herbicide Stomp 330 EC is equally stronger in both irrigated and rain-fed conditions. 

Though, the literature reported that for the better results adequate field moisture is 

required for the pre-emergence herbicide for its residual effects. Therefore, the farmers 

of the rain-fed area should be aware regarding the moisture importance for an effective 

herbicide control.   

Table- 4.1.12.  Effect of seed rates and weed management techniques on cost 

benefit ratio (CBR) during 2012-13 and 2013-14. 

 

 

 

Weed 

management 

techniques 

Study year 

2012-13 2013-14 

Gross 

income (Rs) 

Added 

cost (Rs) 

 

CBR 

 

Gross 

income (Rs) 

Added 

cost (Rs) 

 

CBR 

 

Dual Gold 960 EC 79514 41726 1: 1.90 87561 41726 1: 2.09 

Stomp 330 EC 79703 42151 1: 1.89 
91747 42151 1: 2.17 

Topik 15 WP 74399 41566 1: 1.78 
78702 41566 1: 1.89 

Puma Super 75 EW 71753 41526 1: 1.72 
77018 41526 1: 1.85 

Hand weeding 77922 50726 1: 1.63 
84012 50726 1: 1.65 

Parthenium Extract 68952 43926 1: 1.56 
68250 43926 1: 1.55 

Weedy check 63245 39926 1: 1.58 
65013 39926 1: 1.62 
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PHOTOGHRAPHIC PRESENTATION OF FIELD STUDIES 

TOP RANKED WEED FLORA OF FIELD 
 

 

 

 

 

 

 

 

Convolvulus arvensis Sonchus sp.  

Cynodon dactylon Fumaria indica 

Asphodelus tenuifolius Trigonella incisa 
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BEST TRAETMENTS VS WEEDY CHECK 
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HERBICIDE EFFECTS 30 DAYS AFTER SOWING  
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4.2  STUDIES ON TOLERANCE OF CHICKPEA TO SOME PRE AND 

 POST EMERGENCE HERBICIDES 

In the pot studies the data of each parameter were recorded during both the studied 

years (2012-13 and 2013-14) as discussed in the earlier materials and methods chapter 

of the manuscript. The results demonstrated in table 4.2.1- 4.2.4 are the averaged 

means of two years for all the examined parameters in the present experiments. The 

results and discussion for the individual trait are presented as under. 

 

4.2.1 Plant height (cm) 

 

 The analysis of variance of the data revealed that both the pre and post-

emergence herbicides had a variable effect on plant height as shown in Table-4.2.1. 

From the perusal of the data it was observed that minimum numerical plant height 

50.50 cm was recorded in Stomp 330 EC treated plots followed by 53.66 cm in Dual 

Gold 960 EC however, it was statistically at par with Isoproturon 500 EW (55.83 cm). 

The maximum plant height (60.33 cm) was noted in weedy check which is statistically 

similar with Puma Super 75 EW (58.16). The phytotoxic effect of herbicides on 

chickpea plant height demonstrated interestingly in the sense that pre-emergence 

herbicides like Stomp 330 EC and Dual Gold 960 EC both restricted the plant height 

more than the all post emergent herbicides including Topik 15 WP, Puma Super 75 

EW and Isoproturon 500 EW as they show a little effect on chickpea plant height. The 

remarkable reduction in the growth of shoot/ plant might be due to reduction in 

photosynthates production or slower the translocation of photosynthates to the tops as 

a result the plant growth is restricted by different chemical bonds present in the applied 

herbicides (Qasim, 2005). Chemical weed control also pose negative effects on crop 

plant by affecting the crop seed germination, shoot length and finally on grain yield 

(Avola et al., 2008).  
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4.2.2 Number of branches plant-1 

 The crop canopy is one of the key parameters in term of photosynthates 

production; more the number of branches more will be the food synthesized and 

ultimately the crop plant will nourish well and will bear more fruits. In the present 

experiment the application of both the pre and post emergence herbicides gave 

significant results regarding the number of branches plant-1. Comparison of treatment 

means in Table- 4.2.1 reflects that the maximum (5.00) number of branches plant-1 

were produced in pots where no herbicide were tested, but that was statistically at par 

with post emergence herbicides (Puma Super 75 EW, Topik 15 WP and Isoproturon 

500 EW). Minimum (2.66) number of branches plant-1 was observed in the pots treated 

with pre application of Stomp 330 EC followed by Dual Gold 960 EC. In earlier 

studies Khan et al. (2006) also concluded that the application of several herbicide 

groups not only caused growth inhibition but also deleterious morphological changes 

in whole plant or any particular plant organ. Similarly, Kumar and Singh (2010) 

observed some morphological changes in plants while test herbicides alone and in 

combination with other tank mix. The instant findings are the clear evidence of the 

negative impact of herbicides on plant growth parameters. Khan et al. (2004) also 

found a significant reduction in shoot length under the application of herbicide 

isoproturon and 2,4-D. The decreased number of branches plant-1 with the application 

of different herbicides can be attributed with the decreasing of root and shoot growth 

due to disturbing the natural mechanism of food and minerals translocation system. 

Moreover, the herbicides may reduce the normal production of photosynthetic 

materials, thus having the potential to restrict the supply of available photosynthate for 

nodulation and nitrogen fixation by having lower number of branches (Zaidi, 2004). In 

earlier studies Anderson et al. (2004) recorded 70% decline in the nitrogen fixation in 

chickpea plants while chlorsulfurone was applied to the soil as compared with the 

other plants where no herbicide were applied. Further, the reduction in number of 

branches plant-1 might be due to the decreasing in the infection sites or carbohydrate 

supply channels to the emerged nodules or may be the suppression of nodule normal 

growth by minimizing the ability of cell division. Therefore, after disturbing all these 
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systems the actual potential and efficiency of the N fixation are lost as a result a poor 

crop growth occurred.  

Table- 4.2.1 Plant height (cm) and number of branches plant-1 as affected by  

  pre and post emergence herbicides in chickpea. 

Herbicides Plant height (cm) Number of branches Plant-1 

Dual Gold 960 EC 53.66 b* 3.00 cd 

Stomp 330 EC 50.50 bc 2.66 d 

Topik 15 WP 56.00 ab 3.66 bc 

Puma Super 75 EW 58.16 a 4.66 ab 

Isoproturon 500 EW 55.83 ab 
4.36 ab 

Control/ No herbicide 60.33 a 
5.00 a 

LSD value at 5% 4.083 
0.7297 

*Means having same letter in the particular column are not significantly different by LSD 
test at 5% probability level.   
 

4.2.3 Number of pods plant-1 

 When a crop receives an adequate supply of nutrients, plant protection 

measures and other growth factors, consequently the optimum crop yields could be 

harvested. The data for the instant parameter revealed that all the herbicides showed 

significant (P ≤ 0.05) outcome on chickpea pods number plant-1 (Table-4.2.2). Among 

the tested herbicides the Dual Gold 960 EC treated pots produced the lesser (16.83) 

number of pods plant-1 followed by Stomp 330 EC (17.83). In spite the toxic effect of 

the post-emergence herbicides was found comparatively low to pre-emergence and the 

highest number of pods plant-1 (19.50) were calculated for the post application of 

Topik 15 WP followed by Puma Super 75 EW (19.33). The pre emergence herbicides 

Stomp 330 EC and Dual Gold 960 EC when applied to weeds in a field, it might also 

affect the performance of the actual crop plant due to its strong toxicity that leads to the 

low number of pods plant-1. Such depressive effect of herbicide on crop related 
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parameters like plant height and number of pods plant-1 was also being reported earlier 

by Barker, (2007) who observed that the minimum plant height in the plots treated 

with herbicides could be due to the fact that chemicals/ herbicides not only suppressed 

the weed flora in the field but also affect the crop plants by minimizing the crop plant 

height and other growth related parameters. These findings also are in agreement with 

the earlier work of Emenkiy et al. (2010) who found maximum number of branches in 

non chemical/ herbicidal treatments as compared to herbicides. 

4.2.4  Number of seeds plant-1 

 It is a very common observation that when the number of productive seed pods -

1 are more in leguminous plants the more will be the seeds. Similarly, the plants bear 

lesser pods lesser will be the number of seeds and ultimately the yield will be reduced. 

Same is the case here in the present study Table-4.2.2 showed the reported number of 

seeds plant-1. The analyzed data revealed that the maximum seed plant-1 (29.66 and 

29.00) was recorded for Puma Super 75 EW and control plots respectively. On the 

other hand minimum (23.66 and 23.67) number of seeds plant-1 calculated for Stomp 

330 EC and Isoproturon 500 EW respectively. Some time the herbicide toxicity 

showed long persistence and strong action against all kinds of weeds, therefore due to 

the strong toxicity action Puma Super is recommended to be applied at early growth 

stage of weeds probably before reaching to five leaf stage (Mu et al., 2007). In the 

present study the post-emergence herbicide Puma Super 75 EW showed a little injury 

to the chickpea that’s probably due to the well established of the chickpea seedling 

before the application of Puma Super 75 EW as this herbicide  applied as a post-

application to the weeds and crop as well. While the pre-emergence herbicides when 

applied to the soil that make the upper soil layer toxin that not only affect the weed 

seed germination but also inhibit the crop growth as well to a certain extent. In other 

studies Khan et al. (2004) found a considerable decline in chickpea yield when they 

applied the herbicides fluchloraline and 2,4-D. Moreover, they observed 46.3% and 

45% yield reduction in chickpea while applying high doses of fluchloraline.    
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Table-4. 2.2 Number of pods Plant-1 and number of seeds plant-1 affected by  

  pre and post emergence herbicides in chickpea. 

Herbicides Number of pods Plant-1 Number of seeds plant-1 

Dual Gold 960 EC 16.83 bc* 25.00 abc 

Stomp 330 EC 17.83 abc 23.66 bc 

Topik 15 WP 19.50 a  28.00 a 

Puma Super 75 EW 19.33 a 29.66 a 

Isoproturon 500 EW 19.00 a   23.67 bc 

Control/ No herbicide 18.50 ab 29.00 a 

LSD value at 5% 1.718 3.436 

*Means having same letter in the particular column are not significantly different by LSD 

test at 5% probability level.   
 

4.2.5 Number of nodule plant-1 

 Generally in legume plants number of nodules is considered as an index for 

accessing the fixation of N2 and efficiency of rhizobium specie. Therefore, it plays a 

fundamental role in the growth and development of a leguminous crop plant. Under 

the current investigation all the tested pre and post-emergence herbicides depicted 

variable results in term of nodule number. The analysis of the data revealed that the 

maximum (21) nodule plant-1 was counted under the application of Puma Super 75 EW 

followed by Topik 15 WP (20) where as the least number of nodule plant-1 (17.83) 

were noted in Stomp 330 EC (Table-4.2.3). Drew et al. (2010) reported that when 

legumes are exposed to several herbicides that reduced the nodulation and nitrogen 

fixation in these crops. In addition the application of metribuzine strongly decreased 

the nitrogenase activity that can be related to the damage caused in the photosynthetic 

process and also the alteration in the nodule cortex structure (Fernandez et al., 1996). 

Likewise, the negative impact of herbicide applied treatments on nodulation and other 

related parameters in the leguminous plants are reported by different herbicides e.g. 
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alachlor, metribuzine and trifluralin caused a reduction in nodulation in soyabean 

(Mallik and Tesfai, 1985). Moreover, the herbicidal application decline in nodulation 

might be due to the inhibition of symbiotic process between legume crop root and with 

the bacteria responsible for nitrogen fixation. However, the reduction in the nodulation 

could possibly be due to decreasing in nitrogenase activity that can be correlated with 

the photosynthetic apparatus disturbance with the nodule alteration (Zaidi et al., 2005). 

The application of commercial herbicides significantly declines the nitrogen content in 

the shoot possibly due to disturbance in nodule growth or hormones responsible for 

nodulation Khan et al. (2004).  

       

4.2.6 Nodule fresh weight Plant-1 (g) 

 
 The nitrogen fixing capability in legume can judge by the accumulation of fresh 

and dry matter in the nodule. The herbicide application in chickpea giving non-

significant (P ≤ 0.05) differences among the tested herbicides in chickpea (Table- 

4.2.3). The analysis of the data showed that numerically the highest (3.05 g) fresh 

nodule weight was recorded in Topik 15 WP followed by Puma Super 75 EW (2.97 g) 

where as the lowest nodule fresh weight (2.80 g) was calculated for control. The 

possible reason behind the achieving low nodule fresh weight in the herbicide treated 

pots might be due to limiting the nitrogenase activity in the affected soil. Another valid 

reason for low nodule biomass could be the chickpea leaves chlorosis that were unable 

to synthesize more quality glucose for the crop plant after exposed to herbicides. In 

earlier studies Datta et al. (2008) also reported that the most tolerant chickpea 

genotype received damage when exposed to higher pH and herbicide rates and caused 

leaf chlorosis that significantly reduced plant height, nodulation and shoot and root dry 

weight. They further observed that the injurious effects were more severe with the 

sensitive chickpea genotype than the tolerant one. In similar studies (Silva et al.,1998) 

reported high phytotoxic effect of isoproturon and bentazone on the fresh and dry 

biomatters due to the regulating of  nitrogenase activity in the soil. 
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Table-4.2.3 Number of number of nodule plant-1 and nodule fresh weight (g)  

  plant-1 affected by pre and post emergence herbicides in chickpea. 

 

Herbicides 
Number of nodule 

plant-1 

Nodule fresh weight 

plant-1 

Dual Gold 960 EC 19.16 bc* 2.88 

Stomp 330 EC 17.83 d 2.81 

Topik 15 WP  20.00 b  3.05 

Puma Super 75 EW 21.00 a 2.97 

Isoproturon 500 EW 
18.83 c 2.87 

Control/ No herbicide 
19.00 c 2.80 

LSD value at 5% 
0.990 NS 

*Means having same letter in the particular column are not significantly different by LSD 
test at 5% probability level.   

 

4.2.7 Nodule dry weight Plant-1 (g) 

 Nodule dry weight plant-1 was not considerably affected by different herbicide 

treatments. The values in the given Table- 4.2.4 revealed that maximum (0.154 g) 

nodule dry weight was recorded in Topik 15 WP followed by Puma Super 75 EW 

(0.152 g) whereas, the lowest nodule fresh weight (0.140 g) was noticed for control. 

This reduction in the dry nodule weight indicates that the herbicide either interfere 

with the nodule initiation process directly or accumulation of the dry matter inside the 

nodule. The gaining of low dry biomass of nodules might be the disturbance in the 

Nitrogen fixation capacity. In other studies, Grossbard and Davies (1976) reported a 

non significant variation of the three tested herbicides on the fresh and dry weight of 

the nodule. These results are supported by the findings of Khan et al., 2004 who stated 

that root weight and the nodule number both reduced with the application of 2,4-D that 

indirectly affect the nodule dry weight accumulation. The present results are also in 

line with those of Datta et al. (2009) who claimed that when Isoxaflutol applied at its 
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recommended dose it stunt the plant growth upto 29% and minimized the shoot and 

root weight 22 and 50% respectively in some sensitive varieties, while isoxaflutol 

showed no negative impact on the growth of the tolerant varieties including root 

biomass. In addition Isoxaflutole reduced total N content, nodulation (number and dry 

weight) and nitrogen fixing capability of the sensitive variety.    

4.2.8 Seed protein (%) content  

 Chickpea crop mostly popular for its high protein content across the world. The 

statistical analysis of the data revealed that all the tested pre and post-emergence 

herbicides (P ≤ 0.05) significantly affect the seed protein (%) content. The pre-

emergence herbicides adversely affect the seed protein content (Table-4.2.4). The 

results revealed that the outmost (21.75 and 21.15%) seed protein content was 

computed for control treatment and Puma Super 75 EW treated pots, while the lowest 

seed protein (14.1%) was noticed under the application of Stomp 330 EC. The 

reduction in the protein content might be due to alteration in the biosynthesis pathway 

of protein due to interruption of toxic herbicidal molecules in the system or the 

herbicide brings alteration between mitotic variation in nucleic acid and protein 

synthesis. The other possibility of protein reduction might be due to the damage to root 

vascular tissues that decrease or affect the supplier channel as a results low protein 

synthesis occurs (Parveen et al., 2002). Moreover, the direct effect of herbicides on 

seed protein or nucleic acid synthesis not been discovered yet because neither these 

sides nor the primary site of action of any herbicides were known (Khan et al., 2006). 

Our results are in conformity with the findings of Alvi et al. (2003) they also observed 

a reduction in protein contents in legume seeds after the application of herbicide 

Atrazine. Durgesha, 1994 also noted that the herbicide Benifin and Nitralin decrease 

the seed protein content in different crops under field conditions. Similarly, Hassan et 

al., 2000 also attributed reduction in the seed protein content to alteration in the 

chemistry of protein biosynthesis process. 
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Table-4.2.4 Nodule dry weight plant-1 (g) and seed protein content (%) affected  

  by pre and post-emergence herbicides in chickpea. 

 

Herbicides 
Nodule dry weight 

Plant-1 

Seed protein content 

(%) 

Dual Gold 960 EC 0.148 16.88 bc* 

Stomp 330 EC 0.146 14.13 c 

Topik 15 WP 0.154 20.86 a  

Puma Super 75 EW 0.152 21.15 a 

Isoproturon 500 EW 0.143 
19.88 ab 

Control/ No herbicide 0.140 
 21.75 a  

LSD value at 5% NS 
2.885 

*Means having different letter in the respective column are significantly different by LSD 
test at 5% probability level.   
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PHOTOGHRAPHIC PRESENTATION OF POT STUDY. 

 

 
 
 

 

Topik 15 WP 

A) Herbicidal treatments effects (40 Days after germination) 

B) Herbicidal treatments effects (60 Days after germination) 

Topik 15 WP Isoproturon 50 EW 
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HERBICIDES INJURIES 

A) Stomp 330 EC        B)   Dual Gold 960 EC 

C) Topik 15 WP        D)   Isoproturon 50 EW  

Dual Gold   Stomp            Topik     Puma super         Isoproturon          Control 

C) Herbicidal treatments effects (75 Days after germination) 
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4.3 VARIETAL RESPONSE OF CHICKPEA (Cicer arietinum L.)  

 TOWARDS  THE ALLELOPATHY OF DIFFERENT WEEDS 

 
4.3.1 Germination (%) 

 The analyzed data revealed a significant effect of the water extracts of various 

weed species upon seed germination of different chickpea varieties (Table-4.3.1). In 

case of weed extract means the highest (97.50%) seed germination was noticed for the 

control treatment that was statistically comparable with the extract of Phragmites 

australis (96.66%), while the lowest (43.33%) seed germination recorded for 

Convolvulus arvensis. Similarly, the chickpea variety means demonstrated that the 

seed germination of all the three chickpea varieties significantly affected against the 

weed extract. However, the “Karak-III” variety of chickpea showed the lowest 

(75.41%) seed germination, while the highest (86.66%) seed germination recorded in 

chickpea variety “Karak-I”. 

 

 Likewise, the interaction of chickpea varieties and weed extract also found 

significant in case of seed germination (%). The maximum (100%) seed germination 

was observed for the control treatment in combination with both the chickpea varieties 

sheenghar and Karak-I. However, the minimum (27.5%) seed germination noticed for 

C. arvensis x “Karak-III”. Many researchers in their earlier studies claimed that 

different plant parts of many plants contained allelopathins that having the capability 

to disturbed the natural process of the receptor plants or crops. Moreover, these 

allelochemicals are synthesized as plant secondary metabolites that occurred in some 

specialized plant parts of donor species (Kobayaashi, 2004). Similarly, Khan et al.  

(2011b) observed 60% failure in germination of chickpea seeds upon exposed to the 

water extract of problematic weed Silybum marianum (Milk thistle) at different extract 

concentrations.  

 

In the instant studies the water extracts of the tested weeds species showed their 

allelopathic potential against the chickpea varieties. The inhibition of seeds is due to 

the presence of water soluble compounds or secondary metabolites in the extracts of 

these weeds that affect the endosperms of chickpea seeds resulted in germination 
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failure (Bleza et al., 2007). However, allelochemical contents of the plants decreased 

with the increase of age of the plant (An et al., 2003). Thus, the present idea advocates 

that the same allelopathic plant may exhibit different results if collected at different 

stages. Thus, the studied weeds need to be explored for allelopathic effects by 

collecting at different growth stages. Similarly, the environmental conditions can also 

affect the total allelochemicals in plants. The present results demonstrated that both 

C. arvensis and C. rotundus showed their strong phytotoxic action on chickpea 

varieties under control environment. Thus, their efficacy needs to confirm under field 

conditions in future.   

  

 

Fig.4.3.1. Allelopathic effect of various weed extracts on seed germination of 

different chickpea varieties. 

 

4.3.2 Seedling length (cm) 

  The ANOVA for seedling length also showed significant values like the 

previous parameters (Table-4.3.1). The means data of the weed extracts demonstrated 

that the outmost (9.95 cm) seedling length was noted for Phragmites australis and the 

least (1.02 cm) seedling length was recorded for Convolvulus arvensis that was 

statistically at par with Cyperus rotundus. Similarly, in case of chickpea varieties 
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means the maximum (4.57cm) seedling length found for chickpea variety “Sheenghar” 

that was statistically similar with chickpea variety “Karak-I”. However, the chickpea 

variety “Karak-III” showed minimum (3.83 cm) seedling length against the tested 

weed extracts (Table-4.3.1). 

  

 By describing the results for the interaction of chickpea varieties and weed 

extracts we found significant results. The highest value (11.30 cm) of seedling length 

was recorded for P. australis x “Sheenghar” variety, while the shortest seedling length 

of 0.20 cm was observed for “Karak-III” variety x C. arvensis (Fig.4.3.2). In some 

earlier studies Cheema and Khaliq (2000) claimed that different plants have different 

allelochemicals that has the potential to suppress or retard the shoot and root of 

different crops and weeds as well. The suppression and retardation in chickpea seeds 

in the instant studies clearly demonstrated that the tested weeds have some toxic 

phytochemicals that cause retardation in the root and shoot growth. This phytotoxic 

property of these weeds could be utilized as a source of bioherbicides against different 

problematic weeds in different crops. In some other studies Saeed et al. (2011) found 

the smaller shoot length of Trianthema portulacastrum while exposed to the aqueous 

extract of sunflower. In addition, the Sorghum aqueous extract notably decreased 

Trianthema portulacastrum shoot length (Randhawa et al., 2002). 

 

Fig.4.3.2. Allelopathic effect of various weed extracts on seedling length (cm) of 

different chickpea varieties. 
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4.3.3 Mean germination time (MGT) 

  

 The MGT is a precursor for judging the speed of seed germination. The lower 

value of MGT showed faster seed germination and vice versa. The analyzed data 

revealed a significant effect of the water extracts of various weed species upon mean 

germination time of different chickpea varieties (Table-4.3.1). In case of weed extract 

the lower (2.21) MGT value was noticed for P. australis while the higher (4.08) MGT 

value calculated for C. arvensis (Table-4.3.1). Similarly, the chickpea variety means 

demonstrated that the data for MGT of all the three chickpea varieties was 

significantly affected. However, the “Sheenghar” variety of chickpea showed the 

lowest (2.83) MGT, while the highest (3.78) MGT value was recorded for chickpea 

variety “Karak-III” (Table-4.3.1). 

  

 The interaction data depicted that higher (5.50) MGT value observed for 

Cyperus rotundus x chickpea variety “Karak-III” and the lower (1.71) MGT noticed 

for P. australis x chickpea variety “Sheenghar” (Fig.4.4.3). The late seed germination 

in the petri dishes treated with different weed extracts might be due to spoiling of 

cotyledinious material inside seeds so the seeds were unable to supply enough food to 

plumule and radical for sprouting immediately that’s why, it takes more time to 

germinate.  

 

 In similar type of studies Baber et al., 2009 also observed lower seed 

germination speed in chickpea when exposed to the water extract of wild onion. 

Likewise, Khan et al. (2011b) observed maximum MGT in chickpea while tested 

against the water extract of Silybum marianum (Milk thistle). These results are also in 

conformity with Stavrianakou et al. (2004). They noted germination inhibition and 

increase in time of germination (MGT) of chickpea and lentil against different weed 

extracts. 
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Fig.4.3.3. Allelopathic effect of various weed extracts on Mean Germination Time 

of different chickpea varieties. 

 

 
4.3.4 Germination Index (GI) 

 Germination index has a direct influence on the percentage of seed germination 

i.e. when the value of GI is greater it means greater will be seed germination 

percentage and vice versa. The analysis of variance showed a significant effect of the 

water extracts of the tested weeds on the GI of the chickpea varieties (Table-4.3.1). 

Among the weed extracts means the highest (5.46) GI value was found for Phragmites 

australis followed by Parthenium hysterophorus (3.69) and the lower (1.26) GI value 

observed for Convolvulus arvensis (Table-4.3.1). Likewise, the chickpea variety means 

presented that the data for GI for chickpea varieties was also significantly affected like 

all the previous discussed parameters. Although, the outmost (3.69) GI was noted for 

chickpea variety “Sheenghar”, while the least (2.42) GI value was recorded for 

chickpea variety “Karak-III” (Table-4.3.1). 

  

 In case of interaction data the maximum (6.68) GI value was calculated for 

extract of P. australis x chickpea variety “Sheenghar” and the minimum (0.57) GI 

noticed for C. arvensis x chickpea variety “Karak-III” (Fig.4.4.3). The allelochemicals 

d-g

ij

f-i

def
cde

fghi

d-g
e-h

d-g

a

b

b

hij

j

ghi

def

bc

d-h

0

1

2

3

4

5

6

P. hysterophors P. australis D. alba C. rotundus C. arvensis. Control

M
e
a

n
 g

e
rm

in
a

ti
o

n
 t
im

e
 (

M
G

T
) 

Weed extracts

Karak-I

Karak-III

Sheenghar

usP. hysterophorus D. stramonium



103 
 

interrupt the actual chemical processes inside seeds that leads to the germination 

failure of seeds as a result low GI values were noticed in the weed extract applied petri 

dishes, because GI is directly correlated with seed germination. In some earlier studies 

Tanveer et al. (2008) calculated a smaller GI value in rice that was exposed to the 

water extract of invasive weed Xanthium strumarium. The present data are also in line 

with by the findings of Khan et al. (2011a) who also observed low GI values in 

different legume seeds while tested against weed extract of different weeds at different 

concentrations. 

 

 

Fig.4.3.4. Allelopathic effect of various weed extracts on germination index (GI)  

       of different chickpea varieties. 
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Table- 4.3.1.  Effect of chickpea varieties and weed extracts on seed germination

 (%), seedling length (cm), mean germination time (MGT) and

 germination index (GI) in chickpea.  

 

FACTORS 
Germination 

(%) 

Seedling 

length (cm) 
MGT GI 

A) Chickpea varieties 

Karak-I 
 
86.66 a* 

 
4.54 a 

 
2.92 b 

 
3.50 a 

Karak-III 75.41 b 3.83 b 3.78 a 2.42 b 

Sheenghar 81.25 ab 4.57 a 2.83 b 3.69 a 

LSD (0.05) 6.745 0.139 0.405 0.555 

     
B) Weed extracts     

P. hysterophorus 89.16 ab 2.16 c 2.89 b 3.69 b 

P. australis 96.66 a 9.95 a 2.21 c 5.46 a 

D. stramonium  80.00 b 2.34 c 2.78 b 3.22 b 

C. rotundus 80.00 b 1.06 d 3.97 a 2.13 c 

C. arvensis 43.33 c 1.02 d 4.08 a 1.26 d 

No extract (control) 97.50 a 9.36 b 3.11 b 3.48 b 

LSD (0.05) 9.435 0.245 0.469 0.600 

     

INTERACTION  
(CV x WE)  LSD (0.05) 

16.342 0.425 0.7014 1.040 

     
* Significant at P≤0.05  CV= Chickpea Varieties WE= Weed Extract 

 

4.3.5 Seed Vigor Index (SVI) 

 The data for SVI revealed that different weed extracts and chickpea varieties 

both posed significant result. The mean values for weed extract in table-4.3.2 

presented that the highest SVI (962) was noted in Phragmites australis and the least 

SVI (48.5) was observed in case of Convolvulus arvensis water extract. Similarly, the 

chickpea varieties mean also showed significant data for SVI. The maximum (426) 

SVI was noticed for chickpea variety “Karak-I” and the minimum SVI (347.7) was 

calculated for chickpea variety “Karak-III” (Table-4.3.2). In case of interaction means 
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the higher (1050.0) SVI value observed in control treatment x chickpea variety 

“Sheenghar”, however, the lower (5.5) SVI investigated for C. arvensis x chickpea 

variety “Karak-III” (Fig. 4.3.5). In other studies, Mmubeen et al., 2011 also noted that 

the water extract of Trianthema portulacastrum remarkably decreased the seed vigor 

index (SVI) of rice seeds. The instant data has a great analogy with the results of Khan 

et al., 2012b who observed retardation in shoot and root length of wheat varieties after 

exposing to the water extract of invasive weed Parthenium hysterophorus. Negative 

effects of water extracts of different weeds on radicle and plumule expansion of 

different field crops have also been stated earlier by (Singh et al., 2005).   

 

 

Fig.4.3.5. Allelopathic effect of various weed extracts on seed vigor index of different 

       chickpea varieties. 
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(18.92 mg) was observed for C. arvensis (Table-4.3.2). This indicates that the tested 

weeds species have some toxic water soluble compounds that effect germination and 

other growth related parameters like fresh biomass of chickpea varieties in the current 
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study. These findings can be supported with the results of Helgeson and Konzak, 1950 

who found that the aqueous extract of C. arvensis greatly suppressed the seed 

germination and growth of seedlings in many field crops. 

 

 Likewise, the cultivar means the data showed that the maximum (68.75 mg) 

fresh biomass was observed for variety “Karak-I” and the lowest fresh biomass (40.48 

mg) was resulting in Sheenghar (Table-4.3.2). Interaction of weed extracts and 

chickpea varieties was also highly significant regarding fresh biomass (Fig.4.3.6). The 

maximum fresh biomass (205.0 mg) was noted under P. australis x Karak-III and the 

lowest fresh biomass (01.18 mg) was recorded in C. rotundus x variety “Sheenghar”. 

The present result showed clearly the presence of some phototoxic substances or 

chemical in the water extracts of the tested species. Different allelochemicals (weed 

extract) has the potential to retard or completely inhibit the seedling growth as well as 

development of different crops and weeds under field condition. (Cheema and Khaliq, 

2000). Moreover Randhawa et al. (2002) also stated the allelopathic potential of 

different weeds that inhibit the seedling growth and development of Trianthima 

portulacastrum. 

 

 

Fig.4.3.6. Allelopathic effect of various weed extracts on seedling fresh biomass  

       (mg) of different chickpea varieties. 
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4.3.7 Dry seedling biomass (mg) 

 

The results revealed variable responses of different chickpea varieties against 

the applied weed extracts in term of dry biomass (mg). The Table-4.3.2 showed that 

highest dry biomass (27.33 mg) was recorded in P. australis, whereas the minimum 

dry biomass (3.78 mg) was observed for C. arvensis. The possible reason behind the 

obtaining low dry biomass in the extract applied petri dishes might be due to the 

releasing of p-coumaric and ferulic acid from the weed extract that are responsible for 

blocking or minimizing the minerals mobility inside plant cell that ultimately store 

little dray matters in the plant tissues. Thus, the presence of these weed species on 

agricultural lands can greatly affect the seed germination of crops and other weeds. 

 

 On the other hand, the varieties means data showed that lowest dry biomass 

(8.09 mg) was observed in Sheenghar, while the utmost dry biomass (13.75 mg) were 

resulted in chickpea variety “Karak-I” (Table-4.3.2). The higher susceptibility of the 

chickpea variety sheenghar against weed extract might be due to some character 

controlled genetically, because the rest of the varieties were not much susceptible as 

this variety does. The interaction of weed extracts and tested chickpea varieties 

showed that the maximum dry biomass (41.00 mg) was recorded for P. australis x 

Karak-III while, the least amount dry biomass (0.23 mg) was recorded for 

C. rotundus x variety “Sheenghar” (Fig.4.3.7). Allelochemicals are synthesized in 

plants as secondary metabolites and located in certain specialized organs of donor 

plants which greatly affect the seedling weight of the affected plant (Kobayashi, 2004). 

Other researchers also reported 60-80% germination and seedling biomass reduction in 

chickpea due to the aqueous extract of Silybum marianum (Khan et al., 2011a) 
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Fig.4.3.7. Allelopathic effect of various weed extracts on seedling dry biomass         

       (mg) of different chickpea varieties. 

 
 

4.3.8 Root length (cm) 

The instant data revealed that the weed extracts means, chickpea varieties and 

their two way interaction had a strong significant effect on the root length. The weed 

extract mean data in the given Table-4.3.2 revealed that as like the rest of the studied 

parameters the root length of chickpea varieties was also negatively affected by the 

toxicity of the applied weed extracts in the current investigation. The highest root 

length (10.65 cm) was noticed in P. australis, while the lowest root length (0.63 cm) 

was computed for C. arvensis (Table-4.3.2). The chickpea is a very poor competitor 

with weeds, especially with broad leaved weeds. In the rain-fed areas where chickpea 

is the only successive crop has the potential to grow under very limited moisture 

requirement the weed C. arvensis is the predominant weed in these areas. Whenever, a 

little rain occurred C. arvensis immediately start growth from the rhizome already 

present in the field. C. arvensis got a rapid vegetative growth and in a few days it 

completely arrests the chickpea plants by twisting around it and by releasing 

allelochemicals. In similar allelopathic studies Khan et al. (2012b) also observed the 

retardation in shoot and root length and weight of various crop seed after exposing to 

different plant water extracts. 
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Among the chickpea cultivars the maximum (7.00 cm) root length was 

recorded for Sheenghar followed by Karak-III (6.25 cm) while the lowest data were 

recorded for Karak-I (4.72 cm). The interaction mean data presented that the 

maximum value of root length (14.10 cm) were noticed in P. australis x Karak-III 

while the least value (0.30 cm) was investigated for C. rotundus x variety “Sheenghar” 

(Fig.4.3.8). Various parts of weeds show different behavior in exerting their 

allelopathic effects on crops by inhibiting the seed germination and development 

(Veenapani, 2004). The instant results can be supported by the findings of Turk and 

Tawaha (2002) who stated that allelochemicals more affect the root than the shoot of 

the newly arises seedlings. As root sucks the moisture from the soil directly so the 

toxic allelochemicals disturb the biochemical process of the root very easily and 

efficiently. In this study the weed extract showed inhibitory effect on the root length as 

compared to control. It can be concluded from the present findings that C. arvensis and 

C. rotundus are harmful for all the studied chickpea varieties because these weeds 

suppressed the growth and development of chickpea. The previous research work 

attributed this effect due to the modification in mitochondrial respiration caused by 

allelochemical stress of these weeds (Singh et al., 2005). However, after the 

confirmation of the toxic properties of these weeds they can further explored as a 

bioherbicdes against different problematic weeds of different crops. 

 

 

Fig.4.3.7. Allelopathic effect of various weed extracts on root length (cm) of different 

       chickpea varieties. 
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Table- 4.3.2.  Effect of chickpea varieties and weed extracts on seed vigor index 

(SVI), fresh biomass (g), dry biomass (g) and root length (cm) in 

chickpea.  

 

FACTORS 
Seed vigor 

index (SVI) 

Fresh 

biomass 

(mg) 

Dry 

biomass 

(mg) 

Root 

length (cm) 

A) Chickpea varieties 

Karak-I 
 
426.0 a* 

 
68.75 a 

 
13.75 a 

 
4.72 c 

Karak-III 347.7 b 64.54 b 12.90 b 6.25 b 

Sheenghar 423.7 a 40.48 c 8.09 c 7.00 a 

LSD (0.05) 32.593 1.915 0.3830 0.339 

     
B) Weed extracts     

P. hysterophorus 194.17 c 47.17 d 9.43 d 7.87 c 

P. australis 962.0 a 136.67 a 27.33 a 10.65 a 

D. stramonium  189.2 c 59.08 c 11.81 c 4.95 d 

C. rotundus 86.4 d 23.39 e 4.67 e 2.13 e 

C. arvensis 48.5 d 18.92 f 3.78 f 0.63 f 

No extract (control) 914.67 b 62.33 bc 12.46 b 9.79 b 

LSD (0.05) 40.411 15.224 0.256 0.259 

     

INTERACTION  
(CV x WE)  LSD (0.05) 

69.994 2.223 0.444 0.4500 

     
* Significant at P≤0.05  CV= Chickpea Varieties WE= Weed Extract 
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PHOTOGRAPHIC PRESENTATION OF DIFFERENT WEED EXTRACTS 

EFFECTS ON CHICKPEA VARIETIES. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

Karak-I  Karak-III Sheenghar 

 
    Karak-I Karak-III Sheenghar 

 
A) Allelopathic effects of Partenium hysterophorus L.   B) Allelopathic effects of Phragamitis australis L. on chickpea 

on chickpea varieties (Karak-I, Karak-III and Sheenghar)      varieties (Karak-I, Karak-III and Sheenghar) 

 

Karak-I  Karak-III Sheenghar 

 
C) Allelopathic effects of Datura stramonium L. on         D) Allelopathic effects of Cyperus rotundus L. on chickpea 

chickpea varieties (Karak-I, Karak-III and Sheenghar)        varieties (Karak-I, Karak-III  and Sheenghar) 

 

Karak-I  Karak-III Sheenghar 

 

Karak-I  Karak-III Sheenghar 

 
E) Allelopathic effects of Convolvulus arvensis L. on chickpea   

   varieties (Karak-I, Karak-III and Sheenghar)                        
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V.    SUMMARY 

The competition of weeds with the crop plants is a complex field of study. The 

type of weed and crop species and density of the crop are the major factor that affects 

this competition. Weed control has long been an essential practice and will remain 

vital in the future for making sure the farmers profitability while feeding the growing 

population. Farmers constantly deal with the weeds in crops and their significance is 

returned in the form of manual labour, tillage operations and herbicides used for weed 

management. Similarly, weed interference contributes to the yield decline of chickpea 

crop because this crop is traditionally grown on a soil having residual moisture. Thus, 

weed competition poses a major problem in the water use efficiency. Three separate 

experiments were conducted in both field and laboratory for two years, i.e., 2012-13 

and 2013-14 to address the weed problems in chickpea crop. The first field experiment 

was undertaken on the rain-fed soil of district Karak of Khyber Pakhtunkhwa, Pakistan 

to suppress weed flora of chickpea by different weed management techniques in 

combination with different seeding rates. The experimental design was Randomized 

Complete Block (RCB) with a split plot arrangement having four replications. There 

were four main plots assigned to seed rates, i.e. 60, 70, 80 and 90 kg ha-1 and seven 

sub-plots included different weed management techniques, i.e. Stomp 330 EC, Dual 

Gold 960 EC, Puma Super 75 EW, Topik 15 WP, hand weeding, Parthenium extract 

and weedy check. Data were recorded on weed density (m2), fresh weed biomass (kg 

ha-1) , dry weed biomass (kg ha-1), chickpea plant height (cm), number of branches 

plant-1, number of pods plant-1, 100 seed weight (g), seed yield (kg ha-1),  harvest index 

(%), biological yield (kg ha-1) and cost benefit ratio (C:B:R). Statistical analysis of the 

data showed that during both the years the lowest weed density was recorded under the 

application of pre emergence herbicide Stomp 330 EC followed by the application of 

Dual Gold 960 EC. In case of chickpea parameters the maximum number of branches 

plant-1, 100 seed weight (g) and seed yield (kg ha-1) were recorded in Stomp 330 EC 

for both the years followed by the application of Dual Gold 960 EC and hand weeding. 

The results further revealed that, among the chickpea seeding rates the maximum 

number of branches plant-1, 100 seed weight (g) and seed yield (kg ha-1) were observed 

for 70 kg ha-1 seed rate for both the years. The economic analysis of the instant studies 
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exposed the maximum net profit to the farmers in case of added cost was obtained 

from the application of pre emergent herbicides i.e., Stomp 330 EC and Dual Gold 960 

EC as compared to the other weed management techniques.  

  

The second experiment was carried out in pots to quantify the tolerance of 

chickpea variety “Karak-I” against two pre-emergence herbicides including Stomp 330 

EC and Dual Gold 960 EC and three post-emergence herbicides consisting of Puma 

Super 75 EW, Topik 15 WP and Isoproturon 500 EW. The experiment was laid out in 

Completely Randomized Design repeated three times at the Weed Science 

Department, The University of Agriculture Peshawar. The data were recorded on plant 

height (cm), number of branches plant-1, number of pods plant-1, number of seeds 

plant-1, number of nodules plant-1, nodule fresh and dry biomass (g) and seed protein 

contents (%). Statistical analysis revealed significant results for all the examined 

parameters of chickpea excluding fresh and dry biomass of chickpea nodules. 

Furthermore, the phytotoxic effects of both the pre emergence herbicides on chickpea 

growth were found higher in comparison to the post emergence herbicides. In addition, 

the least chickpea plant height, number of nodules plant-1 and protein content in seed 

(14.13%) was noted in Stomp 330 EC. However, the maximum 21.75 and 21.15% 

seed protein content was noticed for control treatment and Puma Super 75 EW, 

respectively.  

 

The third experiment was initiated under a controlled environment (Lab.) to 

observe the allelopathic potential of five common weeds including Parthenium 

hysterophorus L., Cyperus rotundus L., Datura stramonium L., Phragmites australis 

(Cav.) Trin., and Convolvulus arvensis L. against the different chickpea varieties 

(Karak-I, Karak-III and Sheenghar). The design of the experiment was Completely 

Randomized (CR) arranged in a factorial set-up. Data were recorded on seed 

germination (%), seedling length (cm), seedling biomass (mg), root length (cm), root 

biomass (mg), mean germination time, germination index and seed vigor index of 

chickpea varieties. The results demonstrated that among the chickpea varieties the 

“Karak-III” variety found more susceptible against the phytotoxic effects of different 
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weed extracts. In case of weeds extract, C. arvensis showed more toxic effects in terms 

of chickpea germination failure and just giving 43.33% germination as compared to 

control treatment, that gave 97.50% germination. However, the extract of P. australis 

showed a little stimulatory effects on all the tested chickpea varieties by expediting 

their germination and giving a low (2.21) MGT value.  

 

 The foregoing presentation exhibits that consisting over the two years studies, 

the application of pre emergence herbicides like Stomp 330 EC and Dual Gold 960 EC 

showed promising results for suppressing all types of chickpea weeds in the study 

area. However, manual weeding was also effective but, found un profitable regarding 

CBR analysis. The sowing of chickpea at 70 kg ha-1 not only suppressed the weeds but 

also enhanced the agronomic traits in chickpea crop. The post-emergence herbicides 

were found safe for chickpea at controlled environment as compared to pre-emergence 

herbicides. Among the weeds, C. arvensis and C. rotundus posed a strong allelopathic 

effects on seed germination and seedling growth of chickpea variety Karak-III 

compared to Karak-II and Sheenghar. The present research also provides a clue to the 

farming community by bringing their attention toward the judicious use of herbicides 

and minimizing its application through utilizing weeds allelopathy as a bioherbicide in 

future. 
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VI. CONCULSIONS AND RECOMMENDATIONS 

The early weed management in chickpea crop is very much essential, otherwise the 

weeds achieved substantial powers of compensation for damage. Taking under 

consideration this serious issue, after conducting different experiments the fo llowing 

conclusions are summarized as below. 

 Under field conditions, the application of pre emergence herbicides like Stomp 

330 EC and Dual Gold 960 EC were most effective against all types of 

chickpea weeds in arid region. 

 

 Manual weeding also declared successful in terms of weed suppression and 

biological yield in chickpea crop. 

 

 The sowing of chickpea at the rate of 70 kg ha-1 enhanced the agronomic traits 

of chickpea as compared to 60, 80 and 90 kg ha-1. 

 

 The tolerance of chickpea against pre emergence herbicides i.e., Dual Gold 960 

EC and Stomp 330 EC were weaker as compared to post emergence herbicides 

under micro environment (pot). 

 

 The occurrence of allelopathic weeds, especially Convolvulus arvensis in 

chickpea fields may possibly pose a serious allelopathic threat to the crop 

production in terms of failure of chickpea seed germination. Moreover, the 

chickpea variety Karak-III found more susceptible towards the allelopathy of 

different weeds. 

 

 The results of this research are adequately convincing towards the judicious use 

of herbicides, while allelopathic exploitation may offer eco-friendly economical 

bioherbicides in the recent future.  
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In the light of our conclusions, the following recommendations are made: 

 The sowing of chickpea at the rate of 70 kg ha-1 with application of pre- 

emergence herbicides Stomp 330 EC and Dual Gold 960 EC are strongly 

recommended for achieving satisfactory weeds management and maximum 

yield of chickpea in southern districts of Khyber Pakhtunkhwa Pakistan.  

 

 The farmers of the respective chickpea growing area may be educated 

concerning the proper use of agro-chemicals to overcome the losses in chickpea 

crop due to herbicide injuries. 

 

 Phragmites australis must be tested against problematic weeds of chickpea as 

this plant was completely non-toxic to chickpea, so after testing the 

susceptibility of associated weeds in the chickpea, P. australis could be used 

for selective management of weeds in chickpea crop. 

 

 Weeds aqueous extract must be popularized as a bioherbicide for controlling 

weeds in chickpea to minimize the hazards of herbicides. 

 

 Similar studies need to repeat in other climatic zones of the province to 

determine the validity of the current findings.  
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APPENDICES 

APPENDIX. A (ANOVA TABLES) 

Field study A1 (Two year combine) 

Appendix A1.1.  ANOVA table for weed density (m
-2

) as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 
81369 27123 140.13 0.0011 

Year (A) 1 252652 252652 1305.30 0.0012 

Seed rates (B) 3 375007 125002 645.81 0.0010 

Weed management techniques (C) 6 637521 106253 548.95 0.0021 

Rep x A 3 70415 23472 121.26 0.0033 

A X B 3 244719 81573 421.44 0.0001 

A X C 6 159744 26624 137.55 0.0030 

B X C 18 20892 1161 6.00 0.0000 

Rep X A X B 18 4078 227 1.17 0.2933 

A X B X C 18 9214 512 2.64 0.0007 

Error 144 27872 194   

Total 

 

223 

 

1883483    

 

 

Appendix A1.2.  ANOVA table for fresh weed biomass (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 
23798 7933 3.04 0.0310 

Year (A) 1 20490 10400.9 3.02 0.9844 

Seed rates (B) 3 1316 439 0.17 0.9178 

Weed management techniques (C) 6 1820939 303490 116.31 0.0000 

Rep x A 3 33092 11031 4.23 0.0067 

A X B 3 92977 30992 11.88 0.0000 

A X C 6 15967 2127.6 0.71 1.0000 

B X C 18 158568 8809 3.38 0.0000 

Rep X A X B 18 49448 2747 1.05 0.4060 

A X B X C 18 72589 4033 1.55 0.0826 

Error 144 375732 2609   

Total 

 

223 

 

2628465  
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Appendix A1.3.  ANOVA table for dry biomass (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 3185 1061.7 0.73 0.5383 

Year (A) 1 1475 1474.9 1.01 0.3171 

Seed rates (B) 3 2535 844.9 0.58 0.6308 

Weed management techniques (C) 6 224547 37424.4 25.58 0.0000 

Rep x A 3 1763 587.8 0.40 0.7520 

A X B 3 2235 745.0 0.51 0.6766 

A X C 6 7967 1327.8 0.91 0.4915 

B X C 18 21187 1177.1 0.80 0.6927 

Rep X A X B 18 20520 1140.0 0.78 0.7218 

A X B X C 18 24405 1355.8 0.93 0.5480 

Error 144 210710 1463.3   

Total 

 

223 

 

520529    

Appendix A1.4.  ANOVA table for plant height (cm) as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 52.53 17.51 1.00 0.3928 

Year (A) 1 2487.11 2487.11 142.66 0.0000 

Seed rates (B) 3 19.62 6.54 0.38 0.7711 

Weed management techniques (C) 6 190.25 31.71 1.82 0.0994 

Rep x A 3 94.08 31.36 1.80 0.1501 

A X B 3 93.49 31.16 1.79 0.1522 

A X C 6 413.59 68.93 3.95 0.0011 

B X C 18 303.01 16.83 0.97 0.5024 

Rep X A X B 18 444.87 24.72 1.42 0.1315 

A X B X C 18 334.26 18.57 1.07 0.3932 

Error 144 2510.49 17.43   

Total 

 

223 

 

6943.30    

Appendix A1.5.  ANOVA table for number of branches plant
-1

 as affected by seeding  rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 26.161 8.7202 34.01 0.0331 

Year (A) 1 29.726 29.7257 115.94 0.0042 

Seed rates (B) 3 151.371 50.4570 196.80 0.0010 

Weed management techniques (C) 6 54.525 9.0875 35.44 0.0011 

Rep x A 3 9.561 3.1871 12.43 0.0000 

A X B 3 8.878 2.9594 11.54 0.0000 

A X C 6 19.842 3.3070 12.90 0.0000 

B X C 18 6.053 0.3363 1.31 0.1888 

Rep X A X B 18 44.179 2.4544 9.57 0.0000 

A X B X C 18 8.587 0.4770 1.86 0.0236 

Error 144 36.919 0.2564   

Total 

 

223 

 

395.801    
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Appendix A1.6.  ANOVA table for number of pods plant
-1

 as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 168.6 56.19 4.13 0.0076 

Year (A) 1 554.1 554.09 40.77 0.0093 

Seed rates (B) 3 4461.4 1487.13 109.42 0.0012 

Weed management techniques (C) 6 3451.5 575.24 42.33 0.0000 

Rep x A 3 144.3 48.11 3.54 0.0163 

A X B 3 21.5 7.17 0.53 0.6640 

A X C 6 1495.3 249.21 18.34 0.0000 

B X C 18 934.3 51.91 3.82 0.0000 

Rep X A X B 18 613.9 34.10 2.51 0.0013 

A X B X C 18 857.9 47.66 3.51 0.0000 

Error 144 1957.0 13.59   

Total 

 

223 

 

14659.8 

 
   

Appendix A1.7.  ANOVA table for number of seeds pod
-1

 as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 0.9148 0.30493 17.73 0.0068 

Year (A) 1 1.1004 1.10040 63.97 0.0152 

Seed rates (B) 3 0.6505 0.21683 12.60 0.0011 

Weed management techniques (C) 6 5.9031 0.98385 57.19 0.0004 

Rep x A 3 0.2355 0.07850 4.56 0.0044 

A X B 3 0.1598 0.05326 3.10 0.0289 

A X C 6 3.1537 0.52561 30.55 0.0000 

B X C 18 0.7504 0.04169 2.42 0.0020 

Rep X A X B 18 0.5201 0.02889 1.68 0.0493 

A X B X C 18 0.6699 0.03722 2.16 0.0064 

Error 144 2.4771 0.01720   

Total 

 

223 

 

16.5353    

Appendix A1.8.  ANOVA table for 100 seed weight (g) as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 160.75 53.58 6.22 0.0005 

Year (A) 1 2195.63 2195.63 254.95 0.0301 

Seed rates (B) 3 426.85 142.28 16.52 0.0006 

Weed management techniques (C) 6 490.58 81.76 9.49 0.0000 

Rep x A 3 39.98 13.33 1.55 0.2049 

A X B 3 26.73 8.91 1.03 0.3792 

A X C 6 136.17 22.70 2.64 0.0187 

B X C 18 296.76 16.49 1.91 0.0189 

Rep X A X B 18 138.96 7.72 0.90 0.5837 

A X B X C 18 195.11 10.84 1.26 0.2240 

Error 144 1240.11 8.61   

Total 

 

223 

 

5347.63 
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Appendix A1.9.  ANOVA table for biological yield (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 
1067725 355908 6.62 0.0003 

Year (A) 1 269522 269522 5.01 0.0267 

Seed rates (B) 3 1.070E+07 3568519 66.33 0.0000 

Weed management techniques (C) 6 1.705E+07 2841828 52.82 0.0000 

Rep x A 3 160057 53352 0.99 0.3986 

A X B 3 5490161 1830054 34.01 0.0000 

A X C 6 1.394E+07 2323655 43.19 0.0000 

B X C 18 2335676 129760 2.41 0.0021 

Rep X A X B 18 1428561 79364 1.48 0.1071 

A X B X C 18 893218 49623 0.92 0.5530 

Error 144 7747430 53802   

Total 

 

223 

 

6.109E+07    

Appendix A1.10.  ANOVA table for seed yield (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 93832 31277 7.37 0.0001 

Year (A) 1 513124 513124 120.90 0.0036 

Seed rates (B) 3 2657280 885760 208.70 0.0201 

Weed management techniques (C) 6 2257015 376169 88.63 0.0000 

Rep x A 3 28373 9458 2.23 0.0874 

A X B 3 60316 20105 4.74 0.0035 

A X C 6 712298 118716 27.97 0.0020 

B X C 18 267823 14879 3.51 0.0001 

Rep X A X B 18 174564 9698 2.29 0.0037 

A X B X C 18 136861 7603 1.79 0.0314 

Error 144 611158 4244   

Total 

 

223 

 

7512646    

Appendix A1.11.  ANOVA table for harvest index (% ) as affected by seeding rates and weed 

management techniques in chickpea for both the studied years.  

Source D.F. SS MS  F P 

Replication (Rep) 3 171.63 57.211 15.05 0.0022 

Year (A) 1 103.71 103.714 27.28 0.0101 

Seed rates (B) 3 2864.42 954.807 251.15 0.0045 

Weed management techniques (C) 6 122.16 20.360 5.36 0.0001 

Rep x A 3 48.29 16.098 4.23 0.0067 

A X B 3 192.61 64.204 16.89 0.0000 

A X C 6 456.82 76.137 20.03 0.0010 

B X C 18 281.74 15.652 4.12 0.0204 

Rep X A X B 18 195.26 10.848 2.85 0.0003 

A X B X C 18 129.05 7.169 1.89 0.0213 

Error 144 547.46 3.802   

Total 

 

223 

 

5113.16    
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Appendix A2.1.  ANOVA table for weed density (m
-1

) as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                     D.F.       SS              MS            F                         P  

Replication                       3    150941        50314 

Seed rates (A)                       3    604655        201552          681.13            0.0220 

Error-I               9      2663             296 

Weed management techniques (B)                  6    197036         32839            217.29               0.0016 

A x B     18     17739           985      6.52                0.0110 

Error-II                   72     10882           151 

Total                                   111         983915 

  Appendix A2.2.  ANOVA table for fresh weed biomass (kg ha
-1

) as affected by seeding rates and 

weed management techniques in chickpea during 2012-13. 

Source                   D.F. SS  MS  F 

 

  P 

Replication  3 37397 12466   

Seed rates (A)                      3 40722 13574 5.55 0.0196 

Error-I          9 21998 2444   

Weed management techniques (B)       6 909018 151503 56.31 0.0112 

AxB 18 109981 6110 2.27 0.0076 

Error-II 72 193720 2691   

Total                   111 1312836 
 

 

 

 

 

Appendix A2.3.  ANOVA table for dry weed biomass (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                   D.F. SS MS   F 

 

  P 

Replication  3 4733 1577.7   

Seed rates (A)                      3 3446 1148.8 0.83 0.0088 

Error-I          9 12415 1379.5   

Weed management techniques (B)       6 83345 13890.8 9.94 0.0114 

AxB 18 29049 1613.8 1.15 0.0213 

Error-II 72 100618 1397.5   

Total                   
111 233607    
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Appendix A2.4.  ANOVA table for plant height (cm) as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                   D.F. SS  MS  F 

 

  P 

Replication  3 137.99 45.9968   

Seed rates (A)                      3 24.70 8.2318 0.23 0.8698 

Error-I          9 315.30 35.0337   

Weed management techniques (B)       6 134.56 22.4260 1.20 0.0160 

AxB 18 289.46 16.0812 0.86 0.6248 

Error-II 72 1344.89 18.6791   

Total                   
111 2246.90    

 

Appendix A2.5.  ANOVA table for number of branches plant
-1

 as affected by seeding  rates and weed 

management techniques in chickpea during 2012-13. 

Source                   D.F. SS MS  F 

 

P 

Replication  3 33.136 11.0453   

Seed rates (A)                      3 94.680 31.5599 63.09 0.0021 

Error-I          9 4.502 0.5002   

Weed management techniques (B)       6 60.617 10.1029 223.18 0.0140 

AxB 18 1.464 0.0813 1.80 0.0424 

Error-II 72 3.259 0.0453   

Total                   111 197.658    

 

Appendix A2.6.  ANOVA table for number of pods plant
-1

 as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                   D.F.          SS               MS           F                         P  

Replication                         3      33.73            11.242 

Seed rates (A)                      3    2318.30        772.767           241.33                 0.0111 

Error-I    9      28.82            3.202 

Weed management techniques (B)    6     635.56           105.926           279.91                 0.0211 

A x B                  18      14.38             0.799              2.11                     0.0137 

Error-II    72      27.25              0.378 

Total                     111    3058.03 
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Appendix A2.7.  ANOVA table for number of seeds pod
-1

 as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                   D.F. SS MS  F 

 

P 

Replication  3 1.0250 0.34167   

Seed rates (A)                      3 0.3093 0.10310 81.19 0.0033 

Error-I          9 0.0114 0.00127   

Weed management techniques (B)       6 8.5271 1.42119 250.45 0.0002 

AxB 18 0.5957 0.03310 5.83 0.0100 

Error-II 72 0.4086 0.00567   

Total                   111 10.8771 

 
  

 

Appendix A2.8.  ANOVA table for 100 seed weight (g) as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                     D.F.      SS                        MS            F                      P  

Replication       3    126.901     42.300 

Seed rates (A)                                        3    321.371    107.124     204.14  0.0020 

Error-I        9      4.723                    0.525 

Weed management techniques (B)        6    177.069     29.511     133.54               0.0110 

A x B               18     11.814       0.656      2.97                  0.0006 

Error-II                     72     15.911       0.221 

Total                                   111    657.789 

 

Appendix A2.9.  ANOVA table for biological yield (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                   D.F.        SS                       MS              F              P  

Replication                         3      1002022     334007 

Seed rates (A)                       3    1.559E+07    5198542        201.49           0.0020 

Error-I     9       232209      25801 

Weed management techniques (B)    6    2.028E+07    3379331         352.82           0.0017 

A x B    18      1585970      88109             9.20               0.0043 

Error-II     72       689614       9578 

Total                     111    3.938E+07 
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Appendix A2.10.  ANOVA table for seed yield (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                   D.F. SS MS  F 

 

P 

Replication  3 85519 28506   

Seed rates (A)                      3 1271006 423669 47.94 0.0232 

Error-I          9 79545 8838   

Weed management techniques (B)       6 803153 133859 52.51 0.0030 

AxB 18 119609 6645 2.61 0.0022 

Error-II 72 183560 2549   

Total                   111 2542392    

Appendix A2.11.  ANOVA table for harvest index (% ) as affected by seeding rates and weed 

management techniques in chickpea during 2012-13. 

Source                   D.F.       SS  MS          F 

 

          P 

Replication  3 179.31 59.769   

Seed rates (A)                      3 2123.39 707.797 78.34 0.0052 

Error-I          9 81.32 9.035   

Weed management techniques (B)       6 140.34 23.389 10.79 0.0023 

AxB 18 121.11 6.729 3.10 0.0003 

Error-II 72 156.03 2.167   

Total                   111      2801.50    

 

Appendix A3.1.  ANOVA table for weed density (m
-2

) as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

 

Source                   D.F. SS MS   F 

 

  P 

Replication  3 843 281   

Seed rates (A)                      3 15071 5024 31.97 0.0167 

Error-I          9 1414 157   

Weed management techniques (B)       6 600540 100090 493.98 0.0031 

AxB 18 14459 803 3.96 0.0128 

Error-II 72 14589 203   

Total                   
111 646916    
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Appendix A3.2.  ANOVA table for fresh weed biomass (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS  F 
 

  P 

Replication  3 28600 9533   

Seed rates (A)                      3 426012 142004 4.78 0.0294 

Error-I          9 267494 29722   

Weed management techniques (B)       6 714115 119019 3.79 0.0024 

AxB 18 566679 31482 1.00 0.0369 

Error-II 72 2259838 31387   

Total                   111 4262738    

 

Appendix A3. 4.  ANOVA table for dry weed biomass (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS  F 
 

  P 

Replication  3 38270 12756.7   

Seed rates (A)                      3 14680 4893.3 0.39 0.0329 

Error-I          9 112828 12536.4   

Weed management techniques (B)       6 111985 18664.2 1.82 0.0070 

AxB 18 185298 10294.4 1.00 0.0456 

Error-II 72 738012 10250.2   

Total                   111 1201073 

 

 

 

 

 

 

 

 

Appendix A3.5.  ANOVA table for plant height (cm) as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS  F 
 

  P 

Replication  3 774.7 258.218   

Seed rates (A)                      3 824.0 274.666 0.65 0.0030 

Error-I          9 3807.1 423.014   

Weed management techniques (B)       6 1587.1 264.524 0.83 0.5515 

AxB 18 6298.8 349.931 1.10 0.0336 

Error-II 72 22980.7 319.176   

Total                   111 36272.3 
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Appendix A3.6.  ANOVA table for number of branches plant
-1

 as affected by seeding  rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication  3 2.586 0.8620   

Seed rates (A)                      3 65.570 21.8565 4.96 0.0267 

Error-I          9 39.677 4.4085   

Weed management techniques (B)       6 13.750 2.2916 4.90 0.0003 

AxB 18 13.176 0.7320 1.57 0.0931 

Error-II 72 33.660 0.4675   

Total                   111 168.418 

 

 

 

 

 

 

 

 

Appendix A3.7.  ANOVA table for number of pods plant
-1

 as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication  3 279.2 93.060   

Seed rates (A)                      3 2164.6 721.536 11.10 0.0022 

Error-I          9 585.0 65.004   

Weed management techniques (B)       6 4311.2 718.530 26.81 0.0000 

AxB 18 1777.9 98.772 3.69 0.0000 

Error-II 72 1929.8 26.803   

Total                   111 11047.7    

 

Appendix A3.8.  ANOVA table for number of seed pods 
-1

 as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS MS  F 
 

P 

Replication  3 0.10571 0.03524   

Seed rates (A)                      3 0.54071 0.18024 3.23 0.0750 

Error-I          9 0.50214 0.05579   

Weed management techniques (B)       6 0.37250 0.06208 2.15 0.0577 

AxB 18 0.90179 0.05010 1.74 0.0522 

Error-II 72 2.07714 0.02885   

Total                   111 4.50000    
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Appendix A3.9.  ANOVA table for 100 seed weight (g) as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication  3 146.57 48.8582   

Seed rates (A)                      3 139.39 46.4625 2.98 0.0888 

Error-I          9 140.18 15.5760   

Weed management techniques (B)       6 303.12 50.5201 5.15 0.0002 

AxB 18 301.79 16.7659 1.71 0.0574 

Error-II 72 706.31 9.8099   

Total 111 1737.36  
  

 

Appendix A3.10.  ANOVA table for biological yield (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication  3 225759 75253   

Seed rates (A)                      3 600092 200031 1.50 0.0385 

Error-I          9 1196352 132928   

Weed management techniques (B)       6 1.071E+07 1786151 18.22 0.0347 

AxB 18 1642925 91274 0.93 0.0454 

Error-II 72 7057816 98025   

Total                   111 2.144E+07    

 

Appendix A3.11.  ANOVA table for seed yield (kg ha
-1

) as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS          F 

 

          P 

Replication  3 41534 13845   

Seed rates (A)                      3 874178 291393 27.66 0.0061 

Error-I          9 94812 10535   

Weed management techniques (B)       6 1901160 316860 147.34 0.0230 

AxB 18 196351 10908 5.07 0.0076 

Error-II 72 154834 2150   

Total                   111 3262869 
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Appendix A3.12.  ANOVA table for harvest index (% ) as affected by seeding rates and weed 

management techniques in chickpea during 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication  3 40.64 13.548   

Seed rates (A)                      3 933.48 311.159 24.58 0.0001 

Error-I          9 113.91 12.657   

Weed management techniques (B)       6 438.67 73.112 13.45 0.0000 

AxB 18 289.78 16.099 2.96 0.0006 

Error-II 72 391.47 5.437   

Total                   111 2207.96    

 

Pot study A4 

Appendix A4.1.  ANOVA table for plant height (cm) as affected by pre and post emergence herbicides 

in chickpea during 2012-13 and 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication                    2 863.17 431.583   

Year (A)                     1 0.25 0.250 0.11 0.7706 

Error-I           2 4.50 2.250   

Herbicides (B)       5 236.92 47.383 1.49 0.0366 

A x B 5 18.92 3.783 0.12 0.9866 

Error-II 20 635.00 31.750   

Total                   35 1758.75    

Appendix A4.2.  ANOVA table for number of branches plant
-1

 as affected by pre and post emergence 

herbicides in chickpea during 2012-13 and 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication                    2 0.88889      0.44444   

Year (A)                     1 5.259E-31    5.259E-31    0.00    1.0000 

Error-I           2 2.66667      1.33333   

Herbicides (B)       5 19.5556      3.91111    7.04    0.0006 

A x B 5 1.051E-30    2.104E-31    0.00    1.0000 

Error-II 20 11.1111      0.55556     

Total                   35  34.2222    
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Appendix A4.3.  ANOVA table for number of pods plant
-1

 as affected by pre and post emergence 

herbicides in chickpea during 2012-13 and 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication                    2 46.167 23.0833   

Year (A)                     1 1.778 1.7778 0.66 0.5019 

Error-I           2 5.389 2.6944   

Herbicides (B)       5 31.000 6.2000 1.01 0.4391 

A x B 5 7.556 1.5111 0.25 0.9372 

Error-II 20 123.111 6.1556   

Total                   35 215.000    

 

Appendix A4.4.  ANOVA table for number of nodules plant
-1

 as affected by pre and post emergence 

herbicides in chickpea during 2012-13 and 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication                    2 37.722 18.8611   

Year (A)                     1 2.250 2.2500 0.11 0.7724 

Error-I           2 41.167 20.5833   

Herbicides (B)       5 35.139 7.0278 8.55 0.0002 

A x B 5 0.917 0.1833 0.22 0.9483 

Error-II 20 16.444 0.8222   

Total                   35 133.639    

 

Appendix A4.5.  ANOVA table for nodules fresh weight (g) plant
-1

 as affected by pre and post 

emergence herbicides in chickpea during 2012-13 and 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication                    2 0.11033 0.05517   

Year (A)                     1 0.07165 0.07165 1.20 0.3883 

Error-I           2 0.11986 0.05993   

Herbicides (B)       5 0.27390 0.05478 0.96 0.4679 

A x B 5 0.29467 0.05893 1.03 0.4281 

Error-II 20 1.14675 0.05734   

Total                   35 2.01715    
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Appendix A4.6.  ANOVA table for nodules dry weight (g) plant
-1

 as affected by pre and post 

emergence herbicides in chickpea during 2012-13 and 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication                    2 0.00028 1.383E-04   

Year (A)                     1 0.00018 1.782E-04 1.19 0.3899 

Error-I           2 0.00030 1.503E-04   

Herbicides (B)       5 0.00069 1.370E-04 0.96 0.4678 

A x B 5 0.00074 1.477E-04 1.03 0.4271 

Error-II 20 0.00287 1.434E-04   

Total                   35 0.00505    

 

Appendix A4.7.  ANOVA table for protein content (% )as affected by pre and post emergence 

herbicides in chickpea during 2012-13 and 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication                    2 9.934 4.9669   

Year (A)                     1 0.071 0.0711 0.05 0.8507 

Error-I           2 3.117 1.5586   

Herbicides (B)       5 267.242 53.4484 4.41 0.0072 

A x B 5 24.136 4.8271 0.40 0.8441 

Error-II 20 242.356 12.1178   

Total                   35 546.856    

 

Appendix A4.8.  ANOVA table for number of seeds plant
-1

as affected by pre and post emergence 

herbicides in chickpea during 2012-13 and 2013-14. 

Source                   D.F. SS  MS  F 

 

  P 

Replication                    2 184.667 92.3333   

Year (A)                     1 7.111 7.1111 0.66 0.5019 

Error-I           2 21.556 10.7778   

Herbicides (B)       5 124.000 24.8000 1.01 0.0391 

A x B 5 30.222 6.0444 0.25 0.9372 

Error-II 20 492.444 24.6222   

Total                   35 860.000    
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Laboratory study A5 

Appendix A5.1.  ANOVA table for germination (% ) as affected by chick pea varieties x weed extracts 

during 2012-13 and 2013-14. 

 

Source 
D.F.             SS             MS              F           P 

Replication                    3 1229.9 409.95   

Year (A)                      1 250.7 250.69 2.28 0.2282 

Error-I 3 329.9 109.95   

Varieties (B)       2 1143.1 571.53 3.60 0.0394 

AxB 2 476.4 238.19 1.50 0.2617 

Error-II 12 1902.8 158.56   

Weed extracts (C) 5 30836.8 6167.36 37.60 0.0000 

AxBxC 5 2036.8 407.36 2.48 0.0373 

B x C  10 2581.9 258.19 1.57 0.0272 

A x B x C  10 498.6 49.86 0.30 0.9784 

Error-III 90 14762.5 164.03   

Total 
143 

56049.3    

 

Appendix A5.2.  ANOVA table for MGT as affected by chickpea varieties x weed extracts during 2012 -13 

and 2013-14. 

Source D.F.     SS MS  F P 

Replication                    3 1.065 0.3550   

Year (A)                      1 3.639 3.6386 32.13 0.1109 

Error-I 3 0.340 0.1132   

Varieties (B)       2 21.433 10.7166 25.88 0.0000 

AxB 2 1.030 0.5152 1.24 0.3228 

Error-II 12 4.968 0.4140   

Weed extracts (C) 5 62.938 12.5875 48.91 0.0000 

AxBxC 5 1.670 0.3341 1.30 0.2719 

B x C  10 10.097 1.0097 3.92 0.0002 

A x B x C  10 2.342 0.2342 0.91 0.5278 

Error-III 90 23.164 0.2574   

Total 143 132.686    

Appendix A5.3.  ANOVA table for germination index (GI) as affected by chick pea varieties x weed extracts 

during 2012-13 and 2013-14. 

Source D.F.        SS MS  F P 

Replication                    3 3.167 1.0558   

Year (A)                      1 0.095 0.0946 0.20 0.6865 

Error-I 3 1.433 0.4778   

Varieties (B)       2 2.043 1.0214 0.45 0.0452 

AxB 2 29.391 14.6955 6.54 0.0120 

Error-II 12 26.963 2.2469   

Weed extracts (C) 5 238.692 47.7384 75.37 0.0000 

AxBxC 5 0.945 0.1889 0.30 0.9127 

B x C  10 2.035 0.2035 0.32 0.9736 

A x B x C  10 11.059 1.1059 1.75 0.0825 

Error-III 90 57.006 0.6334   

Total 143 372.829    
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Appendix A5.4.  ANOVA table for seed vigor index (SVI) as affected by chickpea varieties x weed extracts 

during 2012-13 and 2013-14. 

Source D.F.      SS        MS      F P 

Replication                    3 3245.24 1082   

Year (A)                      1 37.0069 37 0.02 0.8914 

Error-I 3 5037.13 1679   

Varieties (B)       2 62003.6 31002 2.75 0.0040 

AxB 2 39178.5 19589 1.74 0.2175 

Error-II 12      135313 11276   

Weed extracts (C) 5       2.143E+07 4285663 752.64 0.0000 

AxBxC 5  14144.9 2829 0.50 0.7779 

B x C  10      225568 22557 3.96 0.0002 

A x B x C  10      191816 19182 3.37 0.0009 

Error-III 90      512477 5694   

Total 
143 2.262E+07 

   

Appendix A5.5.  ANOVA table for shoot length (cm) as affected by chickpea varieties x weed extracts 

during 2012-13 and 2013-14. 

Source D.F.     SS MS  F P 

Replication                    3 2.41 0.803   

Year (A)                      1 2.40 2.403 3.19 0.1720 

Error-I 3 2.26 0.753   

Varieties (B)       2 10.43 5.215 19.47 0.0002 

AxB 2 29.73 14.865 55.48 0.3010 

Error-II 12 3.22 0.268   

Weed extracts (C) 5 1870.56 374.112 449.76 0.0001 

AxBxC 5 29.53 5.907 7.10 0.2400 

B x C  10 121.74 12.174 14.64 0.0170 

A x B x C  10 82.33 8.233 9.90 0.5670 

Error-III 90 74.86 0.832   

Total 143 2229.47    

 

Appendix A5.6.  ANOVA table for root length (cm) as affected by chick pea varieties x weed extracts during 

2012-13 and 2013-14. 

Source 
D.F.                SS           MS  F         P 

Replication                    3 62.51 20.836   

Year (A)                      1 5.87 5.873 0.28 0.6337 

Error-I 3 63.06 21.021   

Varieties (B)       2 79.86 39.928 66.98 0.0000 

AxB 2 9.41 4.703 7.89 0.0665 

Error-II 12 7.15 0.596   

Weed extracts (C) 5 1865.68 373.137 1866.50 0.0000 

AxBxC 5 5.99 1.199 6.00 0.4301 

B x C  10 243.11 24.311 121.61 0.0000 

A x B x C  10 9.30 0.930 4.65 0.7860 

Error-III 90 17.99 0.200   

Total 143 2369.94    
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Appendix A5.7.  ANOVA table for fresh shoot weight (mg) as affected by chickpea varieties x weed extracts 

during 2012-13 and 2013-14. 

Source DF        SS MS  F P 

Replication                    3 404 134.7   

Year (A)                      1 539 538.6 3.67 0.1511 

Error-I 3 440 146.6   

Varieties (B)       2 5853 2926.3 5.94 0.0161 

AxB 2 6091 3045.4 6.18 0.1143 

Error-II 12 5910 492.5   

Weed extracts (C) 5 278581 55716.1 164.53 0.0000 

AxBxC 5 4650 930.1 2.75 0.6235 

B x C  10 28181 2818.1 8.32 0.0022 

A x B x C  10 10521 1052.1 3.11 0.0619 

Error-III 90 30477 338.6   

Total 143 371646   

 

 

 

Appendix A5.8.  ANOVA table for dry shoot weight (mg) as affected by chick pea varieties x weed 

extracts during 2012-13 and 2013-14. 

Source DF     SS       MS      F P 

Replication                    3 16.2 5.39   

Year (A)                      1 21.5 21.55 3.67 0.1511 

Error-I 3 17.6 5.87   

Varieties (B)       2 234.1 117.05 5.94 0.0161 

AxB 2 243.6 121.81 6.18 0.3143 

Error-II 12 236.4 19.70   

Weed extracts (C) 5 11143.2 2228.64 164.53 0.0000 

AxBxC 5 186.0 37.20 2.75 0.2235 

B x C  10 1127.3 112.73 8.32 0.0000 

A x B x C  10 420.8 42.08 3.11 0.2119 

Error-III 90 1219.1 13.55   

Total 143 14865.8    
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APPENDIX-B 
ORIGINAL REPLICATED DATA 

Field study (B1) 

Appendix B1.1: Original replicated data for weed density (m-2) under field studies 

        during 2012-13 and 2013-14. 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

215.1 229.3 167.1 189.6 44.8 61.5 61.5 61.5 

Stomp 330 EC 210.1 211.1 121.6 181.2 61.5 44.8 44.8 44.8 

Topik 15 WP 301.1 319.2 203.1 264.2 90.6 90.6 90.6 90.6 

Puma Super 75 EW 324.1 330.8 226.1 275.8 91.8 91.8 91.8 91.8 

Hand weeding 230.4 249.3 171.3 216.2 74.7 74.7 74.7 74.7 

Parthenium Extract 345.2 360.7 247.2 305.7 141.7 141.7 141.7 131.7 

Weedy check 350.7 368.5 252.7 313.5 285.73 285.73 285.73 285.73 

Dual Gold 960 EC  

 

 

 

70 

195.1 216.9 143.2 186.2 106.1 73.4 73.4 100.1 

Stomp 330 EC 190.1 190.2 111.3 165.4 73.4 106.1 106.1 73.4 

Topik 15 WP 287.1 292.1 189.1 237.1 119.7 119.7 119.7 119.7 

Puma Super 75 EW 301.2 316.1 203.2 261.1 94 94 94 94 

Hand weeding 210.1 239.5 163.1 201.6 79.5 79.5 79.5 79.5 

Parthenium Extract 314.1 328.4 216.1 273.4 116.1 116.1 116.1 116.1 

Weedy check 335.8 350.1 237.8 295.1 327.55 307.55 327.55 327.55 

Dual Gold 960 EC  

 

 

80 

102.3 149.2 36.5 101.2 67.1 62.4 62.4 67.1 

Stomp 330 EC 95.1 124.1 23.2 94.5 62.4 67.1 67.1 62.4 

Topik 15 WP 190.2 216.9 92.2 161.9 65 65 65 65 

Puma Super 75 EW 201.1 221.5 103.1 166.5 53 53 53 53 

Hand weeding 128.3 164.2 69.5 122.3 72.4 72.4 72.4 72.4 

Parthenium Extract 212.2 231.5 114.2 176.5 104.1 104.1 104.1 104.1 

Weedy check 241.1 255.9 143.1 200.9 260.22 280.22 227.22 327.22 

Dual Gold 960 EC  

 

 

90 

71.4 85.6 33.4 30.6 60.29 60.29 60.29 60.06 

Stomp 330 EC 43.5 45.9 25.4 10.2 68.06 68.06 68.06 60.29 

Topik 15 WP 101.1 119.3 21.1 64.3 78.23 78.23 78.23 78.23 

Puma Super 75 EW 109.8 124.3 11.8 69.3 74.2 74.2 74.2 74.2 

Hand weeding 85.2 105.4 35.1 50.4 76.41 76.41 76.41 76.41 

Parthenium Extract 124.2 135.2 26.2 80.2 108.22 108.22 108.22 108.22 

Weedy check 141.4 155.1 43.4 100.1 226.34 306.34 200.34 326.34 
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Appendix B1.1: Original replicated data for fresh weed biomass (m-2) under field 

       studies during 2012-13 and 2013-14. 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

581 523 628 563 498 560 613 556 

Stomp 330 EC 598 440 545 587 509 603 556 499 

Topik 15 WP 723 771 670 756 745 619 672 715 

Puma Super 75 EW 744 789 691 899 628 628 681 724 

Hand weeding 667 710 614 715 545 548 501 544 

Parthenium Extract 679 721 626 724 670 675 708 671 

Weedy check 851 894 698 744 691 678 701 674 

Dual Gold 960 EC  

 

 

 

70 

613 555 460 571 523 551 460 556 

Stomp 330 EC 533 475 480 574 440 412 480 574 

Topik 15 WP 759 801 706 694 771 798 706 694 

Puma Super 75 EW 771 813 718 655 789 681 718 655 

Hand weeding 682 624 629 541 710 598 629 541 

Parthenium Extract 721 763 668 667 721 723 668 667 

Weedy check 744 787 791 809 894 744 791 809 

Dual Gold 960 EC  

 

 

80 

613 556 560 651 563 628 613 651 

Stomp 330 EC 556 499 603 513 587 545 533 513 

Topik 15 WP 672 715 619 733 756 670 759 733 

Puma Super 75 EW 681 724 628 759 899 691 771 759 

Hand weeding 501 544 548 601 715 614 682 601 

Parthenium Extract 708 671 675 682 724 626 721 682 

Weedy check 701 674 678 721 744 698 744 721 

Dual Gold 960 EC  

 

 

90 

551 494 498 544 544 494 555 581 

Stomp 330 EC 412 455 509 499 499 455 475 598 

Topik 15 WP 798 841 745 715 715 841 801 723 

Puma Super 75 EW 681 723 628 724 724 723 813 744 

Hand weeding 598 440 545 544 544 440 624 667 

Parthenium Extract 723 771 670 771 771 771 763 679 

Weedy check 744 789 691 899 899 789 787 851 
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Appendix B1.1: Original replicated data for dry weed biomass (m-2) under field  

       studies during 2012-13 and 2013-14. 

Weed management 

techniques 

S
ee

d
 r

a
te

s 
  
 

(k
g
 h

a
-1

) 

2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

202.42 229.23 174.15 271.23 223.51 223.51 169.56 188.79 

Stomp 330 EC 201.56 241.87 188.97 231.11 208.34 208.34 208.98 215.33 

Topik 15 WP 219.78 251.23 293.34 197.49 294.33 294.33 186.45 261.33 

Puma Super 75 EW 289.78 220.23 265.78 206.21 224.44 224.44 156.06 220.11 

Hand weeding 196.91 223.51 169.02 179.67 155.76 155.76 161.46 225.56 

Parthenium Extract 271.23 298.34 361.46 182.99 244.34 244.34 339.33 231.76 

Weedy check 271.11 294.33 239.55 188.79 278.94 278.94 321.44 309.09 

Dual Gold 960 EC  

 

 

 

70 

197.49 224.44 169.56 188.79 169.56 169.56 208.94 202.42 

Stomp 330 EC 206.21 155.76 208.98 215.33 208.98 208.98 215.14 201.56 

Topik 15 WP 219.67 244.34 186.45 261.33 186.45 186.45 190.22 219.78 

Puma Super 75 EW 182.99 208.94 156.06 220.11 156.06 156.06 281.44 289.78 

Hand weeding 188.79 215.14 161.46 225.56 161.46 161.46 248.31 196.91 

Parthenium Extract 245.33 250.22 339.33 231.76 339.33 339.33 251.98 271.23 

Weedy check 261.33 281.44 321.44 309.09 321.44 321.44 208.94 271.11 

Dual Gold 960 EC  

 

 

80 

220.11 148.31 190.62 223.51 174.15 229.23 188.79 197.49 

Stomp 330 EC 225.56 201.98 197.56 208.34 188.97 241.87 215.33 206.21 

Topik 15 WP 231.76 261.11 201.23 294.33 293.34 251.23 261.33 219.67 

Puma Super 75 EW 209.09 236.53 180.36 224.44 265.78 220.23 220.11 182.99 

Hand weeding 215.76 243.97 186.57 155.76 169.02 223.51 225.56 188.79 

Parthenium Extract 189.45 218.32 178.45 244.34 361.46 298.34 231.76 245.33 

Weedy check 278.22 312.44 301.33 278.94 239.55 294.33 309.09 261.33 

Dual Gold 960 EC  

 

 

90 

182.99 208.94 156.06 169.56 169.56 224.44 223.51 202.42 

Stomp 330 EC 188.79 215.14 161.46 208.98 208.98 155.76 208.34 201.56 

Topik 15 WP 245.33 190.22 199.33 186.45 186.45 244.34 294.33 219.78 

Puma Super 75 EW 261.33 281.44 221.44 156.06 156.06 208.94 224.44 289.78 

Hand weeding 220.11 248.31 190.62 161.46 161.46 215.14 155.76 196.91 

Parthenium Extract 225.56 251.98 197.56 339.33 339.33 250.22 244.34 271.23 

Weedy check 282.99 208.94 256.06 321.44 321.44 281.44 278.94 271.11 
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Appendix B1.4: Original replicated data for chickpea plant height (cm) under field 

       studies during 2012-13 and 2013-14. 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

70.9 52.9 70.3 62.2 56.5 57.1 52.0 57.1 

Stomp 330 EC 70.9 62.7 69.9 59.7 57.2 54.1 55.1 52.0 

Topik 15 WP 62.4 59.7 70.6 70.3 53.1 62.0 65.4 54.2 

Puma Super 75 EW 66.7 58.6 65.0 59.0 60.0 55.1 61.2 58.0 

Hand weeding 62.2 70.3 60.9 60.4 62.0 54.0 54.0 60.0 

Parthenium Extract 59.7 59.0 63.9 63.1 55.4 55.0 55.0 62.0 

Weedy check 70.3 60.4 70.9 62.7 54.2 52.0 56.0 61.1 

Dual Gold 960 EC  

 

 

 

70 

59.0 63.1 70.9 59.7 51.1 52.1 60.1 54.0 

Stomp 330 EC 60.4 62.7 62.4 58.6 65.0 65.4 65.4 55.0 

Topik 15 WP 63.1 59.7 66.7 69.9 54.2 61.2 61.2 57.0 

Puma Super 75 EW 59.0 58.6 70.9 70.6 58.0 65.1 54.0 61.1 

Hand weeding 70.3 65.0 70.9 65.0 62.0 64.4 54.0 65.0 

Parthenium Extract 69.9 60.9 62.4 60.9 55.1 65.0 55.0 54.2 

Weedy check 70.6 63.9 63.1 63.9 54.0 51.0 51.0 50.0 

Dual Gold 960 EC  

 

 

80 

65.0 70.9 62.7 66.3 58.4 54.0 62.1 60.0 

Stomp 330 EC 60.9 70.9 59.7 60.6 60.0 55.0 60.4 62.0 

Topik 15 WP 63.9 62.4 58.6 52.9 62.0 57.0 61.2 55.4 

Puma Super 75 EW 66.3 66.7 65.0 62.7 62.1 61.1 54.0 54.2 

Hand weeding 60.6 70.9 60.9 59.7 61.1 65.0 55.0 61.1 

Parthenium Extract 63.9 63.1 63.9 58.6 62.0 54.2 57.0 65.0 

Weedy check 66.4 62.7 70.9 62.7 55.1 58.0 62.1 54.2 

Dual Gold 960 EC  

 

 

90 

60.9 59.7 66.7 59.7 54.0 50.0 55.4 58.0 

Stomp 330 EC 67.2 58.6 70.9 58.6 55.0 54.0 60.2 57.0 

Topik 15 WP 60.3 69.9 63.1 69.9 57.0 55.0 54.0 62.1 

Puma Super 75 EW 67.0 70.6 62.7 62.7 61.1 57.0 55.0 65.4 

Hand weeding 70.9 65.0 59.7 67.2 65.0 61.1 57.0 61.2 

Parthenium Extract 66.7 60.9 58.6 66.6 54.2 65.0 62.1 54.0 

Weedy check 70.9 63.9 69.9 67.6 51.0 50.2 45.4 51.0 
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Appendix B1.5: Original replicated data for number of branches plant -1 in chickpea 

                 under field studies during 2012-13 and 2013-14. 

 

 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

5.7 5.1 4.2 4.3 5.2 4.6 5.2 5.2 

Stomp 330 EC 6.1 5.4 4.5 4.7 5.4 5.2 4.2 5.4 

Topik 15 WP 4.9 4.2 3.1 3.5 4.9 4.2 3.4 4.9 

Puma Super 75 EW 4.6 3.7 2.5 3.2 5.1 5.6 4.5 5.1 

Hand weeding 5.3 4.6 3.4 3.9 4.2 4.5 3.3 4.2 

Parthenium Extract 4.1 3.5 2.2 2.7 5.7 5.5 3.2 5.7 

Weedy check 3.8 3.1 1.6 2.4 3.9 3.7 4.9 3.9 

Dual Gold 960 EC  

 

 

 

70 

6.1 5.8 5.4 4.7 6.2 6.3 3.6 6.2 

Stomp 330 EC 6.5 6.1 5.7 5.1 6.1 5.6 5.8 6.1 

Topik 15 WP 5.5 5.1 4.7 4.1 5.1 5 5.2 5.1 

Puma Super 75 EW 5.2 4.3 4.5 3.8 4.3 5.2 4.3 4.3 

Hand weeding 5.8 5.4 5.1 4.4 4.9 4.3 5.2 4.9 

Parthenium Extract 5.1 4.1 4.2 3.7 6.2 4.1 5.1 6.2 

Weedy check 4.6 3.2 3.6 3.2 3.1 3.5 4.2 3.1 

Dual Gold 960 EC  

 

 

80 

5.1 4.5 3.5 3.7 5.8 4.6 6.2 3.8 

Stomp 330 EC 5.6 4.9 4.1 4.2 5.4 4.3 3.9 3.4 

Topik 15 WP 4.2 3.4 2.8 2.8 4.7 4.3 5.6 3.7 

Puma Super 75 EW 4.1 3.1 2.4 2.7 5.8 4.5 5.5 3.8 

Hand weeding 4.6 4.1 3.1 3.2 4.2 3.3 7.2 3.2 

Parthenium Extract 3.6 2.9 2.1 2.2 5.9 4.2 5.3 3.9 

Weedy check 3.2 2.5 1.6 1.8 3.9 3.3 8.1 3.9 

Dual Gold 960 EC  

 

 

90 

3.5 3.1 2.6 2.3 3.1 4.5 2.5 3.1 

Stomp 330 EC 4.1 3.4 3.1 2.9 2.9 4.3 2.6 2.9 

Topik 15 WP 2.8 2.1 1.1 1.6 3.8 4.9 2.3 2.8 

Puma Super 75 EW 2.4 2.6 1.2 1.2 2.6 4.3 2.3 2.6 

Hand weeding 3.1 3.3 2.4 1.9 2.8 3.7 2.5 2.8 

Parthenium Extract 2.2 2.6 1.6 1.1 2.3 4.9 2.3 3.3 

Weedy check 1.1 2.2 1.1 1.2 2.2 3.3 1.2 2.2 
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Appendix B1.6: Original replicated data for number of pods plant-1 in chickpea under 

                 field studies during 2012-13 and 2013-14. 

 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

36.2 37.7 38.5 37.6 36 47 49 59 

Stomp 330 EC 37.4 37.9 39.7 37.9 45 51 50 57 

Topik 15 WP 35.7 37.1 36.5 35.6 30 39 40 39 

Puma Super 75 EW 35.3 36.8 36.1 35.2 34 34 39 41 

Hand weeding 36.1 37.2 38.3 37.4 37 32 30 37 

Parthenium Extract 33.1 33.4 33.2 32.1 35 41 40 52 

Weedy check 30.1 31.2 30.6 31.2 29 24 23 25 

Dual Gold 960 EC  

 

 

 

70 

37.3 38.5 39.5 38.6 44 52 56 57 

Stomp 330 EC 39.4 39.8 40.4 38.9 46 59 58 62 

Topik 15 WP 36.4 37.9 38.6 37.7 30 33 40 36 

Puma Super 75 EW 36.1 37.5 38.4 37.5 31 40 44 41 

Hand weeding 37.1 38.1 39.1 38.2 29 19 29 34 

Parthenium Extract 33.7 35.2 35.2 35.7 36 50 46 49 

Weedy check 32.1 32.1 30.7 30.1 24 28 22 17 

Dual Gold 960 EC  

 

 

80 

31.5 33.1 33.5 32.6 32 39 35 35 

Stomp 330 EC 33.7 33.9 35.7 32.8 34 37 37 39 

Topik 15 WP 30.6 32.5 33.1 32.2 33 33 30 24 

Puma Super 75 EW 30.2 32.2 32.5 31.6 50 29 27 28 

Hand weeding 31.2 32.8 33.2 32.3 24 34 30 30 

Parthenium Extract 26.7 29.1 30.7 29.5 35 57 29 37 

Weedy check 25.6 26.1 27.4 26.1 23 27 36 31 

Dual Gold 960 EC  

 

 

90 

27.1 28.1 26.1 25.2 31 29 27 34 

Stomp 330 EC 29.3 30.6 27.5 25.6 36 31 28 31 

Topik 15 WP 25.1 27.1 25.2 24.3 21 22 31 28 

Puma Super 75 EW 24.7 26.7 24.7 23.8 34 24 33 40 

Hand weeding 26.4 27.5 25.7 24.8 28 21 29 29 

Parthenium Extract 22.6 24.3 22.7 22.7 31 30 34 31 

Weedy check 21.4 22.5 21.5 21.2 29 18 24 28 
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Appendix B1.7: Original replicated data for number of seeds pod-1 in chickpea under 

                  field studies during 2012-13 and 2013-14. 

 

 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

1.8 1.5 1.6 1.8 1.4 1.4 1.6 1.8 

Stomp 330 EC 1.7 1.7 1.7 1.8 1.8 1.6 1.8 1.6 

Topik 15 WP 1.6 1.3 1.4 1.6 1.4 1.6 1.8 1.8 

Puma Super 75 EW 1.4 1.1 1.2 1.4 1.6 1.4 1.6 1.6 

Hand weeding 1.8 1.5 1.6 1.8 1.6 1.8 1.8 1.8 

Parthenium Extract 1.2 1 1 1.2 1.4 1.6 1.8 1.4 

Weedy check 1 1 0.8 1 1.6 1.8 1.7 1.8 

Dual Gold 960 EC  

 

 

 

70 

1.9 1.6 1.7 1.9 1.4 1.6 1.8 1.4 

Stomp 330 EC 2 2 2 2 1.8 1.8 1.4 1.4 

Topik 15 WP 1.7 1.4 1.5 1.7 1.6 1.4 1.4 1.8 

Puma Super 75 EW 1.5 1.2 1.3 1.5 1.8 1.8 1.8 1.6 

Hand weeding 1.7 1.4 1.5 1.7 1.6 1.4 1.6 1.8 

Parthenium Extract 1.3 1 1.1 1.3 1.8 1.4 1.8 1.4 

Weedy check 1.1 1 0.9 1.1 1.4 1.8 1.4 1.4 

Dual Gold 960 EC  

 

 

80 

1.7 1.4 1.5 1.7 1.6 1.6 1.8 1.8 

Stomp 330 EC 1.9 1.8 1.9 1.9 1.8 1.8 1.7 1.8 

Topik 15 WP 1.4 1.1 1.2 1.4 1.4 1.4 1.3 1.3 

Puma Super 75 EW 1.4 1.1 1.2 1.4 1.6 1.8 1.3 1.3 

Hand weeding 1.7 1.4 1.5 1.7 1.6 1.4 1.4 1.4 

Parthenium Extract 1.2 1 1 1.2 1.4 1.2 1.4 1.4 

Weedy check 1.1 1 0.9 1.1 1.8 1.1 1.4 1.8 

Dual Gold 960 EC  

 

 

90 

1.6 1.3 1.4 1.6 1.6 1.4 1.4 1.6 

Stomp 330 EC 1.8 1.9 1.8 2 1.8 1.8 1.3 1.8 

Topik 15 WP 1.4 1.1 1.2 1.4 1.4 1.4 1.5 1.4 

Puma Super 75 EW 1.2 1 1 1.2 1.8 1.4 1.2 1.8 

Hand weeding 1.8 1.3 1.4 1.6 1.4 1.2 1.3 1.4 

Parthenium Extract 1.2 1.2 1 1.2 1.6 1.1 1.3 1.3 

Weedy check 1.1 1.1 1.2 1.1 1.8 1.4 1.3 1.3 



154 
 

Appendix B1.8: Original replicated data for 100 seed weight (g) of chickpea  
       under field studies during 2012-13 and 2013-14. 

 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

20.3 19.9 18.5 17.2 23.3 28.8 29.1 17.1 

Stomp 330 EC 20.7 20.4 19.7 18.4 34.1 30.4 26.3 21.6 

Topik 15 WP 18.1 19.1 17.7 16.4 21.2 26.6 18.8 19.8 

Puma Super 75 EW 17.3 19.1 17.2 15.9 21.1 28.1 20.3 22.4 

Hand weeding 18.4 19.4 18.1 16.8 18.7 23.5 22.5 17.8 

Parthenium Extract 17.1 18.6 16.4 15.1 21.1 28.1 23.8 26.1 

Weedy check 16.7 18.3 16.1 14.8 19.3 16.8 26.8 19.1 

Dual Gold 960 EC  

 

 

 

70 

22.1 20.9 20.2 18.9 25.2 26.5 31.1 27.1 

Stomp 330 EC 23.4 22.5 20.7 19.4 36.4 29.3 33.8 29.3 

Topik 15 WP 18.6 19.8 17.9 16.6 20.4 27.8 22.3 18.8 

Puma Super 75 EW 17.4 19.3 17.3 16 21.3 25.1 20.4 26.3 

Hand weeding 21.6 20.1 18.5 17.2 16.6 26.8 23.4 26.1 

Parthenium Extract 17.1 19.1 17.1 15.8 22.8 27.2 24.8 25.6 

Weedy check 16.3 17.5 16.2 14.9 15.1 21.3 22.4 11.5 

Dual Gold 960 EC  

 

 

80 

17.1 17.6 16.5 15.2 24.1 22.4 19.4 21.1 

Stomp 330 EC 17.5 18.1 17.5 16.2 24.3 22.8 32.1 19.7 

Topik 15 WP 16.3 17.1 15.4 14.1 26.1 23.8 17.8 18.3 

Puma Super 75 EW 15.5 16.9 15.1 13.8 21.6 21.2 25.1 29.2 

Hand weeding 16.8 17.4 16.1 14.8 16.5 21.2 16.8 15.7 

Parthenium Extract 15.2 16.4 14.7 13.4 29.7 23.4 27.2 23.8 

Weedy check 14.9 15.3 13.3 12 21.1 24.6 21.3 20.1 

Dual Gold 960 EC  

 

 

90 

16.8 16.1 15.2 13.9 22.2 20.1 22.4 18.8 

Stomp 330 EC 17.4 16.5 15.8 14.5 23.3 21.6 22.8 16.1 

Topik 15 WP 16.1 15.1 14.1 12.8 15.7 19.8 23.8 41.4 

Puma Super 75 EW 15.2 14.6 13.7 12.4 23.8 22.4 21.2 16.8 

Hand weeding 16.5 15.6 14.7 13.4 20.1 17.8 20.2 26.6 

Parthenium Extract 14.5 14.3 13.2 11.9 23.1 23.1 18.4 18.1 

Weedy check 13.2 14.1 11.7 10.4 18.8 19.1 24.6 19.5 
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Appendix B1.9: Original replicated data for biological yield (kg ha-1) of chickpea 
        under field studies during 2012-13 and 2013-14. 

 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

4512 4311 4321 4243 4688 4833 4776 4467 

Stomp 330 EC 4587 4386 4398 4320 4866 4521 4876 4320 

Topik 15 WP 4121 3920 4045 3967 4311 4722 4312 4022 

Puma Super 75 EW 4006 3805 3933 3855 4120 4721 4219 4006 

Hand weeding 4312 4111 4121 4043 4067 4124 4121 4067 

Parthenium Extract 3311 3110 3121 3043 5041 4955 4488 4633 

Weedy check 3067 2866 2611 2533 3477 4421 4006 4253 

Dual Gold 960 EC  

 

 

 

70 

4852 4651 4723 4645 4321 4599 4333 4621 

Stomp 330 EC 4910 4709 4776 4698 4932 4233 4267 4240 

Topik 15 WP 4723 4522 4623 4545 4266 4321 4253 4442 

Puma Super 75 EW 4710 4509 4521 4443 4210 4477 4240 4212 

Hand weeding 4818 4617 4698 4620 4367 4120 4021 4219 

Parthenium Extract 4133 3932 3611 3533 5233 4767 4742 4921 

Weedy check 3922 3721 3422 3344 4765 3722 4321 4388 

Dual Gold 960 EC  

 

 

80 

5002 4801 4896 4818 5456 4367 4876 4867 

Stomp 330 EC 5121 4920 4923 4845 5034 4906 4691 4506 

Topik 15 WP 4941 4740 4789 4711 4327 4233 4612 4433 

Puma Super 75 EW 4901 4700 4701 4623 4467 4253 4219 4421 

Hand weeding 4955 4754 4832 4754 3466 4040 4921 4533 

Parthenium Extract 4607 4406 4321 4243 5429 5321 4888 4500 

Weedy check 4211 4010 3611 3533 3096 4242 4006 4921 

Dual Gold 960 EC  

 

 

90 

5112 4911 5165 5087 5021 4691 4733 4120 

Stomp 330 EC 5145 4944 5256 5178 4912 4921 4967 4577 

Topik 15 WP 4951 4750 5011 4933 4912 4577 4421 4267 

Puma Super 75 EW 4921 4720 4989 4911 4681 4166 4233 4006 

Hand weeding 4978 4777 5087 5009 4321 4066 3999 4067 

Parthenium Extract 4811 4610 4677 4599 5432 5323 5621 5533 

Weedy check 4311 4110 3911 3833 4232 3932 3877 4421 
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Appendix B1.10: Original replicated data for seed yield (kg ha-1) of chickpea 
           under field studies during 2012-13 and 2013-14. 

 

 

Weed management 

techniques 

S
e
e
d

 r
a

te
s 

  

(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

1265 1331 1311 1363 1588.0 1431.0 1430.0 1490.0 

Stomp 330 EC 1292 1357 1016 1389 1600.0 1484.0 1490.0 1467.0 

Topik 15 WP 1121 1267 1203 1299 1320.0 1302.0 1341.0 1288.0 

Puma Super 75 EW 1054 1242 1140 1274 1380.0 1242.0 1250.0 1225.0 

Hand weeding 1184 1311 1284 1343 1100.0 1210.0 1038.0 1311.0 

Parthenium Extract 1002 1101 1073 1133 1400.0 1449.0 1400.0 1480.0 

Weedy check 961 961 1021 993 1000.0 1150.0 978.0 1251.0 

Dual Gold 960 EC  

 

 

 

70 

1285 1387 1330 1419 1590.0 1518.0 1498.0 1501.0 

Stomp 330 EC 1311 1402 1436 1434 1634.0 1651.0 1606.0 1680.0 

Topik 15 WP 1186 1345 1280 1377 1301.0 1418.0 1280.0 1501.0 

Puma Super 75 EW 1151 1321 1205 1353 1323.0 1440.0 1270.0 1323.0 

Hand weeding 1261 1367 1304 1399 1128.0 1098.0 1010.0 1008.0 

Parthenium Extract 1098 1271 1170 1303 1524.0 1400.0 1365.0 1556.0 

Weedy check 997 993 1117 1025 1090.0 1038.0 1126.0 1031.0 

Dual Gold 960 EC  

 

 

80 

1162 1181 1200 1170 1256.0 1190.0 1244.0 1451.0 

Stomp 330 EC 1187 1197 980 1186 1300.0 1266.0 1283.0 1198.0 

Topik 15 WP 1023 1054 1156 1043 1100.0 1003.0 1131.0 1076.0 

Puma Super 75 EW 1009 1019 1036 1008 1090.0 1067.0 1177.0 950.0 

Hand weeding 1143 1151 1175 1140 1030.0 903.0 1090.0 1026.0 

Parthenium Extract 996 1007 1022 996 1102.0 1259.0 1242.0 1188.0 

Weedy check 951 951 1009 940 900.0 990.0 1030.0 900.0 

Dual Gold 960 EC  

 

 

90 

1021 1039 1080 1028 1115.0 1292.0 1145.0 1515.0 

Stomp 330 EC 1067 1078 964 1067 1206.0 1153.0 1290.0 1276.0 

Topik 15 WP 971 987 1025 976 1098.0 1115.0 1100.0 1098.0 

Puma Super 75 EW 951 963 984 952 1009.0 1106.0 1098.0 1009.0 

Hand weeding 1012 1042 1034 1031 990.0 1000.0 990.0 1168.0 

Parthenium Extract 923 962 964 951 1050.0 1067.0 1098.0 1100.0 

Weedy check 904 910 936 899 951.0 950.0 810.0 1108.0 
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Appendix B1.11: Original replicated data for harvest index (%) under field 
          studies during 2012-13 and 2013-14. 

 

 

Weed management 

techniques 

S
e
e
d

 r
a

te
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(k
g

 h
a

-1
) 2012-13 2013-14 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

 

R1 

 

 

R2 

 

 

R3 

 

R4 

Dual Gold 960 EC  

 

 

60 

28.04 30.87 30.34 32.12 33.87 29.61 29.94 33.36 

Stomp 330 EC 28.17 30.94 23.10 32.15 32.88 32.82 30.56 33.96 

Topik 15 WP 27.20 32.32 29.74 32.75 30.62 27.57 31.10 32.02 

Puma Super 75 EW 26.31 32.64 28.99 33.05 33.50 26.31 29.63 30.58 

Hand weeding 27.46 31.89 31.16 33.22 27.05 29.34 25.19 32.24 

Parthenium Extract 30.26 35.40 34.38 37.23 27.77 29.24 31.19 31.94 

Weedy check 31.33 33.53 39.10 39.20 28.76 26.01 24.41 29.41 

Dual Gold 960 EC  

 

 

 

70 

26.48 29.82 28.16 30.55 36.80 33.01 34.57 32.48 

Stomp 330 EC 26.70 29.77 30.07 30.52 33.13 39.00 37.64 39.62 

Topik 15 WP 25.11 29.74 27.69 30.30 30.50 32.82 30.10 33.79 

Puma Super 75 EW 24.44 29.30 26.65 30.45 31.43 32.16 29.95 31.41 

Hand weeding 26.17 29.61 27.76 30.28 25.83 26.65 25.12 23.89 

Parthenium Extract 26.57 32.32 32.40 36.88 29.12 29.37 28.79 31.62 

Weedy check 25.42 26.69 32.64 30.65 22.88 27.89 26.06 23.50 

Dual Gold 960 EC  

 

 

80 

23.23 24.60 24.51 24.28 23.02 27.25 25.51 29.81 

Stomp 330 EC 23.18 24.33 19.91 24.48 25.82 25.81 27.35 26.59 

Topik 15 WP 20.70 22.24 24.14 22.14 25.42 23.69 24.52 24.27 

Puma Super 75 EW 20.59 21.68 22.04 21.80 24.40 25.09 27.90 21.49 

Hand weeding 23.07 24.21 24.32 23.98 29.72 22.35 22.15 22.63 

Parthenium Extract 21.62 22.86 23.65 23.47 20.30 23.66 25.41 26.40 

Weedy check 22.58 23.72 27.94 26.61 29.07 23.34 25.71 18.29 

Dual Gold 960 EC  

 

 

90 

19.97 21.16 20.91 20.21 22.21 27.54 24.19 36.77 

Stomp 330 EC 20.74 21.80 18.34 20.61 24.55 23.43 25.97 27.88 

Topik 15 WP 971 987 1025 976 22.35 24.36 24.88 25.73 

Puma Super 75 EW 951 963 984 952 21.56 26.55 25.94 25.19 

Hand weeding 1012 1042 1034 1031 22.91 24.59 24.76 28.72 

Parthenium Extract 923 962 964 951 19.33 20.05 19.53 19.88 

Weedy check 904 910 936 899 22.47 24.16 20.89 25.06 
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Pot study (B2) 

Appendix B2.1: Original replicated data for chickpea plant height (cm) as 

affected by pre and post-emergence herbicides during 2012-13 and 2013-14. 

Herbicides 

2012-13 2013-14 

R1 R2 R3 R1 R2 R3 

Dual Gold 960 EC 67 60 44 65 61 43 

Stomp 330 EC 60 60 46 61 62 50 

Topik 15 WP 52 68 48 50 65 53 

Puma Super 75 EW 60 58 55 61 60 55 

Isoproturon 500 EW 54 52 53 52 51 49 

Control 68 62 50 67 65 50 

 

Appendix B2.2: Original replicated data for chickpea number of branches plant-1 

as affected by pre and post-emergence herbicides during 2012-13 and 2013-14. 

Herbicides 

2012-13 2013-14 

R1 R2 R3 R1 R2 R3 

Dual Gold 960 EC 3 3 3 3 3 3 

Stomp 330 EC 3 2 3 3 3 2 

Topik 15 WP 4 4 3 3 4 4 

Puma Super 75 EW 6 5 3 3 6 5 

Isoproturon 500 EW 4 5 4 4 4 5 

Control 4 5 4 4 4 5 
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Appendix B2.3: Original replicated data for chickpea number of pods plant-1 as 

affected by pre and post-emergence herbicides during 2012-13 and 2013-14. 

Herbicides 

2012-13 2013-14 

R1 R2 R3 R1 R2 R3 

Dual Gold 960 EC 11 13 7 10 7 9 

Stomp 330 EC 5 8 10 6 8 10 

Topik 15 WP 7 8 12 8 8 11 

Puma Super 75 EW 8 6 13 8 9 12 

Isoproturon 500 EW 3 9 11 3 5 10 

Control 10 8 8 11 6 8 

 

Appendix B2.4: Original replicated data for chickpea number of seeds plant-1 as 

affected by pre and post-emergence herbicides during 2012-13 and 2013-14. 

Herbicides 

2012-13 2013-14 

R1 R2 R3 R1 R2 R3 

Dual Gold 960 EC 22 26 14 20 14 18 

Stomp 330 EC 10 16 20 12 16 20 

Topik 15 WP 14 16 24 16 16 22 

Puma Super 75 EW 16 12 26 16 18 24 

Isoproturon 500 EW 6 18 22 6 10 20 

Control 20 16 16 22 12 16 
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Appendix B2.5: Original replicated data for chickpea number of nodules plant-1 

as affected by pre and post-emergence herbicides during 2012-13 and 2013-14. 

Herbicides 

2012-13 2013-14 

R1 R2 R3 R1 R2 R3 

Dual Gold 960 EC 18 22 20 19 19 22 

Stomp 330 EC 16 20 18 17 16 20 

Topik 15 WP 20 21 18 18 17 21 

Puma Super 75 EW 19 23 22 20 19 23 

Isoproturon 500 EW 16 21 20 18 17 21 

Control 17 20 21 18 18 20 

 

Appendix B2.6: Original replicated data for nodules fresh weight (g) plant-1 as 

affected by pre and post-emergence herbicides during 2012-13 and 2013-14. 

Herbicides 

2012-13 2013-14 

R1 R2 R3 R1 R2 R3 

Dual Gold 960 EC 2.857 3.075 2.995 2.69 2.78 2.908 

Stomp 330 EC 2.723 2.908 2.692 2.78 3.12 2.69 

Topik 15 WP 2.995 2.69 3.075 3.12 3.676 2.78 

Puma Super 75 EW 2.692 2.78 2.908 3.676 2.995 2.78 

Isoproturon 500 EW 3.075 2.908 2.69 2.995 2.692 2.908 

Control 2.908 2.69 2.78 2.692 3.075 2.69 
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Laboratory study (B3) 

Appendix B3.1. Original replicated data for germination (%) as effected by 

different weed extracts x chickpea varieties during 2012-13. 

 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

80 90 100 100 

Phragmites australis  100 100 90 100 

Datura stramonium  90 70 80 80 

Cyperus rotundus  90 90 100 90 

Convolvulus arvensis  60 40 70 60 

Control (No extract) 100 100 100 100 

Parthenium hysterophorus  

Karak-III 

100 90 80 80 

Phragmites australis  100 110 90 80 

Datura stramonium  100 60 80 80 

Cyperus rotundus  50 70 80 80 

Convolvulus arvensis  20 20 60 10 

Control (No extract) 90 90 90 100 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

80 90 90 90 

Phragmites australis  90 100 100 100 

Datura stramonium  80 70 90 80 

Cyperus rotundus  80 60 90 80 

Convolvulus arvensis  20 30 60 70 

Control (No extract) 100 100 100 100 

 



162 
 

Appendix B3.2. Original replicated data for germination (%) as effected by 

different weed extracts x chickpea varieties during 2013-14. 

 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

70 80 100 100 

Phragmites australis  100 90 90 100 

Datura stramonium  70 60 80 80 

Cyperus rotundus  70 100 100 90 

Convolvulus arvensis  50 90 70 80 

Control (No extract) 90 100 100 90 

Parthenium hysterophorus  

Karak-III 

90 100 80 60 

Phragmites australis  90 100 90 100 

Datura stramonium  90 80 80 90 

Cyperus rotundus  60 90 80 100 

Convolvulus arvensis  30 60 60 70 

Control (No extract) 100 100 90 100 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

80 90 90 90 

Phragmites australis  60 100 100 100 

Datura stramonium  90 70 90 100 

Cyperus rotundus  90 60 90 80 

Convolvulus arvensis  100 30 60 40 

Control (No extract) 90 100 100 90 
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Appendix B3.3. Original replicated data for seedling length (cm) as effected by 

different weed extracts x chickpea varieties during 2012-13. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

2.7 3.1 2.5 2.9 

Phragmites australis  9.0 9.2 9.5 9.7 

Datura stramonium  4.8 2.7 5.2 5.0 

Cyperus rotundus  1.8 1.3 1.4 1.6 

Convolvulus arvensis  0.8 1.0 0.9 0.7 

Control (No extract) 8.5 8.9 9.9 9.0 

Parthenium hysterophorus  

Karak-III 

2.4 2.7 2.9 2.2 

Phragmites australis  9.2 9.6 9.4 9.9 

Datura stramonium  1.0 0.9 0.7 0.8 

Cyperus rotundus  1.7 1.2 1.3 1.4 

Convolvulus arvensis  0.5 0.2 0.2 0.3 

Control (No extract) 8.9 8.2 9.1 9.0 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

1.3 1.5 1.8 1.1 

Phragmites australis  11.3 12.0 11.6 11.0 

Datura stramonium  1.7 1.4 1.8 1.9 

Cyperus rotundus  0.3 0.7 0.5 0.4 

Convolvulus arvensis  2.0 2.1 2.4 2.1 

Control (No extract) 10.5 11.3 10.9 10.1 
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Appendix B3.4. Original replicated data for seedling length (cm) as effected by 

different weed extracts x chickpea varieties during 2013-14. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

2.2 1.4 0.9 1.3 

Phragmites australis  9.9 0.3 1.2 1.0 

Datura stramonium  0.8 0.9 0.6 0.9 

Cyperus rotundus  1.4 2.5 3.2 2.7 

Convolvulus arvensis  0.3 0.5 1.5 0.6 

Control (No extract) 9.0 10.2 12.0 9.9 

Parthenium hysterophorus  

Karak-III 

2.5 1.4 1.3 1.2 

Phragmites australis  9.5 9.9 9.0 9.2 

Datura stramonium  5.2 4.2 3.9 5.2 

Cyperus rotundus  1.4 1.2 1.5 1.8 

Convolvulus arvensis  0.9 0.7 1.4 1.0 

Control (No extract) 9.9 9.5 10.3 9.3 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

1.4 1.7 2,0 1.4 

Phragmites australis  11.0 11.3 12.0 9.9 

Datura stramonium  1.9 1.0 1.5 1.7 

Cyperus rotundus  0.4 0.9 1.2 1.1 

Convolvulus arvensis  2.1 1.9 1.6 1.9 

Control (No extract) 10.1 9.2 9.4 9.2 

 

 



165 
 

Appendix B3.5. Original replicated data for mean germination time (MGT) as 

effected by different weed extracts x chickpea varieties during 2012-13. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

4.63 3.22 2.20 2.50 

Phragmites australis  2.40 2.20 1.67 1.90 

Datura stramonium  2.89 2.29 2.75 2.63 

Cyperus rotundus  3.00 4.33 3.60 3.67 

Convolvulus arvensis  4.17 3.25 3.00 3.00 

Control (No extract) 2.80 2.70 2.80 2.60 

Parthenium hysterophorus  

Karak-III 

2.50 3.78 3.38 3.25 

Phragmites australis  3.20 2.55 3.22 2.63 

Datura stramonium  2.90 2.67 2.63 4.63 

Cyperus rotundus  4.60 4.57 4.50 4.13 

Convolvulus arvensis  5.50 4.50 4.83 6.00 

Control (No extract) 3.89 3.09 3.00 4.00 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

3.00 1.89 2.44 2.00 

Phragmites australis  1.56 1.90 1.80 1.60 

Datura stramonium  2.50 2.57 2.56 2.38 

Cyperus rotundus  4.25 4.50 4.11 3.75 

Convolvulus arvensis  3.00 4.00 3.50 3.00 

Control (No extract) 2.70 3.20 3.20 2.60 
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Appendix B3.6. Original replicated data for mean germination time (MGT) as 

effected by different weed extracts x chickpea varieties during 2013-14. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

5.03 3.00 3.10 2.90 

Phragmites australis  3.20 3.00 2.77 2.88 

Datura stramonium  2.89 2.29 2.75 2.63 

Cyperus rotundus  3.50 5.13 4.00 4.13 

Convolvulus arvensis  4.89 4.29 4.05 3.97 

Control (No extract) 3.10 3.60 2.90 3.50 

Parthenium hysterophorus  

Karak-III 

2.90 3.08 4.08 4.20 

Phragmites australis  4.00 3.05 4.51 3.63 

Datura stramonium  2.61 2.07 2.43 3.93 

Cyperus rotundus  4.36 4.00 4.90 4.93 

Convolvulus arvensis  6.15 4.90 4.03 5.16 

Control (No extract) 4.18 4.09 3.45 4.12 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

3.12 2.81 2.77 3.00 

Phragmites australis  1.90 1.60 1.66 1.69 

Datura stramonium  2.68 2.07 2.99 2.88 

Cyperus rotundus  4.88 4.66 4.67 3.99 

Convolvulus arvensis  4.00 4.12 3.60 3.11 

Control (No extract) 2.40 3.00 3.14 2.85 
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Appendix B3.7. Original replicated data for germination Index (GI) as effected by 

different weed extracts x chickpea varieties during 2012-13. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

1.90 2.92 5.42 4.33 

Phragmites australis  5.08 5.42 6.33 6.17 

Datura stramonium  3.25 3.17 3.00 3.25 

Cyperus rotundus  3.50 2.12 3.03 2.58 

Convolvulus arvensis  1.63 1.25 2.33 2.00 

Control (No extract) 3.75 3.92 3.75 4.08 

Parthenium hysterophorus  

Karak-III 

4.25 2.57 2.50 2.58 

Phragmites australis  3.42 5.00 3.42 4.00 

Datura stramonium  3.58 2.42 3.25 2.00 

Cyperus rotundus  1.12 1.57 1.83 1.95 

Convolvulus arvensis  0.37 0.50 1.27 0.17 

Control (No extract) 2.33 2.33 3.33 2.53 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

2.75 5.67 3.92 5.58 

Phragmites australis  6.83 5.83 7.08 7.00 

Datura stramonium  3.33 2.92 4.08 4.45 

Cyperus rotundus  2.05 1.37 2.20 2.25 

Convolvulus arvensis  0.67 0.83 1.83 2.33 

Control (No extract) 5.25 3.17 3.17 4.17 
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Appendix B3.8. Original replicated data for germination Index (GI) as effected by 

different weed extracts x chickpea varieties during 2013-14. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

3.92 2.58 5.67 2.58 

Phragmites australis  7.08 4.00 5.83 4.00 

Datura stramonium  4.08 2.00 2.92 2.00 

Cyperus rotundus  2.20 1.95 1.37 1.95 

Convolvulus arvensis  1.83 0.17 0.83 0.17 

Control (No extract) 3.17 2.53 3.17 2.53 

Parthenium hysterophorus  

Karak-III 

5.42 2.75 5.42 1.90 

Phragmites australis  6.33 6.83 6.33 5.08 

Datura stramonium  3.00 3.33 3.00 3.25 

Cyperus rotundus  3.03 2.05 3.03 3.50 

Convolvulus arvensis  2.33 0.67 2.33 1.63 

Control (No extract) 3.75 5.25 3.75 3.75 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

2.58 1.90 4.25 5.42 

Phragmites australis  4.00 5.08 3.42 6.33 

Datura stramonium  2.00 3.25 3.58 3.00 

Cyperus rotundus  1.95 3.50 1.12 3.03 

Convolvulus arvensis  0.17 1.63 0.37 2.33 

Control (No extract) 2.53 3.75 2.33 3.75 
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Appendix B3.9. Original replicated data for seed vigor index (SVI) as effected by 

different weed extracts x chickpea varieties during 2012-13. 

 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

216 279 270 274 

Phragmites australis  900 920 810 900 

Datura stramonium  450 189 400 400 

Cyperus rotundus  126 126 140 126 

Convolvulus arvensis  48 32 56 48 

Control (No extract) 850 790 890 890 

Parthenium hysterophorus  

Karak-III 

240 216 192 192 

Phragmites australis  920 1056 864 768 

Datura stramonium  80 48 64 64 

Cyperus rotundus  65 91 104 104 

Convolvulus arvensis  4 4 12 2 

Control (No extract) 792 692 702 880 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

104 117 121 112 

Phragmites australis  1017 1130 1100 1030 

Datura stramonium  144 126 162 144 

Cyperus rotundus  40 30 45 40 

Convolvulus arvensis  40 63 126 147 

Control (No extract) 1150 1000 1010 1080 
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Appendix B3.10. Original replicated data for vigor index (SVI) as effected by 

different weed extracts x chickpea varieties during 2013-14. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

192 279 121 129 

Phragmites australis  864 920 1100 1000 

Datura stramonium  64 189 162 178 

Cyperus rotundus  104 126 45 67 

Convolvulus arvensis  12 32 126 167 

Control (No extract) 702 770 1010 1045 

Parthenium hysterophorus  

Karak-III 

114 121 279 192 

Phragmites australis  1020 1100 920 864 

Datura stramonium  150 162 189 64 

Cyperus rotundus  49 45 126 104 

Convolvulus arvensis  150 126 32 12 

Control (No extract) 1080 1010 790 702 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

274 121 192 180 

Phragmites australis  900 1100 768 1100 

Datura stramonium  400 162 64 102 

Cyperus rotundus  126 45 104 55 

Convolvulus arvensis  53 126 22 123 

Control (No extract) 890 1010 890 1056 
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Appendix B3.11. Original replicated data for seedling fresh biomass (mg) as 

affected by different weed extracts x chickpea varieties during 2012-13. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

55 60 56 54 

Phragmites australis  124 130 144 104 

Datura stramonium  81 101 72 91 

Cyperus rotundus  77 54 35 67 

Convolvulus arvensis  36 38 39 54 

Control (No extract) 61 56 73 81 

Parthenium hysterophorus  

Karak-III 

40 49 50 63 

Phragmites australis  210 200 230 199 

Datura stramonium  67 63 73 89 

Cyperus rotundus  15 22 13 12 

Convolvulus arvensis  5 2 3 4 

Control (No extract) 54 48 60 50 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

39 35 32 41 

Phragmites australis  81 78 91 90 

Datura stramonium  32 41 33 28 

Cyperus rotundus  2 1.9 1.4 1.4 

Convolvulus arvensis  18 16 20 15 

Control (No extract) 75 86 90 69 
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Appendix B3.12. Original replicated data for seedling fresh biomass (g) as 

effected by different weed extracts x chickpea varieties during 2013-14. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

49 60 55 39 

Phragmites australis  200 189 124 81 

Datura stramonium  63 76 81 31 

Cyperus rotundus  15 30 54 1.1 

Convolvulus arvensis  2 6 8 8 

Control (No extract) 48 36 61 75 

Parthenium hysterophorus  

Karak-III 

56 49 49 63 

Phragmites australis  124 200 210 199 

Datura stramonium  82 63 67 76 

Cyperus rotundus  54 15 15 18 

Convolvulus arvensis  8 7 2 5 

Control (No extract) 61 48 54 60 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

50 55 39 57 

Phragmites australis  200 124 81 220 

Datura stramonium  63 81 31 77 

Cyperus rotundus  15 54 1.1 13 

Convolvulus arvensis  2 36 18 5 

Control (No extract) 48 61 75 66 

 

 



173 
 

Appendix B3.13. Original replicated data for seedling dry biomass (mg) as 

effected by different weed extracts x chickpea varieties during 2012-13. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

11.1 12.0 11.2 10.8 

Phragmites australis  24.8 26 28.8 20.8 

Datura stramonium  16.2 20.2 14.4 18.2 

Cyperus rotundus  15.4 10.8 7.0 13.4 

Convolvulus arvensis  7.2 7.6 7.8 10.8 

Control (No extract) 12.2 11.2 14.6 16.2 

Parthenium hysterophorus  

Karak-III 

8.0 9.8 10.2 12.6 

Phragmites australis  42 40 46.1 39.8 

Datura stramonium  13.4 12.6 14.6 17.8 

Cyperus rotundus  3.0 4.4 2.6 2.4 

Convolvulus arvensis  1.0 0.4 0.6 0.8 

Control (No extract) 10.8 9.6 12 10 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

7.8 7 6.4 8.2 

Phragmites australis  16.2 15.6 18.2 18 

Datura stramonium  6.4 8.2 6.6 5.6 

Cyperus rotundus  0.4 0.38 0.28 0.28 

Convolvulus arvensis  3.6 3.2 4.00 3.00 

Control (No extract) 15.3 17.2 18.2 13.8 
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Appendix B3.14. Original replicated data for seedling dry biomass (g) as effected 

by different weed extracts x chickpea varieties during 2013-14. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

9.80 12.00 11.00 7.80 

Phragmites australis  40.00 37.80 24.80 16.20 

Datura stramonium  12.60 15.20 16.20 6.20 

Cyperus rotundus  3.00 6.00 10.80 0.22 

Convolvulus arvensis  0.40 1.20 1.60 1.60 

Control (No extract) 9.60 7.20 12.20 15.00 

Parthenium hysterophorus  

Karak-III 

11.20 9.80 9.80 12.60 

Phragmites australis  24.80 40.00 42.00 39.80 

Datura stramonium  16.40 12.60 13.40 15.20 

Cyperus rotundus  10.80 3.00 3.00 3.60 

Convolvulus arvensis  1.60 1.40 0.40 1.00 

Control (No extract) 12.20 9.60 10.80 12.00 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

10.00 11.00 7.80 11.40 

Phragmites australis  40.00 24.80 16.20 44.00 

Datura stramonium  12.60 16.20 6.20 15.40 

Cyperus rotundus  3.00 10.80 0.22 2.60 

Convolvulus arvensis  0.40 7.20 3.60 1.00 

Control (No extract) 9.60 12.20 15.00 13.20 
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Appendix B3.15. Original replicated data for root length (cm) as effected by 

different weed extracts x chickpea varieties during 2012-13. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

7.8 7.27 5.16 9.27 

Phragmites australis  6.5 8.47 6.36 10.47 

Datura stramonium  6 6.17 4.06 8.17 

Cyperus rotundus  1.1 2.97 0.86 4.97 

Convolvulus arvensis  0.3 2.17 0.06 4.17 

Control (No extract) 7.7 8.67 6.56 10.67 

Parthenium hysterophorus  

Karak-III 

7.9 8.97 6.86 10.97 

Phragmites australis  14.1 15.17 13.06 17.17 

Datura stramonium  4.7 5.07 2.96 7.07 

Cyperus rotundus  1.3 2.37 0.26 4.37 

Convolvulus arvensis  1.3 2.37 0.26 4.37 

Control (No extract) 8.9 9.97 7.86 11.97 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

8.5 9.57 7.46 11.57 

Phragmites australis  11.2 10.29 8.18 12.29 

Datura stramonium  5.3 4.19 2.08 6.19 

Cyperus rotundus  4.0 2.89 0.78 4.89 

Convolvulus arvensis  0.3 0.88 1.00 2.88 

Control (No extract) 12.6 11.49 9.38 13.49 
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Appendix B3.16. Original replicated data for root length (cm) as effected by 

different weed extracts x chickpea varieties during 2013-14. 

Weed extract 
Chickpea 

variety 
R1 R2 R3 R4 

Parthenium hysterophorus   

 

 

 

 

Karak-I 

6.81 6.28 4.17 8.28 

Phragmites australis  5.51 7.48 5.37 9.48 

Datura stramonium  5.01 5.18 3.07 7.18 

Cyperus rotundus  0.11 1.98 0.13 3.98 

Convolvulus arvensis  0.69 1.18 0..93 3.18 

Control (No extract) 6.71 7.68 5.57 9.68 

Parthenium hysterophorus  

Karak-III 

6.91 7.98 5.87 9.98 

Phragmites australis  13.11 14.18 12.07 16.18 

Datura stramonium  3.71 4.08 1.97 6.08 

Cyperus rotundus  0.31 1.38 1.03 2.38 

Convolvulus arvensis  0.31 1.38 -0.73 3.38 

Control (No extract) 7.91 8.98 6.87 10.98 

Parthenium hysterophorus   

 

 

 

 

Sheenghar 

7.51 8.58 6.47 10.58 

Phragmites australis  10.21 9.3 7.19 11.3 

Datura stramonium  4.31 3.2 1.09 5.2 

Cyperus rotundus  3.01 1.9 1.22 3.9 

Convolvulus arvensis  0.69 0.77 0.09 1.89 

Control (No extract) 11.61 10.5 8.39 12.5 
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APPENDIX-C 
CALCULATIONS  FOR COST BENEFIT RATIO 

 

Appendix-C1. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced by 

   Dual Gold 960 EC during the 2012-13. 

 

Land preparation and expenditure in Rupees  
Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 

DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65 kg-1 = 60 x 65 =   Rs.  3900 
Dual Gold 960 EC 2 lit ha-1 = 2 x 600 =                           Rs. 1200  

Two labours for spray application for two days at the rate of 300/day = Rs. 600 

Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 

Total Expenditure =                                                           Rs. 41726 
 

Prevailing Market Rate 

Total Produce = 1223.3 kg 
Sale of Grain at the rate of Rs. 65 kg-1 
1223.3 x 65= Rs. 79514.5 

Gross Income=                                                                  Rs. 79514.5 
Total Expenditure =                                                            Rs. 41726 
Net Income = Rs. 37788.4 

41726  :   79514.5 
Ratio =      1      :   1.90 

 

Appendix-C2. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced by 

  Stomp 330EC for the year 2012-13. 

 

Land preparation and expenditure in Rupees  
Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  

Seed 60 kg ha-1 = Rs.65/kg = 60 x 65 =                             Rs.   3900 
Stomp 2.5 lit ha-1 = 2.5 x 650 =                                        Rs. 1625   

Two labours for spray application for two days at the rate of 300/day = Rs. 600 

Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                                           Rs. 42151  

Prevailing Market Rate 

Total Produce = 1226.2 kg 
Sale of Grain at the rate of Rs. 65 kg-1 
1226.2 x 65= Rs. 79703 
Gross Income=                                                                  Rs. 79703 
Total Expenditure =                                                          Rs. 42151 

Net Income = Rs. 37552 
   42151  :   79703            Ratio =      1      :   1.89 
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Appendix-C3. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced by 

   Topik 15WP for the year 2012-13 
 

Land preparation and expenditure in Rupees  

Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65/kg = 60 x 65 =                             Rs.   3900 

 
Topik 15WP kg ha-1 = 2 x 520 =                                        Rs. 1040   

Two labours for spray application for two days at the rate of 300/day = Rs. 600 

Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                                           Rs. 41566  

 
Prevailing Market Rate 

Total Produce = 1144.6 kg 

Sale of Grain at the rate of Rs. 65 kg-1 
1144.6 x 65= Rs. 74399 
Gross Income=                                                                  Rs. 74399 
Total Expenditure =                                                          Rs. 41566 
Net Income = Rs. 32833 

41566  :   74399 

Ratio =      1      :   1.78 

 

Appendix-C4. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced by 

   Puma Super 75EW for the year 2012-13 

 

Land preparation and expenditure in Rupees  

Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65/kg = 60 x 65 =                             Rs.   3900 

 
Puma Super 75EW lit ha-1 = 1 x 1000 =                              Rs. 1000   

Two labours for spray application for two days at the rate of 300/day = Rs. 600 

Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                                           Rs. 41526  
Prevailing Market Rate 

Total Produce = 1103.9 kg 
Sale of Grain at the rate of Rs. 65 kg-1 

1103.9 x 65= Rs. 71753.5 
Gross Income=                                                                 Rs. 71753.5 
Total Expenditure =                                                          Rs. 41526 
Net Income = Rs. 30227.5 

41526  :   71753.5 

Ratio =      1      :   1.72 
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Appendix-C5. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced by 

   Hand weeding during 2012-13. 

 

Land preparation and expenditure in Rupees  

Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65 kg-1 = 60 x 65 =                           Rs.   3900 

 
Hand weeding expenses of three men for four days for three times=  

 300 x 3 x 4 x3=                                                                  Rs. 10800                                       

Harvesting four men for two days =Rs. 300 x 4 x 2 =       Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                                           Rs. 50726 
Prevailing Market Rate 

Total Produce = 1198.8 kg 
Sale of Grain at the rate of Rs. 65 kg-1 

1198.8 x 65= Rs. 77922 
Gross Income=                                                                 Rs. 77922 
Total Expenditure =                                                          Rs. 50726 
Net Income = Rs. 27196 

    50726  :   77922  
 

Ratio =      1       :   1.53 

 

Appendix-C6. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced by 

   Parthenium extract during 2012-13. 

 

Land preparation and expenditure in Rupees  

Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65 kg-1 = 60 x 65 =   Rs. 3900 
Cost of two labours for Parthenium collection for three days = 2x 500 x 3= 3000 
Cost of two labours for Parthenium extract application = 2x 500 = 1000 
Harvesting four men for two days = Rs. 300 x 4 x 2 =    Rs.   2400  

Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
 
Total Expenditure =                                                           Rs. 43926 
Prevailing Market Rate 

Total Produce = 1060.8 kg 
Sale of Grain at the rate of Rs. 65 kg-1 

1060.8  x 65= Rs. 68952 
Gross Income=                                                                  Rs. 68952 
Total Expenditure =                                                          Rs. 43926 
Net Income = Rs. 25026 
                43926  :   68952  
Ratio =      1      :   1.56 
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Appendix-C7. Calculation of Cost Benefit Ratio ha-1 of chickpea in Weedy check  

  treatment during 2012-13. 
 

Land preparation and expenditure in Rupees  

Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65 kg-1 = 60 x 65 =                           Rs.   3900 
Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                                          Rs. 39926 

 
Prevailing Market Rate 

Total Produce = 973.0 kg 
Sale of Grain at the rate of Rs. 65 kg-1 
973.0 x 65= Rs. 63245 
Gross Income=                                                                  Rs. 63245 

Total Expenditure =                                                          Rs. 39926 
Net Income = Rs. 23319 

   39926   :   63245 
Ratio =      1       :   1.58 

 

Appendix-C8. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced by 

   Dual Gold 960 EC during the 2013-14. 
  

Land preparation and expenditure in Rupees  
Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65 kg-1 = 60 x 65 =   Rs.  3900 

 
Dual Gold 960 EC 2 lit ha-1 = 2 x 600 =                           Rs. 1200  

Two labours for spray application for two days at the rate of 300/day = Rs. 600 

Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                     Rs. 41726 

 
Prevailing Market Rate 

Total Produce = 1347.1 kg 
Sale of Grain at the rate of Rs. 65 kg-1 
1347.1 x 65= Rs. 87561 
Gross Income=                                                           Rs. 87561 

Total Expenditure =                                                    Rs. 41726 
Net Income = Rs. 45835 
41726  :   87561 
 

Ratio =      1      :   2.09 
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Appendix-C9. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced by 

   Stomp 330EC for the year 2013-14. 
 

 

Land preparation and expenditure in Rupees  
Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65/kg = 60 x 65 =                             Rs.   3900 
Stomp 2.5 lit ha-1 = 2.5 x 650 =                                        Rs. 1625   

Two labours for spray application for two days at the rate of 300/day = Rs. 600 

Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                    Rs. 42151  

 
Prevailing Market Rate 

Total Produce = 1411.5 kg 

Sale of Grain at the rate of Rs. 65 kg-1 
1411.5 x 65= Rs. 91747 
Gross Income=                                                                  Rs. 91747 
Total Expenditure =             Rs. 42151 
Net Income = Rs. 48930 

42151  :   91747 

Ratio =      1      :   2.17 

 

Appendix-C10. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced 

by Topik 15WP for the year 2013-14. 
 

Land preparation and expenditure in Rupees  

Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65/kg = 60 x 65 =                             Rs.   3900 
Topik 15WP kg ha-1 = 2 x 520 =                                        Rs. 1040   

Two labours for spray application for two days at the rate of 300/day = Rs. 600 

Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  

Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                    Rs. 41566  

 
Prevailing Market Rate 

Total Produce = 1210.8 kg 
Sale of Grain at the rate of Rs. 65 kg-1 

1210.8  x 65= Rs. 78702 
Gross Income=                                                                  Rs. 78702 
Total Expenditure =                                                          Rs. 41566 
Net Income = Rs. 37136 

41566  :   78702 
Ratio =      1      :   1.89 
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Appendix-C11. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced 

byPuma Super 75EW for the year 2013-14 

Land preparation and expenditure in Rupees  
Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65/kg = 60 x 65 =                             Rs.   3900 
Puma Super 75EW lit ha-1 = 1 x 1000 =                              Rs. 1000   

Two labours for spray application for two days at the rate of 300/day = Rs. 600 

Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                    Rs. 41526  

 
Prevailing Market Rate 

Total Produce = 1184.9 kg 

Sale of Grain at the rate of Rs. 65 kg-1 
1184.9 x 65= Rs. 77018 
Gross Income=                                                                  Rs. 77018 
Total Expenditure =                                                          Rs. 41526 
Net Income = Rs. 35492 
41526  :   77018 

Ratio =      1      :   1.85 

 
Appendix-C12. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced 

by Hand weeding during 2013-14. 

 

Land preparation and expenditure in Rupees  
Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65 kg-1 = 60 x 65 =                           Rs.   3900 
Hand weeding expenses of three men for four days for three times=  

 300 x 3 x 4 x3=                                                                  Rs. 10800                                       

Harvesting four men for two days =Rs. 300 x 4 x 2 =       Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                    Rs. 50726 

 
Prevailing Market Rate 

Total Produce = 1292.5 kg 

Sale of Grain at the rate of Rs. 65 kg-1 
1292.5 x 65= Rs. 84012 
Gross Income=                                  Rs. 84012 
Total Expenditure =                                                          Rs. 50726 
Net Income = Rs. 33286 

50726  :   84012  

 

Ratio =      1       :   1.65 
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Appendix-C13. Calculation of Cost Benefit Ratio ha-1 of chickpea as influenced 

by Parthenium extract during 2013-14. 
 

Land preparation and expenditure in Rupees  

Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65 kg-1 = 60 x 65 =   Rs. 3900 
Cost of two labours for Parthenium collection for three days = 2x 500 x 3= 3000 
Cost of two labours for Parthenium extract application = 2x 500 = 1000 
Harvesting four men for two days = Rs. 300 x 4 x 2 =    Rs.   2400  

Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
 
Total Expenditure =                                                           Rs. 43926 

 
Prevailing Market Rate 

Total Produce = 1050.0 kg 

Sale of Grain at the rate of Rs. 65 kg-1 
1050.0 x 65= Rs. 68250 
Gross Income=                                                                  Rs. 68250 
Total Expenditure =                                                          Rs. 43926 
Net Income = Rs. 24324 

43926  :   68250  

Ratio =      1      :   1.55 

 

Appendix-C14. Calculation of Cost Benefit Ratio ha-1 of chickpea in Weedy check 
treatment during 2013-14. 
 

Land preparation and expenditure in Rupees  

Ploughing two times Tractor Rs. 1100 hr-1 = 1100 x 21.66 = Rs. 23826 
DAP 2 bag ha-1 = 2 x 4000=                                               Rs.   8000  
Seed 60 kg ha-1 = Rs.65 kg-1 = 60 x 65 =                           Rs.   3900 
Harvesting four men for two days = Rs. 300 x 4 x 2 =      Rs.   2400  
Threshing expenditure for three hours, 600 hr-1 =             Rs.   1800 
Total Expenditure =                                  Rs. 39926 

 
Prevailing Market Rate 

Total Produce = 916.8 kg 
Sale of Grain at the rate of Rs. 65 kg-1 
1000.2 x 65= Rs. 65013  
Gross Income=                                          Rs. 65013 

Total Expenditure =                                  Rs. 39926 
Net Income = Rs. 25087 

   39926   :   65013 
Ratio =      1       :   1.62 
 


