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ABSTRACT 

Farmers of the rainfed areas mostly grow a single crop round the year i.e. wheat. 

Due to water shortage, low fertility of land and weeds infestation they are reluctant to 

grow more than one crop. Due to monocropping system, weeds compete with main crop 

for macro and micronutrients, soil moisture, space and solar radiation. The farmers of 

the rainfed areas control weeds by hand weeding practice which is a slow and laborious 

work practice. The farmers of these areas do not follow different cropping systems to 

control weeds and to increase the yield of their main crop wheat. Heavy tillage practices 

to conserve moisture from monsoon rains are common among the farmers, however 

such practices not only degrade the soil, but some weeds species also become dominant 

that effect yield of crops. So, the knowledge about appropriate cropping system and best 

conservation tillage practices for weeds control and wheat yield enhancement are the 

key components for rainfed areas. Currently a number of herbicides are being used to 

control weed infestation, which are water dependent and may have stress on crop plants. 

To cope with this problem of low wheat productivity due to water shortage and weeds 

infestation, a two year field experiment was conducted at University Research Farm 

Koont Rawalpindi. The study was aimed to investigate the impact of cropping systems 

and tillage practices on yield of wheat as well as on the weed density of the area. 

Different cropping systems in two years were: CS1= Wheat- Fallow – Wheat -

 Fallow, CS2 = Wheat + Brassica – Fallow - Wheat + Brassica – Fallow, CS3= Wheat + 

Chickpea- Fallow- Wheat + Chickpea –Fallow, CS4 = Wheat- Cluster bean (Green 

manuring)- Wheat- Cluster bean (Green manuring) and the tillage treatments viz; T1= 3 

cultivations (Drill sowing), T2= Mold board plough + 2 cultivations (Drill sowing), T3= 

Chisel + 2 cultivations (Bed planting), and T4= Minimum tillage + Glyphosate (Drill 
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sowing) were applied. The experiment was performed by using strip plot design with 

three replications. The effect of the treatments was investigated on weed population 

density, weed population frequency and weed dry biomass; which were converted to 

weed relative density, relative frequency, relative dry weight and summed dominance 

ratio in each crop. Data on yield and yield components were recorded accordingly. Soil 

sampling was done for soil nitrogen, soil phosphorus and soil potash. Data was analyzed 

using statistics 8.1 computer software at 5 % level of significance. The results of this 

study revealed that tillage treatment T2 along with cropping system CS3 conserved the 

soil moisture, controlled weeds dominance and enhanced wheat crop yield effectively as 

compared to rest of cropping and tillage systems. T3 along with CS3 also enhanced 

economic feasibility of the crops under rainfed condition. 
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Chapter 1 

INTRODUCTION 

Punjab, the province of Pakistan is the most populous and developed area 

accounts for 59 % in GDP and 76% of the annual grain yield (Anonymous, 2011). 

Canal irrigation system due to its vast plain land, the province has established a 

unique status in the world. Sparse desert near the border of India like Cholistan and 

the Thal are also present in this province. In addition to the unbalanced land like 

salt range and the Suleiman range also exist within the Punjab province. Cropping 

system in the province is divided into two main agricultural ecosystems, canals 

irrigated and the rainfed system, usually called Barani (drought) agro-ecosystems 

(Hamid et al., 2011). Rain-fed (Barani) agriculture, is about 15% of the total 

cropped area of Punjab province, about one-third of the wheat crop is grown every 

year, but the annual yield is still very low due to the scarcity of soil moisture, low 

soil fertility and intensive weed infestation (Ahmad, 2011). 

The region of Pothwar located about 32.5˚ N to 34.0 N˚ latitude and about 

72 E˚ to 74 ˚E longitude. Therefore, it includes the main part of Attock, Chakwal, 

Jhelum and Rawalpindi. The Pothwar region is considered to be the largest block 

of rainfed agriculture in Pakistan, includes 28% rainfed area of the Punjab province 

(ABAD, 1996). Most of the region soil is a medium texture, clay, loam, and with 

low natural fertility, lack of nitrogen, organic matter and phosphorus; however, 

with sufficient level of potash. Soil pH is in the range of 7.5 to 8.5 (Ahmad et al., 

1996). 
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In Pothwar, 70 % area is under cereals production which mainly includes 

wheat cultivation (Agricultural statistics of Pakistan, 2012).  About 80 % of the 

rainfed area of Pothwar is under fallow-wheat cropping i.e. no crop sown in 

summer season (Khan and Rizwan, 2000). The most familiar crops are wheat-

summer maize in the north and chickpea-summer fallow in the drier south (Safdar 

et al., 2002). This is the main reason of low net farms income, low cropping 

intensity and limited yield index (Arif and Malik, 2009). The present cropping 

system is not proficient in use of the rainfall (Arif, 2009). The soil moisture 

conservation techniques by year-long fallow sometimes good for planting of winter 

crops, but in case when these rainfalls are not sufficient, which mostly occur, limit 

the estimated crop yield. So, it is essential to arrange the cropping pattern in such a 

way that it follows the rainfalls of the area (Arif and Malik, 2009). The crop yield 

of rainfed areas can be enhanced by improving the yield potential of a crop and by 

growing of more than a single crop per unit area besides leaving it fallow i.e. no 

crop sown in summer (Aslam and Mehmood, 2003).  

Both agro-ecosystems in Punjab have their own cropping patterns. As the 

supply of water is ensured in canal irrigation system so the cultivation is done 

almost throughout the year. However, according to the system, temperature, 

relative humidity and water supply areas have been designated for the cultivation 

of cash crops, such as rice, cotton, corn and sugar cane (Khaliq et al., 2007). In 

each crop growing area research station has been established to provide farmers 

with research-oriented facilities. Rain scarcity in dryland agroecosystems is the 

major limitation. Thus, the short duration crops, such as chickpeas, peanuts, barley 

and millets are only the best crops under this ecosystem (Naz et al., 2010). 
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Based on mode of irrigation system and cultivation method of the crops, 

weeds spectrum is also significantly different in the two agro-ecosystems. The 

changes in the spectra of two agro-ecosystems in the weeds can be regarded as an 

important reason of difference in irrigation method (Razak et al., 2002). Macro-and 

micronutrients, soil moisture, space and solar radiation are the main components 

for which the crop and weed competition occurs. They act as alternate hosts of 

several insect-pests and diseases. They weaken crop quality and reduce quantity of 

agricultural products significantly (Lehoezky and Reisinger, 2003). They also 

retard the cultural operations; hinder the cultivation, hoeing, spraying, irrigation 

and harvesting of crops. They clog irrigation canals, reduce the efficiency of the 

irrigation system. Some weeds also release toxic chemicals (allelo chemicals), 

which hinder the growth and development of the crop (Jabeen and Ahmad, 2009). 

Therefore, the farmers spend more money for weeds control than other inputs to 

improve their crop yields and to reduce infestation by weeds in cultivated fields. 

Some herbicides are used to control the spread of weeds in arable fields (Marshall, 

2001).  

For rainfed areas of Pakistan wheat is the only crop which is grown by the 

farmers of rainfed areas for their domestic use. Because of the shortage of water, 

farmers are reluctant to grow other crops. Reduced tillage practices as compare to 

chiseling and other deep tillage practices performed for a longer period of time 

suppress the plant growth due to formation of compact soil layer which reduces the 

root penetration in soil (Lima et al., 2010). Improve cropping and tillage systems 

performed for a long time can alter the soil physical, chemical and biological 

characteristics which ultimately enhance the yield of the different crops. (Jin et al., 
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2011). 

Soil preparation is an important aspect for proper crop production and there 

are different methods for field preparation out of which ploughing has been related 

with good crop production (Lal et al., 2015). In arid and semi- arid regions deep 

tillage contributed to higher soil organic carbon, in addition to enhanced surface 

soil protection from erosion, more biomass production and better general nutrient 

status as compared to conventional tillage (West and Post, 2014). Beside advances 

in weed control method they retained their rank as the most damaging of crop pests 

because weed communities have the capabilities to adapt in the adverse conditions, 

to control them appropriate cropping systems are the key components (Tabaglio et 

al., 2013). As a general approach the development of cropping systems along with 

appropriate tillage systems help crops to compete with weeds (Zhang et al., 2015).  

By reducing fallow wheat period and use of reduced tillage or no-tillage 

cropping systems, producers can grow alternative crops such as oilseeds, pulses 

and forages (Zentner et al., 2002). This has good potential for enhancing cropping 

yield diversifying cropping system in semi-arid areas (Krupinsky et al, 2006). By 

understanding the interaction of crops and management practices, practical, 

efficient and cost-effective cropping systems are the key components to stabilize 

crop production and to minimize the harmful effects of the environment (Hanson et 

al., 2003). Correct sequencing of crops can emphasize the positive synergistic 

interaction between crops, increased precipitation use efficiency, reduced potential 

pest problems, and can give sustainability to farming system (Tanaka et al., 2005). 

The changes in the crops system can increase the yield of cereal crops such as 

wheat.  
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By adaptation of appropriate cropping system of broadleaf crops, more 

wheat yield can be increased by 20% compared with wheat-fallow-wheat in wide 

range areas of North America, Northern Europe, and Australia (Kirk Gardner et al., 

2004). In general, the performance of crop seeded in the residue is found poor 

when compared with the following different crops (Johnston et al., 2005). Crop 

system / rotation combination with other management practices can be one of the 

most effective and the cheapest way to manage a large number of plant diseases 

(Dayton et al., 2003). In rainfed areas different cropping and tillage systems if 

performed properly can enhances the different crops yields, soil organic matter, soil 

nitrogen and water use efficiency. Whereas, mono cropping and heavy tillage 

operations promotes poor crops yield and weeds infestation (Mohammad et al., 

2012). Good crops yield, better income of farmers, soil fertility and weeds 

suppression in rainfed regions can be achieved by doing conservation tillage 

practices (Khalid et al., 2013). 

Use of different cropping systems for the aim of improving integrated weed 

management need a good understanding of weed dynamics and impact of crop and 

soil related parameters on weed life cycles (Walkley and Black, 2014). From many 

decades weed flora have changed, because of using different management 

techniques, due to this there is a need to adapt such method of cropping systems 

which decrease their population (Walia, et al., 2014). 

Up till now cultivation of the soil been achieved by the use of traditional 

equipments such as plough which causes, degradation of soil and leads to soil 

structure breakdown, resulting in low levels of fine particles of soil compaction and 

removal of soil organic matter (SOM). Such soils lead to desertification due to soil 
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loss through water and wind erosion as observed in USA in the 1930s (Biswas, 

1984). This process can take place directly and indirectly due to a wide range of 

environmental issues. In the United States, in order to combat soil erosion and 

water conservation, technologies were development known as the "conservation 

tillage" (CT), which relates to soil management practices to minimize the 

destruction of soil structure, composition and natural biodiversity, thereby 

minimizing erosion and degradation, and water pollution (Anonymous, 2001). Now 

conservation tillage practices commonly are used where rainfall leads to soil 

erosion and soil moisture is saved with these practices. Conservation tillage 

practices are now being implemented on 45 million hectares worldwide specifically 

in North and South America (FAO, 2001), but now these practices are also used in 

the other semi-arid and tropical regions of the world (Lal, 2000).  

Cropping system or arrangement of crops, affect the crop yield and the term 

is known as “rotation effect." For example, the rotating pearl millet (Pennisetum 

glaucum) with cluster beans (guar) gave higher pearl millet production in India, 

(Praveen et al., 1997) as compared to monoculture. In Minnesota, cropping system 

of soybean crops improved the yield at least 15% of corn (Zea mays) (Crookston et 

al, 1991) when compared with the monoculture system. Intercropping of beans 

with staple cereal in sequential cropping system increased and sustained the 

profitability of both crops (Higgs et al., 1990). The benefits of this system of 

farming includes nitrogen-fixing legumes (Hargrove et al., 1983), dicotyledonous 

crops (Krishnan et al., 1990), crop diversification (Zentner and Campbell, 1988), 

weeds control and diseases and pests cycle disturbance. It also improves soil tilth 

by reducing rainfall runoff and erosion (Higgs, 1990). 
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Addition of beans in cropping system may lead to a beneficial effect greater 

than in soil. These effects are; erosion control, reduced loss of water and nutrients, 

increased cation exchange capacity and nutrient inputs (Gilles, 2001). Positive 

impact of legume / cereal sequence may also lead to a reduction in pests and 

diseases (Francis and Clegg, 1990) improves the soil structure (Peoples and 

Craswell, 1992), enhances P content in legume rhizosphere by acid secretion 

(Schlecht et al., 2006) and enhances arbuscular mycorrhizaal colonization 

(Harinikumar and Bagyaraj, 1988). 

One of the key challenges in the 21st century is the development and 

production of sufficient quantities of food, while protecting environmental quality 

and economic for well-being of rural communities (Foley et al., 2011). In the past 

half-century, the traditional methods of crop production was heavily dependent on 

chemical fertilizers and pesticides to increase production, but they also resulted 

decline in water quality, the threat to human health and wildlife (Rohr and McCoy, 

2010). Now attention is being paid towards the development of the crop production 

system and to improve the efficiency of resource use in more emphasizing way on 

environment (Tillman et al., 2002). Less attention has been paid to the 

development of better methods of pest management and especially weeds control. 

Now the diversified cropping systems and developing the other desirable 

agricultural ecosystem processes as a means to control the weed population 

dynamics are being invented (Lieberman and Staver, 2001). 

 Water usually in the dryland crop production in semi-arid environment is 

the most limiting factor (O'Leary and Connor, 1997), and traditionally its storage in 



8 

 

 

 

summer fallow can increase the soil moisture for winter crops. Summer fallow is 

inefficient water storage practice, with only about 25% of the precipitated storage 

efficiency. Intensification of crop production reduces the duration of summer 

fallow and provides more proficient use of scarce water resources in the arid 

Central Great Plains (Farah Hani et al., 1998). Use of no-till system is perhaps the 

most important factor of efficient water use utilization in intensive crop production 

for semi-arid areas (Hatfield et al., 2001). 

Soil tillage directly influences soil process, soil properties and sustainable 

development of agriculture. Soil tillage has an important and sustainable impact on 

the environment, such as on cropping system. Conservation Tillage Information 

Center defined the conservation tillage as any tillage and planting system that 

covers 30 percent or more of the soil surface and reduces the soil and water erosion 

by maintaining the crop residue after planting (CTIC, 2004). 

By knowing above mentioned information, it is hypothesized that the 

cropping system and different tillage practices may prove an effective way of 

sustainable weed control, crop production especially of wheat and soil water 

conservation in pothwar region which are prone to water shortage. To investigate 

this hypothesis, a two-year comprehensive field study was carried out at University 

Research Farms, Chakwal Road Rawalpindi. 

     Objectives of the study were:  

 To conserve moisture of monsoon rainfalls by adopting different cropping 

systems in combination with different tillage systems. 
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 To investigate the effect of cropping systems on economic yield of crops. 

 To study the effect of different cropping systems in combination with 

different tillage systems on weed flora. 

 To provide more income to farmers of the area by suggesting them the most 

appropriate cropping and tillage system. 

 To enhance soil nutrients contents by different cropping systems. 
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Chapter 2 

REVIEW OF LITERATURE 

Lensson et al. (2006) conducted a field test crops from 1998 to 2003, to 

compare the productivity and water use in traditional farming systems and zero 

tillage system. In all systems wheat was present, two systems had field pea, while 

lentil, chickpea, yellow mustard, sunflower, and safflower were included in other 

with wheat. Growing season precipitation was below average in most years, 

resulting in significant drought stress on the fallow crop as compared to the crops 

which were not following fallow period. Planting on soil having already soil 

moisture; water use and yield of spring wheat was generally better having the 

summer fallow than the sequence of wheat follow wheat. Water use of the wheat 

having summer fallow was greater than chickpeas or yellow mustard which do not 

follow summer fallowing. Performance of the field pea was compared to all 

alternate crops and having the yield comparable to those spring wheat-fallow-

wheat. Chickpeas, lentils, yellow mustard, safflower, sunflower did not perform 

well, and has not adapted to this region, at least a period of below-average in 

precipitation. Instead of drought conditions, zero-tillage provide the more amount 

of water at sowing time as compared to the conventional tillage practices followed  

summer fallow. 

Adam et al. (2012) conducted a field study from 2003-2011 in Iowa, 

including three distinct systems differ length of crop sequence and inputs by 

comparing with a conventional system managed for 2-year crop rotation (maize-

soybean) by applying the fertilizers and herbicides at the rates which were 
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comparable to those of nearby farms with addition of two more cropping systems, 

one of them has three-year rotation (corn, soybeans, small particles + red clover) 

and the other have four-year rotation (corn, soybean, small grain + alfalfaclover, 

alfalfa) under the synthesis of N fertilizer and herbicide inputs and regular cow 

dung application. Grain yield, the quality of the harvested products, and profits 

were similar or in some cases greater under diverse system as compared to the 

conventional system, although reducing. In all systems weeds were suppressed 

effectively, but the toxicity of freshwater under diverse systems was two times 

lower as compared to conventional system. The results of this study showed that 

under the more diversified cropping systems, small amount of synthetic agricultural 

inputs used were the powerful tool to adjust agro-ecological system, as compared 

to less diversified cropping systems. 

Pedersen and Joseph, (2004) found the benefits of soybean (Glycine max) 

production when rotating with maize (corn). The purpose of their study was to 

determine effect of cropping system and tillage practices on soybean yield 

production. A field experiment was conducted for two years by using conventional 

tillage and no-tillage practices with seven different cropping sequences of corn and 

soybean. Data were recorded at physiological maturity from the plots of first-year 

soybean grown after 5 years of consecutive corn and it was found that in plots of 

rotated soybean, averaged 8% more soil moisture content was observed. Dry matter 

contents of each plant were 17% more than the remaining five rotation sequences 

of consecutive corn growing plots. In conventional tillage practices soil moisture 

content was 6% greater and enhancement in leaf area index was 5% as compared to 

no-tillage operations. In 2000, it was found that leaf area index was 29% greater for 
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the first-year soybean grown after 5-years of corn continuous growing. In leaf area 

index, no significant differences were observed in each in 2001 rotation. Soybean 

plants were 6% taller under first-year and second year rotation after 5-years corn as 

compared to the other remaining four rotation sequences. In the first year of 

soybean, soybean plant grow 6%, 5 years after the second year of the corn, soybean 

and rotated each year than any other soybean rotation. In no-till average was 6% 

more dry matter accumulation and 7% taller as compared to the traditional farming 

systems of plants. These findings showed that the growth and development occured 

under different cropping systems and by the use of different tillage practices. These 

changes also affected the yield of other crops as well as corn-soybean yield 

enhancement.  

Upendra et al. (2006) reported that to increase the C storage and to improve 

soil quality long-term management practices are required. By working in Dooley 

sandy soil (fine-loamy, mixed and fragile soil) in Eastern Montana and by checking 

the cropping systems and tillage impact on dry land farming, it was found that the 

long duration management practices were required to enhance the soil C fraction at 

the depth of 0 to 20 cm. The following treatments were used to conduct the 

experiment, fall- and spring-tilled continuous spring wheat (FSTCW), no-till 

continuous spring wheat (Triticum aestivum L.) (NTCW), spring-tilled continuous 

spring wheat (STCW), fall and spring-tilled spring wheat–barley (Hordeum 

vulgare L.) (1984-1999) followed by spring wheat–pea (Pisum sativum L.) (2000–

2004) (FSTW-B/P), and spring tilled spring wheat–fallow (STW-F). Carbon 

component of soil includes organic carbon (SOC), particulate organic carbon 

(POC), soil inorganic carbon (SIC), microbial biomass carbon (MBC), and 



13 

 

 

 

potential carbon mineralization (PCM). Crop biomass average increase 53-66% in 

NTCW, STCW and FSTCW than in STW-F. Residues and C content in the soil 

surface in 2004 were 46-60% more in STCW, NTCW FSTCW compare to STW-F.  

Fahad et al. (1982) confined the soil aggregate water stability, water 

retention and the infiltration rate characteristics in four-year cropping  system on 

Sharpsburg silty clay loam soil under the cropping systems of soybean (Glycine 

max L.), corn (Zea mays L.), sorghum (Sorghum bicolor L.) and fallow, by 

following the different  cropping system combinations. Geometric mean diameter 

(GMD) was the factor to determine the influence of cropping system on water 

stability of soil aggregates. For soybean GMD rank order was: soybean after fallow 

> soybean after sorghum > soybean after corn > continuous soybean. Continuous 

soybean cropping showed the negative effect on soybean roots and degradation of 

stable soil structure stability. Four hours after water application total infiltration 

rate was 6, 13, 29, and 41 cm for continuous soybean cropping, sorghum after 

soybean, fallow after soybean, and corn after sorghum, respectively. Low 

macroporosity have less infiltration rate and soil aggregate stability was also less.  

Asefa et al. (2004) conducted the four multi-factor crop management trials 

in 1992 in highland of south-eastern Ethiopia. Two experiments were based on the 

traditional ox-plow while the other two experiments were based on mechanized 

tillage. Four long term experiments influence was checked on wheat grain yield, 

tillage and cropping systems, crop residue management and the damages caused by 

the weed (Bromus pectinatu) in comparison with partial removal and complete 

dominance of stubbles. Among the crop residue management treatments, stubble 
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burning enhanced the grain production of wheat and reduced the damages caused 

by Bromus weed in comparison with partial removal and complete retention of 

stubble on the surface of the soil. Conventional tillage enhanced the wheat grain 

production and decreased the Bromus weed in comparison with reduced and zero 

tillage. Faba bean (Vicia faba) cropping with in a  sequence of faba bean–wheat–

wheat enhanced the wheat yield and reduced the damages of Bromus weed 

specifically in the first wheat crop which followed faba bean. Significant factor 

interactions showed that the damages of B. pectinatus in wheat crops production 

can be controlled in reduced tillage practices by burning of crop stubble and by 

adopting crop rotation with faba bean. 

Ozpinar (2011) compared the Shallow rototiller and chisel tillage or 

reduced tillage systems (no-till) with the traditional plow tillage by using 

mouldboard plow in semi-arid regions of the Mediterranean climate. Field trials 

were performed to findout the weed density and profitability of cropping systems 

from 2004-2009 in cropping system of winter wheat (Triticum aestivum L.) -winter 

vetch (Vicia sativa L.) and winter wheat-winter vetch/summer maize (Zea mays 

L.). The results showed that the rototiller significantly increased the total density of 

weeds, in comparison with mouldbourd plow upto 72% in maize and 58% in vetch, 

total weed density was equal in all tillage systems. The corn yield was significantly 

higher in rototiller and the lower in chisel plow as compared to mouldboard plow. 

No significance difference was observed between the two farming systems for 

wheat yield. Chisel and mouldboard plough in last five years growing seasons 

showed the highest yield of vetch but in first three growing seasons there were no 

significant differences in production among all tillage systems. Based on market 
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profit, total margin over production costs were significantly greater for rototiller in 

wheat and maize as compared to mouldboard plough by 20.7% in wheat and 15.3% 

in maize. Chisel plow and rototiller have equal cost of production which was lower 

than conventional plough. Chisel plowing had a gross margin equal to mouldboard 

plough, but greater than rototiler, in both the vetch planting seasons. Time savings 

in vetch was 43% in rototiller and 47% in chisel plowing as compared with 

plowing of these two in wheat. The time saving of rototiller in vetch and maize 

was, 46% and 50%, and 28% and 32%, respectively, by using chisel plough. 

Rusu et al. (2011) found the influence of the conventional tillage practices 

in comparison with the minimum tillage, on soil properties, grain production and 

on weed control in maize (Zea mays L.), soya-bean (Glycine hispida L.) and winter 

wheat (Triticum aestivum L.) by performing three years crop rotation. The use of 

reduced soil tillage practices for three years crop rotation of maize, soya-bean and 

wheat favours the increase of average hydro stability with 5.6-7.5% for a depth of 

0-20 cm and 5-11% for a depth of 20-30 cm. Minimum tillage systems such as the 

paraplow, chisel or rotary grapes are the basic substitute of conventional tillage 

practices for seed bed preparation, sowing of crop and soil structure maintenance 

and optimization techniques for soil fertility maintenance. The survey results 

showed that the higher yield is the output of good soil tillage practices and soil 

properties to ensure the impact in enhancement of planting density and weed 

control system. By doing minimum tillage practices in winter wheat have proved 

itself to be the best option to replace conventional tillage practices in term of yield 

and quality enhancement when it followed chisel and paraplowing as the reduced 

tillage practices.  
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Mishra and Singh, (2012) conducted a 3-year field experiment from 2006-

2009 to check the effect of four tillage systems i,e. zero tillage (ZT) in rice and 

wheat, conventional tillage (CT) in rice and wheat, and two rotational tillages that 

were between CT and ZT. By using three weed management levels i. e. weedy 

check, (herbicide + 1 hand weeding) and recommended herbicide in rice–wheat 

cropping system. Barnyard grass (Echinochloa colona L.) and rice flal sedge 

(Cyperus iria L.) densities increased under continuous ZT in rice but there was a 

reduction in wild oats (Avena ludoviciana L.) and lambsquarters (Chenopodium 

album L.) population in wheat crop. Densities of E. colona, C. iria and sessile has 

significantly decreased by applying Pendimethalin and 2, 4-D, but these two did 

not control pink node flower in rice crop. In wheat, clodinafop propargyl and 2, 4-

D highly controled the weed densities of A. ludoviciana, but it showed no influence 

on toothed burclover. Significantly greater yield has been shown by continuous ZT 

in fields of rice (2.94 Mg ha
_1

), wheat (4.45 Mg ha
_1

) and rice–wheat system (7.39 

Mg ha
_1

) as compared with continuous CT which showed only a increase of 2.35 

Mg ha
-1

 in rice, 3.86 Mg ha
-1

 in wheat and 6.21 Mg ha
_1

 in rice-wheat cropping 

system. Weed seed densities were significantly higher in soil sampled taken from a 

depth of 0–20 cm under the continuous zero-tillage system. Under continuous ZT, 

weed seed population was 165 weeds 500 g
_1

 soil and under CT system this 

population was 101 weeds 500 g
_1

 soil, which was greater than rotational tillage 

whose weed densities population was 71–85 weeds 500 g
_1

 soil. The weed densities 

population C. iria, A. ludoviciana and M. hispida significantly decreased by using 

rotational tillage systems as compared to continuous ZT or CT. in herbicides 

applying crops total weed seed density was 66% lesser as compared to untreated 
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herbicides plots. By using recommended herbicide weed control was more 

efficiently controlled under continuous ZT system. These results also showed that 

crops grown by using zero tillage system saved excessive labour and energy 

consumption as compared to conventional tillage system based on rice–wheat.  

Buletn et al. (2012) studied the different tillage practices influence on 

sesame crop grown after wheat (Triticum aestivum L.) in Aksy, Antalya and 

Turkey during 2008 and 2009. The experiment was done on three sesame cultivars 

including Muganli-57, Ozberk and Golmarmara by using no-tillage sowing into 

wet soil (NTW), no-tillage sowing into dry soil (NTD), reduced tillage (RT), and 

conventional tillage (CT). In the no-tillage system, the field was only planted for 

one time by applying stubble into the soil. In the reduced tillage method, the soil 

was not disturbed too much and the field was plowed only once by using powered 

rotary tiller. In conventional tillage, mouldboard plow was used one time and disc 

harrowing was done two times including leveling of field. Two years data recorded 

on seed production showed the highest yield of about 855.2 kg ha
-1

 performed 

under reduced tillage method as compared to no tillage method with yield of only 

413.0 kg ha
-1

. RT and CT methods gave the higher production as compared to no-

till methods. RT and CT also gave positive results to flowering when data recorded 

after 50 % emergence of flowers, number of seeds per capsule, plant height, stem 

length and number of capsule per plant. In no-tillage methods fuel consumption 

was lowest i,e. 7.5 L ha
-1

 while RT consumed 26.4 L ha
–1

 and CT 71.5 L ha
–1

. No-

tillage method gave the higher energy savings and lesser input cost but in yield 

production this method was behind to RT and CT. Fuel utility, inputs, and seed 

yield were most economical under RT method. So, the RT method was approved to 
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the farmers with growing of sesame after wheat to get the highest profit on output. 

Bernhard (2001) conducted a field experiment in Swiss midlands on sandy 

loam and loamy soil to determine the effects of conventional tillage system (CT) by 

using moldboard plow, no-tillage system (NT) without any soil disturbance and a 

minimum tillage system (MT) by using chisel plow in a winter wheat - oilseed rape 

- winter wheat - maize cropping . Stubble tillage was not used in all tillage systems 

and crop residues were not disturbed on soil. The experiment was carried out to 

know the influence of tillage systems, influence on weed densities control by using 

chemical and influence of tillage systems on the prevalence and distribution of soil-

applied herbicides. In winter wheat and maize Pre- and post-emergence herbicides 

were applied. In winter wheat, the prevalence of weed densities followed the 

preceding crop was as; NT < MT < CT after maize and CT < MT < NT after 

oilseed rape, so on average NT tillage was the best. Weed population was the 

lowest under no tillage practices by using no herbicide treatments in maize as 

compared to CT and MT. In NT only Epilobium and Sonchus arvensis weed 

species were dominant whereas broadleaved species were dominant in MT and CT. 

It was also found that post-emergence weed control was more effective than pre-

emergence weed control without considering tillage system. In maize, pre-

emergent atrazine and metolachlor were applied. Contents of metolachlor and 

atrazine were found in lesser quantity under 0 - 10 cm soil layer in NT as compared 

to MT and CT. Herbicide contents under 10 - 30 cm soil layers were greater in NT 

during the first four weeks but higher in the other tillage treatments. At the end of 

the season, herbicide contents were low in all tillage systems. So, it was concluded 

that atrazine and metolachlor leached slowly but equal in all three tillage systems.  
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Riaz et al. (2006) compared various methods of weed controls (chemical, 

mechanical, and hand weeding) by using different cropping systems (wheat-

legume-wheat, wheat-fallow-wheat; wheat-corn-wheat) to check their influence for 

controlling various weed species. In chemical weed control, isoproturon was 

applied on weeds at 2 - 3 leaf stage with one hand weeding after 50 days of crop 

planting (WC6) under wheat-mungbean- wheat cropping system provided positive 

results. These results were closely related with mechanical weeding which was 

done after 20 days of crop planting and also followed by hand weeding done after 

50 days of  WC5, two hand weedings after 20 and 40 days of crop planting (WC2). 

These practices of weed control significantly affected the yield of wheat and its 

different components during both of the years. The economic analysis showed that 

(chemical weed control at 2 - 3 leaf stage of weeds + hand weeding at 50 DAS) 

proved itself to be the best method to weeds control as compared with other 

methods under different cropping systems.  

Krishna and Charles, (2009) determined the influence of glyphosate on 

density of purple nutsedge in glyphosate resistant (GR) corn and soybean. Separate 

experiments were performed on corn and soybean in no tillage system. Experiment 

was laid out in a split-plot design with treatments in randomized complete block 

design. Herbicide was applied in main plots at at 1.68 kg ae/ha and in subplots 

glyphosate was applied in some plots while some were untreated, three replications 

were used. Glyphosate applied in (GR) corn in autumn decreased the purple 

nutsedge density upto 40 to 67% as compared to no glyphosate application during 

the whole growing season. Glyphosate applied on purple nutsedgduced reduced the 

density upto 48% during the first year of crop growing, 92% during the second year 
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and 100% in third year as compared to no herbicide application, but it did not 

affect the corn yield due to its resistance capacity. Glyphosate applied in soybean 

decreased the purple nutsedge shoot density upto 64 to 83% as compared to no 

glyphosate application during 3 years. Glyphosate application decreased the purple 

nutsedge density upto 81% in 2005 and 100% in 2006 and 2007 when applied in 

GR soybean as compared to no herbicide application. Yield of soybean in 2005 

was similar but in 2006, 2007 it was greater upto 18-34 %. These results showed 

that in corn soybean under no tillage cropping system purple nutsedge density 

could be decreased by applying glyphosate.  

Al-Kaisi et al. (2005) stated that for maintaining agriculture production, 

total nitrogen content (TN) and soil organic carbon (SOC) play very significant 

role. To know the impact of cropping and tillage systems on TN and SOC, three 

experiments were conducted within soil depth of 0-30 cm in Iowa. First experiment 

included no-tillage and chisel ploughing treatments in corn-soybean cropping 

system. Whereas, second experiment included chisel ploughing, no- tillage, strip 

tillage, moldboard ploughing and deep ripping, while the third one included no 

tillage treatment under corn-soybean-alfalfa and smooth bromegrass- switchgrass 

cropping system. The results of the experiment showed that tillage treatments did 

not show significant effects on SOC and TN content as compared to no-tillage 

treatment whereas the cropping diversity have significant effects on C and N 

sequestration within reduce tillage treatments.  

 Calegari et al. (2008) performed a 19 years experiment under winter cover 

crops system to compare conventional tillage (CT) and no tillage (NT) systems in 

Southern Brazil. After 19 years results indicated that in upper soil layer (0-10 cm) 
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6.84 Mg C hec
-1 

was present which was 64.6 % more than CT. While in soil layer 

(0-20 cm) NT and CT fixed 1.24 Mg C and 0.96 Mg C hec
-1

 year
-1

,
 
respectively. 

Under 40 cm soil depths the lowest SOC was present in fallow fields as compared 

to other winter treatments. The NT and CT effects were also investigated in 

soybean and maize crop which showed that maize and soybean grain yields 

increased 6 % in NT and 5 % in CT. So, the overall results indicated that the NT 

treatments with cover crops was the best practice as compared to CT treatments 

with fallow cropping season. 

 Takim and Fadayomi, (2010) investigated the tillage and cropping system 

effects on weed biomass, emergence of weed seeds and yield of maize and cowpea 

in Nigeria. Weeds growth was continued till 12 weeks after planting, but was 

maximum during 4-8 weeks. Less number of weeds growths was found in 

harrowed ridged and tractor ploughed as compared with other tillage practices 

while weed biomass and densities were more in sole maize and cow pea than 

intercropping of both these two. Yield of these two crops was also higher in 

intercropping as compared to sole one.  

 Usman et al. (2010) investigated the different tillage systems effects with 

various doses of herbicides on density of weeds and some physiological traits 

under rice-wheat cropping system. Wheat cultivar “Nasir 2000” was used in 

Khyber Pakhtunkhwa arid region, Pakistan, in growing season of 2007-2009. 

Randomized complete block design with split plot arrangement was used with four 

replications. Tillage treatments included conventional tillage (CT) with disk 

plough, reduced tillage with rotavator (RT) and zero tillage with direct drilling. 

They were used in main plots while in subplots five herbicides treatments were 
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used i.e. 2,4-D + Puma super @1.25 L ha
-1

, 2,4-D ester @ 1.25 L ha
-1

, Puma super 

75 EW @1.25 L ha
-1

, each. Results showed that herbicides significantly effected on 

weed density, weed dry biomass, leaf area, tillers, leaf area index, plant height and 

grain yield whereas tillage treatments RT and ZT were only statistically significant 

for grain yield and weed density as compare to CT. 

 Mashingaidze et al. (2012) reported that in South Africa small land holding 

is the main problem. At Matopod research station, a field experiment was carried 

out to know the effect of maize residue mulching and hand hoeing on growth of 

weeds in sorghum and cowpea cropping system. Four times hoeing i.e. high 

weeding intensity and twice hoeing i.e. low weeding intensity was done during the 

whole crop season. Split-plot randomized complete block design with three 

replications was used. In main plots tillage treatments were used i.e. conventional 

tillage (mouldboard plough) compared with minimum tillage (ripper tine and 

planting basins) while in sub-plots maize residue mulch was applied @ (0, 4 and 8 t 

ha
-1

). In all treatment at the same time, planting and weeding were done. It was 

observed that there was an early growth of weeds in minimum tillage (MT) 

treatments than mould board plough in both crops. The MT had greater weed 

biomass in sorghum i.e. planting basins: 40.3 kg ha
-1

, ripper tine: 34.8 kg ha
-1

 as 

compare to mould board plough i.e.  29.9 kg ha
-1

. In early season of cowpea maize 

mulching was only effective in weed suppression, but not in mid and late season it 

might be due to improved soil moisture storage during less precipitation period 

while in sorghum only early weeds were suppressed but not the later ones. The 

high weeding intensity treatment had lower weed growth in both crops and better 

sorghum yield than low weeding intensity. Cowpea yield was less than 300 kg ha
-1
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in MT as compared to 413kg ha
-1

 in mould board ploughing. Poor sorghum yield 

was also observed in MT (2602 kg ha
-1

) and the highest in mould board plough 

treatments (4159 kg ha
-1

).  

 Knezevic et al. (2008) investigated the impact of post emergence herbicides 

and three tillage treatments on weeds of wheat crop in north-eastern Croatia. In 

untreated plots moldboard ploughing showed the minimum weed biomass (49.8 g 

m
-2

) while the medium weed biomass was observed in chisel ploughing (90.9 g m
-

2
) and the highest was in continuous disk harrowing (187.3 g m

-2
). Weed biomass 

was significantly decreased about 89-100 % by these three herbicides mixtures i.e. 

5% iodosulfuron - methyl sodium + 15% mefenpyr-diethyl; 54% 2,4-D ethylhexyl 

ester + 0.5%  and 12% fluoroglycofene-ethyl + 6% triasulfuron and metosulam. 

Average yield of wheat increased by herbicides about 3% in mouldboard 

treatments, 11% in chisel and 7% in disk harrowing, but the herbicides mixtures 

effects did not vary significantly. 

  Taha et al. (2007) found that in Jordan under rainfed condition wheat 

(Triticum durum L.) was one of the most growing crops. Traditional tillage method 

was one of the main reasons in reducing wheat yield and soil degradation in Jordan.  

So, it was expected that conservational tillage practice is the main solution to this 

problem. For this purpose, in 2004-05 a field experiment was conducted in 

Northern Jordan to know the increase in wheat yield by using mouldboard (MB) 

plough in traditional tillage system while chisel and no-tillage was applied in 

conservation tillage system. After that different crop parameters were determined 

including: number of seedlings m
-2

; number of grains spike
-1

; number of spikes m
-

2
; 100-grain weight; straw and grain yield m

-2
. All the results showed that although 
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number of seedlings m
-2

 was more in MB ploughing followed by the practices of 

conservation and the no-tillage, but the highest number of grains and the highest 

grain and straw weight was obtained in the no-tillage system. The results of the 

study suggested that for gaining high wheat yield in semi arid conditions 

conservation and no-tillage practices should be encourged.  

 
  Amin et al. (2013) conducted an experiment on Research Farm of 

University of Agriculture Peshawar, Pakistan during 2009-2010 and was repeated 

in 2010-2011. In this experiment different tillage and sowing methods were used to 

find out there effects on wheat production and on weeds. Randomized complete 

block design with split plot arrangement was used and every treatment was 

repeated four times. Tillage treatments included five farmers practices i.e. tine 

cultivator twice (TC-2), mouldboard plow + rotavator (MR), chisel plow + 

rotavator (CR), disc plow + rotavator (DR) and tine cultivator + rotavator (TCR) 

were applied to the main plots while the three sowing methods includes; 

broadcasting (BC), single box seed drill (SD) and combined drill (CD) were 

applied to the sub-plots. Two years results showed that tillage treatments had 

significant effects on weeds dry biomass and biological yield of wheat crop also the 

sowing methods had significant effects on biological yield of wheat crop. Tillage 

treatment MR showed the minimum weed dry biomass i.e. 95 g m
-2

 followed by 

DR which was 9104 g m
-2

 also MR tillage gave the highest biological yield and 

plant height of wheat followed by DR, TCR and CR. Drill sowing was the best 

compared to broadcasting while tillage practices MR and DR reduced the weed dry 

biomass 51 and 46% respectively while comparing with TC-2. So, the results 

suggested that to get maximum biological yield of wheat and weed suppression 



25 

 

 

 

MR was the best tillage practice in semi arid areas. 

 Abdipur et al. (2012) found that conventional tillage practices causes the 

water loss, soil degradation and high energy losses in wheat production in 

southwestern Iran. The experiment was conducted to know whether the reduced 

tillage can increase the wheat yield under rainfed conditions or not. Tillage 

treatments which were used; T1 (Moldboard plow + disc harrow) as conventional 

method, T2 (Chisel plow + disc harrow), T3 (Moldboard plow without inversion 

page + disk harrow), T4 (Power harrow, T5 (Sweep plow + disk harrow) during 

2004-2007. Thousand grain weights, biological yield, grain yield and harvest index 

showed the significant differences. Results also showed that the T2 treatment 

(chisel plough + disc harrow) had the significant differences of all above 

mentioned parameters. T2 treatment increases the wheat grain yield about 266 kg 

ha
-1

 compared to the conventional tillage practices.  

 

 Mehdi et al. (2005) studied that in United States different tillage methods 

were used to increase the yield and getting environmental benefits in Corn sowing 

areas of the country. These different tillage systems were not too much effective in 

corn-soybean system in fixing soil organic carbon (SOC) and soil organic nitrogen 

(SON). In Iowa two experiments were performed to investigate the effects of 

different tillage treatments on SOC, SON, residue C and N, and soybean and corn 

yields. In first experiment no tillage (NT) and chisel plough (CP) treatments were 

applied while in second experiment NT, CP, deep rip (DR), mouldboard plough 

(MP) and strip tillage (ST) treatments were used. In first seven years yields of corn 

and soybean were statistically similar in both CP and NT treatments while in next 

three years all the tillage treatments gave the similar corn and soybean yield. It was 
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also observed that there was significant increase in SOC in all tillage treatments at 

the top 15 cm soil layer. Significant increase in SOC observed in both tillage 

treatments NT and ST which was 14.7 and 11.4% respectively as compared to MP 

while changes in SON was also in similar trend as in SOC in both the experiments. 

In NT treatment SOC and SON did not have any effect on organic C and N. Results 

of the experiment showed that NT and ST were best than CP and MP in enhancing 

SOC and SON in top 15 cm soil layer in corn growing areas.  

 Rayan et al. (2007) found that in crop production and in environmental 

safety soil organic matter (SOM) have very crucial role. Due to different 

environmental effects in semi arid Mediterranean region soils of these areas have 

less SOM, due to which nutrient supply, soil moisture, soil aggregation is also very 

poor. So, there was a need to adopt an appropriate cropping system which not only 

enhance the crop yield but also improve soil organic matter contents. In Northern 

Syria where the mean annual rainfall is 340 mm, rotation of wheat crop with 

different other crops, grazing of cereal stubble and the nitrogen fertilizer effects 

were investigated for 14 years on SOC. Rotation have significant effects on SOM, 

continuous wheat, lentil, chickpea, vetch and medic have the highest SOM while 

fallow cropping system showed the lowest SOM also the N fertilizer increases the 

SOM as compared to grazing effects. 14 years results suggested that legume based 

cropping system, N application and retention of crop residues were the best 

alternative as compared to fallow cropping system in increasing SOM, soil quality 

and also in maintaining economic viability.  

 

 Hou et al. (2012) found that in north-west China continuous conventional 

and minimum tillage reduces the crop yield and water use efficiency due to the 
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reduction in soil porosity and nutrients availability. To cope this problem a 3 year 

experiment was performed to know the effects of no tillage and rotational tillage 

(subsoiling) and to reduce the effects of continues tillage on soil characteristics to 

get higher crop yield in southern Ningxia which is a semi arid area. Tillage 

treatments which were used included; conventional tillage (CT) for 3 years as 

control treatment. Tillage sequences included, in 1
st
 year no tillage, 2

nd
 year 

included subsoiling and in 3
rd

 again no tillage (NT/ST/NT) then subsoiling in 1
st
 

year, no-tillage in 2
nd

 year and subsoiling in 3
rd

 year (ST/NT/ST). Both the 

rotational tillage sequences significantly improved the soil porosity, soil water 

contents, soil organic matter and N and p contents compared with CT. Wheat yields 

increased about 9.6% and 10.7%, and 7.2% and 7.7% water-use efficiency 

enhancement was also recorded respectively. All these results suggest that in semi 

arid areas soil physical and chemical properties can be improved along with 

enhancement in crop yield by adopting no-tillage and subsoiling interval.  

 Acharye et al. (1998) investigated that maize (Zea mays L.) and wheat 

cropping system was prevailed in north-west India but in rainfed areas wheat 

suffers from shortage of moisture at the sowing time. To overcome this problem a 

three years experiment was performed to know the effects of conservation tillage 

and mulches. The experiment included five mulch and tillage practices and two 

levels of nitrogen (N60 and N120 kg ha
-1

). To previous standing maize mulch 

treatment was applied which includes 10 Mg ha
-1

 of mulch. Mulch material 

consists of wild sage and eupatorium weeds along with conventional and 

conservation tillage practices before sowing of wheat. These tillage practices were 

compared to the farmer’s conventional practices of soil tillage with no mulch. 
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Results showed that conservation tillage along with mulch improve the soil 

structure, increased the moisture in seed zone about 0.06±0.10 m
3
 m

-3
 and five 

times more population of earthworms was produced compared to farmers practices. 

It was also observed that mulch and conservation treatments increase the root 

biomass density about 1.27±1.40 times higher than conventional tillage practices. 

These results suggested that conservation tillage along with mulch, improve the 

soil condition for long term. 

 

 Hadda and Arora, (2006) found that to get sustainable yield in maize-wheat 

cropping system soil nutrient management practices are very essential in rainfed 

region of Punjab, India. For this purpose a field experiment was performed in five 

villages of Punjab, India to know the management practices of soil nutrients in all 

these villages. About 34% more grain yield was obtained with different soil 

nutrients management practices as compare to farmers practices. In wheat shallow 

tillage, deep tillage, recommended dose of fertilizers (RDF, 75%) + FYM and 

raised-bed sowing, increased the soil moisture contents about 12%, 30%, 35% and 

45% respectively, while in maize after 60 days of sowing height of maize plant 

increased 52%, 55%, 57% and 37% in Raised-bed sowing, RDF (100%), RDF 

(75%) + FYM and deep tillage respectively as compared to farmers practices. 

Results suggested that moisture conservation practices along with inorganic 

fertilizers and organic manures can enhanced the crop yield under rainfed 

conditions.  

 Faramarz and Shamabadi, (2012) studied the effect of conservation tillage 

and energy used in tillage operation in wheat-sunflower cropping system. For this a 
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field experiment was conducted with 5 replications and four treatments by using 

randomized complete block design (RCBD) in wheat- sunflower-wheat rotation. 

Four tillage treatments were used; no-tillage (T1), minimum tillage (T2) and two 

conventional tillage practices i.e. with collecting residue (T3) and without 

collecting residue (T4). Results indicated that soil moisture contents at the depth of 

10-20cm were higher in reduced tillage treatment as compared to conventional 

tillage, while at the depth of 50-70cm T1 showed the lowest moisture contents than 

other treatments. Significant difference was shown by treatment T3 (3880 kg ha
-1

) 

and T1 (3170 kg
-1

) regarding wheat yield. Maximum energy efficiency was 

observed in chisel plough (2.22) and minimum in moldboard plough (2.03). So, the 

results of the experiment suggested that, by using conservation tillage practices we 

can increase energy efficiency, reduce our input cost and can enhance wheat yield.  

 Sombrero and Benito, (2010) investigated that the soil structure and carbon 

fixation in soil can be enhanced through minimum and no tillage practices and this 

fixation mainly depends upon the soil, crop, crop rotation, crop residues type and 

tillage method used. For this purpose during 1994-2004 a field experiment was 

performed in cereal growing area of Spain. Tillage systems which were used 

included; no tillage (NT), minimum tillage (MT) and the conventional tillage (CT) 

in main plots while in sub plots crop rotation practices were used i.e. cereal-cereal 

(C-C), cereal-fallow (C-F) and cereal-legume (C-L). Fallow-cereal and legume- 

cereal were also included in this rotation system so that to get the same crops each 

year and split plot design was used in this experiment. After ten years it was 

observed that soil organic carbon (SOC) contents from a depth of 0-10 cm were 

higher in NT than MT and CT tillage systems i.e. 58% and 11% respectively. It 
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was also observed that MT system fixed 41% more SOC than CT. SOC values 

were 41% higher with MT than with CT. From 10-20 cm soil depth SOC content 

was 30% more in NT than with CT and 7% more than with MT while at the depth 

of 20-30 cm SOC was 7% higher in MT than in CT. SOC contents were 12% 

higher within NT than CT and 9% higher as compared to NT with minimum 

tillage. After ten years it was observed that SOC contents were 25% higher in NT 

than CT, while 16% higher within NT than MT, and in comparing MT with CT 

17% SOC was greater within MT than CT. Results suggested that crop rotation, NT 

and MT were best in carbon sequestration as compared with CT. Results also 

showed that residue returning to soil was greater in NT and MT than CT. 

 Chen et al. (2009) determined that land erosion was highest in northwest 

China. So, there was a need to develop others systems which can reduced soil 

erosion in wheat growing cropping areas and fixation of more amount of soil 

organic carbon (SOC) and nitrogen (N) contents. For this purpose three tillage 

practices were used for 11 years in wheat-fallow system. Tillage treatments which 

were used included; Conventional tillage (CT, residues not present), shallow tillage 

(ST, residues present) and no-tillage (NT, residues present). Carbon and N contents 

were determined from the soil depth of 0-15 and 15-30 cm, and was found that in 

0-15cm soil layer ST and NT had 14.2 and 13.7% more SOC contents while 14.1 

and 3.7% more total N respectively, than within CT. while in 0-15 and 15-30 cm 

soil layer mean weight diameter and geometric mean diameter of soil aggregates 

were greater in both ST and NT than CT. Results suggested that NT and ST were 

much more better in SOC sequestration, N enhancement and improvement of 

wheat crop yield in rainfed region.  
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 Chen et al. (2008) studied that low soil organic matter, poor crop yield, soil 

loss and nutrient deficiency were the main problems on loess plateau of China. To 

overcome all these problems zero tillage, minimum tillage and residue cover has 

been considered as an affective practices for soil improvement and in getting good 

crop yield. During 1998- 2006 a field experiment has been performed to know the 

effects of conventional and minimum tillage on wheat yield. Tillage treatments 

which were used included; T1 (zero tillage with residue cover with no soil 

compaction, T2 (shallow tillage with residue cover with no soil compaction) and T3 

(conventional tillage). All the experiment results showed that in soil depth 0-30 cm 

T1, and T2 significantly showed the higher amount of soil organic matter and 

microbial biomass than conventional tillage practices. In zero tillage total N 

contents was also higher in soil depth of 0-0.05 while wheat yield was also more 

than 10% in shallow and zero tillage treatments as compared with conventional 

tillage during 8 years of experiment. So, the results of the experiment proved that 

minimum and zero tillage practices were the best controlled of soil degradation, 

nutrients loss, and enhancement of wheat yield.  

 
  Ahmad (2013) found the effects of different crop rotation practices and 

residue on wheat yield. The four rotations which were used included; wheat – 

wheat –wheat – rapeseed - wheat (WWWRW), wheat – maize – wheat – potato – 

wheat (WMWPW), wheat - sugar beet – wheat – potato - wheat (WSWPW), and 

wheat monoculture (WWWWW). In main and sub plots three levels of residues 

were retained in soil i.e. 0, 50 and 100%. Plant height, seed number spike
-1

; spike 

square meter
-1

, economic and biological yield of wheat were significant, whereas 

effect of residue was also significant on all these parameters. Enhancement in 



32 

 

 

 

wheat yield in cropping systems WWWRW, WSWPW and WMWPW was 

recorded about 37, 21 and 33% respectively than wheat monoculture. Highest 

wheat yield obtained in treatment in which 100% residue returning to the soil. 

Results showed that sowing of wheat in rotation with rapeseed significantly 

enhanced wheat yield than monoculture. 

 

  Feng et al. (2011) examined that in Inland Pacific Northwest rainfall is 

very low about 295, due to this crops yield and soil degradation  were very 

common in this area. Cropping systems which were used during the whole 

cropping system; no-tillage spring barley-spring wheat (NTSB-SW), no-tillage 

spring wheat-chemical fallow (NTSW-CF), and traditional winter wheat-summer 

fallow (WW-SF). The purpose of this study was also to know the effect of this 

cropping rotation on; water retention in soil, saturated hydraulic conductivity and 

bulk density. Higher hydraulic conductivity, infiltration rate, and lower bulk 

density were examined in NTSB–SW than WW-SF and NTSW-Ch. Results of the 

experiment suggest that soil hydrologic characteristics can be improved in 

continuous cropping system than summer fallow.  

 Nosrat et al. (2011) studied that conventional tillage practices were mainly 

used in semi-arid areas of Iran, in which moldboard plough and disc harrow were 

generally used in wheat production. These conventional practices not only degrade 

the soil but also cause loss of energy. To cope this problem a field experiment was 

conducted by using minimum tillage practices and to know there effects on soil 

moisture contents and bulk density. Tillage treatments which were used included 

were; T1 (moldboard plow + disc harrow) as the conventional practice, T2 (chisel 

plow + disc harrow, T3 (moldboard plow without + disk harrow), T4 (power 
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harrow) and T5 (sweep plow + disk harrow). At two stages of wheat growth i.e. 

flowering and grain filling soil moisture contents were taken from depths of (0-10, 

10-20, 20-30 and 30-40 cm). Results showed that treatment T1 showed the lowest 

soil bulk density but highest soil moisture contents. It was also found that tillage 

treatments did not show any significant differences at grain filling stage. Chisel 

plow + disc harrow treatment was has been suggested as the good tillage practice in 

soil improvement, energy saving and better crop yield at grain filling stage as 

compare to other practices. 

 Ozpinar and Anil, (2005) performed an experiment to know the effect of 

three tillage system on soil properties and yield of wheat crop these were; 

minimum tillage with rototiller (MTR), minimum tillage disc plough (MTD) and 

conventional tillage (CT) during 2001-2003. In MTR, CT and MTD soil bulk 

densities were, 1.20, 1.34 and 1.24 Mg m
-3

 from a soil depth of 0-10 cm while from 

0-20 cm these were; 1.26, 1.29 and 1.21 Mg m
-3

, where as from 20-30 cm these 

were; 1.30, 1.27 and 1.40 Mg m
-3

 respectively. Highest organic carbon and N 

contents were found in MTR treatment than MTD and CT wheat grain yield was 

also higher in MTR followed by MTD and CT. So, the results suggest that MTR 

treatment application was best in wheat yield improvement and soil characteristics 

than CT and MTD. 

 
 Alam et al. (2013) found the impact of different tillage practices and 

cropping systems on soil physical properties and grain yield of crops. Tillage 

treatments includes; zero tillage (ZT), power tiller (PT) with depth of 10-12 cm and 

chisel ploughing with 20-25 cm depth while the cropping systems were; wheat-

fallow-rice (W-F-R), wheat- mungbean-rice (W-M-R) and wheat-dhaincha-rice 



34 

 

 

 

(W-D-T). Tillage depths significantly affect wheat yield i.e. yield increased 2.86 t 

ha
-1

 in zero tillage and 5.33 t ha
-1

 in chisel treatment. Tillage treatment and 

cropping systems also improved rice grain yield, it found 5.82 t ha
-1

 in chiseling 

treatment with cropping system of wheat-dhaincha-rice than compared to other two 

cropping systems and tillage practices. Regarding soil characteristics wheat-

dhainch-rice cropping system improved soil bulk density, prosity, field capacity, 

particle density and moisture content than the other two tillage and cropping 

systems. 

 Akhtar et al. (2005) confined the effect of different tillage practices with 

different depths on groundnut pod yield and on soil moisture contents under rainfed 

area of Chakwal, Pakistan. The experiment was performed for two years with 

tillage implements used; chisel, mouldboard, disc ploughs and cultivator (as control 

treatment). Results showed that deep tillage practices had significant effect on 

groundnut pod yield than other tillage practices. From mouldboard plough 

maximum yield was obtained and minimum in cultivator also mouldboard plough 

gave the highest profit Rs. 6652 than chisel Rs. 4927 and minimum return by disc 

plough Rs. 2227. Data from soil also showed that deep tillage conserved more 

moisture as compared with shallow tillage treatments.  
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Chapter 3 

MATERIALS AND METHODS 

3.1 EXPERIMENTAL LOCATION AND TREATMENTS:  

 The research study was conducted for two years at University Research 

Farm, Koont Rawalpindi, to determine impact of cropping and tillage systems on 

weeds and wheat yield in Pothwar.  

The cropping  systems which were used for two years are as follows: 

C1= Wheat (Oct-2013- May-2014)-Fallow (June 2014-Sept-2014) –Wheat (Oct-

2014- May-2015)-Fallow (June 2015-Sept-2015)          

C2= Wheat + Brassica (Oct-2013- May-2014- Fallow (June 2014-Sept-2014) –

Wheat + Brassica (Oct-2014- May-2015) - Fallow (June 2015-Sept-2015)          

C3=Wheat+ Chickpea (Oct-2013- May-2014) - Fallow (June 2014-Sept-2014) – 

Wheat+ Chickpea (Oct-2014- May-2015) - Fallow (June 2015-Sept-2015)          

C4= Wheat (Oct-2013- May-2014) – Guar ((June 2014-Sept-2014, Green 

Manuring) – Wheat (Oct-2014- May-2015) - Guar (June 2015-Sept-2015, Green 

Manuring)  

The tillage treatments which were used for two years are as under: 

T1= 3 cultivations (Drill sowing) 

T2= MB+ 2 cultivations (Drill sowing) 

T3= Chisel + 2 cultivations (Bed plant sowing) 

T4= Minimum tillage + Glyphosate (Drill sowing) 
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3.2 LAYOUT PLAN FOR EXPERIMENT (2013-15) 

 

 

The cropping  systems for two years as follows: 

CS1= Wheat-Fallow -Wheat-Fallow           

CS2= Wheat + Brassica- Fallow –Wheat + Brassica - Fallow  

CS3=Wheat+ Chickpea - Fallow – Wheat+ Chickpea- Fallow  

CS4= Wheat – Guar (Green manuring) – Guar (Green manuring) 

The tillage treatments  for two years as under: 

T1= 3 cultivation (Drill sowing) 

T2= Mold board+ 2 cultivation (Drill sowing) 

T3= Chisel + 2 cultivation (Bed plant sowing) 

T4= Minimum tillage + Glyphosate (Drill sowing) 

3.3 METHODOLOGY 

The experiment was performed in a field, using strip-plot design with three 

replications having a plot size of 6 m × 8 m. There were a total of 16 plots in each 

replication. Wheat (Triticum aestivum) variety Chakwal-50 was sown @ 100 Kg 

ha
-1

 with row spacing of 25 cm apart. The fertilizer NPK will be applied @ 90-60-

60 kg ha
-1

 in the form of Urea, Diammonium Phosphate (DAP) and Potassium 

Sulphate, respectively. Chickpea (Cicer arietinum) variety Pak-86 was sown @ 60 

Kg ha
-1

 with row spacing of 45 cm apart. The fertilizer NPK was applied @ 25-50-

R1          C2  C3  C1    C4 R2  C3  C4  C2  C1      R3          C4  C1  C3   C2 

T2     T1     T2     

T4     T3     T1     

T1     T4     T3     

T3     T2     T4     
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20 kg ha
-1

, respectively. The Brassica (Brassica napus) variety Shiralee was sown 

@ 4 Kg ha
-1

 with row spacing of 40 cm apart. The fertilizer NPK was applied @ 

50-45-45 kg ha
-1

, respectively. Cluster bean (Cyamopsis tetragonoloba) variety 

BR-99 was sown @ 75 Kg ha
-1

 with row spacing of 35 cm apart. Drill sowing was 

performed in wheat while in case of brassica and chickpea hand drill was used as 

an intercrop with wheat. After four rows of wheat one row of brassica and chickpea 

was sown in different cropping systems. The fertilizer NPK was applied @ 25-50-

50 kg ha
-1

, respectively. All the fertilizer was applied as basal dose at the sowing 

time of all crops with no subsequent application of fertilizer during the growth 

period of crops. Brassica and chickpea as an intercrop with wheat was sown with 

4:1 i.e. after 4 lines of wheat one line of brassica or chickpea was sown. A non-

selective herbicide (Glyphosate) was sprayed @ 1 litre/ acre to control the weeds 

during fallow period. It was used as post-emergent herbicide during the fallow 

period by using hand knap sack sprayer equipped with T-Jet nozzle. No data 

regarding weeds were taken during fallow period. 

In tillage treatment (T1) 3 cultivations were done by using cultivator in each 

year. After each ploughing planker was used for land leveling and seed sowing was 

done with seed drill. Whereas in tillage treatment (T2), one cultivation was done by 

using mouldboard plough and two cultivations with cultivator. After each 

ploughing planker was used for land leveling and seed sowing was done with seed 

drill. 

The tillage treatment (T3) included one chiseling and two cultivations each 

year and seed sowing was done by using seed bed planter. Planker was used for 
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land leveling. In (T4) tillage system, minimum tillage was performed and seed 

sowing was done with seed drill. Planker was used for land leveling after each 

ploughing.  

In first cropping system (CS1), Wheat crop was sown in winter season of 

2013, while no crop was sown in summer season of 2014. In 2
nd

 year of the winter 

season 2014 Wheat crop was sown and no crop was sown in summer season of 

2015. The weeds of the fallow period were controlled with Glyphosate (Round-Up) 

as and when needed. The 2
nd

 cropping system (CS2) was initiated by sowing Wheat 

+ Brassica in winter 2013 and no crop was sown in summer season of 2014, while 

in winter season of 2014, again Wheat + Brassica were sown and field was kept 

fallow in summer season of 2015. The weeds of the fallow period were controlled 

with Glyphosate (Round-Up) as and when required. 

The 3
rd

 cropping system (CS3) was started by sowing Wheat + Chickpea in 

winter season of 2013 and no crop was sown in summer season of 2014, while in 

winter season of 2014, again Wheat + Chickpea were sown and summer season of 

2015 was kept fallow. The weeds of the fallow period were controlled with 

Glyphosate (Round-Up) as and when needed. The CS4 cropping system was start 

by sowing Wheat in winter season of 2013 and Cluster bean for green manuring 

was sown in summer season of 2014, while in winter season of 2014, again Wheat 

was sown and in summer season of 2015 Cluster bean was sown.  

3.4 SOIL SAMPLING  

Soil samples were collected from a depth of 0-15 cm, 15-30 cm and 30-45 
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cm before sowing of all crops. These samples were air dried in the laboratory. The 

ground samples were sieved through 2 mm stainless steel sieve and were stored in 

plastic containers. They were analyzed for total nitrogen, extractable K, available 

P, soil water content, soil bulk density and total organic matter. 

Different parameters for weeds and crops which were studied as follows: 

3.5 WEED PARAMETERS 

3.5.1 Relative Weed Density (RDe) 

 R De was calculated as under: 

               NPw 

RDe = -------- × 100, 

               NPtw 

Where NPw and NPtw are the per unit area population of the weed species 

in question and those of all the weed species combined present in the area, 

respectively. 

 3.5.2 Relative Weed Frequency (RF) 

The RF value was calculated by using the following formula; 

 Fw 

RF = --------- × 100, 

 Fsw 

Where Fw is the frequency of occurrence of the weed species in question in 

given samples (sub plots) and Fsw is the sum of frequencies of all individual weed 

species present in these samples.   
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3.5.3 Relative Dry Weed Weight (RDW) 

 Relative dry weed weight was calculated by using the following formula: 

  DWw 

RDW= ---------- × 100, 

  DWsw 

Where DWw and DWsw are dry weights of species in question and that of 

all the weed species present in unit area, respectively. 

3.5.4 Weed Population Density (Pw m
-2

) 

Weed population density (Pw) was recorded using quadrate method. A 

quadrate measuring 100 cm x 100 cm was randomly placed at eight places in each 

plot to record weed density. Individual weed plants were counted to determine 

average weed density. 

3.5.5 Weed Population Frequency (Fw) 

To determine the weed population frequency (Fw), each weed specie was 

assigned a value of zero (when absent) or one (when one or more than one weed 

plant present) in each plot.  The sum of the PF values for a plot represented the 

number of weed species per plot. 

3.5.6 Dry Biomass (g m
-2

) 

After recording the fresh biomass of weeds at the physiological maturity of 

weeds, the weed samples were brought to laboratory for recording their oven-dry 

biomass. The samples were kept in oven at 65 
0
C till constant weight and it was 



41 

 

 

 

expressed as dry biomass per meter. 

3.5.7 Summed Dominance Ratio (SDR) 

 RDe + RDw 

SDR= ---------------- 

          2 

Where RDe is relative weed density and RDw is relative dry weed weight. 

RDe and RDw were added and then divided by 2 to calculate SDR. 

3.6 YIELD PARAMETERS OF WHEAT 

Data regarding following parameters of all crops were recorded as: 

3.6.1 Plant Height (cm) 

The height of ten randomly selected mature plants was measured from 

ground level to the tip of spike by using the meter rod and average was recorded. 

3.6.2 Spike Length (cm) 

Length of ten randomly selected spikes per plot was measured. 

Measurement of length was made from base of first spikelet to tip of spike 

excluding awns. Average spike length was recorded as an observation. 

3.6.3 Number of Spikelets Spike
-1

 

Number of spikelets was counted from ten randomly selected spikes per 

plot and then average was calculated. 
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3.6.4 Number of Kernels Spike
-1

 

Number of kernels from ten randomly selected spikes per plot at maturity 

was counted and average was calculated to get number of grains spike
-1

. 

3.6.5 Number of Tillers/Unit Area 

A quadrat of 1 m x 1 m was randomly placed in each plot at two places. 

The total number of fertile tillers from each plot was counted manually.   

  3.6.6 1000- Kernel Weight (g) 

A random sample of grains was taken from produce of each plot and 1000- 

kernel weight was recorded. 

3.6.7 Biological Yield (Kg ha
-1

) 

For calculating the biological yield of crops a quadrate of 1 m x 1 m was 

randomly placed in each plot at two places. All the above ground plant material 

was harvested manually and was weighed from each plot. The weight was 

converted to Kg ha
-1

. 

 3.6.8 Grain Yield (Kg ha
-1

) 

Each plot was threshed manually after sun-drying the harvested plant 

material. Grain yield per plot was recorded by using the digital balance and it was 

converted to kg ha
-1

. 
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3.6.9 Harvest Index (%) 

Harvest index for each treatment was calculated by using the following 

formula:         

                                                        Grain Yield 
 

HI =   -------------------------------------        x 100 
                                           Above ground biological yield 

 

3.7   YIELD PARAMETERS OF CHICKPEA 

3.7.1 Plant Height (cm) 

Plant height was measured in centimeters from the ground level to the tip of 

the plant of 10 plants from each plot and average was taken.  

3.7.2 Number of Branches Plant
-1

 

Number of branches was counted from ten randomly selected plants in each 

plot and average was taken. 

3.7.3 Number of Pods Plant
-1

 

Number of pods per plant was recorded from ten randomly selected plants 

and average was worked out. 

3.7.4 Number of Seeds Pod
-1

 

Number of seeds per pod was counted from ten randomly selected pods of 

each plot and their mean value was taken. 
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3.7.5 Biological Yield (kg ha
-1

) 

Biological yield was determined by weighing above ground biomass of all 

plants from each plot and total biomass was computed. 

3.7.6 Grain Yield (kg ha
-1

) 

Grain yield was recorded by removing the grain from pods and average 

grain yield was converted to kg ha
-1

.  

3.7.7 Harvest Index 

Harvest index was obtained by using the following formula: 

                            HI (%) =   Grain yield          x   100  

                                             Biological yield 

3.8 YIELD PARAMETERS OF BRASSICA 

3.8.1 Plant Height (cm) 

Plant height of brassica plant was determined in centimeters from the 

ground level to the tip of the plant by selecting 10 plants from each plot and 

average was taken.  

3.8.2 Number of Branches Plant
-1

 

Number of branches was counted by selecting ten randomly plants of 

brassica in each plot and then average was taken. 
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3.8.3 Number of Pods Plant
-1

 

Number of pods per plant was recorded from ten randomly selected plants 

and average was taken. 

3.8.4 Number of Seeds Pod
-1

 

Number of seeds per pod was counted from ten randomly selected pods of 

each plot and their average was calculated. 

3.8.5 Biological Yield (kg ha
-1

) 

Biological yield was calculated by weighing above ground biomass of all 

brassica plants from each plot and total biomass was determined. 

3.8.6 Grain Yield (kg ha
-1

) 

Grain yield find out by removing the grain from pods of brassica plant and 

average grain yield was converted to kg ha
-1

.  

3.8.7 Harvest Index (%) 

          Harvest index was calculated by using the following formula: 

                            HI (%) =   Grain yield          x   100  

                                             Biological yield 

3.9 SOIL PARAMETERS 

 Soil samples were analyzed periodically for the following parameters: 
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3.9.1 Total Nitrogen 

Total nitrogen contents were determined by following the method of (Page 

et al., 1982). Ten gram soil was taken in a macrokjeldahl digestion flask. After that 

30 ml concentrated H2SO4 and 10 g digestion mixture (K2SO4: CuSO4: FeSO4 

10:1:0.5 w/w) was added into the flask. Then the samples were digested on kjeldahl 

digestion apparatus, cooled and the volume was made upto 250 ml. In distillation 

flask 10 ml of digest solution was taken, 20 ml of 40 % NaOH was added and the 

NH3 evolved was collected in flask containing 4 % H3B03. Finally the distillate was 

titrated against 0.1 H2SO4.  

3.9.2 Soil Available Phosphorus (P) 

Soil available phosphorus was determined by following the procedure of 

Page et al. (1982). Five grams of soil sample was taken in 250 ml Erlenmeyer flask 

along with 100 ml 0.5 M NaHCO3 solution adjusted at pH 8.5. The contents were 

shaken on a reciprocating shaker for about 30 minutes and filtered using Whatman 

No. 42 filter paper. In 50 ml volumetric flask, 10 ml of filtrate was transferred. 

Then 10 ml of colour developing reagent (Ammonium molybdate + Potassium 

antimony tartrate and ascorbic acid) was added and made its volume upto the mark 

with distilled water. After 15 minutes, absorbance was checked using Cecil-2000 

spectrophotometer at 880 nm and the extractable P concentration was obtained 

from standard curve prepared by using a series of P standards.  

3.9.3 Soil Extractable Potassium (K) 

Extractable potassium was measured by the method described by Page et al. 
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(1982). Five grams of air-dried soil was taken in a 250 ml Erlenmeyer flask. Fifty 

ml of 1 N NH4OAC was added and the contents were shaken for 30 minutes and 

filtered by using Whatman No. 42 filter paper. The extractable K concentration in 

filtrate was measured by using Jenway-PFP- flame photometer and the standard 

curve was made from a series of K standard solutions.  

3.9.4 Moisture Determination 

Fresh sample of soil was taken and weighed before drying in oven at 105
o
C 

overnight. Then the sample was weighed again by using electric balance. Moisture 

of samples was determined by using fallowing formula.   

           Wet weight – Oven Dry weight × 100 

                             Moisture % =         _____________________________ 

    Oven dry weight 

3.9.5 Organic Matter 

One-gram soil was taken in a 500 mL beaker. Ten mL of 1N potassium 

dichromate solution and 20 mL of conc. H2SO4 was added in flask and swirled to 

mix the suspension. The suspension was allowed to stand for 30 minutes. After that 

200 mL distilled water was added following the addition of 10 mL of H3PO3 to the 

suspension. Then 10 drops of diphenylamine indicator were added and the solution 

was titrated against 0.5 N ferrous ammonium sulphate solution until the color 

changed from blue to sharp green (Nelson and Sommers, 1982). 

% Total Organic Carbon (w/w) = 1.334 × Oxidizable Organic Carbon 

% Organic Matter (w/w) = 1.724 × % Total Organic Carbon  
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3.9.6 Bulk Density (g/cm
3
)
  
 

 Bulk density of soil was measured by taking core samples. They were 

weighed and then oven dried at 105 °C for two days and then again weighed 

(Campbell and Henshall, 1991). 

Bulk density (g cm
-3

) =      weight of core plus soil – weight of core    . 

Volume of core 

3.10 ECONOMICAL ANALYSIS 

 The economic feasibility of all cropping and tillage systems was calculated. 

For economic feasibility cost benefit ratio was calculated to know which 

cropping system along with tillage system gave more economic yield of the 

produce and to know which cropping and tillage system is more affordable to 

farmers. 

3.11 STATISTICAL ANALYSIS 

The data for all parameters under study was statistically analyzed using 

statistics 8.1 computer software. Least Significant Difference (LSD) test was 

applied for treatment means comparison at 5% probability level. By this statistical 

analysis we determined that which cropping and tillage systems interaction gave 

better crop yield, enhanced soil nutrients contents and suppressed more weeds of 

the area. 
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Chapter 4 

RESULTS AND DISCUSSION 

Impact of different tillage practices along with different cropping system 

was investigated during the study years 2013- 2015 on weeds population density, 

weeds frequency, weeds dry weeds density, relative weeds frequency and on sum 

dominance ratio after 60 days of crops emergence and at maturity. Data regarding 

soil parameters were also collected at different stages i.e. before sowing of winter 

crops, after of these crops, before sowing of guar (Cyamopsis tetragonoloba) in 

monsoon and after mixing of guar in soil during the two study years to know 

whether this soil suitable for crops or not. Data regarding yield and yield 

components of wheat, brassica and chickpea were also recorded during the two 

study years. Data which were collected during the whole experiment are discussed 

as under: 

4.1 SOIL DATA 

Soil data taken before sowing of crops and after harvesting are discussed as 

under: 

4.1.1 Nitrogen Contents (mg/kg) 

Nitrogen (N) contents were determined at soil depths of 0-15cm, 15-30 cm 

and 30-45cm (Table 4.1). Results showed that before sowing of winter crops tillage 

treatments gave significant results during the 2
nd

 year at all soil depths, tillage 

treatment T2 (Mold board + 2 cultivations) proved to be the best practice in 

49 
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improving the soil nitrogen contents. Under the tillage treatment T2 the highest 

nitrogen contents were determined at all soil depths ranging from 0.391 mg/kg to 

0.396 mg/kg. Lowest nitrogen contents were found in tillage treatment T1 (farmer’s 

or control tillage treatment) at all soil depths (0.313 mg/kg to 0.321 mg/kg). Tillage 

treatments T3 (Chisel + 2 Cultivations) and T4 (Minimum tillage + Glyphosate) 

showed more nitrogen contents than T1 at all soil depths, but less than that of T2. 

When we discussed about cropping systems (CS) effect on nitrogen contents then it 

can be seen that cropping system CS2 (Wheat + Brassica- Fallow- Wheat + 

Brassica- Fallow) and CS3 (Wheat + Chiccpea- Fallow- Wheat + Chickpea- 

Fallow) were at par with each other and gave the highest nitrogen contents at all 

soil depths before sowing of winter crops ranged from 0.357 mg/kg to 0.365 mg/kg 

(Table 4.1). The lowest contents were observed in cropping system CS1 (Wheat- 

Fallow- Wheat- Fallow) which ranged from 0.336 mg/kg to 0.344 mg/kg. After 

harvesting of winter crops, nitrogen contents under all the tillage treatments also 

showed significant differences during the second year. Tillage treatment T2 at all 

soil depths gave the highest value that ranged from 0.389 mg/kg to 0.396 mg/kg, 

whereas; lowest nitrogen contents were observed in case of T1 (Table 4.8). 

Cropping system CS3 at all soil depths reflected the highest value ranging from 

0.362 mg/kg to 0.368 mg/kg. Lowest value noted in case of CS1 which ranged from 

0.331 mg/kg to 0.337 mg/kg (Table 4.8). The cropping system CS3 showed the 

highest nitrogen contents, this may be attributed to the leguminous nature of the 

chickpea. Interactive effects of tillage and cropping systems before sowing and 

after harvesting of crops also showed significant results at all soil depths. T2 x CS3 
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and T2 x CS2 interaction showed the highest values but, the lowest values were 

found in case of T1 x CS1 interaction (Tables 4.2 and 4.9). 

Data regarding soil before sowing of cluster bean also taken and it was 

found that tillage treatments produced significant results during the second year as 

compare to first year at all the soil depths. The T2 treatment showed highest soil 

nitrogen contents (0.388 mg/kg to 0.390 mg/kg). Lowest nitrogen contents were 

observed in tillage treatment T1 (farmer’s or control tillage treatment) ranged from 

0.306 mg/kg to 0.310 mg/kg (Table 4.15). Results of the study also depicted greater 

nitrogen contents in case T3 and T4 showed greater nitrogen contents than T1 at all 

soil depths, but less than T2. Cropping systems effect on nitrogen contents revealed 

that CS3 gave highest nitrogen contents at all soil depths before sowing of cluster 

bean and ranged from 0.357 mg/kg to 0.368 (Table 4.15). The lowest contents were 

observed in CS1 which ranged from 0.325 mg/kg to 0.333 mg/kg. Cropping 

systems CS1 and CS4 (Wheat- Cluster bean- Wheat- Cluster bean) were at par with 

the value found in 30 cm soil depth (Table 4.15). Interactive effect of both i.e. 

cropping system and tillage treatments showed significant differences at all soil 

depths, T2 x CS3 interaction showed the highest soil nitrogen contents while lowest 

values were found in T1 x CS1 (Table 4.16). Results also depicted that tillage 

treatments resulted in significant differences after green manuring of cluster bean 

in soil as showed by all tillage treatments before sowing of cluster bean. The 

highest value observed in in case of tillage treatment T2 at all soil depths and 

ranged from 0.387 mg/kg to 0.400 mg/kg. Results also revealed that T3 and T4 

treatments at all soil depths gave more nitrogen values as compared to T1, but less 

than T2 (Table 4.22). In case of cropping system it can be seen that CS3 at all soil 
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depths showed the highest value. The lowest values were found in case of CS1 

ranges from 0.339 mg/kg to 0.355 mg/kg. At 15-30 cm soil depth, it was observed 

that CS1 and CS4 were at par with each other (Table 4.22). Significant differences 

were found between interaction of tillage and cropping systems at all soil depths. 

The interaction between T2 x CS3 showed maximum values while T1 x CS1 gave 

minimum values (Table 4.23). During the two years study, results showed that 

greater nitrogen contents were obtained in 2
nd

 year as compared to 1
st
 year and this 

was probably due to better effect of tillage practices and cropping systems. Results 

revealed that the highest nitrogen contents were found after harvesting of crops as 

compared to before sowing of crops at all soil depths, this might be due to the land 

fallowing before sowing of winter crops. Tillage treatment T2 (Mold board plough 

+ 2 cultivations) in which drill sowing was done affected more nitrogen contents 

than rest of tillage treatments and this was probably due to better mixing of 

nutrients in soil. The cropping system effect on nitrogen contents revealed that CS3 

resulted in greater nitrogen contents followed by CS2 than the rest of cropping 

systems. This may be attributed to leguminous nature of chickpea crop. The 

treatments T2 and CS4 showed that green manuring of cluster bean after its mixing 

also produced more nitrogen contents at all soil depths as compared to before its 

mixing in soil and this might be due to nitrogen fixing ability of chickpea crop. Our 

findings are also in line with Zalidis et al. (2002) and Nelson et al. (2001), who 

reported that leguminous crops not only increase nitrogen contents of soil, but also 

improve crops yield.   
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Table 4.1: Soil Nitrogen (mg/kg), Phosphorous (mg/kg), Potassium (mg/kg), Organic matter 

(%), Bulk density (g/cm
3
) and Moisture contents (%) as affected by different tillage and 

cropping systems before sowing of winter crops at different soil depths 

 

0-15 cm  Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.345
NS

 4.050* 68.958b* 0.596b* 1.509
NS

 14.246b* 

Y2 0.350 4.256  72.708a 0.627a 1.487 14.654a 

Tillage Treatments 
T1  0.321d* 3.616d* 63.750d* 0.588d* 1.533

NS
 12.987d* 

T2  0.393a 5.000a 79.792a 0.767a 1.470 16.475a 
T3  0.366b 4.150b 71.458b 0.687b 1.484 14.679b 
T4  0.338c 3.845c 68.333c 0.627c 1.503 13.658c 

Cropping Systems 
CS1  0.344b* 3.891c* 65.625c* 0.616d* 1.520a 13.679c* 
CS2  0.361a 4.091b 70.833b 0.676b 1.490c 14.542b 
CS3  0.365a 4.545a 77.917a 0.744a 1.477d* 15.333a 
CS4  0.349b 4.083b 68.958b 0.634c 1.502b 14.246b 

15-30 cm  Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.351
NS

 4.214b* 61.771b* 0.621b* 1.525
NS

 14.652b* 

Y2 0.355 4.481a 68.542a 0.657a 1.491 15.113a 

Tillage Treatments 
T1  0.317d* 3.825d* 57.917d* 0.554d* 1.541

NS
 13.471d* 

T2  0.396a 5.129a 73.958a 0.747a 1.485 16.892a 
T3  0.362b 4.362b 66.875b 0.652b 1.496 15.204b 
T4  0.336c 4.075c 61.875c 0.601c 1.509 13.962c 

Cropping Systems 
CS1  0.342b* 4.045c* 58.958c* 0.588d* 1.533

NS
 14.100c* 

CS2  0.361a 4.320b 65.417b 0.646b 1.496 15.012b 
CS3  0.361a 4.320b 65.417b 0.646b 1.496 15.012b 
CS4  0.347b 4.295b 64.167b 0.603c 1.512 14.688b 

30-45 cm  Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.352
NS

 4.389b* 56.250b* 0.650b* 1.544
NS

 14.946b* 

Y2 0.354 4.620a 63.438a 0.685 1.512 15.344a 

Tillage Treatments 
T1  0.313d* 3.979d* 53.333d* 0.525d* 1.559

NS
 13.721d* 
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* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 

 

Table 4.2: Interactive effect of different tillage and cropping systems on soil Nitrogen 

contents (mg/kg) before sowing of winter crops at different soil depths over two 

consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.307g* 0.330f* 0.330f* 0.317fg* 
T2  0.381bc 0.394ab 0.408a 0.389b 
T3  0.358de 0.371cd 0.373cd 0.361de 
T4  0.329f 0.348e 0.349e 0.328f 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.304g* 0.325ef* 0.326ef* 0.313fg* 
T2  0.381b 0.408a 0.408a 0.388b 
T3  0.354cd 0.367c 0.367c 0.359c 
T4  0.327e 0.345d 0.345d 0.327e 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.301h* 0.321g* 0.321g* 0.308h* 
T2  0.374bc 0.404a 0.404a 0.383b 
T3  0.346 ef 0.362cd 0.362cd 0.355de 
T4  0.321g 0.339f 0.340f 0.323g 

* Means not sharing a letter in common within column differ significantly at 5%   

probability   level 

NS= Non-significant 

 

 

 

 

 

 

 

 

 

 

T2  0.391a 5.216a 66.875a 0.720a 1.505 17.113a 
T3  0.356b 4.566b 62.083b 0.627b 1.514 15.446b 
T4  0.331c 4.258c 57.083c 0.575c 1.537 14.300c 

Cropping Systems 
CS1  0.336c* 4.225c* 54.792c* 0.558d* 1.552

NS
 14.350c* 

CS2  0.357a 4.833a 64.375a 0.693a 1.509 16.000a 
CS3  0.357a 4.833a 64.375a 0.693a 1.509 16.000a 
CS4  0.342b 4.445b 60.625b 0.576c 1.533 14.954b 
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Table 4.3: Interactive effect of different tillage and cropping systems on soil 

Phosphorous contents (mg/kg) before sowing of winter crops at different soil depths 

over two consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.283i* 3.600h* 3.983ef* 3.600h* 
T2  4.683c 4.833bc 5.633a 4.850b 
T3  3.966efg 4.100e 4.466d 4.066e 
T4  3.633h 3.833fg 4.100e 3.816g 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.500h* 3.900efg* 4.083e* 3.816g* 
T2  4.766c 5.000b 5.783a 4.966b 
T3  4.050ef 4.350d 4.700c 4.350d 
T4  3.866fg 4.033ef 4.350d 4.050ef 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.716h* 4.016g* 4.266f* 3.916gh* 
T2  4.800d 5.283b 5.716a 5.066c 
T3  4.366ef 4.500e 4.850d 4.550e 
T4  4.016g 4.266f 4.500e 4.250f 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 

 

Table 4.4: Interactive effect of different tillage and cropping systems on soil Potassium 

contents (mg/kg) before sowing of winter crops at different soil depths over two 

consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  57.500g* 65.000ef* 70.833cd* 61.667fg* 
T2  74.167c 80.000b 85.833a 79.167b 
T3  66.667de 70.833cd 80.833b 67.500de 
T4  64.167ef 67.500de 74.167c 67.500de 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  50.833h* 57.500fg* 65.000de* 58.333fg* 
T2  68.333cd 75.000ab 79.167a 73.333bc 
T3  60.833efg 67.500d 74.167ab 65.000de 
T4  55.833gh 61.667ef 70.000bcd 60.000efg 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  48.333h* 53.333gh* 57.500efg* 54.167g* 
T2  60.833def 65.833bcd 72.500a 68.333ab 
T3  55.833fg 62.500cde 66.667bc 63.333bcd 
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T4  54.167g 56.667fg 60.833def 56.667fg 

* Means not sharing a letter in common within column differ significantly at 5% 

probability       level 

NS= Non-significant 
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4.1.2 Phosphorous Contents (mg/kg) 

Phosphorous (P) contents were also determined at all three soil depths i.e. 

0-15cm, 15-30 cm and 30-45cm respectively before sowing and after harvesting of 

crops (Table 4.1). The results 2
nd

 year study showed that before sowing of winter 

crops tillage treatments and cropping systems revealed significant differences. 

Treatment T2 (Mold board+ 2 cultivations) gave the highest P contents at all soil 

depths ranging from 5.000 mg/kg to 5.216 mg/kg. Lowest P contents were 

examined in tillage treatment T1 (farmer’s practice) which was ranged from 3.616 

mg/kg to 3.979 mg/kg. In tillage treatments T3 (Chisel + 2 cultivations) and T4 

(Minimum tillage + Glyphosate), more P contents were observed than T1 at all soil 

depths, but less than T2. Cropping systems (CS) effect on P contents indicated that 

cropping system CS3 (Wheat + Brassica- Fallow –Wheat + Brassica – Fallow) gave 

the highest P contents at all soil depths before sowing of winter crops ranged from 

4.545 mg/kg to 4.833 mg/kg (Table 4.1). It can be seen that the lowest contents at 

all soil depths showed by cropping system CS1 (Wheat-Fallow -Wheat-Fallow) 

ranged from 3.891 mg/kg to 4.225 mg/kg. Cropping systems CS3 (Wheat+ 

Chickpea - Fallow – Wheat+ Chickpea- Fallow) and CS4 (Wheat – Cluster bean 

(Green manuring) – Wheat- Cluster bean (Green manuring) were at par with each 

other at all soil depths. Interactive effect of cropping system and tillage treatments 

at all soil depths showed significant differences. The T2 x CS2 interaction reflected 

highest soil P contents while the lowest values of interaction were observed in T1 x 

CS1 interaction at all soil depths (Table 4.3). After harvesting of winter crops, P 

contents under all tillage treatments also revealed significant differences. Results 

presented in Table 4.4 showed that highest value gave by tillage treatment T2 at all 
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soil depths ranged from 4.783 mg/kg to 4.962 mg/kg, whereas; the lowest P 

contents were found in T1 and these ranged from (3.541 mg/kg to 3.637 mg/kg). T3 

and T4 also gave more P values as compared to T1 but less than T2. Cropping 

system CS3 depicted the highest values at all soil depths ranged from (4.287 mg/kg 

to 4.641 mg/kg). Whereas, lowest value revealed in cropping system CS1 (Table 

4.8). At all soil depths CS2 and CS4 were at par with each other and showed more P 

contents than CS1, but less than CS3. Significant results can also be observed at all 

soil depths. The T2 x CS3 reflected highest values at all soil depths whereas the 

lowest value was recorded in case of T1 x CS1 (Table 4.10). 

Before sowing of cluster bean in all tillage treatments and cropping systems 

significant results were observed at all soil depths, T2 showed the highest soil P 

contents. The treatment T2 gave (4.554 mg/kg to 4.625 kg/mg) P contents. Lowest 

P contents were found in tillage treatment T1, which were 3.112 mg/kg to 3.320 

mg/kg (Table 4.15). It can also be seen that T3 and T4 gave more phosphorous 

contents than T1 at all soil depths but less than T2. Cropping systems effect on P 

contents showed CS3 gave the highest P contents at all soil depths before sowing of 

cluster bean ranged from 4.041 mg/kg to 4.350 mg/kg (Table 4.15). Lowest 

contents from all soil depths were determined in cropping system CS1 which were 

(3.400 mg/kg to 3.541 mg/kg). It was also observed that CS2 and CS4 were at par 

with each other at depth-2 and 3. Significant differences in interaction can be 

observed at all soil depths, interaction between T2 x CS3 revealed highest soil P 

contents while the lowest values of interaction were examined in T1 x CS1 (Table 

4.17). After green manuring of cluster bean in soil it was observed that P contents 

under all tillage treatments showed significant differences as showed by all tillage 
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treatments before sowing of cluster bean. Table (4.22) depicted that the highest 

value obtained from tillage treatment T2 ranged from (5.100 mg/kg to 5.233 

mg/kg). The Lowest P contents observed in T1, which were (3.001 mg/kg to 3.908 

mg/kg). T3 and T4 at all soil depths gave more P contents as compared to T1 but 

less than T2. CS3 at all soil depths reflected the highest P contents ranged from 

(4.641 mg/kg to 4.958 mg/kg). Lowest values were obtained in CS1 at all soil 

depths ranged from 4.000 mg/kg to 4.200 mg/kg (Table 4.22). At depth-2 and 3 it 

was observed that CS2 and CS4 were at par with each other. Significant results of 

interaction were also obtained at all soil depths. Interaction of T2 x CS3 gave the 

highest value at all soil depths whereas, lowest values of interaction were examined 

in T1 x CS1 (Table 4.24). Our findings revealed that phosphorous contents found 

maximum after harvesting of crops as compared to before sowing of crops at all 

soil depths, this might be due to the addition of phosphorous in soil by our crops 

and due to the better tillage and cropping systems effects on soil which adds the 

nutrients properly. Tillage treatment T2 (Mold board plough + 2 cultivation) gave 

more phosphorous contents than rest of tillage treatments, this might be due to deep 

ploughing and mixing nature of mold board plough then rest of the tillage 

treatments. Cropping system effect on phosphorous contents also found significant. 

CS3 gave more phosphorous contents than rest of cropping systems, this might be 

due to proper availability of nutrients to soil via different crops grown round the 

year as compare to conventional tillage systems. Green manuring of cluster bean 

also enhanced the phosphorous contents at all soil depths. Green manuring in T2 

and CS4 of cluster bean gave more phosphorous contents at all soil depths as 

compare to before its mixing in soil, this might be due to the water absorbance 
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during monsoon and proper utilization of the nutrients by using mold board plough 

as it increase the soil porosity. This increase in phosphorous contents in soil by 

using different cropping and tillage systems have also been observed by Hatfield et 

al. (2001) and Rinaldi et al. (2000).  

4.1.3 Potassium Contents (mg/kg) 

Year wise effect of tillage treatments and cropping systems showed that the 

highest potassium (K) contents were present during the 2
nd

 year this might be due 

to the effect of better tillage treatments and proper cropping systems. Results of 

Table 4.1 depicted that during second year of study tillage treatments reflected 

significant results before sowing of winter crops at all soil depths. Under the tillage 

treatment T2 (Mold board+ 2 cultivations) highest K contents were determined at 

all soil depths. Lowest K contents were found in tillage treatment T1. Treatments T3 

(Chisel + 2 cultivations) and T4 (Minimum tillage + Glyphosate) gave more K 

contents than T1 at all soil depths but less than T2 (Table 4.1). Cropping systems 

(CS) effect on K contents depicted that cropping system CS2 (Wheat + Brassica- 

Fallow –Wheat + Brassica – Fallow) gave the highest K contents at all soil depths 

before sowing of crops ranged from 64.375 mg/kg to 77.917 mg/kg. Lowest 

contents were obtained from cropping system CS1 (Wheat-Fallow -Wheat-Fallow) 

which were 54.792 mg/kg to 65.625 mg/kg (Table 4.1). Cropping systems CS3 

(Wheat+ Chickpea - Fallow – Wheat+ Chickpea- Fallow) and CS4 (Wheat – 

Cluster bean (Green manuring) – Wheat- Cluster bean (Green manuring) were at 

par with each other at all soil depths. Interactive effect of cropping system and 

tillage treatments during second year at all soil depths revealed significant 

differences. The T2  x  CS2  interaction  gave the  highest soil K contents .Whereas, 
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Table 4.5: Interactive effect of different tillage and cropping systems on soil Organic matter 

(%) before sowing of winter crops at different soil depths over two consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.516k* 0.606hi* 0.681e* 0.550j* 
T2  0.711d 0.800ab 0.820a 0.740c 
T3  0.651fg 0.673ef 0.776b 0.646g 
T4  0.585i 0.626gh 0.698de 0.600i 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.486i* 0.565fg* 0.648d* 0.518h* 
T2  0.691c 0.783a 0.810a 0.705c 
T3  0.615e 0.645d 0.735b 0.616e 
T4  0.561g 0.591ef 0.678c 0.573fg 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.450j* 0.533h* 0.621f* 0.495i* 
T2  0.663de 0.751b 0.790a 0.678d 
T3  0.586g 0.626f 0.706c 0.588g 
T4  0.535h 0.568g 0.655e 0.543h 
         * Means not sharing a letter in common within column differ significantly at 5% probability   

level 

            NS= Non-significant 

 

Table 4.6: Interactive effect of different tillage and cropping systems on soil Bulk density 

(g/cm
3
) before sowing of winter crops at different soil depths over two consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.563

NS
 1.528b

NS
 1.508c

NS
 1.533b

NS
 

T2  1.488 1.461 1.451 1.480 
T3  1.506 1.47 1.465 1.490 
T4  1.523 1.496 1.486 1.508 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.578

NS
 1.526

NS
 1.523

NS
 1.538

NS
 

T2  1.506 1.468 1.465 1.500 
T3  1.515 1.490 1.480 1.500 
T4  1.533 1.500 1.493 1.511 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.586a

NS
 1.546

NS
 1.543

NS
 1.560

NS
 

T2  1.530 1.495 1.483 1.511 
T3  1.540 1.505 1.490 1.521 
T4  1.555 1.531 1.521 1.540 
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* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 

 

Table 4.7: Interactive effect of different tillage and cropping systems on soil Moisture 

contents (%) before sowing of winter crops at different soil depths over two consecutive 

years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  11.883j* 13.300hi* 13.750fghi* 13.017i* 
T2  15.750bc 16.550b 17.817a 15.783bc 
T3  14.050efgh 14.717de 15.417cd 14.533def 
T4  13.033i 13.600ghi 14.350efg 13.650fghi 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  12.533k* 13.667hij* 14.350fgh* 13.333ijk* 
T2  16.200bcd 16.917b 17.900a 16.550bc 
T3  14.567fg 15.400de 15.983cd 14.867ef 
T4  13.100jk 14.067fghi 14.683efg 14.000ghi 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  12.700j* 13.917hi* 14.733fg* 13.533i* 
T2  16.283cd 17.300b 18.117a 16.750bc 
T3  14.867efg 15.583de 16.117cd 15.217ef 
T4  13.550hi 14.300ghi 15.033efg 14.317gh 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 
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Table 4.8: Soil Nitrogen (mg/kg), Phosphorous (mg/kg), Potassium (mg/kg), Organic matter (%), 

Bulk density (g/cm
3
) and Moisture contents (%) as affected by different tillage and cropping 

systems after harvesting of winter crops at different soil depths over two consecutive years 

 

0-15 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter (%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.343
NS

 3.785b* 63.437b* 0.574b* 1.501
NS

 13.848b* 

Y2 0.348 4.050a 70.104a 0.606a 1.471 14.260a 

Tillage Treatments 
T1  0.317d* 3.358d* 61.042d* 0.552d* 1.521

NS
 12.633d* 

T2  0.396a 4.783a 74.792a 0.728a 1.460 15.862a 
T3  0.363b 3.925b 67.292b 0.643b 1.473 14.283b 
T4  0.336c 3.604c 63.958c 0.592c 1.492 13.438c 

Cropping Systems 
CS1   0.339c* 3.666c* 59.167d* 0.574d* 1.510

NS
 13.254d* 

CS2  0.362a 3.895b 68.958b 0.635b 1.479 14.217b 
CS3  0.362a 4.287a 73.958a 0.704a 1.467 15.029a 
CS4  0.348b 3.820b 65.000c 0.602c 1.490 13.717c 

15-30 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter (%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.346
NS

 3.889b* 57.292b* 0.588b* 1.502
NS

 14.242b* 

Y2 0.350 4.208a 64.479a 0.623a 1.465 14.633a 

Tillage Treatments 
T1  0.313d* 3.541d* 52.292d* 0.525d* 1.527

NS
 13.050d* 

T2  0.391a 4.787a 70.208a 0.716a 1.458 16.504a 
T3  0.357b 4.087b 62.500b 0.618b 1.469 14.675b 
T4  0.331c 3.779c 58.542c 0.562c 1.480 13.521c 

Cropping Systems 
CS1   0.337c* 3.691c* 55.625c* 0.551d* 1.502

NS
 13.658c* 

CS2  0.347b 3.995b 61.458b 0.615b 1.473 14.567b 
CS3  0.368a 4.437a 66.458a 0.683a 1.463 15.321a 
CS4  0.341c 4.070b 60.000b 0.572c 1.495 14.204b 

30-45 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter (%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.351
NS

 4.072b* 51.563b* 0.612b* 1.529
NS

 14.498b* 

Y2 0.355 4.368a 58.542a 0.645a 1.497 14.852a 

Tillage Treatments 
T1  0.310d* 3.637d* 48.750d* 0.507d* 1.542

NS
 13.417d* 



64 

 

 

 

T2  0.389a 4.962a 62.500a 0.703a 1.487 16.771a 
T3  0.354b 4.325b 56.458b 0.597b 1.496 14.650b 
T4  0.328c 3.958c 52.500c 0.554c 1.525 13.862c 

Cropping Systems 
CS1   0.331d* 3.875c* 49.792c* 0.537d* 1.535

NS
 13.804d* 

CS2  0.350b 4.191b 54.167b 0.598b 1.506 14.933b 
CS3  0.362a 4.641a 61.875a 0.671a 1.490 15.604a 
CS4  0.338c 4.175b 54.375b 0.555c 1.520 14.358c 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 
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minimum values of interaction can be seen in T1 x CS1 at all soil depths (Table 

4.4). After harvesting of winter crops K contents under all the tillage treatments 

also reflected significant differences. It can be observed in Table 4.8 that the 

highest value showed by tillage treatment T2 ranged from 62.500 mg/kg to 74.792 

mg/kg. The Lowest K contents were found in tillage treatment T1, which were 

48.750 mg/kg to 61.042 mg/kg. At all soil depths in T3 and T4 proved their self 

better as compare to T1 but less than T2. All cropping systems also produced 

significant results. Cropping system CS3 gave the highest values at all soil depths 

ranged from 62.500 mg/kg to 73.958 mg/kg. CS1 showed lowest K contents at all 

soil depths which were 49.792 mg/kg to 59.167 mg/kg (Table 4.4). It was also 

observed that at all soil depths CS2 and CS4 depicted more K contents than CS1 but 

less than CS3. Significant results were also observed regarding interactive effects of 

tillage and cropping systems at all soil depths. Interaction between T2 x CS3 was 

found highest whereas, the lowest values of interaction given by T1 x CS1 (Table 

4.11).  

All the tillage treatments before sowing of cluster bean reflected significant 

results at all soil depths. Tillage treatment T2 showed the highest soil K contents 

during both the study years. The Lowest K contents were found in tillage treatment 

T1 (Table 4.15). Results also indicated that T3 and T4 gave more K contents than T1 

at all soil depths but less than T2. Cropping systems effect on K contents revealed 

that CS3 gave the highest K contents at all soil depths before sowing of cluster bean 

(Table 4.15). Lowest contents at all soil depths were determined in cropping 

system CS1 which were 53.333 mg/kg to 57.083 mg/kg. It can be seen that from 

depths 0-15 cm and 30-45 cm cropping systems CS3 was at par with CS4 and CS4 
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with CS1, whereas from depth 15-30 cm CS2 was at par with CS4. Significant 

results of interaction can be observed at all soil depths, interaction of T2 x CS3 gave 

the highest soil K contents whereas, lowest value of interaction was examined in T1 

x CS1 (Table 4.18). After green manuring of cluster bean in soil it was observed 

that K contents under all tillage treatments revealed significant results and gave 

greatest values as compared to before sowing of winter crops, after harvesting of 

winter crops and before sowing of cluster bean. This might be due to the better 

cropping systems techniques and addition of green manure in soil (Table 4.22). 

Results depicted that highest value obtained from tillage treatment T2, lowest K 

contents obtained from T1. Results also depicted that T3 and T4 at all soil depths 

gave more K contents as compared to T1 but less than T2. CS3 at all soil depths 

gave the highest K contents during second year ranged from (84.583 mg/kg to 

98.333 mg/kg). The Lowest values were obtained in CS1 at all soil depths which 

were 65.208 mg/kg to 70.208 mg/kg (Table 4.22). At all the depths it can be 

examined that CS2 and CS4 showed more K contents than CS1 but less than CS3. 

Significant effect of years on interaction was also observed. T2 x CS3 interaction 

reflected the highest value at all soil depths, lowest values of interaction were 

examined in T1 x CS1 (Table 4.25). After harvesting of crops potassium contents 

found maximum compare to before sowing of crops at all the three depths, this 

might be due to the addition of potassium in soil by our crops and due to the better 

tillage and cropping systems. Tillage treatment T2 because of deep tillage property 

enhanced soil porosity and due to this better crops growth occurred which 

enhanced the potassium contents then rest of tillage treatments. Cropping system 

effect on potassium contents also found significant and CS3 gave more potassium 
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contents, because spreading nature of chickpea in this cropping system reduced the 

potassium depletion losses. Green manuring in T2 and CS4 of cluster bean gave 

more potassium contents from all soil depths as compared to before its mixing in 

soil this might be due more potassium contents become available by this crop as 

compared to land fallowing during monsoon season. Borges et al. (2000) and 

Jianwei et al. (2007) also assessed that proper cropping and tillage systems can 

enhance the nutrients availability and crops growth.  

4.1.4 Organic Matter (%) 

Year wise results revealed that tillage treatments and cropping systems 

showed significant results before sowing of winter crops from all soil depths. 

During 2
nd

 year organic matter was higher as compared to first year (Table 4.1). 

Tillage treatment T2 (Mold board+ 2 cultivations) gave the highest organic matter 

(OM) contents ranged from 0.720 % to 0.767 %. The lowest OM was found in 

tillage treatment T1 (farmer’s or control tillage treatment) which were (0.525 % to 

0.558 %). Treatments T3 (Chisel + 2 cultivations) and T4 (Minimum tillage + 

Glyphosate) revealed more OM than T1 at all soil depths but less than T2. Cropping 

systems (CS) effect on OM showed that cropping system CS2 (Wheat + Brassica- 

Fallow –Wheat + Brassica – Fallow) gave maximum OM at all soil depths during 

the second year as compared to first year before sowing of crops. Minimum 

organic matter contents were obtained from cropping system CS1 (Table 4.1). 

Interactive effect of cropping system and tillage treatments at all soil depths 

revealed significant results. The T2 x CS2 interaction geve maximum soil OM. 

Minimum  values of  interaction  can be seen in T1  x  CS1  at  all soil depths (Table  
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Table 4.9: Interactive effect of different tillage and cropping systems on soil Nitrogen 

contents (mg/kg), after harvesting of winter crops at different soil depths over two 

consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.303g* 0.325f* 0.325f* 0.316fg* 
T2  0.377bc 0.409a 0.409a 0.389b 
T3  0.355de 0.368cd 0.368cd 0.360d 
T4  0.324f 0.345e 0.345e 0.329f 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.302g* 0.316ef* 0.327e* 0.309fg* 
T2  0.376bc 0.388b 0.419a 0.382bc 
T3  0.349d 0.356d 0.371c 0.353d 
T4  0.321 ef 0.328e 0.355d 0.320ef 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.296l* 0.318ij* 0.324ij* 0.304kl* 
T2  0.369cd 0.393b 0.414a 0.379c 
T3  0.341gh 0.360def 0.364de 0.352efg 
T4  0.315jk 0.331hi 0.348fg 0.318ij 
* Means not sharing a letter in common within column differ significantly at 5% probability   level 

   NS= Non-significant 

 

Table 4.10: Interactive effect of different tillage and cropping systems on soil Phosphorous 

contents (mg/kg), after harvesting of winter crops at different soil depths over two 

consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.116i* 3.416gh* 3.600f* 3.300h* 
T2  4.516b 4.666b 5.366a 4.583b 
T3  3.700ef 3.916d 4.233c 3.850de 
T4  3.333h 3.583fg 3.950d 3.550fg 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.200h* 3.583fg* 3.800ef* 3.583fg* 
T2  4.400bc 4.666b 5.433a 4.650b 
T3  3.716efg 3.983de 4.350c 4.300c 
T4  3.450gh 3.750ef 4.166cd 3.750ef 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.316l* 3.600jk* 3.600jk* 3.533k* 
T2  4.450cd 4.950b 4.950b 4.850b 
T3  4.000gh 4.316de 4.316de 4.350de 
T4  3.733ij 3.900hi 3.900hi 3.966gh 
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* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 

 

Table 4.11: Interactive effect of different tillage and cropping systems on soil Potassium 

contents (mg/kg), after harvesting of winter crops at different soil depths over two 

consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  54.167h* 62.500ef* 67.500cd* 60.000fg* 
T2  65.000de 80.000ab 83.333a 70.833c 
T3  60.000fg 68.333cd 76.667b 64.167def 
T4  57.500gh 65.000 de 68.333 cd 65.000 de 

15- 30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  48.333g* 52.500efg* 57.500bcde* 50.833fg* 
T2  63.333b 71.667a 75.833a 70.000a 
T3  56.667cdef 61.667bc 70.000a 61.667bc 
T4  54.167defg 60.000bcd 62.500bc 57.500bcde 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  45.000g* 49.167fg* 54.167cdef* 46.667g* 
T2  56.667bcd 60.833b 70.833a 61.667b 
T3  50.000efg 55.833bcde 61.667b 58.333bc 
T4  47.500g 50.833defg 60.833b 50.833defg 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 

 

Table 4.12: Interactive effect of different tillage and cropping systems on soil Organic 

matter (%) after harvesting of winter crops at different soil depths over two consecutive 

years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.473j* 0.561h* 0.643de* 0.530i* 
T2  0.670d 0.755ab 0.780a 0.708c 
T3  0.603fg 0.630ef 0.728bc 0.611fg 
T4  0.550hi 0.593g 0.665d 0.560h 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.458i* 0.531g* 0.618e* 0.495h* 
T2  0.660d 0.745b 0.775a 0.685cd 
T3  0.568f 0.620e 0.711c 0.575f 
T4  0.520gh 0.565f 0.628e 0.535g 
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30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.438* 0.515j* 0.600g* 0.476k* 
T2  0.645de 0.730b 0.768a 0.670cd 
T3  0.548hi 0.608fg 0.685c 0.550h 
T4  0.520ij 0.541hij 0.631ef 0.523hij 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 

 

Table 4.13: Interactive effect of different tillage and cropping systems on soil Bulk density 

(g/cm
3
) after harvesting of winter crops at different soil depths over two consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.556

NS
 1.506

NS 
 1.500

NS
 1.521

NS
  

T2  1.481  1.455  1.440 1.466 
T3  1.493 1.470  1.451  1.478 
T4  1.510  1.485 1.476  1.496  

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.550

NS
 1.513

NS
 1.511

NS
 1.533

NS
  

T2  1.475 1.443  1.443  1.473  
T3  1.485  1.466  1.445  1.481  
T4  1.501  1.471  1.453  1.495  

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.570

NS
 1.535

NS
  1.516

NS
  1.548

NS
  

T2  1.506  1.486  1.463  1.495  
T3  1.523  1.488  1.471  1.503  
T4  1.543  1.515  1.511  1.533  
      * Means not sharing a letter in common within column differ significantly at 5% probability   

level 

        NS= Non-significant 

 

Table 4.14: Interactive effect of different tillage and cropping systems on soil Moisture 

contents (%) after harvesting of winter crops at different soil depths over two consecutive 

years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  11.667h* 12.967fg* 13.317fg* 12.583g* 
T2  15.050c 16.233b 17.417a 14.750cd 
T3  13.533ef 14.317cde 15.100c 14.183de 
T4  12.767fg 13.350fg 14.283cde 13.350fg 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
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T1  12.250j* 13.150ghi* 13.917fg* 12.883hij* 
T2  15.833c 16.683b 17.517a 15.983bc 
T3  13.833fg 14.917de 15.483cd 14.467ef 
T4  12.717ij 13.517gh 14.367ef 13.483ghi 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  12.400i* 13.800gh* 14.250fg* 13.217hi* 
T2  16.033c 16.933ab 17.750a 16.367bc 
T3  13.683gh 15.083de 15.750cd 14.083fg 
T4  13.100hi 13.917fgh 14.667ef 13.767gh 

        * Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

         NS= Non-significant 
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4.1). Interactive effect of cropping system and tillage treatments at all soil depths 

revealed significant results. The T2 x CS2 interaction geve maximum soil OM. 

Minimum values of interaction can be seen in T1 x CS1 at all soil depths (Table 

4.5). After harvesting of winter crops organic matter contents under different tillage 

treatments also reflected significant differences. It can be observed in Table 4.8 

that maximum value geve by tillage treatment T2, whereas minimum OM was 

found in T1. Cropping systems also depicted significant results, CS3 gave 

maximum values at all soil depths and CS1 produced minimum OM at all soil 

depths (Table 4.8). It was also observed that at all soil depths CS2 gave more 

organic matter contents followed by CS4, but less than CS3. Results of (Table 4.12) 

indicated that significant differences were observed regarding interactive effects of 

tillage and cropping systems at all soil depths. Interaction between T2 x CS3 

showed maximum organic matter contents, whereas minimum values of interaction 

obtained from T1 x CS1. 

Tillage treatments before sowing of cluster bean reflected significant results 

at all soil depths, T2 appreciabely gave maximum soil organic matter contents 

ranged from (0.679 % to 0.695 %). Minimum OM was found in tillage treatment 

T1, which were 0.480 % to 0.521 % (Table 4.15). Over all T3 and T4 revealed more 

organic matter contents than T1 at all soil depths but less than T2. The data 

presented in (Table 4.15) demonstrated that cropping system CS3 gave maximum 

OM at all soil depths before sowing of cluster bean, whereas minimum contents at 

all soil depths were determined in cropping system CS1. Results of the experiment 

stated that at depth 0-15 cm and 30-45 cm cropping systems CS4 was at par with 

CS1 and CS2 whereas, CS2 and CS4 were at par to each other at depth 30-45 cm. 
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Interactive effects were observed at all soil depths and was found that, T2 x CS3 

interaction showed maximum soil organic matter contents, whereas minimum 

values of interaction was examined in T1 x CS1 (Table 4.19). After green manuring 

of cluster bean in soil it was observed that organic matter contents under different 

tillage treatments showed significant results. Table 4.22 depicted that maximum 

value obtained from tillage treatment T2 and minimum OM values observed from 

T1. Results also revealed that T3 and T4 at all soil depths gave more OM as 

compared to T1 but less than T2. CS3 at all soil depths gave maximum organic 

matter contents, minimum values were obtained in CS1 (Table 4.22). Results also 

demonstrated that from depth 30-45 cm that CS4 and CS1 were at par to each other 

but less than CS3. Significant results of interaction were also observed at all soil 

depths and was found that T2 x CS3 gave maximum value, whereas minimum value 

of interaction was examined in interaction of T1 x CS1 (Table 4.26). The amount of 

organic matter in Pakistan soil is less than 1 %, this is due to the less rain fall as 

well as poor vegetation cover. Less amount of organic matter is the basic reason of 

poor crops growth (Treseder and Turner, 2007). It can be seen from the results that 

tillage treatment T2 enhanced more soil organic matter as compared to other tillage 

treatments this might be due to the deep tillage by moldboard plough mix the 

vegetative cover properly and pulverize the soil for more microbial activities. 

Cropping system CS3 gave maximum OM because crops residues enhanced the 

organic matter with the passage of time, that is why during second year more OM 

contents were found than first year. Conventional cropping system CS1 gave 

minimum OM contents because land fallowing did not mix any vegetative cover in 

soil. Cluster bean mixing in CS4 also enhanced OM contents as compared to CS1. 
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Similar results had also been documented by Puget and Lal, (2005) and Mann et al. 

(2002) regarding intercropping of leguminous crops and deep tiilage during 

monsoon season under rainfad condition. 

4.1.5 Bulk Density (g/cm
3
) 

Year wise results presented in (Table 4.1) revealed that tillage treatments as 

well as cropping systems showed significant differences before sowing of winter 

crops at all soil depths. Soil having less bulk density considered better for plants 

growth. Tillage treatment T1 gave highest soil bulk density (SBD) at all soil depths 

and lowest value of SBD was found in tillage treatment T2 (Table 4.1). Tillage 

treatments T3 and T4 reflected less SBD than T1 at all soil depths but greater than 

T2. Cropping systems (CS) effect on SBD revealed that cropping system CS1 gave 

the highest SBD at all soil depths before sowing of crops ranged from 1.520 g/cm
3
 

to 1.552 g/cm
3
 (Table 4.1). The lowest SBD was obtained from cropping system 

CS2 which was (1.477 g/cm
3
 to 1.509 g/cm

3
). Interactive effect of cropping system 

and tillage treatments at all soil depths gave significant results, interaction of T1 x 

CS1 showed the highest soil SBD. Whereas, minimum values of interaction can be 

seen in interaction of T2 x CS2 at all soil depths (Table 4.6). After harvesting of 

winter crops SBD under different tillage treatments also showed significant 

differences during the second year of study as compare to first year. Examination 

of the data in (Table 4.8) reflected that the highest value showed by tillage 

treatment T1 and lowest SBD was found in T2. Tillage treatment T3 (Chisel + 2 

cultivations) and T4 (Minimum tillage + Glyphosate) showed less SBD as 

compared  to  T1  but  more  than  T2 at all soil depths. Results of Table 4.8 revealed 
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Table 4.15: Soil Nitrogen (mg/kg), Phosphorous (mg/kg), Potassium (mg/kg), Organic matter (%), 

Bulk density (g/cm
3
) and Moisture contents (%) as affected by different tillage and cropping 

systems before sowing of cluster bean at different soil depths over two consecutive years 

 

0-15 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.338b* 3.504b* 59.375b* 0.550b* 1.489
NS

 13.046b* 

Y2 0.342a 3.810a 65.729a 0.583a 1.458 b 13.448a 

Tillage Treatments 
T1  0.315d* 3.112d* 55.208d* 0.521d* 1.510

NS
 11.804*  

T2  0.390a 4.554a 70.208a 0.695a 1.439 15.171  
T3  0.360b 3.612b 64.375b 0.622b 1.461  13.579  
T4  0.332c 3.350c 60.417c 0.558c 1.484  12.433  

Cropping Systems 
CS1   0.334c* 3.445c* 57.083c* 0.543d* 1.495

NS
  12.483c* 

CS2  0.350b 3.612b 63.542b 0.602b 1.467  13.313b 
CS3  0.368a 4.041a 69.375a 0.680a 1.454  14.154a 
CS4  0.346b 3.529bc 60.208bc 0.570c 1.479  13.038b 

15-30 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.343
NS

 3.556b* 54.583b* 0.554b* 1.469
NS

 13.310b* 

Y2 0.347  3.925a 62.292a 0.591a 1.437 13.792a 

Tillage Treatments 
T1  0.310d* 3.250d* 49.583d* 0.495d* 1.495 

NS
 12.208c* 

T2  0.388a 4.575a 66.875a 0.682a 1.424  15.613a 
T3  0.353b 3.691b 61.875b 0.583b 1.438  13.792b 
T4  0.328c 3.445c 55.417c 0.529c 1.456  12.592c 

Cropping Systems 
CS1   0.333c* 3.400c* 54.375c* 0.520d* 1.471

NS
  12.792c* 

CS2  0.344b 3.758b 59.375b 0.585b 1.443  13.662b 
CS3  0.365a 4.162a 62.708a 0.644a 1.432  14.329a 
CS4  0.337c 3.641b 57.292b 0.539c 1.466  13.421b 

30-45 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.348NS 3.725b* 52.187b* 0.579b* 1.505
NS

  13.450b* 

Y2 0.351  4.050a 60.625a 0.620a 1.473  13.992a 

Tillage Treatments 
T1  0.306d* 3.320d* 49.167d* 0.480d* 1.519 

NS
 12.279d* 
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T2  0.384a 4.625a 64.375a 0.679a 1.457  16.046a 
T3  0.348b 4.008b 59.167b 0.572b 1.482  13.708b 
T4  0.323c 3.595c 52.917c 0.534c 1.496  12.850c 

Cropping Systems 
CS1   0.325d* 3.541c* 53.333c* 0.505d* 1.505

NS
  12.900c* 

CS2  0.345b 3.875b 56.458b 0.588b 1.485  13.946b 
CS3  0.357a 4.350a 61.250a 0.631a 1.466  14.654a 
CS4  0.333c 3.783b 54.583bc 0.542c 1.498  13.383c 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 

 

Table 4.16: Interactive effect of different tillage and cropping systems on soil Nitrogen 

(mg/kg) contents before sowing of cluster bean at different soil depths over two consecutive 

years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.300f* 0.318e* 0.327e* 0.313ef* 
T2  0.363cd 0.392b 0.420a 0.387b 
T3  0.352d 0.360cd 0.369c 0.358cd 
T4  0.321e 0.329e 0.355cd 0.325e 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.299g* 0.313ef* 0.324e* 0.305fg* 
T2  0.372c 0.385b 0.415a 0.378bc 
T3  0.345d 0.351d 0.367c 0.350d 
T4  0.318ef 0.325e 0.351d 0.317ef 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.290k* 0.314hi* 0.320hi* 0.300jk* 
T2  0.365cd 0.389b 0.407a 0.373c 
T3  0.335fg 0.352de 0.357de 0.347ef 
T4  0.310ij 0.325gh 0.344ef 0.313hi 
       * Means not sharing a letter in common within column differ significantly at 5% probability   level 

         NS= Non-significant 

 

Table 4.17: Interactive effect of different tillage and cropping systems on soil Phosphorous 

(mg/kg) contents before sowing of cluster bean at different soil depths over two consecutive 

years 
 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  2.833j* 3.166hi* 3.383efg* 3.066i* 
T2  4.383b 4.416b 5.100a 4.316b 
T3  3.416efg 3.550de 4.000c 3.483def 
T4  3.150hi 3.316fgh 3.683d 3.250ghi 
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15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  2.933i* 3.283gh* 3.566ef* 3.216gh* 
T2  4.116c 4.600b 5.133a 4.450b 
T3  3.433fg 3.716de 4.050c 3.566ef 
T4  3.116hi 3.433fg 3.900cd 3.333fgh 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  2.966i* 3.316gh* 3.783de* 3.216h* 
T2  4.083c 4.583b 5.316a 4.516b 
T3  3.716de 4.033c 4.366b 3.916cd 
T4  3.400fgh 3.566ef 3.933cd 3.483gf 
       * Means not sharing a letter in common within column differ significantly at 5% probability   level 

         NS= Non-significant 

 

Table 4.18: Interactive effect of different tillage and cropping systems on soil Potassium 

(mg/kg) contents before sowing of cluster bean at different soil depths over two consecutive 

years 
 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  49.167i* 55.833ghi* 64.167cdef* 51.667hi* 
T2  62.500defg 72.500ab 77.500a 68.333bcd 
T3  59.167efg 66.667bcd 70.000bc 61.667defg 
T4  57.500fgh 59.167efg 65.833bcde 59.167efg 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  45.833k* 50.000ijk* 55.000ghi* 47.500jk* 
T2  62.500cde 68.333ab 70.833a 65.833abcd 
T3  56.667fgh 63.333bcde 66.667abc 60.833def 
T4  52.500hij 55.833fgh 58.333efg 55.000ghi 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  45.833i* 50.000ghi* 54.167efg* 46.667hi* 
T2  61.667bcd 64.167ab 68.333a 63.333abc 
T3  55.833defg 59.167bcde 64.167ab 57.500cdef 
T4  50.000ghi 52.500fgh 58.333bcdef 50.833ghi 

* Means not sharing a letter in common within column differ significantly at 5%   

probability   level 

NS= Non-significant 
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that all cropping systems also documented significant differences, CS1 gave the 

highest values at all soil depths. Cropping system CS3 gave lowest SBD at all soil 

depths. Data of Table 4.13 depicted that significant differences were observed 

regarding interactive effects of tillage and cropping systems at all soil depths. 

Interaction of T1 x CS1 gave the highest SBD, whereas lowest values of interaction 

obtained from T2 x CS3. 

All the tillage treatments before sowing of cluster bean demonstrated 

significant results at all soil depths, tillage treatment T1 gave the highest values of 

soil bulk density. Lowest SBD was found in tillage treatment T2. Over all it is 

evident from the results that T3 and T4 showed less SBD than T1 at all soil depths 

but greater than T2. The data presented in Table 4.15 revealed that CS1 gave the 

highest SBD at all soil depths before sowing of cluster bean. The lowest contents at 

all soil depths were determined in cropping system CS3 during the second year of 

study. Data on interactive effects stated that the interaction of T1 x CS1 gave the 

highest SBD, whereas lowest values of interaction was examined in T2 x CS3 at all 

soil depths (Table 4.20). After green manuring of cluster bean in soil it was 

observed that SBD under different tillage treatments revealed significant results. It 

can be seen from Table 4.22 that the highest value obtained from tillage treatment 

T1, whereas lowest SBD values observed from T2. Results of the experiment 

demonstrated that during second year cropping system CS1 at all soil depths 

depicted maximum SBD. Lowest values were examined in CS3 (Table 4.22). 

Results also reflected that at depth 30-45 cm that CS4 and CS1 were at par to each 

other but, less than CS3. At all soil depths significant results of interaction were 

also obtained The T1 x CS1 interaction gave the highest value, whereas lowest value 
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of interaction was examined in T2 x CS3 (Table 4.27). Lowest SBD was examined 

during second year of study in tillage treatment T2 and cropping system CS3 

because moldboard plough enhance the soil porosity due to its deep ploughing 

action ability and CS3 also reduced SBD due to deep root system it maintains the 

soil porous and gave better crops yield. During monsoon season T2 absorbed more 

water due to more porosity of soil as a result better crop stand was obtained during 

winter season. Conventional tillage treatment T1 due to less tillage depth did not 

make the soil porous and cropping system CS1 also gave maximum SBD due to 

land fallowing during monsoon. Strudley et al. (2008), Draycott (2006) and 

Munkholm et al. (2006) results were also illustrated the similar findings regarding 

intercropping and tillage systems.  

4.1.6 Moisture Contents (%) 

A statistically significant affect of both study years on moisture contents 

(MC) was noted at all soil depths i.e. 0-15 cm, 15-30 cm and 30-45cm before 

sowing and after harvesting of crops. Results given in Table 4.1 depicted that 

tillage treatments revealed significant results before sowing of winter crops at all 

soil depths. Tillage treatment T2 (Mold board+ 2 cultivations) gave the highest 

value of MC ranged from (16.475 % to 17.113 %). The lowest MC was found in 

tillage treatment T1 (farmer’s or control tillage treatment) which was 12.987 % to 

13.721 %. Results of the study showed that treatments T3 (Chisel + 2 cultivations) 

and T4 (Minimum tillage + Glyphosate) produced more MC than T1 at all soil 

depths but less than T2. Cropping systems (CS) effect on MC stated that cropping 

system  CS3 (Wheat  +  Chickpes  - Fallow – Wheat + Chickpea – Fallow) gave the  
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Table 4.19: Interactive effect of different tillage and cropping systems on soil Organic 

matter (%) before sowing of cluster bean at different soil depths over two consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.446k* 0.528i* 0.618de* 0.493j* 
T2  0.640cd 0.718b 0.755a 0.668c 
T3  0.578fg 0.606ef 0.713b 0.591ef 
T4  0.510ij 0.558gh 0.636d 0.530hi 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.430i* 0.513fg* 0.580d* 0.458h* 
T2  0.630c 0.711a 0.735a 0.653bc 
T3  0.530ef 0.590d 0.670b 0.543e 
T4  0.493g 0.528ef 0.593d 0.503fg 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.393g* 0.508e* 0.558d* 0.463f* 
T2  0.610c 0.721a 0.723a 0.661b 
T3  0.515e 0.593c 0.655b 0.526e 
T4  0.501e 0.530de 0.590c 0.516e 
* Means not sharing a letter in common within column differ significantly at 5% probability   level 

   NS= Non-significant 

 

Table 4.20: Interactive effect of different tillage and cropping systems on soil Bulk density 

(g/cm
3
) before sowing of cluster bean at different soil depths over two consecutive years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.545

NS
 1.500

NS
 1.490

NS
 1.508

NS
 

T2  1.455 1.435 1.420 1.446 
T3  1.480 1.455 1.440 1.471 
T4  1.501 1.480 1.466 1.490 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.521

NS
 1.476

NS
 1.478

NS
 1.505

NS
 

T2  1.436 1.415 1.406 1.438 
T3  1.455 1.435 1.410 1.455 
T4  1.471 1.448 1.436 1.468 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.543

NS
 1.521

NS
 1.488

NS
 1.525

NS
 

T2  1.476 1.451 1.438 1.463 
T3  1.495 1.478 1.456 1.501 
T4  1.506 1.490 1.483 1.505 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 
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NS= Non-significant 

 

Table 4.21: Interactive effect of different tillage and cropping systems on soil Moisture 

contents (%) before sowing of cluster bean at different soil depths over two consecutive 

years 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  10.933i* 12.133gh* 12.250gh* 11.900gh* 
T2  14.450bcd 15.100b 16.633a 14.500bc 
T3  12.750fg 13.700cde 14.283bcde 13.583def 
T4  11.800hi 12.317gh 13.450ef 12.167gh 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  11.350i* 12.383gh* 13.000fg* 12.100hi* 
T2  14.933bc 15.633b 16.767a 15.117bc 
T3  13.017fg 13.967de 14.317cd 13.867de 
T4  11.867hi 12.667fgh 13.233ef 12.600fgh 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  11.283j* 12.650ghi* 13.300efg* 11.883ij* 
T2  15.333bc 16.233ab 17.100a 15.517bc 
T3  12.817fghi 13.967de 14.567cd 13.483efg 
T4  12.167hij 12.933fgh 13.650def 12.650ghi 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 

 

Table 4.22: Soil Nitrogen (mg/kg), Phosphorous (mg/kg), Potassium (mg/kg), Organic matter (%), 

Bulk density (g/cm
3
) and Moisture contents (%) as affected by different tillage and cropping 

systems after mixing of cluster bean in soil at different soil depths 

 

0-15 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.348 4.114 80.521 0.632 1.475 15.006 
Y2 0.352  4.406a 87.917a 0.665a 1.454 15.387a 

Tillage Treatments 
T1  0.321d* 3.720d* 69.167d* 0.630d* 1.494

NS
  13.754c* 

T2  0.400a 5.100a 98.958a 0.792a 1.437  17.463 a 
T3  0.367b 4.262b 90.000b 0.729b 1.455  15.433 b 
T4  0.340c 3.958c 78.750c 0.669c 1.472  14.137 c 

Cropping Systems 
CS1   0.344c* 4.000d* 70.208d* 0.660c* 1.486

NS
  14.521c* 

CS2  0.356b 4.245b 88.750b 0.707b 1.459  15.213b 
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CS3  0.375a 4.641a 98.333a 0.778a 1.443  16.133a 
CS4  0.352b 4.154c 79.583c 0.673c 1.470  14.921bc 

15-30 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.347 4.216 72.292b 0.657 1.479 15.585 

Y2 0.351  4.522a 80.417a 0.695a 1.452  15.985a 

Tillage Treatments 
T1  0.317d* 3.908c* 62.292d* 0.597d* 1.499

NS
  14.321d* 

T2  0.387a 5.108a 89.583a 0.777a 1.431  17.846a 
T3  0.361b 4.416b 81.250b 0.692b 1.457  16.146b 
T4  0.333c 4.045c 72.292c 0.637c 1.475  14.829c 

Cropping Systems 
CS1   0.339c* 4.020c* 66.875d* 0.627d* 1.490

NS 
 14.954c* 

CS2  0.351b 4.420b 76.458b 0.677b 1.454  15.967b 
CS3  0.363a 4.708a 89.792a 0.751a 1.442  16.654a 
CS4  0.344bc 4.329b 72.292c 0.649c 1.475  15.567b 

30-45 cm Soil depth 

Treatments Nitrogen 

(mg/kg) 

Phosphorous 

(mg/kg) 

Potassium 

(mg/kg) 

Organic 

matter 

(%) 

Bulk 

density 

(g/cm
3
) 

Moisture 

(%) 

Years 

Y1 0.355 4.408 69.063 0.688 1.504 15.846 

Y2 0.359  4.652a 77.396a 0.721a 1.474  16.256a 

Tillage Treatments 
T1  0.315d* 3.991d* 61.667d* 0.564d* 1.518

NS
 14.725d* 

T2  0.393a 5.233a 83.750a 0.759a 1.462 17.983a 
T3  0.359b 4.629b 78.125b 0.664b 1.474 16.242b 
T4  0.333c 4.266c 69.375c 0.607c 1.501 15.254c 

Cropping Systems 
CS1   0.335d* 4.200c* 65.208c* 0.593d* 1.505

NS
  15.142c* 

CS2  0.355b 4.525b 72.917b 0.657b 1.482  16.221 b 
CS3  0.367a 4.958a 84.583a 0.728a 1.472  16.946 a 
CS4  0.342c 4.437b 70.208b 0.616c 1.496  15.896 b 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 
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highest MC at all soil depths before sowing of crops ranged from 15.333 % to 

16.000 %, whereas the lowest moisture contents were obtained from cropping 

system CS1 (Wheat-Fallow -Wheat-Fallow) which were 13.779 % to 14.350 %. 

Cropping systems CS2 (Wheat+ Brassica - Fallow – Wheat+ Brassica- Fallow) and 

CS4 (Wheat – Cluster bean– Wheat- Cluster bean) were at par to each other at all 

soil depths (Table 4.1). Interactive effect of cropping system and tillage treatments 

at all soil depths reflected significant results. The interaction of T2 x CS2 gave the 

highest soil MC, whereas lowest values of interaction can be seen in T1 x CS1 

(Table 4.7). Significant results also found after harvesting of winter crops during 

the second year of study. It is apparent from Table 4.8 that the highest value 

showed by tillage treatment T2 and lowest MC was found in T1. Results also 

indicated that T3 and T4 showed higher MC contents as compared to T1 but less 

than T2. Data of the Table 4.8 expressed that all cropping systems showed 

significant results, CS3 gave the highest values at all soil depths and cropping 

system CS1 gave the lowest MC at all soil depths. It was noted that cropping 

system CS2 and CS4 were at par to each other at depth 15-30 cm whereas, at all soil 

depths CS2 and CS4 reflected more moisture contents than CS1 but less than CS3. 

Significant differences can be seen regarding interactive effects of tillage and 

cropping systems at all soil depths (Table 4.14). The interaction of T2 x CS3 

revealed the highest values of moisture contents and lowest values of interaction 

obtained from T1 x CS1.  

The data presented in Table 4.15 revealed that tillage treatments before 

sowing of cluster bean during second year of study reflected significant results at 

all soil depths. Tillage treatment T2 produced the highest values of soil moisture 
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contents and the lowest MC was found in tillage treatment T1. Cropping systems 

effect on moisture contents stated that cropping system CS2 gave the highest MC at 

all soil depths before sowing of cluster bean. The lowest MC at all soil depths were 

examined in cropping system CS1 (Table 4.15). It was also observed that at depth 

0-15 cm and 15-30 cm cropping system CS2 was at par with CS4 whereas, at depth 

30-45 cm cropping systems CS1 and CS4 were at par to each other (Table 4.15). 

Interactive effects were observed at all soil depths and was found that, interaction 

between T2 x CS3 reflected the highest soil moisture contents, whereas lowest 

values of interaction was examined in interaction between T1 x CS1 (Table 4.21). 

After green manuring of cluster bean results of the experiment revealed that during 

second year moisture contents under different tillage treatments reflected 

significant differences (Table 4.22).  The highest values obtained from tillage 

treatment T2, whereas the lowest MC examined in T1. Results also showed that 

tillage treatments T3 and T4 gave more MC as compared to T1 but less than T2. 

From Table 4.22 it is also evident that cropping system CS3 at all soil depths 

produced the highest values of moisture contents and the lowest values were 

obtained in cropping system CS1. Significant results of interaction were also 

examined at all soil depths. Interaction between T2 x CS3 gave the highest values, 

whereas the lowest values of interaction were examined in T1 x CS1 (Table 4.28). 

Moisture contents related to rain fall of the area as well as soil water holding 

capacity of the soil. In our results tillage treatment T2 enhanced the soil water 

holding capacity by ploughing the soil deeply, due to this T2 store more water 

during monsoon and gave more crops yield as compared to other tillage treatments. 

At depth 30-45 cm more moisture contents were found before sowing and after 
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harvesting of crops. Cropping systems effect on moisture availability also gave 

significant differences. Cropping system CS3 gave the highest values of moisture 

contents, this might be due to chickpea more water holding capacity and less usage 

of water during water deficit condition. Cropping system CS1 produced the lowest 

moisture contents because land fallowing during monsoon cause evaporation of 

water. Cluster bean also conserve more moisture during monsoon due to its 

spreading nature it reduced evaporation of water. Findings of Rasmussen (1999), 

Jin et al. (2007) and Arachchi (2009) also documented the similar results regarding 

different tillage treatments and cropping systems.  

4.2 WEEDS DATA 

During the two years of study, weeds data were recorded at two stages i.e. 

after 60 days of the crops emergence and at maturity stage of the crops. Weeds data 

were collected regarding; weed population density, weed population frequencies, 

weed dry biomass, weed relative density, relative weed frequency, relative weed 

dry weight and summed dominance ratio to know which tillage treatment and 

cropping system has better effects on weeds suppression. Weeds emerge during the 

cluster bean growing season was controlled in fallow plots by using the non 

selective herbicide glyphosate spray. Weeds data recorded during the whole study 

are discussed as under. 

4.2.1 Weeds Population Densities of Various Weeds 

Data regarding weeds densities taken during both years after 60 days of 

crops emergence and at maturity stage of crops discussed as under: 
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Table 4.23: Interactive effect of different tillage and cropping systems on soil Nitrogen 

contents (mg/kg) after mixing of cluster bean at different soil depths 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.307i* 0.324gh* 0.334g* 0.320hi* 
T2  0.381cd 0.398b 0.425a 0.394bc 
T3  0.359f 0.367ef 0.377de 0.364ef 
T4  0.327gh 0.336g 0.362f 0.332gh 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.305f* 0.319ef* 0.331e* 0.312ef* 
T2  0.379ab 0.392a 0.391a 0.385a 
T3  0.352d 0.361bcd 0.374abc 0.356cd 
T4  0.321ef 0.331e 0.358cd 0.322ef 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.301k* 0.321i* 0.328hi* 0.308jk* 
T2  0.374cd 0.398b 0.417a 0.383c 
T3  0.346fg 0.364de 0.369d 0.356ef 
T4  0.320ij 0.335gh 0.355ef 0.322i 
         * Means not sharing a letter in common within column differ significantly at 5% probability   

level 

            NS= Non-significant 

 

Table 4.24: Interactive effect of different tillage and cropping systems on soil Phosphorous 

contents (mg/kg) after mixing of cluster bean at different soil depths 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.516i* 3.750gh* 4.000f* 3.616hi* 
T2  4.800c 5.000b 5.700a 4.900bc 
T3  4.016f 4.283e 4.533d 4.216e 
T4  3.666hi 3.950f 4.333e 3.883fg 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.566k* 4.000ij* 4.150ghi* 3.916ij* 
T2  4.750cd 5.050b 5.666a 4.966bc 
T3  3.983ij 4.566def 4.700cde 4.416efg 
T4  3.783jk 4.066hij 4.316fgh 4.016ij 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  3.666j* 4.033hi* 4.416ef* 3.850 ij* 
T2  4.733d 5.200b 5.850a 5.150 b 
T3  4.350fg 4.666d 4.950c 4.550 de 
T4  4.050h 4.200gh 4.616d 4.200 gh 
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 * Means not sharing a letter in common within column differ significantly at 5%   

probability   level 

NS= Non-significant 

 

Table 4.25: Interactive effect of different tillage and cropping systems on soil Potassium 

contents (mg/kg) after mixing of cluster bean at different soil depths 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  57.50i* 72.50fgh* 77.50ef* 69.17gh* 
T2  81.67e 104.17bc 120.83a 89.17d 
T3  75.00efg 97.50c 105.83b 81.67e 
T4  66.67h 80.83e 89.17d 78.33ef 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  55.00j* 64.17hi* 70.00fgh* 60.00ij* 
T2  80.00de 88.33c 105.00a 85.00cd 
T3  69.17gh 81.67cde 97.50b 76.67ef 
T4  63.33hi 71.67fg 86.67cd 67.50gh 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  53.33h* 62.50g* 70.83ef* 60.00gh* 
T2  76.66cde 80.83bc 98.33a 79.16cd 
T3  71.66def 77.50cde 88.33b 75.00cde 
T4  59.16gh 70.83ef 80.83bc 66.66fg 

* Means not sharing a letter in common within column differ significantly at 5%   

probability   level 

NS= Non-significant 

 

Table 4.26: Interactive effect of different tillage and cropping systems on soil Organic matter 

(%) after mixing of cluster bean in soil at different soil depths  

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.566i* 0.646gh* 0.723de* 0.583i* 
T2  0.753c 0.806b 0.841a 0.766c 
T3  0.691f 0.716def 0.806b 0.703ef 
T4  0.631h 0.660g 0.743cd 0.641gh 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.518k* 0.605ij* 0.686ef* 0.580j* 
T2  0.736d 0.800b 0.833a 0.741cd 
T3  0.653gh 0.680fg 0.771bc 0.666fg 
T4  0.600ij 0.625hi 0.715de 0.610ij 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  0.495* 0.571j* 0.656g* 0.535k* 
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T2  0.693de 0.790b 0.833a 0.720cd 
T3  0.623hi 0.663fg 0.736c 0.635gh 
T4  0.563jk 0.605i 0.686ef 0.575j 

* Means not sharing a letter in common within column differ significantly at 5% 

probability    level 

NS= Non-significant 

 

Table 4.27: Interactive effect of different tillage and cropping systems on soil Bulk density 

(g/cm
3
) after mixing of cluster bean in soil at different soil depths 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.523

NS
 1.485

NS
 1.471

NS
 1.498

NS
 

T2  1.458 1.431 1.418 1.441 
T3  1.473 1.451 1.433 1.461 
T4  1.491 1.470 1.451 1.478 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.528 

NS
 1.485

NS
 1.476

NS
 1.506

NS
 

T2  1.450 1.423 1.413 1.438 
T3  1.475 1.450 1.436 1.466 
T4  1.510 1.460 1.445 1.488 

30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  1.540 

NS
 1.511

NS
 1.500

NS
 1.523

NS
 

T2  1.475 1.458 1.445 1.470 
T3  1.493 1.465 1.458 1.480 
T4  1.515 1.495 1.485 1.511 
         * Means not sharing a letter in common within column differ significantly at 5% probability   

level 

            NS= Non-significant 

 

Table 4.28: Interactive effect of different tillage and cropping systems on soil Moisture 

contents (%) after mixing of cluster bean in soil at different soil depths 

 

0-15 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  12.800i* 13.850gh* 14.633fg* 13.733h* 
T2  16.683bc 17.450b 18.750a 16.967b 
T3  14.950ef 15.600de 16.117cd 15.067ef 
T4  13.650h 13.950gh 15.033ef 13.917gh 

15-30 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  13.517k* 14.483hij* 15.233fgh* 14.050ijk* 
T2  17.083bcd 17.850b 18.817a 17.633bc 
T3  15.317fgh 16.583de 16.883cd 15.800ef 
T4  13.900 jk 14.950fghi 15.683efg 14.783ghij 
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30-45 cm Soil depth 

Treatments CS1   CS2  CS3  CS4  
T1  13.583i* 15.033fgh* 15.733def* 14.550gh* 
T2  17.217c 18.150b 18.883a 17.683bc 
T3  15.250efg 16.417d 17.217c 16.083d 
T4  14.517h 15.283ef 15.950de 15.267efg 

* Means not sharing a letter in common within column differ significantly at 5% 

probability   level 

NS= Non-significant 
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4.2.2 Weed Population Density (plant/m
2
) of Anagallis arvensis 

 Anagallis arvensis population density (WPD) was determined after 60 days 

of winter crops emergence and at maturity. Year wise data indicated that tillage 

treatments were stastistically significant (Table 4.29). Tillage treatment T1 

(farmer’s or control tillage treatment) gave the highest weed population density, i.e. 

6.466 plants/m
2
 after 60 days and 18.562 plants/m

2
 at maturity. Tillage treatment 

T2 (Mold board+ 2 cultivations) gave the lowest WPD at both stages i.e. after 60 

days and at maturity which were 2.587 plant/m
2
 and 9.680 plants/m

2
, respectively. 

Treatments T3 (Chisel + 2 cultivations) and T4 (Minimum tillage + Glyphosate) 

showed less WPD than T1 after 60 days and at maturity, but greater than T2. It is 

evident from the Table 4.29 that cropping systems (CS) effect on WPD reflected 

that CS1 (Wheat-Fallow -Wheat-Fallow) produced the highest WPD after 60 days 

and at maturity i.e. 5.395 plants/m
2
 and 16.237 plants/m

2
, respectively. The lowest 

WPD was obtained from cropping system CS2 (Wheat + Brassica- Fallow –Wheat 

+ Brassica – Fallow) which were 3.920 plants/m
2
 after 60 days and 12.547 

plants/m
2
 at maturity. It was also observed that CS3 (Wheat+ Chickpea - Fallow – 

Wheat+ Chickpea- Fallow) and CS4 (Wheat – Cluster bean– Wheat- Cluster bean) 

gave the less WPD than CS1. Interactive effect of cropping system and tillage 

treatments at both crop growth stages also revealed significant results, The 

interaction of T1 and CS1 depicted that the highest WPD and the lowest values of 

interaction were observed in interaction between T2 and CS2 (Tables 4.30 and 

4.31). Study results showed that during both years Anagallis arvensis density was 

more at maturity stage as compared to the data recorded after 60 days of crop 

emergence and this might be due to the optimum moisture availability at maturity 
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stage. In tillage treatment T2 and cropping system CS2 this weed density was lesser 

as compared to other tillage and cropping systems. This may be attributed to the 

deep tillage by moldboard which plough which eradicated the weeds more 

efficiently as compared to other tillage systems. Wheat and brassica intercropping 

also suppressed weeds density by exchanging less space for emerge. Torresen 

(2003) and Primot et al. (2006) also reported that improper tillage treatments and 

land fallowing promotes weeds growth and reduce crop yield.  

4.2.3 Weed Population Density (plant/m
2
) of Asphodelus tenuifolius  

 Asphodelus tenuifolius population density (WPD) was determined at both 

stages and it was found that tillage treatments gave significant results (Table 4.29). 

Results at both the stsges i.e. after 60 days of crop emergence and at maturity stage 

expressed that tillage treatment T1 gave the highest WPD. Tillage treatment T2 

revealed the lowest WPD at both stages. During both the study years, tillage 

treatment T1 gave 44.27 % more WPD at emergence stage and 53.06 % more WPD 

at maturity as compared to controlled treatment. Study results revealed that T3 and 

T4 produced less WPD than T1 after 60 days and at maturity but greater than T2. 

Data regarding effect of cropping systems on WPD are given in Table 4.29. It is 

evident from the results that cropping systems (CS) effect on WPD showed that 

cropping system CS1 gave the highest WPD at both stagesand the lowest WPD 

examined in cropping system CS2. Data also depicted that after 60 days CS4 was at 

par with CS1. Interactive effect of cropping system and tillage treatments at both 

stages also revealed significant differences. It was observed that the interaction 

between T1 and CS1 reflected the highest WPD; whereas lowest can be seen in 
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interaction of T2 and CS2 (Tables 4.30 and 4.31). Asphodelus tenuifolius is the 

weed of rainfed areas and its growth is very faster when little amount of moisture 

becomes available (Tepe et al., 2005). Means values during both the study years 

indicated that, at maturity stage, Asphodelus tenuifolius growth was more due to 

the adequate moisture availability because of high rainshowers at maturity stage. 

Tillage treatment T2 and cropping system CS2 suppressed weeds growth at both 

stages followed by T3 and CS3. Beside these tillage and cropping systems, weed 

growth was dominent because of poor crop stand and nutrients deficiency in these 

tillage and cropping systems. Erman et al. (2004) has also discussed similar results 

in line with our study.  

4.2.4 Weed Population Density (plant/m
2
) of Chenopodium album  

 The given data presented in Table 4.29 revealed that population density of 

Chenopodium album after 60 days of winter crops emergence and at maturity was 

statistically significant. It was also found that tillage treatments produced 

significant results. Tillage treatment T1 gave the highest WPD and T2 showed the 

lowest WPD during both study years. It is evident from the results that tillage 

treated plots T3 and T4 WPD was lesser than T1 at both stages, but greater than T2. 

Significant results were also found regarding cropping system (CS) effect on WPD. 

Cropping system CS1 showed the highest WPD after 60 days and at maturity i.e. 

3.825 plants/m
2
 and 13.696 plants/m

2
, respectively and the lowest WPD was 

observed in cropping system CS2 which was 3.158 plants/m
2
 after 60 days and 

10.617 plants/m
2
 at maturity (Table 4.29). Cropping system CS1 as compared to 

CS2 gave 17.43 % greater WPD after 60 days of emergence and 22.48 % at 
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maturity stage. Data given in Table 4.30 and 4.31 regarding interactive effect of 

cropping system and tillage treatments at both stages also revealed significant 

results. The interaction between T1 and CS1 reflected the highest WPD; whereas, 

the lowest can be seen in interaction of T2 and CS2. Deep tillage operations may 

helpful in eliminating the weeds (Streit et al., 2003). Tillage treatment T2 and 

cropping system CS2 also suppressed Chenopodium album growth and brassica 

intercropping with wheat probably deprived the weeds of adequate light 

availability. The interaction of T1 and CS1 gave poor performance in control of this 

weed because in CS1 land fallowing may promoted weeds during monsoon and 

tillage operation with cultivator uprooted the weeds from deep in the soil. Our 

findings are also in line with those of Jasinskaite et al. (2009) and Shirtliffe (2007).  

4.2.5 Weed Population Density (plant/m
2
) of Circium arvense  

  Circium arvense population density (WPD) recorded after 60 days and at 

maturity depicted that tillage treatments showed significant results (Table 4.29). 

Tillage treatment T1 revealed the highest WPD and T2 produced the lowest WPD 

during both the study years (Table 4.29). Tillage treatments T3 and T4 expressed 

better results than T1, but greater than T2. Cropping systems (CS) effect on WPD 

was also found significant and it can be seen that CS1 gave the highest WPD at 

both stages i.e. 3.908 plants/m
2
 and 16.342 plants/m

2
, respectively. The Lowest 

WPD observed in CS2 which was 3.350 plants/m
2
 after 60 days and 13.817 

plants/m
2
 at maturity  (Table 4.29). Results regarding  interactive effect of cropping 

system and tillage treatments at both stages were also significant. The interaction 

between T1 and CS1  produced  the  highest  WPD;  whereas, the  lowest  values  of 
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interaction were shown by T2 and CS2 (Tables 4.30 and 4.31). Data recorded at 

both the stages revealed that tillage treatment T2 and cropping system CS2 retarded 

the Circium arvense density as compared to rest of the tillage and cropping 

systems. This might be due to the monocropping and poor weed control which 

promoted weed growth during the whole crops growth season. In T1 and CS1 weeds 

competed with wheat crop because of poor stand of crop. Inadequate water storage 

in soil during monsoon caused poor crop growth and promoted weed growth as this 

weed can survive under less moisture conditions. Perron and Legere, (2000) and 

Macak et al. (2005) also documented the similar findings regarding intercropping 

and tillage treatments.  

4.2.6 Weed Population Density (plant/m
2
) of Convolvulus arvensis 

  The data depicted in Table 4.29 indicated that Convolvulus arvensis 

population density (WPD) after 60 days of winter crops emergence and at maturity 

gave significant differences regarding tillage and cropping systems. At both stages 

tillage treatment T1 produced the highest WPD and T2 revealed the lowest WPD 

during both the study years. Tillage treatment T1 as compared to T2 gave 35.24 % 

more WPD after 60 days and 27.95 % more at maturity. The data also revealed that 

tillage treatments T3 and T4 showed less WPD than T1 after 60 days and at 

maturity, but greater than T2. Cropping systems (CS) effect on WPD at both stages 

demonstrated that cropping system CS1 produced the highest WPD and the lowest 

WPD was found in cropping system CS2 (Table 4.29). Results also depicted that 

cropping systems CS3 and CS4 gave less WPD than CS1 but more than CS2. 

Significant  results  of  interaction  can  also  be seen in (Tables 4.30 and 4.31). The  
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Table 4.29: Weed population density (Plant/m
2
) of various weeds as affected by different tillage 

and cropping systems after 60 days of emergence and at maturity over two consecutive years 

 

After 60 days of emergence 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 4.979a* 5.185a* 3.729a* 3.795a* 15.008a* 

Y2 4.312b 4.179b 3.272b 3.439b 11.037b 

Tillage Treatments 
T1  6.466a* 6.900a* 4.900a* 4.300a* 15.167a* 
T2  2.587d 2.650d 2.445d 2.941d 9.821d 
T3  3.833c 4.166c 3.170c 3.283c 12.950c 
T4  5.695b 5.012b 3.487b 3.945b 14.154b 

Cropping Systems 
CS1   5.395a* 5.141a* 3.825a* 3.908a* 13.963a* 
CS2  3.920d 3.962c 3.158d 3.350d 12.113d 
CS3  4.450c 4.604b 3.429c 3.545c 12.679c 
CS4  4.816b 5.020a 3.591b 3.666b 13.337b 

After 60 days of emergence 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 12.454a* 7.639a* 2.412a* 2.964a* 3.685a* 

Y2 9.550b 5.652b 2.000b 2.491b 3.139b 

Tillage Treatments 
T1  12.767a* 8.933a* 2.679a* 3.879a* 5.033a* 
T2  8.042c 4.020d 1.212c 1.233d 1.637d 
T3  10.033b 5.991c 2.325b 2.425c 2.733c 
T4  13.167a 7.637b 2.608a 3.375b 4.245b 

Cropping Systems 
CS1   12.750a* 7.670a* 2.508a* 3.075a* 3.912a* 
CS2  8.746d 5.516d 1.895d 2.379d 2.920d 
CS3  10.887c 6.320c 2.166c 2.662c 3.295c 
CS4  11.625b 7.075b 2.254b 2.795b 3.520b 

At maturity stage 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodiu

m album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 16.132a* 11.396a* 14.225a* 17.344a* 26.256a* 

Y2 12.542b 7.985b 10.004b 13.123b 21.871b 

Tillage Treatments 
T1  18.562a* 13.450a* 14.812a* 18.996a* 28.304a* 
T2  9.680d 6.313d 8.529d 11.954d 20.392d 
T3  13.533c 8.546c 11.446c 14.008c 22.363c 
T4  15.574b 10.454b 13.671b 15.975b 25.196b 

Cropping Systems 
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CS1   16.237a* 10.667a* 13.696a* 16.342a* 26.063a* 
CS2  12.547d 8.992c 10.671d 13.817c 22.279d 
CS3  13.708c 9.442b 11.558c 14.900b 23.442c 
CS4  14.857b 9.662b 12.533b 15.875a 24.471b 

At maturity stage 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 29.123a* 20.021a* 15.008a* 12.415a* 19.627a* 

Y2 24.492b 14.902b 11.058b 8.892b 15.429b 

Tillage Treatments 
T1  30.229a* 21.579a* 16.500a* 13.033a* 20.450a* 
T2  22.988d 12.987d 9.917d 8.338d 14.625d 
T3  25.900c 16.208c 11.921c 9.783c 16.637c 
T4  28.112b 19.071b 13.796b 11.458b 18.400b 

Cropping Systems 
CS1   28.879a* 19.733a* 14.733a* 11.775a* 19.633a* 
CS2  25.008d 15.267d 11.392d 9.338d 15.608d 
CS3  26.183c 16.662c 12.412c 10.392c 16.871c 
CS4  27.158b 18.183b 13.596b 11.108b 18.000b 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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interaction of T1 and CS1 gave the highest WPD at both stages; whereas, the lowest 

was observed in T2 and CS2. It is evident from results that deep tillage, proper 

seedbed preparation and intercropping of different crops under rainfed condition 

promoted the crops growth and suppressed weeds. Convolvulus arvensis is the 

weed of rainfed area and grows very fast even under water deficit conditions this is 

why that weed is the dominant weed of this area (Jug et al., 2006). Our study 

showed that cropping system CS2 and tillage treatment T2 proved their worth 

suppression of this weed at both stages, although during fallow period round up 

spray was also used to control the weeds in T1 and CS1. Probably due to shallow 

tillage via cultivator did not supress the weeds and this weed competed with main 

crop when moisture become available. Knezevic et al. (2012) and Webster (2000) 

also reported that proper tillage treatments and intercropping under rainfed areas 

can retard the weeds growth.    

4.2.7 Weed Population Density (plant/m
2
) of Cynodon dactylon 

Cynodon dactylon population density (WPD) was determined after 60 days 

of winter crops emergence and at maturity. Weed data depicted that different tillage 

treatments afforded significant results at both stages (Table 4.29). During the study 

years, tillage treatment T1 revealed the highest WPD and these were 12.767 

plants/m
2
 after 60 days and 30.229 plants/m

2
 at maturity. The T2 treatment showed 

the lowest WPD at both stages which were 8.042 plants/m
2
 and 22.988 plant/m

2
, 

respectively. Cropping systems (CS) effect on WPD also depicted that cropping 

system CS1 produced the highest WPD at both stages i.e. 12.750 plants/m
2
 and 

28.879 plants/m
2
, respectively. The lowest WPD was observed in cropping system 
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CS2 which was 8.746 plants/m
2
 after 60 days and 25.008 plants/m

2
 at maturity 

(Table 4.29). The data also showed that cropping systems CS3 and CS4 gave less 

WPD than CS1, but more than CS2. Interactive effect of cropping system and tillage 

treatments at both stages also showed significant results, Interacion of T1 and CS1 

interaction gave the highest WPD and the lowest values of interaction revealed by 

the interaction between T2 and CS2 (Tables 4.30 and 4.31). Weeds are the major 

hindrance in getting good crop yield if not controlled at proper time, specially 

Cynodon dactylon due to its spreading nature and retarded the crop growth 

significantly (Colbach et al., 2000). In our experiment during both the study years, 

T1 and CS1 gave the highest density of this weed due to monocropping and poor 

spreading of cultivator; whereas T2 and CS2 retarded this weed growth at both 

stages during both the years. Our findings are also in accordance with Norsworthy 

(2003), Barberi and Cascio, (2000) and Flint et al. (2000), who reported that if 

deep tillage operations perfomed during monsson season under raimfed condition 

than this weed can be controlled easily due to uprooting of this weed from deep in 

the soil. 

4.2.8 Weed Population Density (plant/m
2
) of Euphorbia helioscopia  

The year effect on Euphorbia helioscopia population density was found 

statistically significant after 60 days of winter crops emergence and at maturity, 

being lowest during second year (Table 4.29). Tillage treatment T1 revealed the 

highest WPD and T2 showed the lowest WPD. T1 during the study years gave 

54.99 % more WPD than T2 after 60 days and 39.81 % more at maturity stage. 

Tillage treatments T3 and T4 depicted less WPD than T1 at both stages, but greater 
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than T2. The results presented in Table 4.29 indicated that CS1 gave the highest 

WPD at both stsges; whereas, the lowest WPD was found in cropping system CS2. 

Data also revealed that cropping systems CS3 and CS4 gave less WPD than CS1, but 

more than CS2. Interactive effect of cropping system and tillage treatments at both 

stages also showed significant results. The interaction of T1 and CS1 showed the 

highest WPD, and the lowest values of interaction were observed in case of T2 and 

CS2 interaction (Tables 4.30 and 4.31). Land fallowing and monocropping promote 

weed population and if not controlled at proper time then these cause losses in 

yield upto 40 % (Barberi and Cascio, 2001). In our experiment Euphorbia 

helioscopia density during second year was found less as compared to first year 

and it was probably due to deep tillage effect of moldboard plough and 

intercropping effect on this weed. Brassica due to its spreading nature of canpy 

retarded this weed growth during both the years in cropping system CS2 fallowed 

by CS3. Similar results were also described by Riemens et al. (2007).    

4.2.9 Weed Population Density (plant/m
2
) of Fumaria indica 

It is clear from the results that Fumaria indica population density (WPD) 

was  higher  at  both  stages. Weeds  data  depicted that tillage treatments promoted 

significant results (Table 4.29). Tillage treatment T1 showed the highest WPD at 

both the stsges and the lowest was shown by treatment T2. Data also demonstrated 

that cropping systems (CS) effect was found significant at both stages during both 

the study years. Cropping system CS1 gave the highest WPD after 60 days and at 

maturity. The lowest WPD was examined in cropping system CS2 (Table 4.29). 

Data  in  Tables  4.30  and  4.31  also  indicated  that  cropping  system  and  tillage  
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Table 4.30: Interactive effect of different tillage and cropping systems on various weeds 

population densities (plant/m
2
) after 60 days of weeds emergence over two consecutive 

years 

 

Interactive effect on Anagallis arvensis population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  7.300a* 5.800d* 6.250bcd* 6.516bc* 
T2  3.266h 2.083i 2.466i 2.533i 
T3  4.250fg 3.100h 3.883g 4.100g 
T4  6.766ab 4.700ef 5.200e 6.116cd 

Interactive effect on Asphodelus tenuifolius population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  7.416a* 6.166c* 6.933b* 7.083b* 
T2  2.900k 1.766m 2.633l 3.300j 
T3  4.550fg 3.566i 4.200h 4.350gh 
T4  5.700d 4.350gh 4.650f 5.350e 

Interactive effect on Chenopodium album population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  5.350a* 4.383d* 4.800c* 5.066b* 
T2  2.733i 2.133k 2.400j 2.516j 
T3  3.416fg 2.850i 3.100h 3.316fg 
T4  3.800 e 3.266gh 3.416fg 3.466f 

Interactive effect on Circium arvense population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  4.616a* 4.016de* 4.183c* 4.383b* 
T2  3.333h 2.616k 2.866j 2.950ij 
T3  3.566g 3.033i 3.216h 3.316h 
T4  4.116cd 3.733f 3.916e 4.016de 

Interactive effect on Convolvulus arvensis population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  16.583a* 13.883def* 14.367cd* 15.833ab* 
T2  10.633h 9.017i 9.567hi 10.067hi 
T3  13.517def 12.267g 12.817fg 13.200efg 
T4  15.117bc 13.283defg 13.967de 14.250cde 

Interactive effect on Cynodon dactylon population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  13.967bc* 11.500e* 12.367d* 13.233c* 
T2  9.383g 6.667j 7.700hi 8.417h 
T3  11.883de 7.400ij 10.250f 10.600f 
T4  15.767a 9.417g 13.233c 14.250b 

Interactive effect on Euphoriba helioscopia population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  10.533a* 7.183e* 8.500cd* 9.517b* 
T2  5.050h 3.133j 3.533j 4.367i 
T3  6.567f 5.150h 5.917g 6.333fg 
T4  8.533c 6.600f 7.333e 8.083d 

Interactive effect on Fumaria indica population density (plant/m
2
)  
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Treatments CS1   CS2  CS3  CS4  
T1  3.150a* 2.216gh* 2.633c* 2.716bc* 
T2  1.566i 0.866k 1.166j 1.250j 
T3  2.466de 2.133h 2.300fg 2.400ef 
T4  2.850b 2.366efg 2.566cd 2.650c 

Interactive effect on Medicago polymorpha population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  4.283a* 3.533de* 3.766c* 3.933b* 
T2  1.550l 0.966n 1.200m 1.216m 
T3  2.866h 1.916n 2.350j 2.566i 
T4  3.600d 3.100v 3.333f 3.466e 

Interactive effect on Melilotus indica population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  5.450a* 4.583c* 4.983b* 5.116b* 
T2  2.166j 1.116m 1.533l 1.733k 
T3  3.383g 2.066j 2.550i 2.933h 
T4  4.650c 3.916f 4.116e 4.300d 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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treatments at both stages revealed significant differences.  The interaction between 

T1 and CS1 gave the highest WPD; whereas, the lowest values of interaction were 

found in case of interaction of T2 and CS2. Fumaria indica is the weed of sandy 

loam soil and completes its life cycle very quickly even under moisture deficit 

conditions (Yaduvanshi and Sharma, 2008). In our results at early stage its growth 

was not very faster but at maturity stage of crops its growth become very faster in 

tillage treatment T1 and cropping system CS1 due to poor crop stand. In T2 and CS2 

its growth was under controll because mold board ploughing not only retarded this 

weed growth but also conserved moisture for winter crop. Osunbitan (2005) also 

retported the similar findings regarding intercropping effect on this weed. 

4.2.10 Weed Population Density (plant/m
2
) of Medicago polymorpha 

The data regarding Medicago polymorpha population density (WPD) after 

60 days and at maturity was found statistically significant. Data depicted that 

tillage treatments afforted significant results at both stages (Table 4.29). Tillage 

treatment T1 revealed the highest WPD, and T2 showed the lowest WPD at both 

stages. Tillage treatment T1 during the study years gave 68.21 % more WPD after 

60 days and 36.02 % at maturity stage as compared to T2. It was also observed that 

T3 and T4 expressed the less WPD than T1 at both stages, but greater than T2. It is 

evident from the results that cropping systems (CS) effect on WPD also showed 

that cropping system CS1 gave the highest WPD at both stages and the lowest 

WPD was examined in cropping system CS2. Cropping system CS1 revealed 22.63 

% more WPD at first stage and 20.69 % at second stage as compared to CS2 (Table 

4.29). Interactive effect of cropping system and tillage treatments were also found 
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significant at both stages. The interaction of T1 and CS1 afforded the highest WPD, 

and appreciable lowest values of interaction between T2 and CS2 (Tables 4.30 and 

4.31). The T2 and CS2 in our experiment gave the lowest Medicago polymorpha 

density and this might be due to the mold board ploughing effect on this weed 

eradication and proper amount of moisture conservation in soil during monsoon. 

Chisel ploughing also controlled the weeds in a better way as compared to T1 and 

T4. The T1 due to shallow tillage failed to eradicate this weed and moisture 

conservation during monsoon. Similarly Jackson (2000) and Brennan and Smith, 

(2003) reported that weeds densities can be minimized by deep tillage operations 

and intercrooping of different crops as compared to shallow tillage and 

monocropping.  

4.2.11 Weed Population Density (plant/m
2
) of Melilotus indica 

Results given in Table 4.29 indicated that Melilotus indica population 

density was significant at both stages. Tillage treatment T1 expressed the highest 

WPD and T2 showed the lowest WPD at both stages. Tillage treatments T3 and T4 

revealed less WPD than T1 after 60 days and at maturity of the crops, but greater 

than T2. The data presented in Table 4.29 indicated significant weed population 

density. Cropping system CS1 gave the highest WPD at both stages; whereas, the 

lowest WPD was examined in cropping system CS2. Interactive effect of cropping 

system and tillage treatments at both stages was found significant. The interaction 

of T1 and CS1 gave the highest WPD, and the lowest values were revealed by T2 

and CS2 interaction (Tables 4.30 and 4.31). Brassica and wheat intercropping in 

CS2 suppressed Melilotus indica density probably due to faster canopy spreading 
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nature of crop of brassica. In cropping system CS3 in which chickpea was grown 

controlled this weed density affectively due to its spreading nature. Shallow tillage 

and land fallowing during summer season promoted the weed growth. Our results 

are in accordance with the findings of Atreya (2006) and Ali and Tunio, (2002).  

4.3 WEEDS POPULATION FREQUENCIES OF VARIOUS WEEDS  

The effect of different tillage and cropping systems on weeds population 

frequencies of various weeds were recorded at two stages and discussed as follows: 

4.3.1 Weed Population Frequency (plant/m
2
) of Anagallis arvensis  

Data regarding Anagallis arvensis population frequency (WPF) in Table 

4.32 revealed significant effect of years. After 60 days of winter crops emergence 

and at maturity of crops; weed data showed that tillage treatments have significant 

results. Tillage treatment T1 gave the highest WPF which was 0.697 plants/m
2
 after 

60 days and 0.724 plant/m
2
 at maturity. T2 at both stages showed the lowest WPF 

i.e. 0.328 plants/m
2
 and 0.322 plant/m

2
 respectively. Tillage treatments T3 and T4 

gave less WPF than T1 at both the stages, but greater than T2. Data presented in 

Table  4.32  reflected  that  cropping  systems  (CS)  effect   on   WPF   also   found 

significant at both stages. CS1 gave the highest WPF at both stages, and the lowest 

WPF was obtained from cropping system. Coopping system CS1 after 60 days gave 

55.89 % more WPF and 55.16 % at maturity stage as compared to CS2. Cropping 

systems CS3 and CS4 revealed less WPF than CS1, but greater than CS2. Interactive 

effect of cropping system and tillage treatments at both stages reflected significant 

differences. The interaction of T1 and CS1 depicted the highest WPF and the lowest 
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Table 4.31: Interactive effect of different tillage and cropping systems on various weeds 

population densities (plant/m
2
) at maturity stage over two consecutive years 

 

Interactive effect on Anagallis arvensis population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  20.847a* 16.532d* 17.977bc* 18.893b* 
T2  11.113i 8.345k 9.220jk 10.042j 
T3  15.192e 11.787i 13.050h 14.103fg 
T4  17.795c 13.525gh 14.587ef 16.388d 

Interactive effect on Asphodelus tenuifolius population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  14.633a* 12.633b* 13.100b* 13.433b* 
T2  6.933g 5.900h 6.217gh 6.200gh 
T3  9.483e 7.817f 8.317f 8.567f 
T4  11.617c 9.617e 10.133de 10.450d 

Interactive effect on Chenopodium album population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  16.917a* 13.100def* 13.883cde* 15.350b* 
T2  10.433i 6.750l 7.900k 9.033j 
T3  12.817efg 10.383i 10.833hi 11.750gh 
T4  14.617bc 12.450fg 13.617cde 14.000cd 

Interactive effect on Circium arvense population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  20.250a* 17.667cd* 18.500bc* 19.567ab* 
T2  13.150j 9.883l 11.950k 12.833jk 
T3  15.017gh 13.000jk 13.483ij 14.533hi 
T4  16.950 de 14.717gh 15.667fg 16.567ef 

Interactive effect on Convolvulus arvensis population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  30.250a* 26.500d* 27.783c* 28.683b* 
T2  22.583h 18.317l 19.867k 20.800ij 
T3  24.300f 20.500jk 21.633i 23.017gh 
T4  27.117cd 23.800fg 24.483f 25.383e 

Interactive effect on Cynodon dactylon population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  32.700a* 28.417c* 29.450b* 30.350b* 
T2  25.467f 20.667i 22.333h 23.483g 
T3  27.417de 24.100g 25.567f 26.517e 
T4  29.933b 26.850 e 27.383de 28.283cd 

Interactive effect on Euphoriba helioscopia population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  23.817a* 19.517de* 20.950bc* 22.033b* 
T2  15.183jk 11.050n 12.267mn 13.450lm 
T3  18.500ef 13.900kl 15.350ij 17.083gh 
T4  21.433bc 16.600hi 18.083fg 20.167cd 

Interactive effect on Fumaria indica population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
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T1  18.350a* 14.800d* 15.733c* 17.117b* 
T2  11.550gh 8.317k 9.267j 10.533i 
T3  13.500e 10.350i 11.350h 12.483f 
T4  15.533c 12.100fg 13.300e 14.250d 

Interactive effect on Medicago polymorpha population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  14.733a* 11.450def* 12.433bcd* 13.517b* 
T2  8.950ij 7.050k 8.517j 8.833j 
T3  10.600fgh 8.800j 9.533hij 10.200gh 
T4  12.817bc 10.050 ghi 11.083efg 11.883cde 

Interactive effect on Melilotus indica population density (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  22.417a* 18.883c* 19.833bc* 20.667b* 
T2  16.650de 12.117g 14.500f 15.233f 
T3  18.783c 14.983f 15.633ef 17.150d 
T4  20.683b 16.450de 17.517d 18.950c 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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values of interaction gave by T2 and CS2 (Tables 4.33 and 4.34). In our experiment 

Anagallis arvensis frequency was lowest in tillage treatment T2 and cropping 

system CS2 as under both these practices weeds presence suppressed because 

moldboard completely eradicated the previous weeds seeds and might be due to its 

deep ploughing characteristics retarted this weed frequency. Vavola et al. (2008), 

Sosnoski and Cardina, (2006) and Marshall et al. (2003) also reported that weeds 

frequency can be controlled if deep tillage and spreading nature crops are grown. 

4.3.2 Weed Population Frequency (plant/m
2
) of Asphodelus tenuifolius  

Results in Table 4.32 demonstrated that Asphodelus tenuifolius population 

frequency (WPF) which was taken at both stages showed that tillage treatments 

were significant. Results revealed that T1 gave the highest WPF which was 0.677 

plants/m
2
 after 60 days and 0.718 plant/m

2
 at maturity, whereas T2 showed the 

lowest WPF i.e. 0.307 plants/m
2
 and 0.302 plants/m

2
 respectively. Treatments T3 

and T4 minimize the WPF than T1 at both stages, although it was greater than T2. 

Cropping systems (CS) effects also found significant on WPF. CS1 produced the 

highest WPF after 60 days and at maturity i.e. 0.697 plants/m
2
 and 0.708 plants/m

2
 

respectively. The lowest WPF was obtained from cropping system CS2 which was 

0.333 plants/m
2
 after 60 days and 0.343 plants/m

2
 at maturity (Table 4.32). A 

statistically significant interaction between cropping system and tillage treatments 

at both stages was also noted. During both the study years the interaction of T1 and 

CS1 expressed the highest WPF, whereas the lowest values of interaction given by 

T2 and CS2 (Tables 4.33 and 4.34). Asphodelus tenuifolius frequency under tillage 

treatments T1, T3 and T4 were more as compared to T2. Cropping system CS2 also 
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showed lowest weed frequency than rest of cropping systems. This might be due to 

inefficient conventional tillage and traditional cropping system on the same piece 

of land promoted weeds population, as every year weeds seeds fall down on ground 

surface and same tillage practices were insufficient for their control. Similar 

findings regarding conventional tillage and cropping system was described by 

Strudley et al. (2008) and Kabir et al. (2013). 

4.3.3 Weed Population Frequency (plant/m
2
) of Chenopodium album  

The examination of the data in Table 4.32 expressed that significantly low 

population frequency of Chenopodium album was found during the second year. 

Weed data showed that different tillage treatments showed significant results after 

60 days and at maturity. At both stages tillage treatmet T1 gave the highest WPF 

and the lowest WPF revealed by T2. Tillage treatment T1 gave 54.65 % more WPF 

after 60 days and 57.93 % more at maturity during both the study years as 

compared to T2. Results also demonstrated that tillage treatments T3 and T4 

expressed less WPF than T1, but greater than T2. Cropping systems (CS) effect on 

WPF also showed that cropping system CS1 produced the highest WPF at both 

stages i.e. 0.697 plants/m
2
 and 0.708 plants/m

2
 respectively. The lowest WPF was 

obtained from cropping system CS2 which was 0.333 plants/m
2
 after 60 days and 

0.343 plants/m
2
 at maturity (Table 4.32). Interactive effect was also found 

significant at both the stages. The interaction of T1 and CS1 reflected the highest 

WPF, whereas the lowest values of interaction gave by T2 and CS2 (Tables 4.33 

and 4.34). Weeds grow very fast if proper space and moisture becomes available to 

them. Under monocropping system soil fertility decreased every year and crops 
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become weak, due to this plant becomes unable to compete with weeds and by this 

weeds frequency increased every year. In our experiment weeds density was also 

higher in traditional cropping system because of the above reason. Tillage 

treatment T2 and cropping system CS2 controlled weed frequency due to deep 

tillage effect and proper crop cover. Similar findings had also been reported by 

Rodell et al. (2009), Singh et al. (2006) and Chauhan et al. (2002). 

4.3.4 Weed Population Frequency (plant/m
2
) of Circium arvense 

Circium arvense population frequency (WPF) in Table 4.32 revealed that 

year wise significant results were obtained at both stages. It is clear from the results 

that T1 gave highest WPF and T2 showed lowest WPF. Tillage treatments T3 and T4 

revealed less WPF than T1 at both stages, but greater than T2. Results also 

demonstrated that cropping systems (CS) effect on WPF found significant during 

both the study years. CS1 gave the highest WPF after 60 days and at maturity i.e. 

0.755 plants/m
2
 and 0.744 plants/m

2
 respectively. The Lowest WPF obtained from 

cropping system CS2 at both stages which was 0.328 plants/m
2
 and 0.343 plants/m

2
 

respectively (Table 4.32). Cropping systems CS3 and CS4 suppressed the weed 

frequency better than CS1, but not better than CS2. Interaction between tillage 

treatments and cropping systems affecting population frequency of Circium 

arvense was found significant during both years of study. Excellent performance of 

interaction gave by T2 and CS2, whereas poorest gave by T1 and CS1 at both stages 

(Tables 4.33 and 4.34). Data recorded after 60 days showed lowest values of 

Circium arvense frequency in all cropping and tillage systems and at maturity 

frequency values were greater this may be probably due to high moisture 
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availability at maturity stage of the crops. Weeds frequency was lower in T2 and 

CS2 because of better cropping stand weeds suppressed. Intercropping gave less 

space to weeds for emergence and T2 conserve more moisture during monsoon 

because of deep tillage which gave more moisture contents to crops for better 

stand. Our findings are also in line with Moss (2008) and Oerke (2006) who 

reported that shading of spreading nature crops can suppress the weeds growth. 

4.3.5 Weed Population Frequency (plant/m
2
) of Convolvulus arvensis 

The investigation of the data in Table 4.32 revealed that there was a 

significant effect of years, tillage treatments and cropping systems on Convolvulus 

arvensis frequency. Tillage treatment T1 gave the highest WPF during both the 

study years which was 0.697 plants/m
2
 after 60 days and 0.744 plants/m

2
 at 

maturity. T2 gave the lowest WPF at both stages i.e. 0.312 plants/m
2
 and 0.343 

plants/m
2
 respectively (Table 4.32). Results also demonstrated that tillage 

treatments T3 and T4 expressed less WPF than T1, but greater than T2. Cropping 

systems (CS) effect on WPF was also determined and was found significant at both 

stages. Cropping system CS1 gave the highest WPF at both stages and the lowest 

WPF  was  obtained  from cropping system CS2 (Table 4.32). Cropping system CS1 

gave 55.24 % more WPF after 60 days and 55.89 % more at maturity stage during 

both the years as compared to CS2. Data of Tables 4.33 and 4.34 also depicted that 

interaction of cropping system and tillage treatments showed significant results. 

The interaction of T1 and CS1 gave the highest WPF; whereas, the lowest values of 

interaction produced by the interaction between T2 and CS2. Convolvulus arvensis 

is  one  of  the  abnoxcious weed of rainfed areas, it can survive under low moisture  
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Table 4.32: Weed population frequency (Plant/m
2
) of various weeds as affected by different 

tillage and cropping systems after 60 days of emergence and at maturity over two consecutive 

years 

 

After 60 days of emergence 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 0.526 a* 0.50 a* 0.536 a* 0.526 a* 0.523 a* 

Y2 0.502 b 0.489 b 0.505 b 0.505 b 0.492 b 

Tillage Treatments 
T1  0.697 a* 0.677 a* 0.729 a* 0.708 a* 0.697 a* 
T2  0.328 d 0.307 d 0.322 d 0.317 d 0.312 d 
T3  0.437 c 0.427 c 0.453 c 0.442 c 0.447 c 
T4  0.593 b 0.583 b 0.578 b 0.593 b 0.572 b 

Cropping Systems 
CS1   0.755 a* 0.697 a* 0.765 a* 0.755 a* 0.744 a* 
CS2  0.333 d 0.333 d 0.349 d 0.328 d 0.333 d 
CS3  0.406 c 0.406 c 0.411 c 0.406 c 0.411 c 
CS4  0.562 b 0.557 b 0.557 b 0.572 b 0.541 b 

After 60 days of emergence 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 0.528 a* 0.526 a* 0.533 a* 0.520 a* 0.546 a* 

Y2 0.492 b 0.492 b 0.513 b 0.492 b 0.507 b 

Tillage Treatments 
T1  0.682 a* 0.734 a* 0.729 a* 0.692 a* 0.765 a* 
T2  0.328 d 0.281 d 0.322 d 0.328 d 0.322 d 
T3  0.442 c 0.421 c 0.447 c 0.437 c 0.447 c 
T4  0.588 b 0.599 b 0.593 b 0.567 b 0.572 b 

Cropping Systems 
CS1   0.744 a* 0.734 a* 0.760 a* 0.713 a* 0.765 a* 
CS2  0.328 d 0.343 d 0.343 d 0.328 d 0.343 d 
CS3  0.395 c 0.427 c 0.416 c 0.390 c 0.437 c 
CS4  0.572 b 0.531 b 0.572 b 0.593 b 0.562 b 

At maturity stage 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 0.536 a* 0.518 a* 0.539 a* 0.546 a* 0.552 a* 

Y2 0.492 b 0.497 b 0.518 b 0.518 b 0.513 b 

Tillage Treatments 
T1  0.724 a* 0.718 a* 0.750 a* 0.744 a* 0.744 a* 
T2  0.322 d 0.302 d 0.322 d 0.312 d 0.343 d 
T3  0.437 c 0.427 c 0.447 c 0.468 c 0.453 c 
T4  0.572 b 0.583 b 0.593 b 0.604 b 0.588 b 
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Cropping Systems 
CS1   0.765 a* 0.708 a* 0.750 a* 0.744 a* 0.755 a* 
CS2  0.343 d 0.343 d 0.354 d 0.343 d 0.333 d 
CS3  0.395 c 0.406 c 0.427 c 0.416 c 0.447 c 
CS4  0.552 b 0.572 b 0.583 b 0.625 b 0.593 b 

At maturity stage 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 0.533 a* 0.520 a* 0.546 a* 0.533 a* 0.567 a* 

Y2 0.497 b 0.497 b 0.507 b 0.502 b 0.531 b 

Tillage Treatments 
T1  0.703 a* 0.739 a* 0.734 a* 0.708 a* 0.776 a* 
T2  0.317 d 0.291 d 0.322 d 0.312 d 0.322 d 
T3  0.447 c 0.416 c 0.458 c 0.468 c 0.468 c 
T4  0.593 b 0.588 b 0.593 b 0.583 b 0.630 b 

Cropping Systems 
CS1   0.734 a* 0.645 a* 0.703 a* 0.750 a* 0.760 a* 
CS2  0.333 d 0.359 d 0.354 d 0.349 c 0.385 d 
CS3  0.411 c 0.437 c 0.447 c 0.380 c 0.458 c 
CS4  0.583 b 0.593 b 0.604 b 0.593 b 0.593 b 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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condition and spread very rapidly when moisture becomes available. 

Monocropping and conventional tillage operations are insufficient for this weed 

control Tilman et al. (2006). Results of our experiment showed that conventional 

and minimum tillage practices were less affective in Convolvulus arvensis 

frequency control because these tillage practices conserve less moisture for better 

crop growth except T2; due to this, weeds prevailed over the crop and high 

frequency obtained through these tillage practice. Poggio (2005) and Dorado and 

Lopez-Fando, (2006) had also explained similar conclusions.  

4.3.6 Weed Population Frequency (plant/m
2
) of Cynodon dactylon 

It is evident from the table 4.32 that there was a significant difference in 

population frequency of Cynodon dactylon between both study years, being lowest 

during the second year. Results showed that tillage treatments have significant 

differences at both stages. T1 gave the highest WPF which was 0.682 plants/m
2
 

after 60 days and 0.703 plants/m
2
 at maturity. T2 expressed the lowest WPF i.e. 

0.328 plants/m
2
 and 0.317 plants/m

2
 respectively. Cropping systems (CS) effect on 

WPF also gave significant results. CS1 gave the highest WPF after 60 days and at 

maturity i.e. 0.744 plants/m
2
 and 0.734 plants/m

2
 respectively, and the lowest WPF 

was obtained from cropping system CS2 which was 0.328 plants/m
2
 and 0.333 

plants/m
2
 respectively (Table 4.32). While we compared all the four cropping 

systems then it can be seen that CS3 and CS4 showed less WPF than CS1, but 

greater than CS2 at both stages. Results of the Tables 4.33 and 4.34 revealed that 

interaction of cropping system and tillage treatments after 60 days and at maturity 

revealed significant differences. The interaction of T1 and CS1 gave the highest 
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WPF and the lowest can be seen in interaction of T2 and CS2. Results of our 

experiment revealed that T2 i.e. mold board plough + 2 cultivations and CS2 

showed lowest values of Cynodon dactylon frequency because of good crop stand 

suppressed the weeds. Ofosu-Anim and Limbani, (2007) and Kruidholf (2008) also 

described the same findings that deep tillage with MB plough can suppressed the 

weeds frequency. 

4.3.7 Weed Population Frequency (plant/m
2
) of Euphorbia helioscopia  

Weed population frequency (WPF) of Euphorbia helioscopia determined at 

two stages and significant results were found during the both study years. Tillage 

treatment T1 gave the highest WPF and T2 showed the lowest WPF (Table 4.32). 

Tillage treatment T1 after 60 days revealed 61.71 % more WPF and 60.62 % more 

at maturity stage as compared with T2. Results also demonstrated that tillage 

treatments T3 and T4 performed better in reduction of weed population frequency 

of Euphorbia helioscopia than T1, but not better than T2. Data regarding cropping 

systems (CS) effect on WPF also stated significant differences. The cropping 

system CS1 showed the highest WPF at both stages during both the years i.e. 0.734 

plants/m
2
 and 0.645 plants/m

2
 respectively. Lowest WPF was obtained from 

cropping system CS2 which was 0.343 plants/m
2
 and 0.359 plants/m

2
 respectively 

(Table 4.32). The interaction of cropping system and tillage treatments at both 

stages produced significant results. The interaction between T1 and CS1 expressed 

the highest WPF and the lowest can be seen in interaction of T2 and CS2 (Table 

4.33 and 4.34). Euphorbia helioscopia grow very fast if proper amount of moisture 

get  available  to  this  weed  and  if  crop  plant  population  is  less,  then this weed 
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become dominant over the crops. In all cropping systems except CS2 crop stand 

was not good that is why this weed frequency was higher in CS1, CS3 and CS4. 

Weeds frequencies can be controlled by proper tillage operations and multi 

cropping systems Benoit et al. (2003). Our results are also in line with Menalled et 

al. (2001) who reported that weeds frequencies can be controlled by using deep 

tillage instrument as compared to shallow tillage operations. 

4.3.8 Weed Population Frequency (plant/m
2
) of Fumaria indica 

The population frequency of Fumaria indica determined after 60 days of 

winter crops emergence and at maturity reduced significantly by various tillage 

treatments and cropping systems during both the years. Results showed that tillage 

treatments have significant results (Table 4.32). T1 gave the highest WPF which 

was 0.729 plants/m
2
 after 60 days and 0.734 plants/m

2
 at maturity. Tillage 

treatment T2 revealed the lowest WPF at both stages i.e. 0.322 plants/m
2
. Cropping 

systems (CS) effect on WPF also produced significant results, CS1 gave the highest 

WPF at both the stages and the lowest WPF was obtained from cropping system 

CS2 (Table 4.32). Interaction between cropping system and tillage treatments at 

both stages found significant. In case of T1 and CS1 interaction highest WPF can be 

observed whereas, the lowest WPF gave by the interaction of T2 and CS2 (Tables 

4.33 and 4.34). Tillage through chisel plough and cultivator is not effective in 

moisture conservation during monsoon season in rainfed areas. Because of this 

reason crop stand becomes also poor under limited moisture condition and weeds 

prevailed under these conditions as they require less moisture for their growth as 

compared to crop plants. That  is  why  in  our experiment conventional tillage with 
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Table 4.33: Interactive effect of different tillage and cropping systems on various weeds 

population frequencies (plant/m
2
) after 60 days of weeds emergence over two consecutive 

years 

 

Interactive effect on Anagallis arvensis population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.500 ef* 0.541 ef* 0.791 b* 
T2  0.562 de 0.166 j 0.229 ij 0.354 h 
T3  0.666 c 0.250 i 0.354 h 0.479 fg 
T4  0.833 b 0.416 gh 0.500 ef 0.625 cd 

Interactive effect on Asphodelus tenuifolius population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.916 a* 0.458 fg* 0.541 de* 0.791 b* 
T2  0.500 ef 0.166 k 0.229 jk 0.333 i 
T3  0.583 cd 0.291 ij 0.354 hi 0.479 efg 
T4  0.791 b 0.416 gh 0.500 ef 0.625 c 

Interactive effect on Chenopodium album population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  1.000 a* 0.520 ef* 0.583 d* 0.812 b* 
T2  0.562 de 0.166 k 0.229 jk 0.333 i 
T3  0.687 c 0.291 ij 0.354 hi 0.479 fg 
T4  0.812 b 0.416 gh 0.479 fg 0.604 d 

Interactive effect on Circium arvense population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.500 ef* 0.541 ef* 0.833 b* 
T2  0.562 de 0.125 j 0.229 i 0.354 h 
T3  0.666 c 0.270 i 0.354 h 0.479 fg 
T4  0.500 ef 0.416 gh 0.500 ef 0.625 cd 

Interactive effect on Convolvulus arvensis population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.500 def* 0.583 d* 0.750 bc* 
T2  0.520 de 0.145 j 0.229 ij 0.354 gh 
T3  0.687 c 0.270 hi 0.354 gh 0.479 ef 
T4  0.812 b 0.416 fg 0.479 ef 0.583 d 

Interactive effect on Cynodon dactylon population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.479 de* 0.520 d* 0.770 b* 
T2  0.562 cd 0.166 g 0.229 g 0.354 f 
T3  0.645 c 0.250 g 0.354 f 0.520 d 
T4  0.812 b 0.416 ef 0.479 de 0.645 c 

Interactive effect on Euphoriba helioscopia population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.520 d* 0.687 c* 0.770 b* 
T2  0.520 d 0.145 g 0.187 g 0.270 f 
T3  0.645 c 0.291 f 0.312 f 0.437 e 
T4  0.812 b 0.416 e 0.520 d 0.645 c 

Interactive effect on Fumaria indica population frequency (plant/m
2
)  
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Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.541 efg* 0.583 de* 0.833 b* 
T2  0.562 def 0.145 k 0.229 j 0.354 i 
T3  0.687 c 0.270 j 0.354 i 0.479 gh 
T4  0.833 b 0.416 hi 0.500 fg 0.625 cd 

Interactive effect on Medicago polymorpha population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.916 a* 0.500 d* 0.520 d* 0.833 b* 
T2  0.520 d 0.145 j 0.229 i 0.416 ef 
T3  0.645 c 0.270 hi 0.333 gh 0.500 d 
T4  0.770 b 0.395 fg 0.479 de 0.625 c 

Interactive effect on Melilotus indica population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  1.000 a* 0.562 de* 0.687 c* 0.812 b* 
T2  0.562 de 0.145 j 0.229 ij 0.354 gh 
T3  0.687 c 0.270 hi 0.354 gh 0.479 ef 
T4  0.812 b 0.395 fg 0.479 ef 0.604 cd 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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minimum tillage practices gave poor crop stand and more Fumaria indica 

frequency as compared to T2 and CS2. Tuesca et al. (2001), Buhler et al. (2001) 

and Blackshaw et al. (2011) also found the similar results regarding weeds 

frequencies.    

4.3.9 Weed Population Frequency (plant/m
2
) of Medicago polymorpha  

It  is  clear  from  the  Table  4.32  that  population  frequency  of  Medicago 

polymorpha taken after 60 days of winter crops emergence and at maturity gave 

significant results. Data in above mentioned table demonstrated that T1 because of 

its poor performance gave the highest WPF during both the study years, which 

were 0.692 plants/m
2
 after 60 days and 0.708 plants/m

2
 at maturity. T2 produced 

the lowest WPF at both stages i.e. 0.317 plants/m
2
 and 0.312 plants/m

2
 

respectively. Data also revealed that tillage treatments T3 and T4 gave less WPF 

than T1, but not than T2. Significant results can also be observed in different 

cropping systems (CS) at both stages. The highest WPF gave by CS1 and the lowest 

WPF was obtained from cropping system CS2 (Table 4.32). Cropping system due 

to better performance produced the lowest WPF, after first stage CS1 gave 53.99 % 

more WPF and at second stsge it gave 53.46 % more WPF as compared to CS2. 

Cropping systems CS3 and CS4 performance was better to control WPF and they 

expressed less WPF than CS1, but not less than CS2. Interactive effect of cropping 

system and tillage treatments also found significant in both the years at both stages. 

The interaction between T1 and CS1 produced the highest WPF, whereas the lowest 

values of interaction can be seen in T2 and CS2 (Tables 4.33 and 4.34). Medicago 

polymorpha grow very fast when space become available to this weed, specially 
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under monocropping systems these weeds grow very fast because fallow land 

become available to this weed. Also under minimum and undisturbed land these 

weeds grow without any hindrance. That is why under tillage treatments T1, T3, and 

T4 and CS1, CS3, and CS4 cropping systems this weed frequency was high. Suarez 

et al. (2001) and Martinez et al. (2000) also documented the similar findings 

regarding the effect of intercropping and different tillage practices on this weed 

frequency. 

4.3.10 Weed Population Frequency (plant/m
2
) of Melilotus indica  

Weed population frequency (WPF) of Melilotus indica determined at two 

stages i.e. after 60 days of winter crops emergence and at crops found significant in 

both the study years. Data in Table 4.32 indicated that tillage treatments have 

significant results at both the stages. T1 performance during both the study years 

was not found better in minimizing WPF and gave highest values i.e. 0.765 

plants/m
2
 after 60 days and 0.776 plants/m

2
 at maturity. T2 gave the lowest WPF 

i.e. 0.322 plants/m
2
 at both stages. Results also indicated that tillage treatments T3 

and T4 showed less WPF than T1, but greater than T2. Cropping systems (CS) effect 

on WPF also gave significant differences, CS1 gave the highest WPF after 60 days 

and at maturity of crops and the lowest WPF was obtained from cropping system 

CS2 (Table 4.32). Interactive effect between cropping system and tillage treatments 

was also observed after 60 days and at maturity of crops and significant results 

were found. The interaction of T1 and CS1 produced the highest WPF because of its 

poor performance and the interaction between T2 and CS2 expressed the lowest 

WPF (Tables 4.33 and 4.34). Melilotus indica is   the weed   of   small size and  can 
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Table 4.34: Interactive effect of different tillage and cropping systems on various weeds 

population frequencies (plant/m
2
) at maturity stage over two consecutive years 

 

Interactive effect on Anagallis arvensis population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  1.000 a*  0.562 de*      0.520 def*      0.812 b*    
T2  0.562 de      0.145 k             0.229 jk            0.354 hi          
T3  0.687 c     0.270 ij           0.354 hi          0.437 fgh        
T4  0.812 b    0.395 gh         0.479 efg       0.604 cd     

Interactive effect on Asphodelus tenuifolius population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.541 de* 0.541 de* 0.833 b* 
T2  0.479 ef 0.145 i 0.229 h 0.354 g 
T3  0.604 cd 0.270 h 0.354 g 0.479 ef 
T4  0.791 b 0.416 fg 0.500 e 0.625 c 

Interactive effect on Chenopodium album population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.583 de* 0.625 cd* 0.833 b* 
T2  0.520 ef 0.145 l 0.229 kl 0.395 hi 
T3  0.687 c 0.270 jk 0.354 ij 0.479 fgh 
T4  0.833 b 0.416 ghi 0.500 efg 0.625 cd 

Interactive effect on Circium arvense population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.562 d* 0.583 d* 0.875 ab* 
T2  0.520 d 0.145 h 0.229 gh 0.354 ef 
T3  0.687 c 0.270 fg 0.354 ef 0.562 d 
T4  0.812 b 0.395 e 0.500 d 0.708 c 

Interactive effect on Convolvulus arvensis population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.520 de* 0.687 c* 0.812 b* 
T2  0.562 d 0.145 k 0.229 j 0.437 fg 
T3  0.687 c 0.291 ij 0.354 hi 0.479 ef 
T4  0.812 b 0.375 gh 0.520 de 0.645 c 

Interactive effect on Cynodon dactylon population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.520 d* 0.562 d* 0.770 b* 
T2  0.520 d 0.145 g 0.208 fg 0.395 e 
T3  0.645 c 0.270 f 0.354 e 0.520 d 
T4  0.812 b 0.395 e 0.520 d 0.645 c 

Interactive effect on Euphoriba helioscopia population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.875 a* 0.583 d* 0.708 c* 0.791 b* 
T2  0.437 e 0.145 g 0.187 g 0.395 e 
T3  0.562 d 0.270 f 0.312 f 0.520 d 
T4  0.708 c 0.437 e 0.541 d 0.666 c 

Interactive effect on Fumaria indica population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
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T1  0.958 a* 0.520 de* 0.645 c* 0.812 b* 
T2  0.520 de 0.145 i 0.229 hi 0.395 fg 
T3  0.562 cd 0.312 gh 0.395 fg 0.562 cd 
T4  0.770 b 0.437 ef 0.520 de 0.645 c 

Interactive effect on Medicago polymorpha population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  0.958 a* 0.520 d* 0.562 d* 0.791 b* 
T2  0.520 d 0.145 g 0.187 g 0.395 ef 
T3  0.687 c 0.312 f 0.354 ef 0.520 d 
T4  0.833 b 0.416 e 0.416 e 0.666 c 

Interactive effect on Melilotus indica population frequency (plant/m
2
)  

Treatments CS1   CS2  CS3  CS4  
T1  1.000 a* 0.604 d* 0.687 c* 0.812 b* 
T2  0.520 e 0.187 h 0.229 h 0.354 g 
T3  0.687 c 0.312 g 0.354 g 0.520 e 
T4  0.833 b 0.437 f 0.562 de 0.687 c 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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grow under harsh climatic conditions. Due to small seed and small structure this 

weed grow in large number and become difficult to control if not control at proper 

time. Rao et al. (2007), Guzzella et al. (2006) and Heap et al. (2012) found that 

deep tillage can remove this weed seed from deeper layer of soil whereas, 

minimum space i.e. via intercropping can control this weed very affectively. In our 

results intercropping and deep tillage operations also suppressed the weeds very 

affectively.    

4.4 WEEDS DRY BIOMASS OF VARIOUS WEEDS 

Weeds dry biomass of various weeds taken during both the years discussed 

as follows: 

4.4.1 Weed Dry Biomass (g/m
2
) of Anagallis arvensis  

 Anagallis arvensis dry biomass (WDB) was determined after 60 days of 

winter crops emergence and at maturity. Significant results obtained during both 

the study years regarding tillage treatments and cropping systems. Data in table 

4.35 depicted that tillage treatment T1 revealed the highest WDB at both stages, 

whereas the lowest gave by T2. Tillage treatment T1 depicted 40.41 % more WDB 

after 60 days and 61.14 % more at maturity stage as compared to T2. Results also 

revealed that tillage treatments T3 and T4 showed less WDB than T1 but greater 

than T2. Results in Table 4.35 indicated that cropping systems (CS) effect on WPD 

also stated significant differences. Cropping system CS1 gave the highest WDB at 

both the stages. The lowest WDB was obtained from cropping system CS2. It is 

also clear from the data that cropping systems CS3 was at par with CS4 after 60 
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days. Results also demonstrated that interaction between cropping system and 

tillage treatments at both the stages also revealed significant results. The interaction 

between T1 and CS1 produced the highest WDB and the lowest gave by the 

interaction of T2 and CS2 (Tables 4.36 and 4.37). Through our results we assessed 

that data recorded after 60 days of crops growth showed less weed dry biomass of 

this weed as compared to maturity of the crops as due to less availability of 

moisture during early stage. This sudden increase in dry biomass revealed that 

presence of sufficient moisture can enhanced this weed growth vigorously. Wheat 

intercropping with brassica and chickpea suppressed this weed growth, as these 

crops due to their spreading nature provided less space to this weed for its growth. 

In T2 deep tillage with MB plough also control Anagallis arvensis dry biomass 

efficiently by conserving moisture during monsoon, which used the crops during 

winter and compete with weeds. These results are also in line with Barberi and 

Cascio, (2010), Mirsky et al. (2010) and Brainard et al. (2013).  

4.4.2 Weed Dry Biomass (g/m
2
) of Asphodelus tenuifolius  

The year effect on Asphodelus tenuifolius dry biomass (WDB) was 

statistically found significant after 60 days of winter crops emergence and at 

maturity. Tillage treatment T1 produced the highest WDB which was 45.879 g/m
2
 

after 60 days and 230.88 g/m
2
 at maturity. T2 showed the lowest WDB i.e. after 60 

days and at maturity which were 197.77 g/m
2
 and 32.813 g/m

2
 respectively. 

Cropping systems (CS) effect on WDB also depicted that cropping system CS1 

gave the highest WDB i.e. 43.183 g/m
2
 and 221.65 g/m

2
 respectively. The lowest 

WDB can be seen in case of CS2 at both stages i.e. 34.746 g/m
2
 and 208.57 g/m

2
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respectively (Table 4.35). Cropping systems CS3 and CS4 gave less WDB than CS1 

but greater than CS2. It was also depicted from the results that interactive effect of 

cropping systems and tillage treatments gave significant difference. Due to poor 

performance of the interaction between T1 and CS1 the highest WDB was 

produced, whereas the lowest values of interaction showed by T2 and CS2 (Tables 

4.36 and 4.37). Most of the weeds have drought tolerant nature and can survive 

under harsh climatic conditions, specially Asphodelus tenuifolius under arid and 

semi arid condition can survive and grow vigorously if not control properly Weber 

et al. (2010). In T2 deep tillage with MB plough showed better suppressive effect 

of this weed dry biomass as compared to rest of tillage operations. By doing 

conventional tillage weeds seeds again enter in soil and grow again and again, due 

to their dominance they increase their growth and ultimately their dry biomass. In 

cropping system CS1 only wheat grown round the year which promoted this weed 

growth due to land fallowing during summer and improper moisture conservation. 

Wesołowski and Kwiatkowski, (2000) had also reported similar conclusion.  

4.4.3 Weed Dry Biomass (g/m
2
) of Chenopodium album 

The data in Table 4.35 expressed that Chenopodium album dry biomass 

found significant in all tillage and cropping systems during both the years. At both 

stages the highest values of dry biomass was found in tillage treatment T1 and T2 

showed lowest WDB (Table 4.35). Tillage treatment T1 produced 29.06 % more 

WDB after 60 days and 39.03 % more at maturity stage as compared to T2. Results 

also revealed that tillage treatments T3 and T4 showed less WDB because of better 

influence on WDB as compared to T1, but not better than T2 at both the stages 
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during both the study years. Cropping systems effect on WPD also found 

significant. Cropping system CS1 gave highest WDB after 60 days and at maturity. 

Cropping system effect on WDB showed that lowest WDB was obtained from 

cropping system CS2 which at both stages (Table 4.35). By comparing all the 

cropping systems together then it can be seen that CS3 and CS4 gave less WDB than 

CS1 but greater than CS2. Interactive effect of cropping system and tillage 

treatments at both stages found significant. Results depicted that T1 and CS1 

interaction expressed the highest WDB, whereas the lowest values of interaction 

can be seen in interaction of T2 and CS2 (Tables 4.36 and 4.37). Crops that have 

spreading nature if intercropped properly then they can suppressed Chenopodium 

album dry biomass, as crops plants retards the weeds if they are more in number as 

they use the nutrients efficiently which otherwise weeds plant absorb Arif et al. 

(2006). Shallow tillage with chisel plough and cultivator is also not affective 

because these practices not uproot the previous weeds. That is the reason that in our 

experiment except T2 all tillage treatments not controlled this weed effectively. 

Qureshi et al. (2003) and Mehla et al. (2000) also reported the similar findings 

regarding shallow tillage and intercropping effect on this weed. 

4.4.4 Weed Dry Biomass (g/m
2
) of Circium arvense  

The data regarding dry biomass of Circium arvense given in Table 4.35, 

showed a significant effect of years after 60 days of winter crops emergence and at 

maturity. It is clear from the table that tillage treatment T1 revealed the highest 

WDB at both stages, and T2 gave lowest WDB (Table 4.35). Results also revealed 

that tillage treatments T3 and T4 expressed less WDB than T1, but more than T2. 
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Cropping systems (CS) effect on WPD also depicted that cropping system CS1 

gave poor performance and showed highest WDB at both stages. The lowest WDB 

was obtained from cropping system CS2 (Table 4.35). The Interaction between 

cropping system and tillage treatments at both stages found significant. The 

interaction of T1 and CS1 revealed the highest WDB, whereas the lowest values of 

interaction produced by T2 and CS2 (Tables 4.36 and 4.37). Circium arvense 

growth can be controlled if proper tillage operations and cropping systems 

performed  at  proper  time.  Kisic  et  al. (2006)  reported  that  intercropping  with 

suitable crops in rainfed area along with deep tillage practices can control this weed 

growth affectively. Tillage treatment T2 and cropping system CS2 in our 

experiment gave better results in regard of this weed control followed by T3 as 

compared to other tillage and cropping systems. T1 and CS1 not conserved the 

moisture properly during monsoon for better crop growth and this weed become 

dominant under these systems. Similar findings had also been reported by Jug et al. 

(2006). 

4.4.5 Weed Dry Biomass (g/m
2
) of Convolvulus arvensis  

The examination of the data in Table 4.35 revealed significantly less WDB 

Convolvulus arvensis in second year. Results depicted that tillage treatments have 

significant effects after 60 days and at maturity. Tillage treatment T1 revealed the 

highest WDB at both stages and T2 because of its better control on WDB gave the 

lowest values (Table 4.35). Cropping systems effect on WPD expressed that 

cropping system CS1 gave the highest WDB after 60 days and at maturity i.e. 5.691 

g/m
2
 and 13.225 g/m

2
 respectively; whereas, the lowest WDB was obtained at both 
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the stages from cropping system CS2 which was 4.591 g/m
2
 and 10.537 g/m

2
 

respectively (Table 4.35). Results also demonstrated that cropping systems CS3 and 

CS4 gave less WDB than CS1 but greater than CS2. Significant results of interaction 

between tillage treatments and cropping systems can be seen in Tables 4.36 and 

4.37. The interaction of T1 and CS1 produced the highest WDB and due to better 

control lowest values of interaction gave by that T2 and CS2. Convolvulus arvensis 

is also the dominant weed of rainfed as well as sandy loam areas and can grow 

efficiently under water deficit condition. In our experiment deep tillage with mold 

board plough uproot the previous plant of this weed very affectively as compared 

to other tillage operations. In CS2 intercropping with brassica, while in CS3 

intercropping with chickpea suppressed this weed growth because of their 

spreading nature, and ultimately reduced their dry biomass. Agegnehu et al. (2006), 

Dhima (2006) and Banik et al. (2006) also documented the similar findings 

regarding different tillage treatments and shading effect of spreading nature crops 

on weeds growth.   

4.4.6 Weed Dry Biomass (g/m
2
) of Cynodon dactylon  

The effect of years as well as tillage and cropping systems was found 

significant (Table 4.35). The data presented in the table depicted that all the tillage 

treatments showed significant results on weed dry biomass (WDB) of Cynodon 

dactylon taken after 60 days of winter crops emergence and at maturity. Results 

revealed that all the tillage treatments have significant effects after 60 days and at 

maturity. Tillage  treatment  T1  gave  highest  WDB  which  was  5.429  g/m
2
   and  
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Table 4.35: Weed dry biomass (g/m
2
) of various weeds as affected by different tillage and 

cropping systems after 60 days of emergence and at maturity over two consecutive years 

 

After 60 days of emergence 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 1.979 a* 41.783 a* 4.564 a* 3.937 a* 5.456 a* 

Y2 1.647 b 37.123 b 4.143 b 3.485 b 4.789 b 

Tillage Treatments 
T1  2.279 a* 45.879 a* 5.016 a* 4.991 a* 5.895 a* 
T2  1.358 d 32.813 d 3.358 d 2.812 d 3.766 d 
T3  1.579 c 37.492 c 4.337 c 3.304 c 5.145 c 
T4  2.037 b 41.629 b 4.704 b 3.737 b 5.683 b 

Cropping Systems 
CS1   2.137 a* 43.183 a* 4.595 a* 4.029 a* 5.691 a* 
CS2  1.587 c 34.746 d 4.050 d 3.375 d 4.591 d 
CS3  1.737 b 39.092 c 4.333 c 3.641 c 4.966 c 
CS4  1.791 b 40.792 b 4.437 b 3.800 b 5.241 b 

After 60 days of emergence 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 5.143 a* 9.191 a* 2.514 a* 1.550 a* 1.295 a* 

Y2 4.264 b 6.718 b 2.087 b 1.156 b 1.018 b 

Tillage Treatments 
T1  5.429 a* 9.604 a* 3.054 a* 1.887 a* 1.741 a* 
T2  3.350 d 5.587 d 1.220 d 0.775 d 0.541 d 
T3  4.845 c 7.687 c 2.254 c 1.208 c 1.008 c 
T4  5.191 b 8.941 b 2.675 b 1.541 b 1.337 b 

Cropping Systems 
CS1   4.970 a* 8.845 a* 2.562 a* 1.575 a* 1.341 a* 
CS2  4.416 c 7.125 d 1.991 d 1.145 d 0.933 d 
CS3  4.650 b 7.587 c 2.279 c 1.279 c 1.129 c 
CS4  4.779 b 8.262 b 2.370 b 1.412 b 1.225 b 

At maturity stage 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 7.341 a* 219.27 a* 18.125 a* 16.085 a* 13.935 a* 

Y2 5.052 b 209.81 b 14.560 b 12.256 b 10.083 b 

Tillage Treatments 
T1  8.662 a* 230.88 a* 19.867 a* 20.242 a* 14.408 a* 
T2  3.366 d 197.77 d 12.112 d 8.692 d 9.217 d 
T3  5.491 c 210.11 c 15.692 c 11.433 c 11.242 c 
T4  7.266 b 219.40 b 17.700 b 16.317 b 13.171 b 

Cropping Systems 
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CS1   7.191 a* 221.65 a* 17.942 a* 16.054 a* 13.225 a* 
CS2  5.145 d 208.57 d 14.713 d 12.446 d 10.537 d 
CS3  5.925 c 212.77 c 15.996 c 13.512 c 11.771 c 
CS4  6.525 b 215.16 b 16.721 b 14.671 b 12.504 b 

At maturity stage 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 9.595 a* 27.281 a* 11.921 a* 5.758 a* 4.841 a* 

Y2 7.156 b 21.694 b 8.798 b 4.114 b 3.725 b 

Tillage Treatments 
T1  11.146 a* 28.200 a* 13.142 a* 6.712 a* 5.791 a* 
T2  5.625 d 20.396 d 7.154 d 3.062 d 2.737 d 
T3  7.462 c 23.633 c 9.304 c 4.450 c 3.775 c 
T4  9.271 b 25.721 b 11.838 b 5.520 b 4.829 b 

Cropping Systems 
CS1   9.266 a* 26.600 a* 11.654 a* 5.633 a* 4.879 a* 
CS2  7.470 d 21.992 d 9.021 d 4.008 d 3.529 d 
CS3  8.129 c 23.725 c 9.983 c 4.891 c 4.191 c 

CS4  8.637 b 25.633 b 10.779 b 5.212 b 4.533 b 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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11.146 g/m
2
 respectively. T2 gave the lowest WDB at both stages i.e. 3.350 g/m

2
 

and 5.625 g/m
2
 respectively (Table 4.35). Cropping systems (CS) effect on WPD 

showed that cropping system CS1 produced the highest WDB at both the stages i.e. 

4.970 g/m
2
 and 9.266 g/m

2
 respectively. The lowest WDB was obtained from 

cropping system CS2 which was 4.416 g/m
2
 after 60 days and 7.470 g/m

2
 at 

maturity (Table 4.35). Cropping systems CS3 and CS4 suppressed Cynodon 

dactylon dry biomass and gave the lowest values than CS1, but greater than CS2. 

Significant results can also be seen by the interactive values of cropping system 

and tillage treatments at both the stages. The interaction of T1 and CS1 depicted the 

highest WDB, whereas the lowest can be seen in interaction between T2 and CS2 

(Tables 4.36 and 4.37). Cynodon dactylon because of its perennial nature can grow 

under all climatic conditions, when a small amount of moisture available to this 

weed than it can grow with very high speed. Rodell (2005) determine that proper 

crop i.e. intercropping as well as multiple cropping systems can suppressed the 

growth of this weed. Results of our findings also showed that tillage treatment T2 

performed best to control this weed growth because of its deep ploughing 

capability. Peterson (2005) had also found that monocropping and shallow tillage 

operations were not suitable to suppress this weed, as in monocropping under more 

space it spread vigorously.   

4.4.7 Weed Dry Biomass (g/m
2
) of Euphorbia helioscopia  

The years, tillage treatments and cropping systems effect found significant 

on Weed dry biomass of Euphorbia helioscopia after 60 days and at maturity. T1 

revealed the highest WDB and T2 gave the lowest WDB at both stages during both 
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the study years. Results also depicted that tillage treatments T3 and T4 showed less 

WDB than T1 but, more than T2. Results in Table 4.35 demonstrated that cropping 

systems effect on WPD found significant. At both stages CS1 gave the highest 

WDB, whereas the lowest WDB was obtained from CS2. Data revealed that 

cropping systems CS3 and CS4 after 60 days and at maturity gave less WDB than 

CS1, but greater than CS2. Significant results can be seen by the interactive values 

of cropping system and tillage treatments at both stages. The interaction of T1 and 

CS1 depicted the highest WDB; whereas, T2 and CS2 gave the lowest WDB (Tables 

4.36 and 4.37). Euphorbia helioscopia is the weed of semi-arid and sandy loam 

soils and can grow vigorously if not controlled at proper time, Belz (2007). In our 

results its density was lower when data was recorded after 60 days but increased 

rapidly at maturity stage of crop because of its capability of fast growing under 

higher moisture contents. CS2 and T2 performed better as compared to conventional 

(farmer tillage practices) and other tillage and cropping systems because of less 

space and nutrients availability to this weeds. Similar findings were also described 

by Hussain et al. (2012 and Kadioglue et al. (2005) that conventional tillage 

operations and improper cropping systems are unfavourable for weeds dry biomass 

control. 

4.4.8 Weed Dry Biomass (g/m
2
) of Fumaria indica  

The investigation of the data in Table 4.35 revealed that dry biomass of 

Fumaria indica was determined after 60 days of winter crops emergence and at 

maturity gave significant results. T1 showed the highest WDB and T2 gave the 

lowest WDB at both stages during both the study years. T1 produced 60.05 % more 



132 

 

 

 

WDB after 60 days and 45.56 % more at maturity stage as compared to T2. Data in 

Table 4.35 demonstrated that cropping systems effect on WPD showed significant 

differences. CS1 gave the highest WDB after 60 days and at maturity of crops i.e. 

2.562 g/m
2
 and 11.654 g/m

2
 respectively, the lowest WDB was obtained from 

cropping system CS2 which was 1.991 g/m
2
 and 9.021 g/m

2
 respectively during 

both the study years. Cropping systems CS3 and CS4 gave less WDB than CS1 at 

both stages, but greater than CS2. It is clear from the data that significant results 

can also be seen by the interactive values of cropping system and tillage treatments 

after 60 days and at maturity. The interaction of T1 and CS1 revealed the highest 

WDB and the lowest values of interaction gave by T2 and CS2 (Tables 4.36 and 

4.37). Dry biomass of weeds are directly proportional to its vegetative growth, so 

by controlling weeds vegetative growth we can control the weeds dry biomass. In 

our experiment under cropping system CS2 weeds dry biomass was found lowest as 

compared to rest of cropping systems because less space available to Fumaria 

indica for its vegetative growth as because of intercropping with brassica. T2 also 

suppressed weeds vegetative growth because of the previous weeds and their seeds 

eradication and by giving them short time to grow. Reduction in weeds dry 

biomass via intercropping and deep tillage operation has also been reported by 

Lutman et al. (2002) and Razzaq et al. (2002).   

4.4.9 Weed Dry Biomass (g/m
2
) of Medicago polymorpha  

There was a significant effect of years on dry biomass (WDB) of Medicago 

polymorpha after 60 days of winter crops emergence and at maturity. The data in 

Table  4.35  at both stages indicated that T1 gave the highest WDB and T2 due to its   
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Table 4.36: Interactive effect of different tillage and cropping systems on various weeds 

dry biomass (g/m
2
) after 60 days of weeds emergence over two consecutive years 

 

Interactive effect on Anagallis arvensis dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  2.666 a* 1.983 cd* 2.183 bc* 2.283 b* 
T2  1.650 ef 1.183 g 1.300 g 1.300 g 
T3  1.950 cd 1.316 g 1.383 fg 1.666 e 
T4  2.283 b 1.866 de 2.083 bcd 1.916 cde 

Interactive effect on Asphodelus tenuifolius dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  50.700 a* 41.117 f* 44.317 d* 47.383 b* 
T2  35.300 ij 29.250 l 32.667 k 34.033 j 
T3  40.800 f 32.083 k 37.883 h 39.200 g 
T4  45.933 c 36.533 i 41.500 ef 42.550 e 

Interactive effect on Chenopodium album dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  5.300 a* 4.583 e* 5.050 bc* 5.133 b* 
T2  3.583 i 3.133 l 3.283 k 3.433 j 
T3  4.566 ef 4.033 h 4.350 g 4.400 g 
T4  4.933 c 4.450 fg 4.650 e 4.783 d 

Interactive effect on Circium arvense dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  5.433 a* 4.533 d* 4.933 c* 5.066 b* 
T2  2.950 j 2.550 l 2.816 k 2.933 jk 
T3  3.600 g 3.000 j 3.216 i 3.400 h 
T4  4.133 e 3.416 h 3.600 g 3.800 f 

Interactive effect on Convolvulus arvensis dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  6.950 a* 5.166 gh* 5.483 de* 5.983 bc* 
T2  4.433 j 3.016 m 3.683 l 3.933 k 
T3  5.366 ef 4.850 i 5.133 h 5.233 fgh 
T4  6.016 b 5.333 efg 5.566 d 5.816 c 

Interactive effect on Cynodon dactylon dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  5.633 a* 5.183 cd* 5.366 abc* 5.533 ab* 
T2  3.600 g 3.050 h 3.316 gh 3.433 g 
T3  5.200 c 4.550 f 4.750 ef 4.883 de 
T4  5.450 abc 4.883 de 5.166 cd 5.266 bc 

Interactive effect on Euphoriba helioscopia dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  10.983 a* 8.583 de* 8.933 cd* 9.917 b* 
T2  6.350 h 4.900 i 5.117 i 5.983 h 
T3  8.117 ef 7.350 g 7.583 fg 7.700 fg 
T4  9.933 b 7.667 fg 8.717 de 9.450 bc 

Interactive effect on Fumaria indica dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
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T1  3.333 a* 2.750 d* 3.016 c* 3.116 b* 
T2  1.533 i 0.800 l 1.216 k 1.333 j 
T3  2.450 e 2.083 h 2.200 g 2.283 fg 
T4  2.933 c 2.333 f 2.683 d 2.750 d 

Interactive effect on Medicago polymorpha dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  2.216 a* 1.650 cd* 1.733 c* 1.950 b* 
T2  0.983 j 0.500 m 0.750 l 0.866 k 
T3  1.383 g 1.033 j 1.150 i 1.266 h 
T4  1.716 c 1.400 fg 1.483 ef 1.566 de 

Interactive effect on Melilotus indica dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  1.950 a* 1.450 de* 1.750 c* 1.816 b* 
T2  0.733 j 0.350 m 0.500 l 0.583 k 
T3  1.183 g 0.783 j 0.983 i 1.083 h 
T4  1.500 d 1.150 g 1.283 f 1.416 e 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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better performance expressed lowest WDB. T1 produced 58.92 % more WDB after 

60 days and 54.38 % more at maturety stage as compared to tillage treatment T2. It 

can be seen that tillage treatments T3 and T4 produced less WDB than T1 at both 

stages, but more than T2. It is evident from Table 4.35 that cropping systems (CS) 

effect on WPD showed that cropping system CS1 gave highest WDB at both stages, 

whereas lowest WDB was obtained from CS2. Significant results can also be seen 

in interaction of cropping system and tillage treatments at both the stages. The 

interaction of T1 and CS1 showed the highest WDB, whereas the lowest shown by 

T2 and CS2 (Tables 4.36 and 4.37). T2 and CS2 gave the lowest dry biomass of 

Medicago polymorpha, because of high moisture availability in these two facilitate 

the crops plant to grow vigorously and to compete with this weed. In monsoon 

season deep tillage conserved more moisture and also eradicated weeds by 

pulverizing the soil deeply. Our findings are also in line with Mulugeta and 

Stoltenberg, (2001) and Ladha et al. (2003).     

4.4.10 Weed Dry Biomass (g/m
2
) of Melilotus indica  

Weed dry biomass (WDB) of Melilotus indica was taken under 

consideration after 60 days of winter crops emergence and at maturity. Results 

revealed that all the tillage treatments have significant effects at both the stages. 

Data of Table 4.35 demonstrate that T1 showed the highest WDB and T2 revealed 

the lowest WDB at both stages. Cropping systems effect on WPD was also 

investigated and found that due to poor efficiency CS1 gave highest WDB after 60 

days and at maturity. It is also clear from the results that due to better efficiency of 

weed suppression lowest WDB was obtained from cropping system CS2 at both 
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stages (Table 4.35). Data also expressed that cropping systems CS3 and CS4 after 60 

days and at maturity gave less WDB than CS1, but greater than CS2. Interaction 

between cropping system and tillage treatments after 60 days and at maturity found 

significant. The interaction of T1 and CS1 produced the highest WDB, whereas due 

to better performance lowest values of interaction can be seen in T2 and CS2 

(Tables 4.36 and 4.37). Melilotus indica is also the weed of arid and semi arid 

areas, it grows efficiently under suitable moisture condition. In our experiment T2 

and CS2 control this weed followed by T3 and CS3. Shallow tillage and fallowing of 

land promote this weed growth because of no competition with crops plant 

Gangwar et al. (2006). Our findings also showed that conventional cropping 

system i.e. wheat-fallow system and conventional tillage methods were unsuitable 

for this weed control, because of high prevalence of this weed during fallow period 

and shallow tillage operations have not control this weed affectively. Mann et al. 

(2002) has also reported similar conclusion. 

4.5 RELATIVE WEEDS DENSITIES OF VARIOUS WEEDS 

Relative densities of weeds also taken at two stages i.e. after 60 days of 

crops emergence and at maturity stage of crops. Results regarding various weeds 

densities are discussed as under:  

4.5.1 Relative Weed Density (RWD) of Anagallis arvensis 

  The data presented in Table 4.38 showed year wise significant results and 

during second year Anagallis arvensis relative density was less as compared to first 

year determined at both the stsges. Data revealed that tillage treatments have 
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significant results at both the stages. T1 revealed the highest RWD and T2  gave  the 

lowest RWD (Table 4.38). Tillage treatments T1 produced 61.74 % more RWD at 

first stage and 43.00 % more at second stage as compared to T2. Results also 

demonstrated that tillage treatments T3 and T4 showed less RWD than T1 but 

greater than T2 at both the stages. Cropping systems effect also gave significant 

results on RWD. CS1 produced the highest RWD after 60 days and at maturity i.e. 

19.984 and 28.026 respectively. The lowest RWD can be observed in CS2, which 

were 13.178 and 22.943 respectively (Table 4.38). Interaction between cropping 

system and tillage treatments was also determined and was found that at both 

stages T1 and CS1 interaction showed highest RWD; whereas, lowest values of 

interaction can be seen in interaction of T2 and CS2 (Tables 4.39 and 4.30). It was 

examined from the results that Anagallis arvensis relative density was more at 

maturity stage as compared to the data recorded after 60 days of crop emergence 

this might be due to the more moisture availability at maturity stage. In T2 and CS2 

relative density was less as compared to other tillage and cropping systems, this 

might be due to the effect of deep tillage by mold board plough which eradicates 

the weeds from their roots as compared to other tillage systems. Intercropping of 

wheat and brassica also suppressed weeds relative density by giving them less 

space to emerge. Different researchers reported that shallow tillage and land 

fallowing for a long time promotes weeds growth and reduce crop yield. Our 

findings are also in line with Locke et al. (2002), Mikha et al. (2013) and Mirsky et 

al. (2010). 
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Table 4.37: Interactive effect of different tillage and cropping systems on various weeds 

dry biomass (g/m
2
) at maturity stage over two consecutive years  

 

Interactive effect on Anagallis arvensis dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  9.816 a* 7.216 de* 8.400 b* 9.216 a* 
T2  4.300 i 2.483 k 3.150 j 3.533 j 
T3  6.816 ef 4.333 i 4.966 h 5.850 g 
T4  7.833 bc 6.550 f 7.183 de 7.500 cd 

Interactive effect on Asphodelus tenuifolius dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  240.67 a* 224.58 d* 227.53 c* 230.75 b* 
T2  205.43 j 189.87 m 196.77 l 199.00 k 
T3  215.23 g 205.17 j 208.97 i 211.07 h 
T4  225.25 d 214.68 g 217.82 f 219.83 e 

Interactive effect on Chenopodium album dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  22.100 a* 17.817 d* 19.433 bc* 20.117 b* 
T2  14.017 i 9.933 k 11.800 j 12.700 j 
T3  16.667 ef 14.483 hi 15.417 gh 16.200 fg 
T4  18.983 c 16.617 ef 17.333 de 17.867 d 

Interactive effect on Circium arvense dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  23.067 a* 17.933 d* 19.433 c* 20.533 b* 
T2  10.033 ij 7.267 m 8.200 l 9.267 k 
T3  13.050 g 9.700 jk 10.783 i 12.200 h 
T4  18.067 d 14.883 f 15.633 f 16.683 e 

Interactive effect on Convolvulus arvensis dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  16.300 a* 12.650 de* 13.767 cd* 14.917 b* 
T2  10.300 hij 7.900 l 8.967 kl 9.700 jk 
T3  12.217 ef 10.200 ij 10.967 ghi 11.583 efg 
T4  14.083 bc 11.400 fgh 13.383 cd 13.817 bc 

Interactive effect on Cynodon dactylon dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  12.267 a* 10.067 c* 10.933 b* 11.317 b* 
T2  6.250 i 4.900 j 5.350 j 6.000 i 
T3  8.250 fg 6.417 i 7.317 h 7.867 g 
T4  10.300 c 8.500 ef 8.917 de 9.367 d 

Interactive effect on Euphoriba helioscopia dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  30.267 a* 26.233 cde* 27.183 cd* 29.117 ab* 
T2  22.533 gh 17.400 k 17.400 k 21.783 hi 
T3  20.900 ij 20.900 ij 20.900 ij 24.733 ef 
T4  23.433 fg 23.433 fg 23.433 fg 26.900 cd 

Interactive effect on Fumaria indica dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
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T1  14.883 a* 11.683 d* 12.650 c* 13.350 b* 
T2  8.383 hi 5.850 l 7.033 k 7.350 jk 
T3  10.583 fg 7.817 ij 8.883 h 9.933 g 
T4  12.767 bc 10.733 ef 11.367 de 12.483 c 

Interactive effect on Medicago polymorpha dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  7.333 a* 5.916 cd* 6.566 b* 7.033 a* 
T2  3.850 i 2.150 l 2.966 k 3.283 jk 
T3  5.033 fg 3.416 ij 4.566 h 4.783 gh 
T4  6.316 bc 4.550 h 5.466 ef 5.750 de 

Interactive effect on Melilotus indica dry biomass (g/m
2
) 

Treatments CS1   CS2  CS3  CS4  
T1  6.550 a* 4.783 e* 5.650 c* 6.183 b* 
T2  3.266 h 2.050 k 2.733 j 2.900 ij 
T3  4.316 f 3.133 hi 3.666 g 3.983 fg 
T4  5.383 cd 4.150 f 4.716 e 5.066 de 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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4.5.2 Relative Weed Density (RWD) of Asphodelus tenuifolius 

Significant differences for years as well as different tillage and cropping 

systems regarding Asphodelus tenuifolius relative density were observed during the 

study years (Table 4.38). T1 showed the highest RWD which was 21.754 after 60 

days and 30.971 at maturity. In T2 lowest RWD was observed i.e. 14.058 and 

22.617 respectively. By comparing all the tillage treatments it can be seen that T3 

and T4 gave less RWD than T1 at both stages (Table 4.38). Results in Table 4.38 

depicted that cropping systems effect on RWD also stated significant differences. 

Comparison of all cropping systems at both stages it can be seen that CS1 gave the 

highest RWD i.e. 19.871 at first stage and 29.492 at second stage. The lowest 

RWD at both stages was observed from cropping system CS2 which was 16.454 

and 21.575 respectively. Interactive effect of cropping system and tillage 

treatments found significant at both stages. The interaction of T1 and CS1 showed 

the highest RWD; whereas, the lowest values of interaction gave by T2 and CS2 

(Tables 4.39 and 4.40). Asphodelus tenuifolius is the weed of rainfed as well as 

sandy loam areas and its growth is very fast when moisture becomes available 

Lampurlanes and Cantero-Martinez (2003). Results of our experiment showed that 

at maturity stage Asphodelus tenuifolius growth was more due to more moisture 

availability. T2 and CS2 suppressed weeds growth at both the stages due to proper 

crops cover of wheat and brassica, these tillage and cropping systems gave less 

relative weed density followed by T3 and CS3. Poor crop stand due to less moisture 

availability during winter season also promoted this weed relative density in tillage 

treatments T1, T3 and T4. Biederbeck et al. (2005) has also explained similar 

conclusion. 
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4.5.3 Relative Weed Density (RWD) of Chenopodium album 

Significant results were found during both the study years and during 

second year Chenopodium album relative density (RWD) found lowest as 

compared to first year. Tillage treatments showed significant results after 60 days 

and at maturity of (Table 4.38). At both the stages T1 revealed the highest RWD 

and T2 gave the lowest RWD. Results also demonstrated that T3 and T4 showed less 

RWD than T1. Cropping systems (CS) effect on RWD found significant. CS1 gave 

the highest RWD at both stages; whereas, lowest RWD was observed from 

cropping system CS2 (Table 4.38). After 60 days and at maturity CS3 and CS4 gave 

less RWD than CS1 but greater than CS2. A significant relationship was also 

determined in interaction between cropping system and tillage treatments at both 

stages. Results demonstrated that the interaction between T1 and CS1 gave the 

highest RWD and the lowest RWD observed in T2 and CS2 (Tables 4.39 and 4.40). 

Proper crop cover round the year and less fallowing of land can retard weeds 

growth Thomas et al. (2004). T2 and CS2 suppressed Chenopodium album growth 

this might be due to deep tillage capability of mold board plough and brassica 

intercropping with wheat suppressed its growth by proving them less light, 

nutrients and moisture. T1 and CS1 gave the poor performance in control of this 

weed relative density, because in CS1 land fallowing and growing of single crop 

i.e. wheat instead of intercropping promoted weeds and tillage operation with 

cultivator did not uproot the weeds from deep in the soil. T3 and CS3 also 

suppressed this weed relative density as compared to T1, T4, CS1 and CS4 this 

might be due to intercropping with chickpea in CS3 and tillage with chisel plough 

conserved more moisture during monsoon which utilize crops efficiently and grow 
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better to compete with this weed. Our findings are also in line with those of Primot 

et al. (2006) and Menalled et al. (2001).  

4.5.4 Relative Weed Density (RWD) of Circium arvense 

The examination of the data in Table 4.38 expressed a significant effect of 

years, tillage treatments and cropping systems on Circium arvense relative density. 

Tillage treatment T1 produced the highest RWD which was 17.558 after 60 days 

and 26.367 at maturity. In and T2 lowest RWD observed i.e. 10.567 while 19.471 

respectively. Tillage treatments T1 gave 39.81 % more RWD after 60 days and 

26.15 % more at maturity as compared with T2 during both study years. Cropping 

systems (CS) effect on RWD showed that CS1 gave the highest RWD at both 

stages i.e. 15.437 and 25.146 respectively; whereas, the lowest RWD was observed 

from cropping system CS2 which was 13.108 after 60 days and 21.462 at maturity 

(Table 4.38). CS1 gave 15.08 % more RWD at first stage and 14.65 % more at 

second stage as compared with CS2. Interactive effect of cropping system and 

tillage treatments at both stages also stated significant results. The highest values of 

interaction showed by T1 x CS1; whereas, the lowest values of interaction can be 

observed in T2 x CS2 (Tables 4.39 and 4.40). Data recorded at both the stages 

revealed that T2 and CS2 retarded the Circium arvense relative density as compared 

to rest of the tillage and cropping systems. Intercropping of wheat and brassica and 

deep tillage with moldboard plough controlled this weed efficiently. In T1 and CS1 

weeds compete with wheat crop because of poor stand of this crop. Improper water 

storage via shallow tillage operations during monsoon cause poor crop growth and 

promoted  weed  growth  as  this  weed  can  survive under less moisture condition. 
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Table 4.38: Relative weeds densities as affected by different tillage and cropping systems after 

60 days of emergence and at maturity over two consecutive years 

 

After 60 days of emergence 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 18.771 a* 20.188 a* 27.705 a* 16.069 a* 80.219 a* 

Y2 14.880 b 16.308 b 22.848 b 12.373 b 69.417 b 

Tillage Treatments 
T1  22.811 a* 21.754 a* 31.896 a* 17.558 a* 80.562 a* 
T2  8.726 d 14.058 d 19.603 d 10.567 d 66.492 d 
T3  15.107 c 17.425 c 23.149 c 13.688 c 74.892 c 
T4  20.656 b 19.754 b 26.460 b 15.071 b 77.325 b 

Cropping Systems 
CS1  19.984 a* 19.871 a* 27.592 a* 15.437 a* 78.950 a* 
CS2  13.178 d 16.454 d 22.723 d 13.108 d 69.996 d 
CS3  16.408 c 17.908 c 24.595 c 13.912 c 74.367 c 
CS4  17.731 b 18.758 b 26.198 b 14.425 b 75.958 b 

After 60 days of emergence 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 79.646 a* 17.444 a* 17.401 a* 20.200 a* 13.363 a* 

Y2 69.287 b 13.335 b 13.537 b 16.280 b 10.296 b 

Tillage Treatments 
T1  82.901 a* 18.830 a* 19.890 a* 23.371 a* 15.749 a* 
T2  60.352 d 11.029 d 11.420 d 12.575 d 8.182 d 
T3  75.662 c 14.683 c 13.901 c 16.610 c 10.625 c 
T4  78.950 b 17.016 b 16.666 b 20.406 b 12.762 b 

Cropping Systems 
CS1  79.699 a* 18.242 a* 16.987 a* 20.035 a* 13.371 a* 
CS2  69.760 d 12.843 d 13.643 d 15.967 d 10.197 d 
CS3  73.013 c 14.420 c 15.281 c 17.883 c 11.330 c 
CS4  75.394 b 16.052 b 15.967 b 19.076 b 12.419 b 

At maturity stage 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 27.960 a* 28.394 a* 29.169 a* 25.227 a* 102.63 a* 

Y2 22.249 b 22.486 b 24.727 b 21.321 b 91.33 b 

Tillage Treatments 
T1  32.379 a* 30.971 a* 32.467 a* 26.367 a* 107.23 a* 
T2  18.456 d 22.617 c 21.238 d 19.471 d 86.13 d 
T3  22.849 c 22.449 c 24.658 c 22.621 c 94.18 c 
T4  26.734 b 25.723 b 29.429 b 24.637 b 100.36 b 

Cropping Systems 
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CS1  28.026 a* 29.492 a* 29.117 a* 25.146 a* 101.72 a* 
CS2  22.943 d 21.575 d 24.317 d 21.462 d 91.76 d 
CS3  23.927 c 24.433 c 26.558 c 22.713 c 96.30 c 
CS4  25.523 b 26.260 b 27.800 b 23.775 b 98.13 b 

At maturity stage 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 104.92 a* 32.556 a* 31.756 a* 34.613 a* 34.450 a* 

Y2 96.37 b 27.738 b 25.494 b 28.315  b 27.546 b 

Tillage Treatments 
T1  107.62 a* 33.529 a* 33.208 a* 35.296 a* 35.196 a* 
T2  92.42 d 26.271 d 24.429 d 27.313 d 27.300 d 
T3  99.38 c 29.300 c 26.862 c 30.546 c 29.475 c 
T4  103.18 b 31.488 b 30.000 b 32.700 b 32.021 b 

Cropping Systems 
CS1  105.50 a* 32.267 a* 32.067 a* 33.717 a* 33.692 a* 
CS2  96.75 d 27.854 d 26.000 d 29.021 d 28.346 d 
CS3  99.59 c 29.608 c 27.563 c 31.021 c 30.462 c 
CS4  100.76 b 30.858 b 28.871 b 32.096 b 31.492 b 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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Liska and Demjanova, (2007) and Strei et al. (2003) also reported the similar 

findings. 

4.5.5 Relative Weed Density (RWD) of Convolvulus arvensis 

Convolvulus arvensis relative density (RWD) was determined after 60 days 

of winter crops emergence and at maturity. Tillage treatments expressed significant 

results after 60 days and at maturity of crops (Table 4.38). T1 gave the highest 

RWD which was 80.56 after 60 days and 107.23 at maturity. At both stages in T2 

the lowest RWD was observed i.e. 66.49 and 86.13 respectively (Table 4.38). 

Results in Table 4.38 revealed that cropping systems effect on RWD found 

significant. CS1 gave highest RWD after 60 days and at maturity i.e. 78.95 and 

101.72 respectively; Whereas, at both stages lowest RWD was observed in CS2 

which was 69.99 and 91.76 respectively (Table 4.38). Overall comparison of all 

cropping systems showed that CS3 and CS4 gave less RWD than CS1, but not less 

than CS2. Data in Table 4.39 and 4.40 depicted that T1 and CS1 interaction showed 

the highest RWD, whereas T2 and CS2 gave the lowest RWD at both the stages. It 

was assessed by our results that deep tillage, proper seed bed preparation and 

intercropping of different crops under rainfed condition promoted crops growth and 

can suppressed weeds. Convolvulus arvensis is the weed of rainfed area and grow 

very fast even under water deficit condition that is why this weed is the dominant 

weed of this area Jug et al. (2006). As in our results weeds density in CS2 and T2 

was less due to this relative weed density of this weed in these two was also found 

lowest. CS2 and T2 proved their self best in suppression of this weed at both stages. 

Round up spray was also used to control the weeds in T1 and CS1 during fallow 
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period but due to shallow tillage via cultivator did not uproot the weeds from deep 

in the soil and this weed competed with main crop. Jurado et al. (2003) and 

Liebman (2001) also determined that proper tillage treatments and intercropping 

instead of single crop growing under rainfed areas can retard this weeds growth.    

4.5.6 Relative Weed Density (RWD) of Cynodon dactylon 

The Table 4.38 explained that there was a significant effect of years on 

Cynodon dactylon relative density during the course of study. Tillage treatments 

were found significant after 60 days and at maturity (Table 4.38). T1 showed the 

highest RWD which was 82.90 after 60 days and 107.62 at maturity. In T2 the 

lowest RWD was observed at both stages i.e. 60.35 and 92.42 RWD respectively. 

Results depicted that T3 and T4 showed less RWD than T1 and was greater than T2 

at both stages. Cropping systems (CS) also reduced the RWD at both stages and 

were found significant. The CS1 gave the highest RWD after 60 days and at 

maturity. The lowest RWD was observed in cropping system CS2 (Table 4.38). 

Interaction between cropping system and tillage treatments at both stages also 

showed significant results. The interaction of T1 and CS1 gave the highest RWD 

and the lowest was showed by T2 and CS2 (Tables 4.39 and 4.40). Weeds are the 

major hindrance in getting good crop yield if not controlled by using proper 

methods. Cynodon dactylon due to its spreading nature and deep root system can 

retard the crop growth efficiently (Cabangon et al., 2000). In our experiment T1, 

and CS1 gave the highest density of this weed due to monocropping and in 

effectiveness of cultivator; whereas, T2 and CS2 followed by T3 and CS3 due to 

intercropping and deep tillage retarded this weed relative density at both stages. 
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Erenstein and Laxmi, (2008) also revealed similar findings.  

4.5.7 Relative Weed Density (RWD) of Euphorbia helioscopia 

It is clear from the Table 4.38 that there was a significant effect of years on 

Euphorbia helioscopia relative density during the course of study. Results showed 

that tillage treatments found significant at both the stages. T1 gave the highest 

RWD and the lowest RWD was observed in T2 at both stages. Cropping systems 

(CS) effect on RWD also found significant. CS1 gave the highest RWD after 60 

days and at maturity and the lowest in CS2 (Table 4.38). Data in Table 4.39 and 

4.40 explained that interaction between cropping system and tillage treatments at 

both stages found significant. The interaction of T1 and CS1 produced the highest 

RWD whereas the lowest values can be observed in T2 and CS2. Our results 

showed that in T2 and CS2 this weed relative density was less during second year as 

compared to first year, this might be due to the intercropping as well as deep tillage 

impact on this weed relative density. Benoit et al. (2003) described that land 

fallowing and monocropping promote weeds density and if not controlled at proper 

time. Brassica and chickpeas due to theirs spreading nature retarded this weed 

growth during both the year in CS2 followed by CS3. Similar findings were also 

described by Curran et al. (2002) and Reddy (2004).    

4.5.8 Relative Weed Density (RWD) of Fumaria indica 

Investigation of the data carried out during the study period to know the 

tillage treatments and cropping systems effects on Fumaria indica relative density. 

Results in Table 4.38 explained that significant differences were obtained regarding 
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tillage treatments and cropping systems. Tillage treatment T1 showed the highest 

RWD and the lowest RWD observed in T2. Tillage treatment T1 produced 42.58 % 

more RWD after 60 days and 26.43 % more at maturity stage as compared to T2. 

Data also depicted that T3 and T4 showed less RWD than T1, but greater than T2 at 

both stages. Cropping systems effect on RWD showed that CS1 gave the highest 

RWD at both stages, whereas the lowest RWD was obtained from cropping system 

CS2 (Table 4.38). Interactive effect between cropping system and tillage treatments 

at both stages found significant. Due to poor weed control at both stages highest 

values of interaction showed by T1 and CS1; whereas, lowest values of interaction 

can be observed in T2 and CS2 (Tables 4.39 and 4.40). Fumaria indica is the weed 

of sandy loam soil and compete with most of the crops specially for wheat it is very 

hazardous Khan et al. (2009). In our results monocropping, spray with round up 

and shallow tillage did not gave affective control for this weed relative density by 

this tillage treatments T1, T3 and T4 gave poor performance also cropping systems 

CS1, CS3 and CS4 did not retard this weed growth. Siddiqui et al. (2010) also 

revealed similar findings regarding intercropping and different tillage practices 

effect on this weed. 

4.5.9 Relative Weed Density (RWD) of Medicago polymorpha 

 Results in Table 4.38 depicted that significant differences were observed 

regarding Medicago polymorpha relative density determined after 60 days of 

winter crops emergence and at maturity. Data revealed that all the tillage treatments 

have  significant  results  at  both  the  stages. Tillage  treatment T1 gave the highest 
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Table 4.39: Interactive effect of different tillage and cropping systems on various weeds 

relative weeds densities after 60 days of weeds emergence over two consecutive years 

 

Interactive effect on Anagallis arvensis relative density 

Treatments CS1   CS2  CS3  CS4  
T1  27.032 a* 17.628 d* 21.873 c* 24.712 b* 
T2  10.835 h 6.790 j 8.288 ij 8.990 hi 
T3  17.137 de 13.265 g 14.563 fg 15.465 ef 
T4  24.933 b 15.028 fg 20.907 c 21.757 c 

Interactive effect on Asphodelus tenuifolius relative density 

Treatments CS1   CS2  CS3  CS4  
T1  22.700 a* 20.383 e* 21.667 bc* 22.267 ab* 
T2  15.750 h 12.433 k 13.433 j 14.617 i 
T3  19.717 ef 15.183 hi 17.117 g 17.683 g 
T4  21.317 cd 17.817 g 19.417 f 20.467 de 

Interactive effect on Chenopodium album relative density 

Treatments CS1   CS2  CS3  CS4  
T1  34.185 a* 29.262 b* 30.505 b* 33.632 a* 
T2  21.747 ghi 17.725 k 19.037 jk 19.903 ij 
T3  25.707 de 20.427 hij 22.375 fgh 24.087 ef 
T4  28.730 bc 23.477 fg 26.463 d 27.168 cd 

Interactive effect on Circium arvense relative density 

Treatments CS1   CS2  CS3  CS4  
T1  18.883 a* 16.467 cd* 17.333 bc* 17.550 b* 
T2  12.000 j 9.400 l 10.250 kl 10.617 k 
T3  14.650 fg 12.633 ij 13.367 hi 14.100 gh 
T4  16.217 de 13.933 gh 14.700 fg 15.433 ef 

Interactive effect on Convolvulus arvensis relative density 

Treatments CS1   CS2  CS3  CS4  
T1  86.567 a* 75.367 efg* 78.850 cd* 81.467 b* 
T2  70.633 hi 61.050 k 66.133 j 68.150 ij 
T3  78.450 cd 70.567 hi 74.867 fg 75.683 ef 
T4  80.150 bc 73.000 gh 77.617 de 78.533 cd 

Interactive effect on Cynodon dactylon relative density 

Treatments CS1   CS2  CS3  CS4  
T1  87.855 a* 78.833 de* 81.130 c* 83.785 b* 
T2  71.482 g 51.377 j 57.390 i 61.160 h 
T3  78.495 de 71.980 g 75.063 f 77.112 ef 
T4  80.963 c 76.848 ef 78.468 de 79.520 cd 

Interactive effect on Euphoriba helioscopia relative density 

Treatments CS1   CS2  CS3  CS4  
T1  22.725 a* 15.968 de* 17.137 c* 19.552 b* 
T2  12.998 gh 8.907 k 10.665 j 11.545 ij 
T3  17.137 c 12.370 hi 14.058 fg 15.167 ef 
T4  20.108 b 14.128 f 15.883 e 17.945 c 

Interactive effect on Fumaria indica relative density 

Treatments CS1   CS2  CS3  CS4  
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T1  21.848 a* 18.015 de* 19.238 c* 20.460 b* 
T2  12.618 i 9.630 k 11.465 j 11.968 ij 
T3  15.205 g 11.875 ij 14.100 h 14.423 gh 
T4  18.277 cd 15.053 gh 16.320 f 17.015 ef 

Interactive effect on Medicago polymorpha relative density 

Treatments CS1   CS2  CS3  CS4  
T1  25.213 a* 21.078 c* 22.652 b* 24.542 a* 
T2  14.572 h 10.025 k 12.415 j 13.287 i 
T3  17.947 e 15.050 h 16.200 g 17.242 f 
T4  22.410 b 17.717 ef 20.265 d 21.233 c 

Interactive effect on Melilotus indica relative density 

Treatments CS1   CS2  CS3  CS4  
T1  16.867 a* 14.742 d* 15.210 c* 16.177 b* 
T2  9.702 i 6.435 l 7.847 k 8.747 j 
T3  12.428 f 8.383 j 10.192 h 11.497 g 
T4  14.488 d 11.228 g 12.073 f 13.257 e 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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RWD which was 23.271 after 60 days and 35.296 at maturity. T2 gave the lowest 

RWD i.e. 12.575 and 27.313 respectively (Table 4.38). Data taken regarding 

cropping systems (CS) effect on RWD revealed that CS1 produced the highest 

RWD after 60 days and at maturity i.e. 20.035 and 33.717 respectively. The lowest 

RWD obtained from CS2 which was 15.967 and 29.021 respectively (Table 4.38). 

Interaction between cropping system and tillage treatments was also determined at 

both stages. Interaction between T1 and CS1 showed the highest RWD, whereas the 

lowest values of interaction can be seen in T2 and CS2 (Tables 4.39 and 4.40). T2 

and CS2 in our experiment gave the lowest Medicago polymorpha density, this 

might be due to the mold board plough effect on this weed eradication and proper 

amount of moisture conservation in soil during monsoon. In T3 Chisel plough also 

controlled the weeds in a better way as compared to T1 and T4. T1 gave poor weed 

control; this might be due to shallow tillage which failed to eradicated this weed 

and conserve little moisture during monsoon. Hassan and Marwat, (2001) and 

Armin and Asghripour, (2011) also reported that weeds relative densities can be 

controlled by proper tillage operations and by multiple and intercrooping. 

4.5.10 Relative Weed Density (RWD) of Melilotus indica 

There was a significant difference was found on Melilotus indica relative 

density regarding tillage treatments and cropping systems during both the years 

(Table 4.38). At both stages tillage treatment T1 depicted the highest RWD and T2 

gave the lowest RWD. Tillage treatment T1 produced 48.04 % more RWD after 60 

days and 22.43 % more at maturity stage during both the study years as compared 

to T2 (Table 4.38). It is evident from Table 4.38 that cropping systems (CS) effect 
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on RWD found significant. Comparison of all these cropping systems depicted that 

at both stages CS1 gave the highest RWD and lowest RWD observed from 

cropping system CS2. Comparatively due to better performance cropping systems 

CS3 and CS4 produced less WPD as compared to CS1 but more than CS2. 

Interaction results of cropping system and tillage treatments presented in Table 

4.39 and 4.40 expressed significant differences at both stages, T1 and CS1 

interaction revealed the highest RWD; whereas, the lowest interaction gave by T2 

and CS2. Brassica and wheat intercropping in CS2 suppressed Melilotus indica 

relative density followed by chickpea and wheat intercropping in CS3, this might be 

due to proper crop cover of these two crops and drought tolerant capability which 

enable them to grow under water deficit condition and compete with this weed. 

Shallow tillage and monocropping during summer season promoted this weed 

growth. Our results are also accordance with the results of Erenstein and Laxmi, 

(2008), Byerlee et al. (2003) and Hobbs (2007). 

4.6 RELATIVE WEEDS FREQUENCIES OF VARIOUS WEEDS 

Data recorded regarding various weeds relative frequencies during both the 

year discussed as below: 

4.6.1 Relative Weed Frequency (RWF) of Anagallis arvensis 

 The effect of years on Anagallis arvensis relative frequency was examined 

after 60 days of winter crops emergence and at maturity. Table 4.41 explained that 

tillage treatment T1 gave poor performance and produced the highest RWF which 

was  69.792  after  60  days  and  72.396  at maturity, whereas the lowest RWF was 
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Table 4.40: Interactive effect of different tillage and cropping systems on various weeds 

relative densities at maturity stage over two consecutive years 

 

Interactive effect on Anagallis arvensis relative density 

Treatments CS1   CS2  CS3  CS4  
T1  35.295 a* 29.445 c* 31.700 b* 33.077 b* 
T2  22.268 ghi 17.578 jk 15.663 k 18.315 j 
T3  25.577 ef 20.525 i 22.033 hi 23.260 gh 
T4  28.963 cd 24.222 gh 26.312 i 27.440 de 

Interactive effect on Asphodelus tenuifolius relative density 

Treatments CS1   CS2  CS3  CS4  
T1  36.333 a* 26.717 d* 29.667 b* 31.167 b* 
T2  26.733 d 16.617 j 22.633 gh 24.483 ef 
T3  25.517 de 19.767 i 21.000 hi 23.513 fg 
T4  29.383 c 23.200 fg 24.433 ef 25.875 de 

Interactive effect on Chenopodium album relative density 

Treatments CS1   CS2  CS3  CS4  
T1  34.717 a* 29.867 e* 32.017 c* 33.267 b* 
T2  23.900 j 17.767 m 21.067 l 22.217 k 
T3  26.717 h 22.350 k 24.083 j 25.483 i 
T4  31.133 d 27.283 g 29.067 f 30.233 e 

Interactive effect on Circium arvense relative density 

Treatments CS1   CS2  CS3  CS4  
T1  28.267 a* 24.467 de* 25.783 c* 26.950 b* 
T2  20.700 i 18.233 k 19.333 j 19.617 j 
T3  24.450 de 20.583 i 22.067 h 23.383 fg 
T4  27.167 b 22.567 gh 23.667 ef 25.150 cd 

Interactive effect on Convolvulus arvensis relative density 

Treatments CS1   CS2  CS3  CS4  
T1  112.27 a* 102.53 c* 107.17 b* 106.97 b* 
T2  91.35 f 79.95 i 85.78 h 87.45 gh 
T3  99.78 d 88.55 g 92.52 f 95.88 e 
T4  103.48 c 96.00 e 99.72 d 102.23 c 

Interactive effect on Cynodon dactylon relative density 

Treatments CS1   CS2  CS3  CS4  
T1  112.05 a* 103.87 c* 106.82 b* 107.73 b* 
T2  99.55 f 86.67 i 90.82 h 92.63 h 
T3  102.63 cd 96.00 g 98.93 f 99.97 ef 
T4  107.75 b 100.45 ef 101.78 de 102.72 cd 

Interactive effect on Euphoriba helioscopia relative density 

Treatments CS1   CS2  CS3  CS4  
T1  34.783 a* 31.883 de* 33.883 ab* 33.567 bc* 
T2  29.583 gh 23.267 k 25.150 j 27.083 i 
T3  31.217 ef 27.233 i 28.533 h 30.217 fg 
T4  33.483 bc 29.033 h 30.867 ef 32.567 cd 

Interactive effect on Fumaria indica relative density 

Treatments CS1   CS2  CS3  CS4  
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T1  36.533 a* 30.833 d* 31.933 c* 33.533 b* 
T2  27.950 f 21.383 l 23.400 k 24.983 ij 
T3  30.550 d 24.733 j 25.683 hi 26.483 gh 
T4  33.233 b 27.050 fg 29.233 e 30.483 d 

Interactive effect on Medicago polymorpha relative density 

Treatments CS1   CS2  CS3  CS4  
T1  37.917 a* 33.267 cd* 34.233 c* 35.767 b* 
T2  29.833 e 24.083 g 27.183 f 28.150 f 
T3  32.883 d 28.333 f 29.983 e 30.983 e 
T4  34.233 c 30.400 e 32.683 d 33.483 cd 

Interactive effect on Melilotus indica relative density 

Treatments CS1   CS2  CS3  CS4  
T1  37.700 a* 32.183 cd* 35.217 b* 35.683 b* 
T2  30.533 ef 24.267 k 26.383 j 28.017 hi 
T3  31.950 cd 27.333 ij 28.950 gh 29.667 fg 
T4  34.583 b 29.600 fg 31.300 de 32.600 c 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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32.813 and 32.292 respectively which was shown by T2. Tillage treatments T3 and 

T4 gave less RWF than T1 at both stages but greater than T2. Results in Table 4.41 

regarding cropping systems effect on RWF also found significant and CS1 gave the 

highest RWF at both the stages i.e. 75.521 and 76.563 respectively. The lowest 

RWF was obtained from CS2 which was 33.333 after 60 days and 34.375 at 

maturity. Results also demonstrated that interaction between cropping system and 

tillage treatments at both stages found significant and T1 and CS1 interaction 

reveaed the highest RWF, whereas the lowest values of interaction can be seen in 

T2 and CS2 (Tables 4.42 and 4.43). As in our results this weed population 

frequency was highest in T1 and CS1 so, relative frequency of this weed was also 

found highest in T1 and CS1. T2 and CS2 gave the lowest relative frequency of 

Anagallis arvensis, this might be due to deep tillage via mold board plough 

eradicated the deep rooted weeds and conserve rain water during monsoon which 

later on used by winter crops. Another reason of poor growth of this weed is the 

intercropping of wheat and brassica which suppressed this weed growth by their 

proper cover. Sole cropping in CS1 and CS4 did not compete with this weed due to 

improper cover of wheat which provides more space to this weed for its growth. 

Bilalis et al. (2001), Shrestha et al. (2002) and Van Gessel et al. (2004) also 

documented the similar findings regarding tillage treatments and cropping systems.  

4.6.2 Relative Weed Frequency (RWF) of Asphodelus tenuifolius 

 Results regarding Asphodelus tenuifolius relative frequency which were 

taken after 60 days of winter crops emergence and at maturity presented in Table 

4.41. Tillage treatment T1 gave the highest RWF which was 67.708 after 60 days 
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and 71.875 at maturity. T2 revealed the lowest RWF i.e. 30.208 and 30.729 

respectively (Table 4.41). It is evident from the Table 4.41 that cropping systems 

(CS) effect on RWF found significant and CS1 produced the highest RWF at both 

stages and the lowest RWF was observed from cropping system CS2. CS1 gave 

52.23 % more RWF after 60 days and 51.47 % mare at maturity stage as compared 

with CS2. Results also depicted that CS3 and CS4 due to better weed control showed 

less RWF than CS1 but greater than CS2. Data in Tables 4.42 and 4.43 also 

demonstrate that interaction between cropping system and tillage treatments at both 

stages revealed significant differences. The interaction of T1 and CS1 gave the 

highest RWF; whereas, T2 and CS2 interaction produced the lowest RWF. Deep 

tillage with mold board plough can conserve moisture during monsoon and can 

eradicate the weeds Blackshaw et al. (2001). Asphodelus tenuifolius relative 

frequency under tillage treatments T1, T3 and T4 were more as compared to T2. CS2 

due to proper crop growth also gave lowest relative frequency of this weed. This 

might be due to proper moisture and nutrients utilization of crops as compared to 

rest of the cropping systems. Our results are also in line with Legere and Samson, 

(2004).  

4.6.3 Relative Weed Frequency (RWF) of Chenopodium album  

Significant results were found regarding relative weed frequency of 

Chenopodium album taken after 60 days of winter crops emergence and at 

maturity. Data regarding tillage treatments demonstrated that T1 showed the highest 

RWF which was 72.917 after 60 days and 75.000 at maturity, whereas the lowest 

RWF observed in T2 i.e. 32.292 at both stages (Table 4.41). Data also demonstrated 
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that tillage treatments T3 and T4 showed less RWF than T1 but greater than T2. 

RWF also significantly affected by cropping systems. CS1 gave the highest RWF at 

both the stages. The lowest RWF was observed in CS2 (Tables 4.41. Interactive 

results of cropping systems and tillage treatments at both stages also found 

significant and T1 and CS1 interaction gave the highest RWF; whereas, the lowest 

produced by T2 and CS2 (Tables 4.42 and 4.43). Under monocropping system and 

improper tillage treatments soil fertility decreased every year and crops become 

unable to compete with weeds. This might be the reason that in our experiment 

except T2 and CS2 all tillage and cropping systems failed to controlled this weed 

relative frequency as other cropping and tillage systems did not provide sufficient 

moisture and nutrients to compete with this weed. Similar findings had also been 

documented by Farooq et al. (2007) and Rao et al. (2007). 

4.6.4 Relative Weed Frequency (RWF) of Circium arvense  

The given data in Table 4.41 showed a significant effect on RWF of 

Circium arvense taken after 60 days of winter crops emergence and at maturity. 

Results showed that all the tillage treatments have significant effects at both the 

stages. Tillage treatment T1 revealed the highest RWF which was 70.833 after 60 

days and 74.479 at maturity, T2 gave the lowest RWF at both stages i.e. 31.250 and 

31.771 respectively. Data also demonstrated that T3 and T4 showed less RWF than 

T1 at both stages but greater than T2. Data taken regarding cropping systems effect 

on RWF of Circium arvense at both stages also gave significant differences. CS1 

produced the highest RWF after 60 days and at maturity i.e. 75.521 and 74.479 

respectively. The lowest RWF was observed from CS2 which was 33.333 and 
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32.813 respectively (Table 4.41). It is also clear from the data that interaction 

between cropping system and tillage treatments at both stages found significant. T1 

and CS1 interaction gave the highest RWF; whereas, the lowest produced by T2 and 

CS2 (Tables 4.42 and 4.43). In rainfed areas intercropping and deep tillage can 

conserve moisture and nutrients for better crop growth as compared to monoculture 

and shallow tillage Chhokar et al. (2007). In our experiment results revealed that 

data recorded after 60 days showed lowest values of Circium arvense relative 

frequency in all cropping and tillage systems as compared to maturity stage, this 

might  be  due  to  high  moisture  availability at maturity stage of the crops. Weeds  

frequency was lowest in T2 and CS2 because of better cropping stand and brassica 

spreading nature suppressed this weed. Our findings are also in line with Mishra 

and Singh, (2011) and Chauhan et al. (2006). 

4.6.5 Relative Weed Frequency (RWF) of Convolvulus arvensis 

The data depicted in Table 4.41 regarding RWF of Convolvulus arvensis 

taken after 60 days of winter crops emergence and at maturity gave significant 

differences. Results in table 4.41 explained that tillage treatment T1 showed the 

highest RWF and the lowest RWF observed in T2 at both stages. Tillage treatment 

T1 produced 55.22 % more RWF after 60 days and at maturity stage it gave 53.84 

% more RWF as compared with T2. Cropping systems effect on RWF determined 

at both stages found significant and CS1 revealed the highest RWF and the lowest 

RWF was observed from cropping system CS2 (Table 4.41). Comparisons of 

different cropping systems stated that cropping systems CS3 and CS4 showed less 

RWF than CS1 but greater than CS2. The Interaction between tillage treatments and 
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Table 4.41: Relative weed frequencies of various weeds as affected by different tillage and 

cropping systems after 60 days of emergence and at maturity over two consecutive years 

 

After 60 days of emergence 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 52.604 a* 50.781 a* 53.646 a* 52.604 a* 52.344 a* 

Y2 50.260 b 48.958 b 50.521  b 50.521 b 49.219 b 

Tillage Treatments 
T1  69.792 a* 67.708 a* 72.917 a* 70.833 a* 69.792 a* 
T2  32.813 d 30.729 d 32.292 d 31.771 d 31.250 d 
T3  43.750 c 42.708 c 45.313 c 44.271 c 44.792 c 
T4  59.375 b 58.333 b 57.813 b 59.375 b 57.292 b 

Cropping Systems 
CS1  75.521 a* 69.792 a* 76.563 a* 75.521 a* 74.479 a* 
CS2  33.333 d 33.333 d 34.896 d 32.813 d 33.333 d 
CS3  40.625 c 40.625 c 41.146 c 40.625 c 41.146 c 
CS4  56.250 b 55.729 b 55.729 b 57.292 b 54.167 b 

After 60 days of emergence 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 52.865 a* 52.604 a* 53.385 a* 52.083 a* 54.688 a* 

Y2 49.219 b 49.219 b 51.302 b 49.219 b 50.781 b 

Tillage Treatments 
T1  68.229 a* 73.438 a* 72.917 a* 69.271 a* 76.562 a* 
T2  32.813 d 28.125 d 32.292 d 32.813 d 32.292 d 
T3  44.271 c 42.188 c 44.792 c 43.750 c 44.792 c 
T4  58.854 b 59.896 b 59.375 b 56.771 b 57.292 b 

Cropping Systems 
CS1  74.479 a* 73.438 a* 76.042 a* 71.354 a* 76.563 a* 
CS2  32.813 d 34.375 d 34.375 d 32.812 d 34.375 d 
CS3  39.583 c 42.708 c 41.667 c 39.063 c 43.750 c 
CS4  57.292 b 53.125 b 57.292 b 59.375 b 56.250 b 

At maturity stage 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 53.646 a* 51.823 a* 53.906 a* 54.688 a* 55.208 a* 

Y2 49.219 b 49.740 b 51.823 b 51.823 b 51.302 b 

Tillage Treatments 
T1  72.396 a* 71.875 a* 75.000 a* 74.479 a* 74.479 a* 
T2  32.292 d 30.208 d 32.292 d 31.250 d 34.375 d 
T3  43.750 c 42.708 c 44.792 c 46.875 c 45.313 c 
T4  57.292 b 58.333 b 59.375 b 60.417 b 58.854 b 

Cropping Systems 
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CS1  76.563 a* 70.833 a* 75.000 a* 74.479 a* 75.521 a* 
CS2  34.375 d 34.375 d 35.417 d 34.375 d 33.333 d 
CS3  39.583 c 40.625 c 42.708 c 41.667 c 44.792 c 
CS4  55.208 b 57.292 b 58.333 b 62.500 b 59.375 b 

At maturity stage 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 53.385 a* 52.083 a* 54.688 a* 53.385 a* 56.771 a* 

Y2 49.740 b 49.740 b 50.781 b 50.260 b 53.125 b 

Tillage Treatments 
T1  70.313 a* 73.958 a* 73.438 a* 70.833 a* 77.604 a* 
T2  31.771 d 29.167 d 32.292 d 31.250 d 32.292 d 
T3  44.792 c 41.667 c 45.833 c 46.875 c 46.875 c 
T4  59.375 b 58.854 b 59.375 b 58.333 b 63.021 b 

Cropping Systems 
CS1  73.438 a* 64.583 a* 70.313 a* 75.000 a* 76.042 a* 
CS2  33.333 d 35.938 d 35.417 d 34.896 c 38.542 d 
CS3  41.146 c 43.750 c 44.792 c 38.021 c 45.833 c 
CS4  58.333 b 59.375 b 60.417 b 59.375 b 59.375 b 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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cropping systems affecting Convolvulus arvensis found significant (Table 4.42 and 

4.43). Interaction of T2 and CS2 showed a noticeable reduction in RWF at both 

stages whereas poor control on WPF obtained from T1 and CS1. Weeds compete 

for nutrients, light and moisture with crops and if not controlled at proper time can 

minimize crops growth specially under rainfed areas where moisture is the main 

problem for crops growth Koger and Reddy, (2005). Convolvulus arvensis is one of 

the fast growing weed of rainfed areas, it can survive under low moisture condition 

and spread very rapidly. Wright and Vargas, (2003) found that under rainfed 

condition monocropping and conventional tillage operations are insufficient for this 

weed control. Our results also proved that conventional and minimum tillage 

practices were less affective in Convolvulus arvensis relative frequency control 

because these tillage practices are not suitable to provide sufficient amount of 

moisture for better crop growth. In T2 deep tillage with mold board plough and 

intercropping with brassica controlled this weed relative frequency because these 

systems enhanced crops growth by proving moisture during water deficit condition 

followed by T3 and CS3. Our findings are also in line with Mitchell et al. (2005). 

4.6.6 Relative Weed Frequency (RWF) of Cynodon dactylon 

The examination of the data in Table 4.41 revealed that significant results 

obtained regarding relative weed frequency of Cynodon dactylon determined after 

60 days of winter crops emergence and at maturity. At both stages all the tillage 

treatments have significant effects on weed RWF taken at both the stages. T1 

showed the highest RWF and T2 gave the lowest RWF followed by T3 and T4 

(Table 4.41). Cropping systems (CS) effect on RWF also determined and was 
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found that cropping system CS1 gave the highest RWF after 60 days and at 

maturity i.e. 74.479 and 73.438 respectively, whereas the lowest RWF was 

observed from CS2 which was 32.813 and 33.333 respectively (Table 4.41). 

Cropping systems CS3 and CS4 expressed less RWF than CS1 but not less than CS2. 

Different tillage treatments by all cropping systems caused a significant effect on 

RWF of Cynodon dactylon. The interaction between T1 and CS1 showed the 

highest RWF and the lowest RWF produced by T2 and CS2 (Tables 4.42 and 4.43). 

Results of our experiment revealed that T2 i.e. mold board plough + 2 cultivations 

and CS2 followed by T3 and CS3 showed lowest values of Cynodon dactylon 

relative frequency because of good crop stand due to proper moisture and nutrients 

availability produce healthy crops which suppressed this weed relative frequency. 

Guglielmini and Satorre, (2002), Baylis (2000) and Culpepper (2006) also 

described the similar findings. 

4.6.7 Relative Weed Frequency (RWF) of Euphorbia helioscopia 

The data depicted in Table 4.41 that there was a significant effect of years 

on Euphorbia helioscopia relative frequency during the course of study. 

Examination of the data revealed that tillage treatments found significant at both 

the stages. T1 gave the highest RWF and the lowest RWF was observed in T2 

(Table 4.41). At both stage tillage treatment T1 produced 61.70 % more RWF after 

60 days and 60.56 % more at maturity as compared to T2. It is also clear from the 

results that the tillage treatments T3 and T4 showed less RWF than T1 but greater 

than T2 at both stages. Significant data also obtained on RWF regarding cropping 

systems. CS1 gave the highest RWD at both the stages. RWF was lowest in CS2 
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followed by CS3 and CS4 (Table 4.41). CS1 gave 53.19 % more RWF after 60 days 

and 44.33 % more at maturity. Data in Tables 4.42 and 4.43 explained that 

interaction between cropping system and tillage treatments at both stages found 

significant during both the study years. The interaction of T1 and CS1 gave the 

highest RWF; whereas, the lowest values were obtained from T2 and CS2. 

Euphorbia helioscopia is the weed of sandy loam areas and complete its life cycle 

even under water deficit condition so, become very hazardous for crops Manley et 

al. (2002). Tillage treatments T1, T3 and T4 and cropping systems CS1, CS3 and CS4 

gave  the  higher  values  of  relative  frequency  of  this  weed due to poor effect of 

cultivator and chisel plough and fallowing of land during summer which failed to 

store water for crops growth. Oliveira and Norsworthy, (2004) found that weeds 

frequencies can be controlled by deep tillage operations and intercropping of 

different crops. 

4.6.8 Relative Weed Frequency (RWF) of Fumaria indica 

It is evident from the Table 4.41 that tillage treatments and cropping 

systems effects on Fumaria indica relative frequency found significant after 60 

days and at maturity of the crops. Results showed that tillage treatment T1 gave the 

highest RWF which was 72.917 after 60 days and 73.438 at maturity. T2 gave the 

lowest RWF i.e. 32.292 at both stages. CS1 found less effective in controlling RWF 

of Fumaria indica as compared to other cropping systems at both stages. CS1 gave 

highest RWF i.e. 76.042 and 70.313 respectively; whereas, the lowest RWF was 

obtained from cropping system CS2 which was 34.375 after 60 days and 35.417 at 

maturity (Table 4.41).  
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Table 4.42: Interactive effect of different tillage and cropping systems on relative weeds 

frequencies of various weeds after 60 days of weeds emergence over two consecutive 

years 

 

Interactive effect on Anagallis arvensis relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 50.000 ef* 54.167 ef* 79.167 b* 
T2  56.250 de 16.667 j 22.917 ij 35.417 h 
T3  66.667 de 25.000 i 35.417 h 47.917 fg 
T4  83.333 b 41.667 gh 50.000 ef 62.500 cd 

Interactive effect on Asphodelus tenuifolius relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  91.667 a* 45.833 fg* 54.167 de* 79.167 b* 
T2  50.000 ef 16.667 k 22.917 jk 33.333 i 
T3  58.333 cd 29.167 ij 35.417 hi 47.917 efg 
T4  79.167 b 41.667 gh 50.000 ef 62.500 c 

Interactive effect on Chenopodium album relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  100.00 a* 52.08 ef* 58.33 d* 81.25 b* 
T2  56.25 de 16.67 k 22.92 jk 33.33 i 
T3  68.75 c 29.17 ij 35.42 hi 47.92 fg 
T4  81.25 b 41.67 gh 47.92 fg 60.42 d 

Interactive effect on Circium arvense relative density 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 50.000 ef* 54.167 ef* 83.333 b* 
T2  56.250 de 12.500 j 22.917 i 35.417 h 
T3  66.667 c 27.083 i 35.417 h 47.917 fg 
T4  83.333 b 41.667 gh 50.000 ef 62.500 cd 

Interactive effect on Convolvulus arvensis relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 50.000 def* 58.333 d* 75.000 bc* 
T2  52.083 de 14.583 j 22.917 ij 35.417 gh 
T3  68.750 c 27.083 hi 35.417 gh 47.917 ef 
T4  81.250 b 41.667 fg 47.917 ef 58.333 d 

Interactive effect on Cynodon dactylon relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 47.917 de* 52.083 d* 77.083 b* 
T2  56.250 cd 16.667 g 22.917 g 35.417 f 
T3  64.583 c 25.000 g 35.417 f 52.083 d 
T4  81.250 b 41.667 ef 47.917 de 64.583 c 

Interactive effect on Euphoriba helioscopia relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 52.083 d* 68.750 c* 77.083 b* 
T2  52.083 d 14.583 g 18.750 g 27.083 f 
T3  64.583 c 29.167 f 31.250 f 43.750 e 
T4  81.250 b 41.667 e 52.083 d 64.583 c 

Interactive effect on Fumaria indica relative frequency 
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Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 54.167 efg* 58.333 de* 83.333 b* 
T2  56.250 def 14.583 k 22.917 j 35.417 i 
T3  68.750 c 27.083 j 35.417 i 47.917 gh 
T4  83.333 b 41.667 hi 50.000 fg 62.500 cd 

Interactive effect on Medicago polymorpha relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  91.667 a* 50.000 d* 52.083 d* 83.333 b* 
T2  52.083 d 14.583 j 22.917 i 41.667 ef 
T3  64.583 c 27.083 hi 33.333 gh 50.000 d 
T4  77.083 b 39.583 fg 47.917 de 62.500 c 

Interactive effect on Melilotus indica relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  100.00 a* 56.25 de* 68.75 c* 81.25 b* 
T2  56.25 de 14.58 j 22.92 ij 35.42 gh 
T3  68.75 c 27.08 hi 35.42 gh 47.92 ef 
T4  81.25 b 39.58 fg 47.92 ef 60.42 cd 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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Highest values of interaction given by T1 and CS1; whereas, the lowest 

values of interaction observed in T2 and CS2 (Tables 4.42 and 4.43). Results of our 

findings revealed that shallow tillage with chisel plough and cultivator was not 

effective in moisture conservation and Fumaria indica relative frequency control. 

Shallow tillage failed to uproot this weed due to this it grows very fast in tillage 

treatments T1, T3 and T4 as compared to T2. Cropping systems expect CS2 also 

gave high relative frequencies as due to poor crop cover and nutrient deficiency. 

Cardina et al. (2002) and Booth and Swanton, (2002) also reported the similar 

results regarding weeds relative frequencies.   

4.6.9 Relative Weed Frequency (RWF) of Medicago polymorpha 

 The data of Table 4.41 revealed that significant differences were observed 

regarding Medicago polymorpha relative frequency determined after 60 days of 

winter crops emergence and at maturity. It is clear from the data that all the tillage 

treatments have significant differences at both the stages. At both stages T1 gave 

the highest RWF and T2 produced the lowest RWF (Table 4.241). CS1 due to its 

poor performance gave the highest RWF at both stages. The lowest RWF obtained 

from CS2 (Table 4.41). Interaction data between cropping system and tillage 

treatments determined at both stages depicted that T1 and CS1 interaction expressed 

the highest RWF; whereas, the lowest values of interaction can be seen in T2 and 

CS2 (Tables 4.42 and 4.43). Results showed that in tillage treatments T1, T3, and T4 

and cropping systems CS1, CS3, and CS4 Medicago polymorpha relative frequency 

was higher, this might be due to this weed competitive and fast growing nature in 

rainfed areas. Deep tillage with MB plough extracts this weed from deep in the soil 
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and by this retarded its growth during winter season. Brassica in CS2 due to its 

spreading nature also retarded Medicago polymorpha relative frequency by giving 

less light and nutrients followed by CS3. Benvenuti et al. (2001), Harker et al. 

(2005) and Puricelli and Tuesca, (2005) also documented the similar conclusion 

regarding shading effect of brassica crop and tillage treatments on this weed 

growth. 

4.6.10 Relative Weed Frequency (RWF) of Melilotus indica 

The examination of the data in Table 4.41 on Melilotus indica relative 

frequency regarding tillage treatments and cropping systems showed significant 

differences during both the study years (Table 4.41). At both the stsges comparison 

of tillage treatments after 60 days of crops emergence and at maturity revealed that 

T1 gave the highest RWF. The lowest RWF can be observed in T2 followed by T3 

and T4 (Table 4.41). T1 produced 57.82 % more RWF after 60 days and 57.84 % 

more at maturity stage as compared to T2. It is evident from Table 4.41 that 

cropping systems effect on RWF found significant. Comparison of all these 

cropping systems revealed that at both stages CS1 gave the highest RWF and the 

lowest RWF observed from cropping system CS2. Results demonstrated that 

comparatively due to better performance CS3 and CS4 gave less WPF as compared 

to CS1 but more than CS2. Interaction results of cropping system and tillage 

treatments expressed in Table 4.42 and 4.43 showed significant differences at both 

stages. The interaction of T1 and CS1 showed the highest RWF and the lowest 

interaction given by T2 and CS2. Dunbabin (2007) explained that Melilotus indica 

is the  weed  of  small  size and can grow under harsh climatic conditions in rainfed 
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Table 4.43: Interactive effect of different tillage and cropping systems on relative 

weeds frequencies of various weeds at maturity stage over two consecutive years 

 

Interactive effect on Anagallis arvensis relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  100.00 a* 56.25 de* 52.08 def* 81.25 b* 
T2  56.25 de 14.58 k 22.92 jk 35.42 hi 
T3  68.75 c 27.08 ij 35.42 hi 43.75 fgh 
T4  81.25 b 39.58 gh 47.92 efg 60.42 cd 

Interactive effect on Asphodelus tenuifolius relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 54.167 de* 54.167 de* 83.333 b* 
T2  47.917 ef 14.583 i 22.917 h 35.417 g 
T3  60.417 cd 27.083 h 35.417 g 47.917 ef 
T4  79.167 b 41.667 fg 50.000 e 62.500 c 

Interactive effect on Chenopodium album relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 58.333 de* 62.500 cd* 83.333 b* 
T2  52.083 ef 14.583 l 22.917 kl 39.583 hi 
T3  68.750 c 27.083 jk 35.417 ij 47.917 fgh 
T4  83.333 b 41.667 ghi 50.000 efg 62.500 cd 

Interactive effect on Circium arvense relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 56.250 d* 58.333 d* 87.500 ab* 
T2  52.083 d 14.583 h 22.917 gh 35.417 ef 
T3  68.750 c 27.083 fg 35.417 ef 56.250 d 
T4  81.250 b 39.583 e 50.000 d 70.833 c 

Interactive effect on Convolvulus arvensis relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 52.083 de* 68.750 c* 81.250 b* 
T2  56.250 d 14.583 k 22.917 j 43.750 fg 
T3  68.750 c 29.167 ij 35.417 hi 47.917 ef 
T4  81.250 b 37.500 gh 52.083 de 64.583 c 

Interactive effect on Cynodon dactylon relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 52.083 d* 56.250 d* 77.083 b* 
T2  52.083 d 14.583 g 20.833 fg 39.583 e 
T3  64.583 c 27.083 f 35.417 e 52.083 d 
T4  81.250 b 39.583 e  64.583 c 

Interactive effect on Euphoriba helioscopia relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  87.500 a* 58.333 d* 70.833 c* 79.167 b* 
T2  43.750 e 14.583 g 18.750 g 39.583 e 
T3  56.250 d 27.083 f 31.250 f 52.083 d 
T4  70.833 c 43.750 e 54.167 d 66.667 c 

Interactive effect on Fumaria indica relative frequency 

Treatments CS1   CS2  CS3  CS4  
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T1  95.833 a* 52.083 de* 64.583 c* 81.250 b* 
T2  52.083 de 14.583 i 22.917 hi 39.583 fg 
T3  56.250 cd 31.250 gh 39.583 fg 56.250 cd 
T4  77.083 b 43.750 ef 52.083 de 64.583 c 

Interactive effect on Medicago polymorpha relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  95.833 a* 52.083 d* 56.250 d* 79.167 b* 
T2  52.083 d 14.583 g 18.750 g 39.583 ef 
T3  68.750 c 31.250 f 35.417 ef 52.083 d 
T4  83.333 b 41.667 e 41.667 e 66.667 c 

Interactive effect on Melilotus indica relative frequency 

Treatments CS1   CS2  CS3  CS4  
T1  100.00 a* 60.42 d* 68.75 c* 81.25 b* 
T2  52.08 e 18.75 h 22.92 h 35.42 g 
T3  68.75 c 31.25 g 35.42 g 52.08 e 
T4  83.33 b 43.75 f 56.25 de 68.75 c 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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areas. As this weed have small seed and small structure due to this it can grow in 

large number and become difficult to control. Melilotus indica seeds can be 

preserved in soil if deep tillage not performed at proper time, this might be the 

reason that tillage treatments T1, T3 and T4 due to shallow tillage did not control 

this weed relative frequency. CS2 followed by CS3 control Melilotus indica 

frequency due to proper crop cover and by giving less space to this weed for its 

growth. Belz et al. (2007) and Khanh et al. (2005) has also discussed similar 

conclusion. 

4.7 RELATIVE DRY WEEDS WEIGHT OF VARIOUS WEEDS 

At two stages i.e. after 60 days and at maturity weeds relative dry weight of 

various weeds of the area was recorded during both the years and explained as 

under: 

4.7.1 Relative Dry Weed Weight (RDWW) of Anagallis arvensis 

 Anagallis arvensis relative dry weight (RDWW) was examined after 60 

days of winter crops emergence and at maturity found significant. Tillage treatment 

T1 expressed the highest RDWW which was 13.844 after 60 days and 21.361 at 

maturity. T2 revealed the lowest RDWW observed at both stages i.e. 5.640 after 60 

days and 10.907 at maturity. Results also stated that tillage treatments T3 and T4 

showed less RDWW than T1 but not less than T2 (Table 4.44). Cropping systems 

effect on RDWW also depicted that CS1 gave the highest RDWW at both stages 

i.e. 11.420 and 17.678 respectively. The lowest RDWW was obtained from CS2 

which was 7.385 and 13.682 respectively (Table 4.44). Interactive effect of 
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cropping system and tillage treatments after 60 days and at maturity of crops also 

found significant. The interaction between T1 and CS1 indicated the highest 

RDWW, whereas T2 and CS2 gave the lowest RDWW (Tables 4.45 and 4.46). We 

assessed by our results that after 60 days of crops growth showed comparatively 

less growth and therefore less relative weed dry weight of this weed as compared to 

maturity of the crops, this might be due to less availability of moisture during early 

stage. In cropping systems CS3 and CS4 wheat intercropping with brassica and 

chickpea suppressed this weed growth, because of their spreading nature provide 

less space to this weed for its growth. In T2 deep tillage with MB plough also 

controlled Anagallis arvensis relative dry weight affectively followed by T3 

because of proper moisture availability during whole the winter season, which 

enabled the crops to compete with this weed. These results are also in line with 

Singh et al. (2009), Hobbs et al. (2008) and Pretty et al. (2011). 

4.7.2 Relative Dry Weed Weight (RDWW) of Asphodelus tenuifolius 

 It is apparent from Table 4.44 that statistically significant effect of years as 

well as tillage treatments and cropping systems on Asphodelus tenuifolius relative 

dry weight (RDWW) examined after 60 days of winter crops emergence and at 

maturity. T1 revealed the highest RDWW i.e. 235.47 after 60 days and 509.35 at 

maturity. T2 gave the lowest RDWW at both stages i.e. 207.07 and 303.11 

respectively followed by T3 and T4 (Table 4.44). Cropping systems effect on 

RDWW also stated that cropping system CS1 gave the highest RDWW and the 

lowest RDWW was obtained from cropping system CS2 followed by CS3 and CS4 

(Table 4.44). Data taken at both stages regarding interactive effect of cropping 
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system and tillage treatments found significant. The interaction of T1 and CS1 

depicted the highest RDWW due to poor performance; whereas, lowest values of 

interaction can be seen in T2 and CS2 (Tables 4.45 and 4.46). Asphodelus 

tenuifolius under arid and semi arid condition can survive and compete with main 

crops of rainfed areas Chauhan and Johnson (2009). Mold board plough in tillage 

treatment T2 showed better suppressive effect of this weed relative dry weight as 

compared to rest of tillage operations. By doing conventional tillage practices with 

cultivator seeds of this weed again enter in soil and grow again when ever moisture 

become available to these. Sole cropping in CS1 promoted this weed growth due to 

land fallowing during summer and improper moisture availability to wheat crop. 

Shirtliffe and Johnson, (2012) had also documented the similar conclusion of 

different cropping effect on this weed. 

4.7.3 Relative Dry Weed Weight (RDWW) of Chenopodium album 

Chenopodium album relative dry weight was determined after 60 days of 

winter crops emergence and at maturity. Data presented in Table 4.44 showed that 

tillage treatments and cropping systems gave significant differences during both the 

study years. T1 did not control the weeds and gave the highest RDWW. T2 gave 

gave the lowest RDWW at both stages. Results also showed that tillage treatments 

T3 and T4 showed less RDWW than T1 after 60 days and at maturity, but not less 

than T2. Results also depicted that cropping systems effect on RDWW gave 

significant differences. Cropping system CS1 expressed the highest RDWW after 

60 days and at maturity; whereas, lowest RDWW was obtained from CS2 followed 

by CS3 and CS4 (Table 4.44). Interaction between cropping systems and tillage 
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treatments affecting Chenopodium album RDWW found significant The interaction 

of T1 and CS1 depicted the highest RDWW; whereas, the lowest values of 

interaction can be seen in T2 and CS2 (Tables 4.45 and 4.46). Intercropping can 

suppressed Chenopodium album relative dry weight, because crops plants retards 

the weeds if they are healthy and more in number as they use the nutrients 

efficiently which otherwise used by this weed Maceljski et al. (2002). In tillage 

treatments T1 and T3 shallow tillage with chisel plough and cultivator gave poor 

results regarding this weed control and moisture conservation for winter crops. 

Only T2 in which MB plough was used controlled this weed effectively due to its 

capability of uprooting deep rooted weeds. Malecka et al. (2012) and Wrzesinska 

et al. (2013) also reported the similar findings. 

4.7.4 Relative Dry Weed Weight (RDWW) of Circium arvense 

The examination of the data revealed that Circium arvense relative dry 

weight taken after 60 days of winter crops emergence and at maturity found 

significant. T1 showed the highest RDWW which was 61.779 after 60 days and 

79.658 at maturity, whereas due to better performance during both the study years 

T2 gave lowest RDWW i.e. 39.512 and 62.913 respectively. T1 after 60 days 

produced 36.04 % more RDWW and 21.02 % more at maturity stsge as compared 

to T2 during both the study years. Tillage treatments T3 and T4 performed better 

than T1 at both the stages. Results also demonstrate that cropping systems effect on 

RDWW gave significant differences. CS1 produced the highest RDWW after 60 

days and at maturity, the lowest RDWW was obtained from CS2 (Table 4.44). 

Cropping system CS1 revealed 20.29 % more RDWW after 60 days and 8.48 % 
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more at maturity as compared with CS2. Interactive effect of cropping system and 

tillage treatments at both stages found significant. The interaction of T1 and CS1 

during both years performed poor and did not control the weeds affectively so 

depicted highest RDWW; whereas, T2 and CS2 interaction gave the lowest RDWW 

(Tables 4.45 and 4.46). Angadi et al. (2003) reported that intercropping with 

brassica  and  chickpea  in rainfed area along with deep tillage practices can control 

this weed growth and ultimately dry weight affectively because intercropping gave 

less space to this weed for its emergence. This might be the reason in our 

experiment that T2 and CS2 suppressed this weed and gave better crop yield. T1 and 

CS1 not conserved the moisture properly during monsoon for better crop growth 

and this weed become dominant under these systems and also affect winter crops 

growth. Similar findings had also been drawn by Harker et al. (2006) and Clayton 

et al. (2004). 

4.7.5 Relative Dry Weed Weight (RDWW) of Convolvulus arvensis 

It is clear from the results of Table 4.44 that years as well as tillage 

treatments and cropping systems found significant. Convolvulus arvensis relative 

dry weight was determined after 60 days of winter crops emergence and at maturity 

revealed significant differences. By comparing all the tillage treatments it can be 

seen that T1 gave the highest RDWW which was 23.896 after 60 days and 41.967 

at maturity. In T2 lowest RDWW was observed i.e. 14.085 and 31.012 respectively 

at both stages followed by T3 and T4 (Table 4.44). Examination of the data 

regarding cropping systems (CS) effect on RDWW was also determined and the 

results  depicted  that cropping system CS1 gave highest RDWW at both stages, the 
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Table 4.44: Relative dry weight of various weeds as affected by different tillage and cropping 

systems after 60 days of emergence and at maturity over two consecutive years 

 

After 60 days of emergence 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 11.084 a* 226.39 a* 51.614 a* 54.716 a* 21.754 a* 

Y2 8.208 b 220.15 b 46.416 b 46.367 b 17.120 b 

Tillage Treatments 
T1  13.844 a* 235.47 a* 54.869 a* 61.779 a* 23.896 a* 
T2  5.640 d 211.07 d 34.837 c 39.512 d 14.085 d 
T3  8.502 c 219.23 c 50.870 b 48.497 c 19.079 c 
T4  10.599 b 227.31 b 55.483 a 52.380 b 20.687 b 

Cropping Systems 
CS1  11.420 a* 227.54 a* 53.065 a* 56.453 a* 22.018 a* 
CS2  7.385 d 219.16 d 45.404 d 44.997 d 16.909 d 
CS3  9.472 c 222.21 c 48.172 c 48.634 c 18.858 c 
CS4  10.307 b 224.17 b 49.419 b 52.084 b 19.963 b 

After 60 days of emergence 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 26.351 a* 32.927 a* 15.726 a* 5.071 a* 8.196 a* 

Y2 19.986 b 27.714 b 12.367 b 3.397 b 5.745 b 

Tillage Treatments 
T1  27.683 a* 37.965 a* 18.549 a* 6.762 a* 9.205 a* 
T2  13.214 c 21.137 d 9.992 d 1.945 d 4.457 d 
T3  23.749 b 29.368 c 12.867 c 3.340 c 6.289 c 
T4  28.030 a 32.812 b 14.778 b 4.889 b 7.930 b 

Cropping Systems 
CS1  27.245 a* 34.161 a* 15.762 a* 5.076 a* 8.061 a* 
CS2  19.502 d 26.717 d 12.222 d 3.496 d 5.718 d 
CS3  21.234 c 29.355 c 13.527 c 4.018 c 6.665 c 
CS4  24.695 b 31.050 b 14.675 b 4.346 b 7.437 b 

At maturity stage 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 18.462 a* 412.77 a* 34.842 a* 76.233 a* 40.877 a* 

Y2 13.245 b 396.03 b 29.325 b 67.225 b 31.758 b 

Tillage Treatments 
T1  21.361 a* 509.35 a* 38.050 a* 79.658 a* 41.967 a* 
T2  10.907 d 303.11 d 24.938 d 62.913 d 31.012 d 
T3  14.496 c 381.62 c 30.521 c 70.683 c 34.637 c 
T4  16.651 b 423.52 b 34.825 b 73.663 b 37.654 b 

Cropping Systems 
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CS1  17.678 a* 467.09 a* 35.512 a* 75.471 a* 40.037 a* 
CS2  13.682 d 341.20 d 29.704 d 69.067 c 33.929 c 
CS3  15.492 c 392.31 c 31.129 c 70.679 b 34.904 c 
CS4  16.563 b 416.99 b 31.987 b 71.700 b 36.400 b 

At maturity stage 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 44.196 a* 51.781 a* 24.154 a* 13.683 a* 17.742 a* 

Y2 37.571 b 44.323 b 18.333 b 9.725 b 13.340 b 

Tillage Treatments 
T1  44.775 a* 54.658 a* 26.717 a* 14.275 a* 19.546 a* 
T2  37.296 d 41.421 d 16.692 d 8.467 d 11.262 d 
T3  39.679 c 45.267 c 19.171 c 11.012 c 14.512 c 
T4  41.783 b 50.863 b 22.396 b 13.063 b 16.842 b 

Cropping Systems 
CS1  43.983 a* 52.521 a* 23.575 a* 13.017 a* 17.117 a* 
CS2  38.333 d 43.958 d 18.975 d 10.287 d 13.804 d 
CS3  39.950 c 46.642 c 20.575 c 11.338 c 15.046 c 
CS4  41.267 b 49.088 b 21.850 b 12.175 b 16.196 b 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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lowest RDWW was obtained from CS2 (Table 4.44). A significant interaction 

between cropping system and tillage treatments after 60 days and at maturity found 

significant during both years of study. The interaction of T1 and CS1 showed the 

highest RDWW and the lowest values of interaction gave by T2 and CS2 (Tables 

4.45 and 4.46). Zimdahl reported that Convolvulus arvensis is the dominant weed 

of sandy loam areas and can grow efficiently under water deficit condition. In our 

experiment T2 and CS2 retarded this weed growth and ultimately relative dry 

weight as compared to rest of the tillage and cropping systems, this might be due to 

deep tillage with moldboard plough uproot the previous plant of this weed very 

affectively and intercropping suppressed this weed growth by utilizing proper 

amount of nutrients which otherwise used by this weed plants. Bradford (2002) and 

Forcella et al. (2000) also documented the same findings regarding intercropping 

and deep tillage practices.   

4.7.6 Relative Dry Weed Weight (RDWW) of Cynodon dactylon 

The data in Table 4.44 on Cynodon dactylon relative dry weight indicated 

that a significant difference in years, tillage treatments and cropping systems was 

noted during both the study years. Results showed that all the tillage treatments 

have significant effects after 60 days and at maturity. T1 showed the highest 

RDWW and the lowest RDWW was observed in T2. Tillage treatments T3 and T4 

expressed less RDWW than T1 at both stages. Cropping systems effect on RDWW 

also determined and the significant results were obtained at both the stages. CS1 

gave the highest RDWW i.e. 27.245 and 43.983 respectively. Whereas, the lowest 

RDWW was obtained from CS2 which was 19.502 and 38.333 respectively 
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followed by CS3 and CS4 (Table 4.44). The interaction between cropping system 

and tillage treatments at both stages found statistically significant. T1 and CS1 

interaction reflected the highest RDWW; whereas, the lowest values of interaction 

given by T2 and CS2 (Tables 4.45 and 4.46). Cynodon dactylon because of its 

perennial nature can grow under all climatic conditions and can compete with main 

crops of the area Leeson et al. (2000). Results of our findings also showed that T2 

performed best to control this weed growth because of its deep ploughing 

capability and uprooting of deep rooted weeds followed by T3. Cropping systems 

CS1 and CS4 also promoted this weed relative dry weight because of dominance of 

this weed due to improper weed suppression by sole cropping. Blackshaw et al. 

(2001) and Harker, (2000) had also reported that monocropping and shallow tillage 

operations were not suitable to suppress this weed relative dry weight.   

4.7.7 Relative Dry Weed Weight (RDWW) of Euphorbia helioscopia 

  The year effect on Euphorbia helioscopia relative dry weight (RDWW) 

examined after 60 days of winter crops emergence and at maturity found 

significant. Results demonstrated that T1 gave the highest RDWW i.e. 37.965 after 

60 days and 54.658 at maturity. T2 revealed the lowest RDWW at both stages i.e. 

21.137 and 41.421 respectively followed by T3 and T4 (Table 4.44). Examination of 

the data regarding cropping systems (CS) effect on RDWW showed that cropping 

system CS1 produced the highest RDWW at both stages. The lowest RDWW was 

obtained from cropping system CS2 followed by CS3 and CS4 (Table 4.44). Results 

also revealed that at both stages cropping system and tillage treatments regarding 

their interaction found significant. The interaction of T1 and CS1 depicted the 
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highest RDWW due to poor weed suppression, whereas the lowest values of 

interaction can be seen in T2 and CS2 (Tables 4.45 and 4.46). Results of our study 

stated that during second year Euphorbia helioscopia relative dry weight was less 

as compared to first year this might be due to intercropping as well as deep tillage 

effect. It can be seen from results that T2 and CS2 performed better as compared to 

conventional  (farmer  tillage  practices)  and  other  tillage  and  cropping  systems, 

because other tillage systems did not eradicate weeds properly and monocropping 

gave more space and nutrients to this weed. Similar findings were also described 

by Mohler (2001) and Bullied et al. (2003).  

4.7.8 Relative Dry Weed Weight (RDWW) of Fumaria indica 

 It is apparent from the Table 4.44 that significant differences were obtained 

during both the study years. Fumaria indica relative dry weight (RDWW) 

examined after 60 days of winter crops emergence and at maturity, at both stages 

significant results were obtained. Data regarding tillage treatments showed that T1 

expressed the highest RDWW. T2 produced the lowest RDWW at both stages 

followed by T3 and T4 (Table 4.44). Cropping systems also found affective in 

reduction of RDWW. CS1 gave the highest RDWW at both stages, lowest RDWW 

was examined from CS2 followed by CS3 and CS4 (Table 4.44). Interaction of 

cropping system and tillage treatments taken at both stages found significant. The 

interaction between T1 and CS1 revealed the highest RDWW due to poor 

performance; whereas, lowest values of interaction can be seen in T2 and CS2 

because of better weeds suppression (Tables 4.45 and 4.46). Mortensen et al. 

(2000) found that  relative dry weight of weed is directly proportional to vegetative  
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Table 4.45: Interactive effect of different tillage and cropping systems on various weeds 

relative dry weight after 60 days of weeds emergence over two consecutive years 

 

Interactive effect on Anagallis arvensis relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  15.745 a* 11.497 de* 13.662 bc* 14.472 ab* 
T2  7.143 ij 3.705 l 5.515 k 6.197 jk 
T3  10.012 fg 6.142 jk 8.565 h 9.288 gh 
T4  12.782 cd 8.198 hi 10.145 efg 11.270 ef 

Interactive effect on Asphodelus tenuifolius relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  239.18 a* 231.42 d* 233.81 c* 237.46 b* 
T2  216.87 hi 205.15 l 209.92 k 212.34 j 
T3  223.53 f 216.61 i 218.09 gh 218.70 g 
T4  230.58 d 223.44 f 227.03 e 228.19 e 

Interactive effect on Chenopodium album relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  60.973 a* 50.013 gh* 53.438 de* 55.052 cd* 
T2  40.660 i 29.143 l 33.532 k 36.013 j 
T3  52.887 ef 48.387 h 50.920 g 51.287 fg 
T4  57.738 b 54.072 cde 54.797 cd 55.325 c 

Interactive effect on Circium arvense relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  69.798 a* 54.957 d* 58.870 c* 63.492 b* 
T2  45.140 h 31.123 j 37.177 i 44.607 h 
T3  51.768 e 45.147 h 47.932 g 49.140 efg 
T4  59.103 c 48.760 fg 50.558 efg 51.097 ef 

Interactive effect on Convolvulus arvensis relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  26.033 a* 21.947 cd* 23.567 bc* 24.037 b* 
T2  17.680 gh 10.870 k 13.048 j 14.740 ij 
T3  21.100 de 16.098 hi 19.027 fg 20.092 ef 
T4  23.257 bc 18.720 fg 19.790 ef 20.982 de 

Interactive effect on Cynodon dactylon relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  33.748 a* 23.468 fg* 24.818 f* 28.695 c* 
T2  15.955 i 8.453 k 9.962 j 18.485 h 
T3  28.077 cd 19.685 h 23.143 g 24.092 fg 
T4  31.202 b 26.402 e 27.012 de 27.507 cde 

Interactive effect on Euphoriba helioscopia relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  42.995 a* 33.817 d* 36.453 c* 38.597 b* 
T2  25.333 h 16.600 k 20.447 j 22.168 i 
T3  32.008 e 26.310 h 28.657 g 30.498 f 
T4  36.308 c 30.140 f 31.863 e 32.938 de 

Interactive effect on Fumaria indica relative dry weight 

Treatments CS1   CS2  CS3  CS4  
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T1  20.695 a* 16.397 d* 17.505 c* 19.600 b* 
T2  11.365 i 8.017 k 9.878 j 10.708 ij 
T3  14.122 fg 11.570 i 12.512 h 13.263 gh 
T4  16.867 cd 12.903 h 14.213 ef 15.130 e 

Interactive effect on Medicago polymorpha relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  7.403 a* 5.968 c* 6.685 b* 6.993 ab* 
T2  2.668 h 1.353 k 1.743 jk 2.016 ij 
T3  4.710 e 2.525 hi 2.870 gh 3.256 g 
T4  5.523 cd 4.140 f 4.775 e 5.120 de 

Interactive effect on Melilotus indica relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  10.820 a* 7.503 ef* 8.560 cd* 9.940 b* 
T2  5.240 h 3.580 j 4.163 i 4.847 h 
T3  7.240 f 5.158 h 6.213 g 6.547 g 
T4  8.947 c 6.633 g 7.725 e 8.415 d 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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growth of the weed, so by controlling weeds vegetative growth relative dry weight 

can be controlled. In our experiment brassica and chickpea due to its spreading 

nature controlled Fumaria indica relative dry weight in cropping systems CS2 and 

CS3 respectively. Mold board plough in T2 also retarded weed vegetative growth by 

uprooting the weeds. Martin et al. (2001) also found that Fumaria indica relative 

dry weight through intercropping and deep tillage operation can be controlled. 

4.7.9 Relative Dry Weed Weight (RDWW) of Medicago polymorpha 

Different tillage treatments and cropping systems decreased the RDWW of 

Medicago polymorpha determined after 60 days of winter crops emergence and at 

maturity. Data presented in Table 4.44 showed that tillage treatments and cropping 

systems gave significant differences during both the study years. Demonstration of 

the data revealed that T1 did not control the weeds and produced the highest 

RDWW; T2 gave the lowest RDWW at both stages. Tillage treatment T1 produced 

71.23 % more RDWW after 60 days of crops emergence and 40.68 % more at 

maturity stage as compared to T2 (Table 4.44). Results also explain that tillage 

treatments T3 and T4 showed less RDWW than T1 after 60 days and at maturity, but 

not less than T2. Data regarding cropping systems effect on RDWW produced 

significant differences. CS1 revealed the highest RDWW at both stages, lowest 

RDWW was obtained from CS2 followed by CS3 and CS4 (Table 4.44). CS1 

produced 31.12 % more RDWW at first stage and 20.97 % more RDWW at second 

stage during both the study years as compared with CS2. Interaction between 

cropping systems and tillage treatments also significantly affected on Medicago 

polymorpha RDWW. The interaction of T1 and CS1 depicted the highest RDWW, 
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whereas the lowest values of interaction can be seen in T2 and CS2 (Tables 4.45 

and 4.46). Our results indicated that T2 and CS2 gave lowest relative dry weight of 

Medicago polymorpha, this might be due to high moisture availability in these two 

which facilitate the crops plant to grow vigorously and to compete with this weed. 

Medicago polymorpha RDWW was lowest in T2 and T3 due to deep tillage by 

mold board plough in T2 followed by T3 conserved moisture during monsoon 

season and eradicated weeds. Our findings are also in line with Bhushan et al. 

(2007) Peachey et al. (2006) and El-Titi (2003).     

4.7.10 Relative Dry Weed Weight (RDWW) of Melilotus indica 

The Table 4.44 explained that Melilotus indica relative dry weight under 

different tillage and cropping systems taken after 60 days of winter crops 

emergence and at maturity found significant. At both the stages tillage treatment T1 

produced the highest RDWW. Due to better performance in reduction of RDWW 

of Melilotus indica during both the study years T2 gave the lowest RDWW (Table 

4.44). T1 revealed 51.58 % more RDWW after 60 days and 42.38 more at maturity 

stage as compared to T2. Cropping systems effect on RDWW gave significant 

differences, CS1 produced the highest RDWW after 60 days and at maturity, lowest 

RDWW was obtained from CS2 (Table 4.44). Demonstration of the results explains 

that interactive effect of cropping system and tillage treatments at both stages 

found significant. The T1 and CS1 interaction during both years performed poor and 

did not control the weeds affectively so gave highest RDWW; whereas, T2 and CS2 

revealed the lowest RDWW (Tables 4.45 and 4.46). Melilotus indica is also the 

weed of arid and semi arid areas, it grows efficiently under suitable moisture 
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condition. In our experiment T2 and CS2 suppressed this weed followed by T3 and 

CS3. Harbuck et al. (2009) found that shallow tillage and monocropping promote 

this weed growth because of no competition with crops plants. Through our results 

we can see that in CS1 (conventional cropping system) and conventional or farmer 

tillage methods were found unsuitable for this weed control, because of high 

density  of  this  weed  during  fallow  period  and shallow tillage via cultivator and 

chisel plough have not control this weed affectively and enhanced this weed 

relative dry weight. Liebman and Davis, (2000) have also reported similar findings. 

4.8 SUM DOMINANCE RATIO OF VARIOUS WEEDS  

Sum dominance ratio of different weeds of the area was taken during both 

the years and discussed as follows:  

4.8.1 Sum Dominance Ratio (SDR) of Anagallis arvensis 

 Anagallis arvensis sum dominance ratio (SDR) was examined after 60 days 

of winter crops emergence and at maturity during both the study years. Data 

revealed that all the tillage treatments have significant results after 60 days and at 

maturity (Table 4.47). It can be seen from the results that tillage treatment T1 

expressed the highest SDR which was 18.314 after 60 days and 26.870 at maturity. 

T2 gave the lowest SDR i.e. 7.183 after 60 days and 14.682 at maturity of crops 

followed by T3 and T4. Cropping systems (CS) effect on SDR also showed that 

cropping system CS1 produced the highest SDR after 60 days and at maturity of 

crops i.e. 15.689 and 22.852 respectively. Minimum SDR was obtained from CS2 

i.e. 44.631 and 67.540 respectively (Table 4.47). By comparing all cropping 

systems  it  can  be  seen  that  CS3 and CS4 revealed less SDR than CS1, but greater  
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Table 4.46: Interactive effect of different tillage and cropping systems on various weeds 

relative dry weight at maturity stage over two consecutive years 

 

Interactive effect on Anagallis arvensis relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  23.035 a* 19.287 c* 21.153 b* 21.970 ab* 
T2  12.480 h 8.778 j 10.545 i 11.825 h 
T3  16.318 de 12.368 h 14.175 g 15.122 fg 
T4  18.880 c 14.293 g 16.097 ef 17.335 d 

Interactive effect on Asphodelus tenuifolius relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  554.44 a* 462.33 d* 493.56 c* 527.06 b* 
T2  359.74 h 244.02 k 283.14 j 325.52 i 
T3  466.39 d 292.86 j 379.01 g 388.20 g 
T4  487.81 c 365.60 h 413.51 f 427.16 e 

Interactive effect on Chenopodium album relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  41.333 a* 35.367 c* 37.367 b* 38.133 b* 
T2  22.467 h 22.467 h 23.217 gh 24.233 g 
T3  33.583 de 29.033 f 29.400 f 30.067 f 
T4  37.300 b 31.950 e 34.533 cd 35.517 c 

Interactive effect on Circium arvense relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  83.267 a* 78.233 b* 77.950 b* 79.183 b* 
T2  67.417 g 59.617 i 62.117 h 62.500 h 
T3  73.483 c 67.917 fg 70.133 ef 71.200 de 
T4  77.717 b 70.500 de 72.517 cd 73.917 c 

Interactive effect on Convolvulus arvensis relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  45.133 a* 41.433 b* 40.000 bc* 41.300 b* 
T2  35.217 ef 27.933 h 29.900 gh 31.000 g 
T3  38.367 c 31.200 g 33.700 f 35.283 ef 
T4  41.433 b 35.150 ef 36.017 de 38.017 cd 

Interactive effect on Cynodon dactylon relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  47.933 a* 42.100 cde* 43.867 bc* 45.200 b* 
T2  40.600 ef 34.333 j 36.633 i 37.617 hi 
T3  42.667 cd 37.617 hi 38.483 ghi 39.950 fg 
T4  44.733 b 39.283 fgh 40.817 def 42.300 cde 

Interactive effect on Euphoriba helioscopia relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  58.450 a* 51.167 de* 53.600 c* 55.417 b* 
T2  47.133 f 36.117 i 39.900 h 42.533 g 
T3  50.200 de 40.800 h 43.083 g 46.983 f 
T4  54.300 bc 47.750 f 49.983 e 51.417 d 

Interactive effect on Fumaria indica relative dry weight 

Treatments CS1   CS2  CS3  CS4  
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T1  29.933 a* 23.583 d* 25.817 c* 27.533 b* 
T2  18.767 gh 15.000 l 16.033 kl 16.967 jk 
T3  21.217 ef 17.417 ij 18.567 hi 19.483 gh 
T4  24.383 d 19.900 fg 21.883 e 23.417 d 

Interactive effect on Medicago polymorpha relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  16.017 a* 12.967 cd* 13.667 bc* 14.450 b* 
T2  9.867 h 6.933 k 8.133 j 8.933 ij 
T3  12.000 ef 9.483 hi 10.950 g 11.617 fg 
T4  14.183 b 11.767 efg 12.600 de 13.700 bc 

Interactive effect on Melilotus indica relative dry weight 

Treatments CS1   CS2  CS3  CS4  
T1  21.000 a* 17.783 e* 19.200 c* 20.200 b* 
T2  12.917 k 9.067 n 10.783 m 12.283 l 
T3  15.950 gh 12.933 k 14.033 j 15.133 i 
T4  18.600 d 15.433 hi 16.167 g 17.167 f 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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than CS2. Interactive effects showed that interaction of T1 and CS1 gave the highest 

values, whereas lowest values of interaction depicted by T2 and CS2 (Tables 4.48 

and 4.49). SDR was calculated by adding the relative weed density and relative dry 

weed weight and then divided by 2. Our results revealed that after 60 days of crops 

growth showed less SDR of this weed as compared to maturity of the crops, this 

might be due to less rainfall during early stage. Spreading nature of brassica and 

chickpea in cropping systems CS3 and CS4 as intercropped with wheat suppressed 

this weed growth by giving less space to spread. In T2 deep tillage with mold board 

plough also controlled Anagallis arvensis SDR affectively followed by T3 as 

compared to farmer tillage practices and lowest tillage; by this moisture availability 

during whole the winter season become assured, which utilized by winter crops 

efficiently and compete with this weed. These results are also in accordance with 

Waldhardt et al. (2003), Gallandt et al. (2004) and Srivastava and Singh, (2005). 

4.8.2 Sum Dominance Ratio (SDR) of Asphodelus tenuifolius 

Examination of the data during both the study years revealed that 

Asphodelus tenuifolius SDR taken after 60 days of winter crops emergence and at 

maturity found significant. During the second year Asphodelus tenuifolius SDR 

was lowest as compared to first year. T1 expressed the highest SDR at both stages, 

in T2 lowest SDR was observed (Table 4.47). Results also explained that T3 and T4 

depicted less SDR than T1 but greater than T2. Cropping systems effect on SDR 

also reflected that cropping system CS1 gave the highest SDR at both stages, the 

lowest SDR was obtained from CS2 followed by CS3 and CS4 (Table 4.47). 

Interactive effect between tillage treatments and cropping system at both stages 
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showed significant results. The T1 and CS1 interaction produced the highest SDR, 

whereas T2 and CS2 revealed the lowest SDR (Tables 4.48 and 4.49). Mold board 

plough followed by chisel plough in tillage treatment T2 and T3 respectively, 

showed better suppressive effect of this weed SDR as compared to rest of tillage 

operations. Conventional tillage practices with cultivator gave poor results, this 

might be due to improper uprooting of previous weed plants. In CS1 only wheat 

grown round the year which enhanced this weed growth due to land fallowing 

during summer and improper moisture availability to wheat crop during winter. 

Chhokar et al. (2013), Mahajan et al. (2012) and Samra and Singh, (2004) had also 

reported the similar conclusion regarding intercropping and different tillage 

operations on this weed SDR. 

4.8.3 Sum Dominance Ratio (SDR) of Chenopodium album 

Sum dominance ratio (SDR) of Chenopodium album was examined after 60 

days of winter crops emergence and at maturity found significant regarding tillage 

and cropping systems. Results demonstrated that tillage treatment T1 expressed the 

highest SDR after 60 days of winter crops emergence and at maturity i.e. 43.383 

and 35.258 respectively. SDR observed lowest in T2 at both stages i.e. 27.220 and 

23.087 respectively followed by T3 and T4 (Table 4.47). SDR regarding cropping 

systems effect on Chenopodium album found significant. CS1 gave highest SDR 

after 60 days and at maturity, the lowest SDR was obtained from CS2 (Table 4.47). 

Data explained that interactive effect of cropping system and tillage treatments 

after 60 days and at maturity also depicted significant differences. The T1 and CS1 

interaction revealed the highest SDR and T2 and CS2 gave lowest SDR. These 
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values of interaction were lowest during second year than first year because of 

better suppressive effects (Tables 4.48 and 4.49). Ziska and Teasdale, (2000) also 

found that intercropping can suppressed Chenopodium album SDR, because crops 

plants retard this weeds growth, if they are healthy and dominant. Shallow tillage 

operations in T1 and T3 with chisel plough and cultivator gave poor results 

regarding this weed SDR because of improper moisture conservation for winter 

crops. Lemerle et al. (2001) also reported the similar results regarding deep tillage 

and intercropping. 

4.8.4 Sum Dominance Ratio (SDR) of Circium arvense 

The effect of years on Sum dominance ratio of Circium arvense was 

examined after 60 days of winter crops emergence and at maturity found 

significant. Through our results we can see that tillage treatments have significant 

results at both stages. Tillage treatment T1 revealed the highest SDR and T2 

produced the lowest SDR followed by T3 and T4 (Table 4.47). Data regarding 

cropping systems effect on SDR expressed that CS1 gave the highest SDR at both 

stages i.e. 35.945 and 50.308 respectively. The lowest SDR was obtained from CS2, 

which was 29.052 and 445.265 respectively (Table 4.47). Comparisons of all 

cropping systems depicted that at both stages CS3 and CS4 showed less SDR than 

CS1, but not less than CS2. Interactive effect of cropping systems and tillage 

treatments at both stages found significant (Tables 4.48 and 4.49). The interaction 

of T1 and CS1 showed the highest SDR; whereas, lowest values given by T2 and 

CS2. Intercropping of leguminous crops with wheat under rainfed condition can 

control this weed growth and ultimately SDR of this weed Bratli et al. (2006). T2 
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and CS2 suppressed this weed and gave better crop yield; this may be attributed to 

high rainfall during wheat vegetative stage and proper nutrients utilization via 

intercropping. T1 and CS1 not conserved the moisture properly during monsoon for 

better crop growth and promoted this weed to become dominant. Similar findings 

had also been drawn by Moser et al. (2002) and Albrecht (2003). 

4.8.5 Sum Dominance Ratio (SDR) of Convolvulus arvensis 

The data in Table 4.47 expressed that there was a statistically significant 

difference between two years Convolvulus arvensis Sum dominance ratio (SDR) 

determined after 60 days of winter crops emergence and at maturity. Findings of 

the results revealed that tillage treatments have significant results at both the stages. 

Tillage treatment T1 expressed the highest SDR which was 52.229 after 60 days 

and 74.600 at maturity. In T2 the lowest SDR was observed i.e. 40.288 and 58.573 

respectively (Table 4.47). Demonstration of the data revealed that cropping 

systems found significant on SDR during both the study years. CS1 produced the 

highest SDR after 60 days and at maturity; the lowest SDR was obtained from CS2 

(Table 4.47). CS1 produced 13.92 % more SDR after 60 days and 11.33 % more at 

maturity stage as compared to CS2. Results depicted at both stages CS3 and CS4 

showed less SDR than CS1. Interactive effect of cropping system and tillage 

treatments at both stages showed significant differences. The T1 and CS1 

interaction expressed the highest SDR; whereas, lowest values of interaction can be 

seen in interaction between T2 and CS2 (Tables 4.48 and 4.49). Convolvulus 

arvensis is the dominant weed of sandy loam areas and due to adventitious root 

system  can  grow  efficiently under harsh climatic condition. T2 retarded this weed 
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Table 4.47: Sum dominance ratio of various weeds as affected by different tillage and 

cropping systems after 60 days of emergence and at maturity over two consecutive years 

 

After 60 days of emergence 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulus 

arvensis 

Years 

Y1 14.921 a* 123.29 a* 39.660 a* 35.392 a* 50.986 a* 

Y2 11.544 b 118.23 b 34.632 b 29.370 b 43.268 b 

Tillage Treatments 
T1  18.314 a* 128.61 a* 43.383 a* 39.669 a* 52.229 a* 
T2  7.183 d 112.56 d 27.220 d 25.039 d 40.288 d 
T3  11.805 c 118.33 c 37.009 c 31.092 c 46.985 c 
T4  15.627 b 123.53 b 40.971 b 33.725 b 49.006 b 

Cropping Systems 
CS1  15.689 a* 123.71 a* 40.328 a* 35.945 a* 50.484 a* 
CS2  10.282 d 117.81 d 34.063 d 29.052 d 43.452 d 
CS3  12.940 c 120.06 c 36.383 c 31.273 c 46.612 c 
CS4  14.019 b 121.46 b 37.808 b 33.254 c 47.960 b 

After 60 days of emergence 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 52.999 a* 25.186 a* 16.564 a* 12.636 a* 10.780 a* 

Y2 44.637 b 20.524 b 12.952 b 9.839 b 8.021 b 

Tillage Treatments 
T1  55.292 a* 28.398 a* 19.220 a* 15.067 a* 12.477 a* 
T2  36.783 d 16.083 d 10.706 d 7.260 d 6.320 d 
T3  49.706 c 22.026 c 13.384 c 9.975 c 8.457 c 
T4  53.490 b 24.914 b 15.722 b 12.648 b 10.346 b 

Cropping Systems 
CS1  53.472 a* 26.202 a* 16.375 a* 12.556 a* 10.716 a* 
CS2  44.631 d 19.780 d 12.933 d 9.732 d 7.958 d 
CS3  47.123 c 21.888 c 14.404 c 10.951 c 8.998 c 
CS4  50.044 b 23.551 b 15.321 b 11.711 b 9.928 b 

At maturity stage 

Treatments Anagallis 

arvensis 

Asphodelus 

tenuifolius 

Chenopodium 

album 

Circium 

arvense 

Convolvulu

s arvensis 

Years 

Y1 23.211 a* 220.58 a* 32.005 a* 50.730 a* 71.751 a* 

Y2 17.747 b 209.26 b 27.026 b 44.273 b 61.544 b 

Tillage Treatments 
T1  26.870 a* 270.16 a* 35.258 a* 53.012 a* 74.600 a* 
T2  14.682 d 162.86 d 23.087 d 41.192 d 58.573 d 
T3  18.672 c 202.03 c 27.590 c 46.652 c 64.410 c 
T4  21.693 b 224.62 b 32.127 c 49.150 b 69.006 b 

Cropping Systems 
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CS1  22.852 a* 248.29 a* 32.315 a* 50.308 a* 70.879 a* 
CS2  18.312 d 181.39 d 27.010 d 45.265 d 62.844 d 
CS3  19.710 c 208.37 c 28.844 c 46.696 c 65.600 c 
CS4  21.043 b 221.62 b 29.894 b 47.737 b 67.267 b 

At maturity stage 

Treatments Cynodon 

dactylon 

Euphoriba 

helioscopia 

Fumaria 

indica 

Medicago 

polymorpha 

Melilotus 

indica 

Years 

Y1 74.559 a* 42.169 a* 27.955 a* 24.148 a* 26.096 a* 

Y2 66.972 b 36.030 b 21.914 b 19.020 b 20.443  b 

Tillage Treatments 
T1  76.196 a* 44.094 a* 29.963 a* 24.785 a* 27.371 a* 
T2  64.856 d 33.846 d 20.560 d 17.890 d 19.281 d 
T3  69.531 c 37.283 c 23.017 c 20.779 c 21.994 c 
T4  72.479 b 41.175 b 26.198 b 22.881 b 24.431 b 

Cropping Systems 
CS1  74.740 a* 42.394 a* 27.821 a* 23.367 a* 25.404 a* 
CS2  67.540 d 35.906 d 22.487 d 19.654 d 21.075 d 
CS3  69.769 c 38.125 c 24.069 c 21.179 c 22.754 c 
CS4  71.015 b 39.973 b 25.360 b 22.135 b 23.844 b 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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growth and ultimately SDR as compared to rest of the tillage systems; this might be 

due to deep tillage capability of mold board plough and moisture conservation 

ability during monsoon rains. Intercropping in CS2 followed by CS3 suppressed this 

weed due to spreading nature of brassica and chickpea, gave less space to this weed 

to emerge. Gerowitt (2003) and Tamado and Milberg, (2000) also documented the 

similar findings. 

4.8.6 Sum Dominance Ratio (SDR) of Cynodon dactylon 

The data of Table 4.47 indicated a significant difference in Cynodon 

dactylon SDR after 60 days of winter crops emergence as well as at maturity. 

Results showed that all the tillage treatments have significant effects at both stages. 

T1 showed highest SDR after 60 days and at maturity; whereas, T2 gave the lowest 

SDR followed by T3 and T4 (Table 4.47). T1 revealed 33.47 % more SDR after 60 

days and 14.88 % more at maturity stage as compared to T2. Cropping systems 

effect also found significant on SDR. CS1 revealed the highest SDR after 60 days 

and at maturity, the lowest SDR was obtained from CS2 (Table 4.47). Interactive 

effect of cropping system and tillage treatments at both the stages also depicted 

significant differences. The interaction of T1 and CS1 expressed the highest SDR, 

whereas the lowest values of interaction gave by T2 and CS2 (Tables 4.48 and 

4.49). Results indicated that T2 followed by T3 performed better to control this 

weed SDR, this might be due to its deep ploughing capability and proper mixing of 

nutrients in soil. Sole cropping due to improper vegetative cover in cropping 

systems CS1 and CS4 promoted this weed SDR. Childers et al. (2003), Snyder 

(2005) and Wright and Reddy, (2007) had also documented the similar results. 
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4.8.7 Sum Dominance Ratio (SDR) of Euphorbia helioscopia 

The effect of years, tillage treatments as well as cropping systems found 

significant on Euphorbia helioscopia sum dominance ratio (SDR). Data revealed 

that all the tillage treatments have significant results after 60 days and at maturity 

(Table 4.47). Results revealed that T1 gave the highest SDR which was 28.398 after 

60 days and 44.094 at maturity. The lowest SDR produced by T2 i.e. 16.083 and 

33.846 respectively at both stages, followed by T3 and T4. Demonstration of the 

data revealed that cropping systems effect on SDR reflected significant differences. 

CS1 revealed the highest SDR after 60 days and at maturity of crops; whereas, 

lowest SDR was obtained from CS2 followed by CS3 and CS4 (Table 4.47). 

Interactive effects showed that interaction of T1 and CS1 produced the highest 

values, whereas lowest values of interaction gave by T2 and CS2 (Tables 4.48 and 

4.49). Results showed that during second year Euphorbia helioscopia SDR was 

less as compared to first year, this might be due to effect of intercropping and deep 

tillage. T2 and CS2 performed better during both the years as compared to 

conventional and other tillage and cropping systems, this was because of other 

tillage systems did not suppressed weeds during monsoon and monocropping gave 

less nutrients to crop as compared to this weed. Our results are also in line with 

those of Crews et al. (2005), Canfield et al. (2010) and Cook et al. (2010). 

4.8.8 Sum Dominance Ratio (SDR) of Fumaria indica 

The data in table 4.47 expressed that there was a statistically significant 

difference between two years Fumaria indica sum dominance ratio. During the 

second  year  Fumaria indica SDR was lowest as compared to first year. T1 showed 
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Table 4.48: Interactive effect of different tillage and cropping systems on sum dominance 

ratio of various weeds after 60 days of weeds emergence over two consecutive years 

 

Interactive effect on Anagallis arvensis sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  21.334 a* 14.563 ef* 17.767 c* 19.592 b* 
T2  8.989 h 5.248 j 6.902 i 7.593 i 
T3  13.574 f 9.703 h 11.564 g 12.377 g 
T4  18.858 bc 11.613 g 15.526 de 16.513 d 

Interactive effect on Asphodelus tenuifolius sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  130.94 a* 125.90 d* 127.74 c* 129.86 b* 
T2  116.31 j 108.79 m 111.68 l 113.48 k 
T3  121.62 g 115.90 j 117.60 i 118.19 i 
T4  125.95 d 120.63 h 123.23 f 124.33 e 

Interactive effect on Chenopodium album sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  47.579 a* 39.638 fg* 41.972 cd* 44.342 b* 
T2  31.203 k 23.434 n 26.284 m 27.958 l 
T3  39.297 g 34.407 j 36.647 i 37.687 hi 
T4  43.234 bc 38.774 gh 40.630 ef 41.247 de 

Interactive effect on Circium arvense sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  44.341 a* 35.712 d* 38.102 c* 40.521 b* 
T2  28.570 h 20.262 j 23.713 i 27.612 h 
T3  33.209 e 28.890 h 30.649 g 31.620 fg 
T4  37.660 c 31.347 fg 32.629 ef 33.265 e 

Interactive effect on Convolvulus arvensis sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  56.300 a* 48.657 de* 51.208 c* 52.752 b* 
T2  44.157 h 35.960 k 39.591 j 41.445 i 
T3  49.775 d 43.333 h 46.947 fg 47.888 ef 
T4  51.703 bc 45.860 g 48.703 de 49.758 d 

Interactive effect on Cynodon dactylon sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  60.802 a* 51.151 e* 52.974 c* 56.240 b* 
T2  43.718 h 29.915 k 33.676 j 39.823 i 
T3  53.286 c 45.833 g 49.103 f 50.602 e 
T4  56.083 b 51.625 de 52.740 cd 53.513 c 

Interactive effect on Euphoriba helioscopia sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  32.860 a* 24.892 d* 26.763 c* 29.074 b* 
T2  19.166 h 12.753 k 15.556 j 16.857 i 
T3  24.573 de 19.340 h 21.357 g 22.833 f 
T4  28.208 b 22.134 fg 23.873 e 25.442 d 

Interactive effect on Fumaria indica sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  



196 

 

 

 

T1  21.272 a* 17.206 d* 18.372 c* 20.030 b* 
T2  11.992 i 8.823 k 10.672 j 11.338 ij 
T3  14.663 fg 11.723 i 13.306 h 13.843 h 
T4  17.572 d 13.978 gh 15.267 f 16.073 e 

Interactive effect on Medicago polymorpha sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  16.308 a* 13.523 de* 14.668 c* 15.768 b* 
T2  8.620 j 5.689 m 7.079 l 7.652 k 
T3  11.328 g 8.787 j 9.535 i 10.249 h 
T4  13.967 d 10.928 g 12.520 f 13.177 e 

Interactive effect on Melilotus indica sum dominance ratio 

Treatments CS1   CS2  CS3  CS4  
T1  13.843 a* 11.123 d* 11.885 c* 13.058 b* 
T2  7.471 h 5.008 k 6.005 j 6.797 i 
T3  9.834 e 6.771 i 8.203 g 9.022 f 
T4  11.717 c 8.931 f 9.899 e 10.836 d 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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highest SDR and the lowest SDR was observed in T2 at both stages (Table 4.47). 

Examination of the data revealed that tillage treatments T3 and T4 gave the less 

SDR than T1 but greater than T2. By comparing cropping systems we also found 

significant differences on SDR of Fumaria indica. CS1 expressed the highest SDR 

at both stages i.e. 16.375 and 27.821 respectively; the lowest SDR was obtained 

from CS2, which was 12.933 and 22.487 respectively followed by CS3 and CS4 

(Table 4.47). Results also revealed that interactive effect between tillage treatments 

and cropping system at both stages showed significant differences. The T1 and CS1 

interaction produced the highest SDR; whereas, T2 and CS2 gave lowest SDR 

(Tables 4.48 and 4.49). As in T2 and CS2 relative density and relative dry weight of 

this weed was lowest due to better suppression of this weed so, less SDR was also 

found in these tillage and cropping systems. Campiglia et al. (2011) found that 

under shallow tillage practices and monocropping systems this weed growth was 

more because of less competition with crop plants. Dabney et al. (2010) also found 

that Fumaria indica SDR through deep tillage practices can be controlled. 

4.8.9 Sum Dominance Ratio (SDR) of Medicago polymorpha 

A significant difference between years regarding Medicago polymorpha 

Sum dominance ratio (SDR) was examined after 60 days of winter crops 

emergence and at maturity during both the study years. Results demonstrated that 

tillage treatment T1 reflected the highest SDR after 60 days of winter crops 

emergence and at maturity and the lowest SDR examined in T2 at both stages 

followed by T3 and T4 (Table 4.47). SDR regarding cropping systems also found 

significant. CS1 gave the highest SDR at both stages; whereas, the lowest SDR was 
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examined in CS2 (Table 4.47). Data explained that interactive effect of cropping 

system and tillage treatments at both stages gave significant differences. The 

interaction between T1 and CS1 expressed the highest SDR and T2 and CS2 

produced the lowest SDR. The lowest values of interaction during second year 

obtained than first year because of better suppressive effects (Tables 4.48 and 

4.49). Results showed that T1 and CS1 gave the highest SDR of Medicago 

polymorpha, this might be due to less hindrance to this weed by wheat crop and 

due to drought tolerance nature this compete with the crop. SDR was minimum in 

T2 followed by T3 due to deep tillage by mold board plough in T2 conserved 

moisture during monsoon season which used by crops during winter. Our results 

are also in line with (Maughan et al. (2009), Russelle et al. (2007) and Karn et al. 

(2005).   

4.8.10 Sum Dominance Ratio (SDR) of Melilotus indica 

The effect of years on sum dominance ratio of Melilotus indica was found 

significant. Through our results we can see that tillage treatments have significant 

results after 60 days of winter crops emergence and at maturity. By comparing all 

tillage treatments it was observed that T1 depicted the highest SDR and T2 

produced the lowest SDR followed by T3 and T4 (Table 4.47). After 60 days of 

crops emergence tillage treatments T1 produced 49.34 % more SDR and 29.55 % 

more at maturity stage during both the study years as compared to T2. Results 

revealed that cropping systems found significant on SDR during both the study 

years. CS1 after 60 days and at maturity revealed the highest SDR, and the lowest 

SDR was obtained from CS2 (Table 4.47). CS1 during both the years gave 25.73 % 
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more SDR at first stage and 17.04% more at second stage as compared to CS2. 

Results expressed that at both stages cropping systems CS3 and CS4 reflected less 

SDR than CS1. The interaction between cropping systems and tillage treatments at 

both stages showed significant differences. Comparatively T1 and CS1 interaction 

produced the highest SDR; whereas, the lowest values of interaction can be seen in 

T2 and CS2 (Tables 4.48 and 4.49). Melilotus indica due to drought tolerance 

nature, small size and more number of seed production have the ability to compete 

with crops and minimize their yield Tracy and Zhang, (2008). Our results indicated 

that in CS1 (conventional cropping system) followed by CS4 found unsuitable for 

this weed control, due to monocropping weeds get more space and nutrients for its 

growth. Deep tillage by moldboard plough gave better performance due to this 

weed eradication during monsoon as compared to shallow tillage with chisel 

plough and cultivator. Derksen et al. (2002) and Sainju (2011) has also discussed 

the similar results of different tillage and cropping systems on this weed SDR. 

4.9 WHEAT YIELD AND YIELD COMPONENTS AS AFFECTED BY 

DIFFERENT TILLAGE AND CROPPING SYSTEMS 

 There is a need to develop proper methods which are efficient and 

environmentally safe to control the weeds. So, in our study we used several 

techniques of tillage treatments and cropping systems to get more wheat yield by 

controlling different weeds in rainfed area. Yield and yield components of wheat 

crop which were studied during the experimentation are as follows:    

4.9.1 Plant Height (cm) 

Plant height was measured when the wheat was near to its maturity stage. 

Results  presented  in  Table 4.50 showed significant differences between two years 
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Table 4.49: Interactive effect of different tillage and cropping systems on sum dominance 

ratio of various weeds at maturity stage over two consecutive years 

 

Interactive effect on Anagallis arvensis sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  29.165 a* 24.366 c* 26.427 b* 27.523 b* 
T2  17.374 gh 13.178 j 13.104 j 15.070 i 
T3  20.947 e 16.447 h 18.104 fg 19.191 f 
T4  23.922 c 19.257 f 21.204 e 22.387 d 

Interactive effect on Asphodelus tenuifolius sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  295.39 a* 244.52 d* 261.61 c* 279.12 b* 
T2  193.23 i 130.32 l 152.88 k 175.00 j 
T3  245.95 d 156.31 k 200.01 gh 205.86 g 
T4  258.59 c 194.40 hi  226.52 e 

Interactive effect on Chenopodium album sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  38.025 a* 32.617 de* 34.692 c* 35.700 b* 
T2  26.867 h 20.117 l 22.142 k 23.225 j 
T3  30.150 f 25.692 i 26.742 h 27.775 g 
T4  34.217 c 29.617 f 31.800 e 32.875 d 

Interactive effect on Circium arvense sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  55.767 a* 51.350 c* 51.867 bc* 53.067 b* 
T2  44.058 h 38.925 j 40.725 i 41.058 i 
T3  48.967 de 44.250 h 46.100 g 47.292 fg 
T4  52.442 bc 46.533 g 48.092 ef 49.533 d 

Interactive effect on Convolvulus arvensis sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  78.700 a* 71.983 c* 73.583 bc* 74.133 b* 
T2  63.283 g 53.942 j 57.842 i 59.225 hi 
T3  69.075 de 59.875 h 63.108 g 65.583 f 
T4  72.458 c 65.575 f 67.867 e 70.125 d 

Interactive effect on Cynodon dactylon sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  79.992 a* 72.983 c* 75.342 b* 76.467 b* 
T2  70.075 ef 60.500 k 63.725 j 65.125 i 
T3  72.650 c 66.808 h 68.708 g 69.958 fg 
T4  76.242 b 69.867 fg 71.300 de 72.508 cd 

Interactive effect on Euphoriba helioscopia sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  46.617 a* 41.525 cd* 43.742 b* 44.492 b* 
T2  38.358 f 29.692 j 32.525 i 34.808 h 
T3  40.708 de 34.017 h 35.808 g 38.600 f 
T4  43.892 b 38.392 f 40.425 e 41.992 c 

Interactive effect on Fumaria indica sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  



201 

 

 

 

T1  33.233 a* 27.208 d* 28.875 c* 30.533 b* 
T2  23.358 f 18.192 j 19.717 i 20.975 h 
T3  25.883 e 21.075 h 22.125 g 22.983 f 
T4  28.808 c 23.475 f 25.558 e 26.950 d 

Interactive effect on Medicago polymorpha sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  26.967 a* 23.117 de* 23.950 c* 25.108 b* 
T2  19.850 h 15.508 k 17.658 j 18.542 i 
T3  22.442 e 18.908 i 20.467 gh 21.300 f 
T4  24.208 c 21.083 fg 22.642 e 23.592 cd 

Interactive effect on Melilotus indica sum dominance ratio 

Treatments CS1   CS2  CS3 CS4  
T1  29.350 a* 24.983 d* 27.208 c* 27.942 b* 
T2  21.725 g 16.667 j 18.583 i 20.150 h 
T3  23.950 e 20.133 h 21.492 g 22.400 e 
T4  26.592 c 22.517 f 23.733 e 24.883 d 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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for plant height and it was the highest during the second year. Tillage treatment T2 

(Mold board+ 2 cultivations) gave the highest plant height i.e. 91.765 cm; whereas, 

the lowest was found in T1 (farmer’s practice or controlled tillage treatment) which 

was 86.283 cm followed by treatments T3 (Chisel + 2 cultivations) and T4 

(Minimum tillage + Glyphosate). Examination of the data regarding cropping 

system (CS) effect on wheat plant also revealed significant results. The perusal of 

Table 4.50 indicates that cropping system CS3 (Wheat+ Chickpea - Fallow – 

Wheat+ Chickpea- Fallow) gave the heighest plant height; whereas, the lowest was 

found in CS1 (Wheat-Fallow -Wheat-Fallow). By comparing all cropping systems, 

we also observed that CS2 (Wheat + Brassica- Fallow –Wheat + Brassica – Fallow) 

and CS4 (Wheat – Cluster bean – Wheat- Cluster bean) produced longer wheat 

plants than CS1, but it was less than CS3 (Table 4.50). Interaction effect between 

tillage treatments and cropping systems also reflected significant differences. The 

interaction of T2 x CS3 gave the heighest plant height due to better performance; 

whereas, the lowest was showed by T1 x CS1 (Table 4.51). Greater plant height 

produced more biological as well as grain yield. In our findings, tillage treatment 

T2 and cropping system CS3 produced maximum plant height and this might be due 

to the suppressed weed growth in these two tillage and cropping systems as well as 

better moisture retention. The other reason for greater plant height may be wheat-

chickpea intercropping which used moisture efficiently and reduced moisture 

losses. Tillage treatment T1 and cropping system CS1 were found non effective 

because of moisture loss during monsoon. Kanmegne and Degrande, (2002) and 

Furat and Uzun, (2010) have also reported that deep tillage and cover cropping 

during monsoon can conserve more moisture and can enhance plant growth.  
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4.9.2 Spike Length (cm) 

 Significant differences can be observed in Table 4.50 regarding spike 

length which was determined at wheat maturity stage. Results depicted that tillage 

treatments were significantly different from one another. Treatment T2 produced 

longer longer spikes during both study years; whereas, the lowest was found in T1. 

Results demonstrated that tillage treatments T3 and T4 reselted in more spike length 

as compared to T1, but not more than T2. Cropping system (CS) effect on wheat 

spike length was also found significant. Cropping system CS3 due to better weed 

suppression and better growth showed the heighest spike length and the lowest 

produced by cropping system CS1 followed by CS2 and CS4 (Table 4.50). 

Interaction of tillage treatments and cropping systems revealed significant 

differences. The interaction between T2 x CS3 produced the heighest spike length 

and T1 x CS1 gave the lowest values for spike length (Table 4.51). Spike length 

may be related to healthy plant growth, a healthy plant can produce more spike 

length and better yield of wheat as compared to week plant. In our experiment, 

tillage treatment T2 and cropping system CS3 produced the heighest spike length 

followed by T3 and CS2 because of adequate moisture and nutrients availability 

during both the years. Cropping system CS3 utilized soil moisture efficiently 

probably due to sufficient crops cover of chickpea and wheat reduced evaporation 

losses. Deep tillage through MB plough mixed the soil nutrients properly and they 

became available to wheat crop. Similar findings have also been reported by Piker 

et al. (2001), Iqbal et al. (2007) and Karayel and Ozmerzi, (2003) who stated that 

intercropping and proper tillage treatments are the key components to enhanced 

spike length of wheat crop under rainfed condition.            
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4.9.3 Number of Spikelets/Spike 

 Number of spikelets/spike was recorded when the spikes attained their full 

length. Tillage treatments and cropping systems expressed significant differences 

during both study years (Table 4.50). Tillage treatment T2 gave the heighest 

number of spikelets/spike; whereas, the lowest was found in tillage treatment T1 i.e. 

16.017. Results revealed that tillage treatments T3 and T4 produced more number of 

spikelets/spike as compared to T1, but less than T2. Cropping systems effects 

reflected the heighest number of spikelets/spike in CS3 which was 18.683; whereas, 

the lowest showed by CS1 i.e. 16.482 followed by CS2 and CS4 (Table 4.34). 

Interaction effect between tillage treatments and cropping systems also showed 

significant results during both study years. Interaction of T2 x CS3 due to its good 

performance gave the heighest value regarding number of spikelets/spike; whereas, 

the lowest value were recorded in case of interaction between T1 x CS1 (Table 

4.51).  A healthy spike can produce more number of spikelets/spike as reported by 

Nagarajan et al. (2002). In tillage treatment T1 and cropping system CS1, spike 

length was the lowest due to poor plant growth and more competition with weeds 

for nutrients and moisture. Higashida and Yamagami, (2003) also reported the 

similar findings.  

4.9.4 Number of Kernels/Spike 

 It is evident from the Table 4.50 that there was a significant difference in 

number of kernels/spike taken at wheat maturity stage during study years. This 

might be due to the less competition between weeds and crop for essential nutrients 

and moisture. Results depicted that tillage treatment T2 produced the heighest value 

regarding nomber of kernels/spike; whereas, the lowest was produced by T1. 
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Cropping system (CS) effect on number of kernels/spike also found significant. 

Cropping system CS3 gave the heighest number of kernels/spike; whereas, the 

lowest showed by CS1 followed by CS2 and CS4 (Table 4.50). Interaction between 

tillage treatments and cropping systems also reflected significant differences during 

both years of study. Interaction between T2 x CS3 efficiently produced the number 

of kernels/spike and gave the heighest value; whereas, the lowest value was 

revealed by T1 x CS1 (Table 4.51). Balogh et al. (2007) reported that deep tillage as 

compared to shallow one and covering of land during whole the year by different 

crops in rainfed areas can conserve moisture during monsoon which can be utilized 

for winter crops and better crop yield can be obtained. In our results, we found 

more number of kernels/spike in tillage treatment T2 and cropping system CS3 

because, long spikes have more number of kernels. As we also found that T2 and 

CS3 produced more spike length, so more number of kernels/spike were produced 

by these two treatments. The studies conducted by Braun et al. (2010) and 

Rahimzadeh (2004) showed similar results in line with our findings.  

4.9.5 Number of Tillers/ Unit Area 

 The data of Table 4.50 revealed significant differences regarding number of 

tillers/unit area counted by placing the quadrate of 1m
2
 randomly at two places in 

each plot and then average was taken. Tillage treatment T2 produced the heighest 

value regarding number of tillers/unit area which was 276.88; whereas, the lowest 

was produced by tillage treatment T1 i.e. 217.19 followed by T3 and T4 (Table 

4.50). Significant differences can be observed in cropping systems during both 

study years and these were higher during second year. Cropping system CS3 

showed the heighest number of tillers/unit area i.e. 253.75; whereas, the lowest was 
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observed in CS1 which was 241.02. Cropping system CS2 and CS4 produced more 

number of tillers/unit area than CS1 probably due to efficient utilization of 

moisture, but it was less than CS3 (Table 4.50). A significant difference was 

observed in interaction of tillage treatments and cropping systems. The interaction 

between T2 x CS3 gave the heighest number of tillers/unit area; whereas, the lowest 

values were calculated in interaction of T1 x CS1 (Table 4.51). Tillage treatment T2 

and cropping system CS3 produced the heighest number of tillers/unit area and this 

might be attributed to the more adequate availability of moisture which was 

conserved during the monsoon season and less competition with weeds. Proper 

crop cover in cropping system CS3 conserved moisture by decreasing evaporation 

losses from soil. It has been reported by Franchini et al. (2007) that better crop 

cover as well as tillage practices at proper time during monsoon season under 

rainfed condition can preserve moisture and nutrients. This reason has also been 

discussed earlier by Malhi (2006) and Idris (2001). Number of tillers depends on 

crop variety, nutrients management and better plant health (Khan et al., 2011).  

4.9.6 1000- Kernal Weight (g) 

 One thousand kernals weight was determined by taking the sample from 

each plot and then their threshing was done. It is clear from Table 4.50 that all the 

tillage treatments resulted in significant differences. Tillage treatment T2 gave the 

heighest value during both study years i.e. 50.440 g; whereas, the lowest was found 

in T1 which was 41.352 g followed by T3 and T4 (Table 4.50). Results of the data 

also revealed that cropping system (CS) effect on 1000 kernals weight was found 

significant in different cropping systems. By comparing all the cropping systems, it 

can be seen that cropping system CS3 gave the heighest value of kernals weight i.e. 
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47.796 g and the lowest produced by CS1 i.e. 43.952 g. Cropping systems CS2 and 

CS4 reflected better performance than CS1, but less than CS3 (Table 4.50). 

Interaction between tillage treatments and cropping systems gave significant 

differences. The interaction of T2 and CS3 revealed the heighest value of kernals 

weight and the lowest value was noted in case of T1 x CS1 interaction (Table 4.51). 

Kernel  weight  depends  on  plant  health  as  well  as  crop  variety.  As in tillage 

treatment T2 and cropping system CS3 followed by T3 and CS2 wheat growth was 

optimum, therefore these tillage and cropping systems produced healthy seeds. 

Tillage treatment T1 that was a control practice produced week and small size seeds 

during both study years and hence less kernels weight was obtaineded. This might 

be due to the inadequate storage of water as in this tillage operation tillage depth 

was less and during fallowing period moisture was lost through evaporation. 

Erenstein et al. (2008) and Sadeghnezhad (2006) have also reported the similar 

findings.    

4.9.7 Biological Yield (kg/ha
-1

) 

 Biological yield of wheat revealed the overall growth of a crop. Biological 

yield was determined by taking the all above grounded biomass of wheat from each 

plot. Significant results were found regarding tillage treatments (Table 4.50). 

Tillage treatment T2 produced the highest biological yield and the lowest was 

recorded for tillage treatment T1. Results revealed that tillage treatments T1 and T3 

produced more biological yield as compared to T4, but not more than T2. 

Significant results can also be seen regarding cropping systems (CS). Cropping 

system CS3 gave the heighest value of biological yield; whereas, the lowest was 

recorded in CS1 followed by CS2 and CS4 (Table 4.50). Interaction  between tillage     
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Table 4.50: Effect of different tillage treatments and cropping systems on yield and yield 

components of Wheat over two consecutive years 

 

Treatments Plant height 

(cm) 

 

Spike length 

(cm) 

 

Number of 

spikelets 

spike
-1

 

 

Number of 

kernels 

spike
-1

 

 

Number of 

tillers per 

unit area 

 

Years 

Y1 87 b* 9 b 16b* 48 b* 245 b* 

Y2 89 a 11 a 18 a 51 a 249 a 

Tillage Treatments 
T1  86 d* 9 d* 16 d* 44 d* 217 d* 
T2  91 a 11 a 19 a 56 a 276 a 
T3  88 b 10 b 18 b 51 b 262 b 

T4 87 c 10 c 16 c 47 c 232 c 

Cropping Systems 
CS1  86 d* 9 d* 16 d* 48 d* 241 d* 
CS2  88 b 10 b 17 b 50 b 248 b 
CS3  90 a 11 a 18 a 52 a 253 a 
CS4  87 c 10 c 17 c 49 c 245 c 

Treatments 1000- 

Kernel 

weight (g) 

Biological 

yield (Kg ha
-1

) 

 

Grain yield   

(Kg ha
-1

) 

Harvest 

index (%) 

 

Years 

Y1 44 b* 739 b* 2546 b* 34 b* 

Y2 47 a 7938 a 2775 a 34 a 

Tillage Treatments 
T1  41 d* 7353 c* 2442 d* 33 d* 
T2  50 a 8157 a 2938 a 36 a 
T3  46 b 7687 b 2706 b 35 b 
T4 44 c 7461 c 2555 c 34 c 

Cropping Systems 
CS1   43 d* 7459 c* 2480 d* 33 d* 
CS2  46 b 7659 b 2689 b 35 b 
CS3  47 a 8052 a 2894 a 35 a 
CS4  45 c 7489 c 2578c 34 c 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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treatments and cropping systems also resulted in appreciable significant 

differences. The interaction between T2 and CS3 reflected the heighest value of 

biological yield. The lowest biological yield was produced by the interaction of T1 

and CS1 (Table 4.51). Acvi et al. (2007) and Machado (2008) reported that tillage 

with mold boardplough can conserve more moisture during monsoon and winter 

crops can be utilized for better plant health.  

4.9.8 Grain Yield (kg ha
-1

) 

 The data regarding grain yield as affected by different tillage and cropping 

systems during both study years was found significant. The heighest value of grain 

yield was observed in tillage treatment T2. The lowest was found in T1 followed by 

T3 and T4. Cropping system (CS) effect on wheat grain yield was also noticed and 

the significant differences were found in different cropping systems during both 

years of study. Due to better performance cropping system CS3, the heighest value 

of grain yield was obtained and the lowest was obtained and was recorded for CS1 

(Table 4.50). By comparing all tillage and cropping systems, it can be seen that 

their interaction gave significant differences. Interaction of T2 and CS3 reflected the 

heighest value of grain yield due to better growth and the lowest produced by the 

interaction between T1 and CS1 (Table 4.51). Grain yield depends upon many 

factors including, plant growth, spike length, number of tillers/spike, and number 

of tillers/unit area, as in tillage treatment T2 and cropping system CS3 all these 

mentioned factors were dominant. The grain yield was also found the heighest in 

T2 and CS3. Rest of tillage and cropping systems produced less grain yield due to 

inefficient moisture conservation and more competition with weeds. Similar results 

have also been discussed by (Lal et al. (2003), Iqbal et al. (2005) and Sainju et al. 
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(2008) who reperted that inadequate amount of moistuer and improper tillage and 

cropping systems produced poor grain yield under rainfed areas.  

4.9.9 Harvest Index (%) 

 Harvest index stated the ability and physiological performance of a crop to 

convert dry matter into economical yield. A significant effect of years as well as 

tillage treatments and cropping systems was found for harvest index. Results 

revealed that tillage treatment T2 gave the heighest value of harvest index i.e. 

36.142 % and the lowest was found in T1 which was 33.182 % followed by T3 and 

T4 (Table 4.50). Cropping system (CS) effect on harvest index was also found 

significant. In cropping system CS3, the heighest harvest index value was observed 

which was 35.998 %. The lowest was observed in CS1 i.e. 33.329 % (Table 4.50). 

Interactive effect of tillage treatments and cropping systems also gave significant 

differences during the second year of study. The interaction between T2 and CS3 

presented the heighest value of harvest index and the lowest was observed in T1 x 

CS1 interaction (Table 4.51). Harvest index was obtained by dividing grain yield to 

biological yield of the crop and then by multiplying with 100. Harvest index was 

maximum in tillage treatment T2 and cropping system CS3. This may be attributed 

to the less weed infestation and proper nutrients and moisture utilization. Mucha 

(2001) reported that deep tillage operations were the best options to conserve 

moisture during monsoon under rainfed area. In our study, minimum tillage 

practices to some extent proved better than conventional tillage practices, because 

in conventional tillage operations number of tillage operations were more than 

conservation tillage which caused loss of water via evaporation losses. Timsina and 

connor, (2001) have also documented the similar findings.  
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4.10 BRASSICA YIELD AND YIELD COMPONENTS AS AFFECTED BY 

DIFFERENT TILLAGE AND CROPPING SYSTEMS  

Brassica was intercropped with wheat in only cropping system CS2 by 

keeping the wheat as main crop. The intercropping ratio of wheat to brassica was 

4:1 i.e. four rows of wheat and one row of brassica was intercrop. By this we got 

better brassica yield because wheat-brassica intercropping suppressed the weeds 

growth by providindng them less space to grow. The yield data which were taken 

during the both study years discussed as under; 

4.10.1 Plant Height (cm) 

 When brassica plant attained its full height then it was recorded by selecting 

ten plants from each plot randomly. Perusal of the data in Table 4.52 revealed that 

mean values of the combination of tillage treatment T2 and the cropping system 

CS2 produced the heighest value for plant height i.e. 184.14 cm. The lowest was 

observed in tillage practice T1 and cropping system CS2 which was 158.99 cm. 

Tillage treatment T2 gave 13.65 % more plant height than control tillage treatment. 

Deep tillage operations eradicated the weeds and conserved more moisture for 

better plant growth, therefore T2 gave more plant height. Others tillage systems did 

not conserve the moisture. This might be due to heavy infestation of weeds and 

improper weed eradication. Cropping system CS2 also proved its worth by 

conserving more moisture because of crops cover which reduced the lost of water 

evaporation. Our results are also in line of those reported by Hakansson et al., 

(2002), Bronick and Lal, (2005) and Filho (2002) who reported that adequate crop 

cover reuced weeds growth and ultimately enhanced crop growth. 
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Table 4.51: Interactive effect of different tillage and cropping systems on yield and 

yield parameters of wheat over two consecutive years  

 

Interactive effect on plant height (cm) 

Treatments CS1   CS2  CS3  CS4  
T1  84.585j* 86.595g* 88.428 def* 85.525hi* 
T2  90.458c 91.860b 93.330 a 91.412b 
T3  86.652g 88.818de 90.187 c 87.852f 
T4  85.373ij 87.997ef 89.060 d 86.398g 

Interactive effect on spike length (cm) 

Treatments CS1   CS2  CS3  CS4  
T1  8.842i* 9.313h* 9.752g* 9.318h* 
T2  10.758e 11.915b 13.082a 11.397c 
T3  9.790g 11.112cd 12.108b 10.797de 
T4  9.420h 10.148f 11.013de 9.980fg 

Interactive effect on number of spikelets spike
-1

 

Treatments CS1   CS2  CS3  CS4  
T1  14.837k* 16.268i* 17.152g* 15.812j* 
T2  18.095ef 18.848bc 20.745a 18.573cd 
T3  16.982gh 18.267de 18.932b 17.882f 
T4  16.015ij 17.097gh 17.905f 16.823h 

Interactive effect on number of kernels spike
-1

 

Treatments CS1   CS2  CS3  CS4  
T1  43.313m* 45.463k* 46.790i* 44.297l* 
T2  53.323d 56.177b 60.342a 55.227c 
T3  49.288g 51.678e 55.372c 50.950f 
T4  46.138j 47.698h 48.750g 47.342hi 

Interactive effect on number of tillers per unit area 

Treatments CS1   CS2  CS3  CS4  
T1  211.99o* 217.86n* 220.75m* 218.17n* 
T2  273.15d 276.54b 282.88a 274.94c 
T3  253.13h 265.70f 270.33e 259.98g 
T4  225.80l 228.93k 241.06i 228.93k 

Interactive effect on 1000- kernel weight (g) 

Treatments CS1   CS2  CS3  CS4  
T1  39.518m* 41.705kl* 43.590ij* 40.593lm* 
T2  48.295i 51.015b 53.010a 49.442c 
T3  45.437gh 46.943ef 47.965de 46.275fg 
T4  42.56 jk 45.178gh 46.620f 44.400hi 

Interactive effect on biological yield (Kg ha
-1

) 

Treatments CS1   CS2  CS3  CS4  
T1  6914.4k* 7110.2jk* 8429.8ab 6961.2k* 
T2  8027.6cd 8211.4bc 8482.7a 7908.5de 
T3  7619.5fg 7867.5de 7544.9fgh* 7718.4ef 
T4  7277.3ij 7449.0ghi 7752.9ef 7368.2hi 

Interactive effect on grain yield   (Kg ha
-1

) 

Treatments CS1   CS2  CS3  CS4  
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T1  2209.7l* 2395.0j* 2859.9c* 2305.5k* 
T2  2729.9fg 2988.1b 3226.5a 2809.9cd 
T3  2594.7h 2791.4de 2744.4efg 2694.5g 
T4  2387.7j 2584.2h 2746.0ef 2503.6i 

Interactive effect on harvest index (%) 

Treatments CS1   CS2  CS3  CS4  
T1  31.928j* 33.701ghi* 33.999efgh* 33.100hi* 
T2  34.516efg 36.408bc 38.114a 35.529bcd 
T3  34.029efg 35.492cd 36.437b 34.893de 
T4  32.843ij 34.686def 35.440d 33.956fgh 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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4.10.2 Number of Branches/Plant 

 By taking ten plants randomly from each plot number of branches/plant was 

counted when the plants gained theirs full vegetative growth. The results showed 

that mean values of T2 and CS2 interaction gave the heighest value for number of 

branches/plant and the lowest was observed in T1. Combination of tillage treatment 

T2 and cropping system CS2 produced 15.76 % more number of branche/plant as 

compared to controlled tillage treatment (Table 4.52). Tillage treatment T2 

produced more number of branches followed by T3 due to more availability of 

moisture and better health of plant. Cropping system CS2 suppressed the weeds, 

due to adequate vegetative cover of wheat and spreading nature of brassica. 

Johnston et al. (2002) and Pritchard et al. (2000) also reported that proper cropping 

systems and deep tillage operations can suppress the weeds efficiently and may 

give better plant growth. 

4.10.3 Number of Pods/Plant 

Data presented in Table 4.52 expressed different tillage treatments and 

cropping systems impact on number of pods/plant which were counted at maturity 

stage. Results explained that mean values of the combination of tillage treatment T2 

and the cropping system CS2 produced the heighest value for number of pods/plant 

i.e. 333.63. The lowest produced in case of tillage practice T1 and cropping system 

CS2 interaction which was 273.96 (Table 4.52). Tillage treatment T2 gave the 

heighest value for number of pods/plant followed by T3. This may be attributed 

optimum nutrients availability to plants during whole growing season of crop and 

this effect was more during second year as compared to first year. Kutcher and 

Malhi, (2010) have also reported the similar findings. Tillage operations at proper 
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time can conserve the moisture efficiently and may result in more number of 

pods/plant. Khakbazan and Hamilton, (2012) and Fabrizzi et al. (2005) have also 

reported similar results obtained from various tillage and cropping systems.  

4.10.4 Number of Seeds/Pod 

The data in Table 4.52 expressed significant differences in number of 

seeds/pods between study years being heighest during second year. The results 

depicted that for the combination of tillage treatment T2 and the cropping system 

CS2 gave the heighest value for number of seeds/pod i.e. 25.78. The lowest was 

observed for T1 and CS2 interaction which was 18.72 (Table 4.52). Tillage 

treatment T2 in combination with cropping system CS2 produced 27.38 % more 

number of seeds/pod than controlled tillage treatment. Brassica plants require less 

amount of water and can grow very rapidly if moisture becomes available at proper 

time Ahmadi (2009). This might be the reason that in our tillage experiment T2 

followed by T3 gave the heighest value of number of seed/pod as compared to rest 

of the tillage operations. T1, which was a conventional tillage operation, caused loss 

of moisture due to evaporation as soil disturbance was more in this system as 

compared to rest of tillage systems. Healthy pods were developed in T2 because of 

healthy plant. Our results are also in line with Borsani et al. (2001) and Robertson 

and Holland, (2004) who reported that monocropping and conventional tillage 

operations land disturbance was more which cause evaporation losses and 

ultimately poor crops stand in rainfed region  

4.10.5 Biological Yield (kg/ha
-1

) 

The results presented in Table 4.52 expressed that significant difference for 

biological yield of brassica was observed during study years. Data showed that 
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mean values of the combination of tillage practice T2 and the cropping system CS2 

gave the heighest biological yield i.e. 13233.98 kg/hac and the lowest was found in 

combination of tillage treatment T4 and cropping system CS2 which was 11672.38 

kg/hac. Weeds are the major competitors with crops and suppress their yield to 

greater extent if not controlled properly (Kihara et al., 2012). In our experiment, 

tillage treatment T2 due to more tillage depth eradicated the weeds and gave better 

biological yield followed by T3. Tillage treatment T1 produced the lowest 

biological yield due to poor eradication of weeds. Fowler and Rockstrom, (2001) 

and Malhi et al. (2001) have also found that improper tillage practices and growing 

of exhaustive crops instead of leguminous crops produced poor yield of main crop 

in rainfed condition.    

4.10.6 Grain Yield (kg/ha
-1

) 

 The data presented in Table 4.52 clearly indicate that significant difference 

was observed during the study years. Results explained that mean values for the 

combination of tillage treatment T2 and the cropping system CS2 gave the heighest 

grain yield i.e. whereas, the lowest value was observed in combination of tillage 

treatment T1 and CS2 interaction (Table 4.52). Tillage treatment T2 produced 20.97 

% more grain yield as compared to controlled tillage treatment. As number of 

seeds/pod was found the heighest in tillage treatment T2 and that is why grain yield 

was also the heighest in T2 as grain yield related to number of seeds per pods. This 

happened due to adequate availability of moisture at grain filling stage which was 

stored during monsoon season. Cavalaris and Gemtos, (2004), Parsch et al. (2001) 

and Gencsoylu and Yalcm, (2004) have also concluded similar findings. 
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4.10.7 Harvest Index (%) 

Data regarding harvest index of brassica in Table 4.52 revealed that 

significant values were obtained during the study years. Results in Table 4.52 

showed that mean values for tillage treatment T2 and the cropping system CS2 

combination revealed the heighest value of harvest index i.e. 19.60 %; whereas, the 

lowest value was obtained for T1 and CS2 interaction which was 17.61 % followed 

by the combination of T4 and CS2. Tawaha (2003) have reported that inter cropping 

of different crops in rainfed areas can increase the grain yield by suppressing the 

weeds and by reducing evaporation losses. In our study results brassica and wheat 

intercropping and deep tillage treatment T2 conserved moisture and gave the 

highest yield as compared to rest of tillage treatments. Similar results have also 

been discussed by Albuquerque (2011) and Bhadoria (2011) regarding different 

tillage and cropping systems. 

4.11 CHICKPEA YIELD AND YIELD COMPONENTS AS AFFECTED BY 

DIFFERENT TILLAGE AND CROPPING SYSTEMS  

In cropping system-3 chickpea was only sown as an intercrop with main 

crop wheat during both the study years. Ratio of wheat to chickpea rows was 4:1. 

Our results indicated that wheat-chickpea combination suppressed the weeds and 

resulted in better yield of both these crops. The data recorded during both study 

years discussed as under; 

4.11.1 Plant Height (cm) 

 Chickpea Plant height was taken at its full vegetative stage by taking ten 

plants randomly from each plot. The data in Table 4.53 indicated significant 

difference between the study years. Combination of tillage tretment T2 and the 
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cropping system CS3 produced the heighest value for plant height i.e. 51.05 cm and 

the lowest was obtained in case of tillage treatment T1 and cropping system CS3 

interaction which was 37.77 cm (Table 4.53). Kibe and Singh, (2002) found that 

moisture  and  nutrients  availability  at  proper time is very much effective on plant  

growth. In our experiment tillage treatment T2 gave the heighest value for plant 

height and this might be attributed to the deep root system of brassica crop and the 

sufficient amount of nutrients and moisture was available in the soil which was 

conserved during the monsoon season. The results are also in line with those of 

reported by Cessman (2001) and Harris et al. (2000). 

4.11.2 Number of Branches/Plant 

 Number of branches/plant was counted during both the study years and 

significant results were obtained (Table 4.53). It was revealed that due to 

suppression of weeds and better growth of crops tillage treatment T2 and the 

cropping system CS3 produced maximum number of branches/plant i.e. 14.83, 

whereas the minimum obtained from  tillage treatment T1 and cropping system CS3 

interaction which was 10.30. Number of branches plant
-1 

was also found more in T2 

followed by T3. This might be due to healthy plant growth and effective 

suppression of weeds by this tillage treatment. Weeds in case of rest of the tillage 

treatments growth was more so plants become weak and produced less 

braches/plant. These results are also in accordance with the findings of Dungarwal 

et al. (2002) and Tewari and Tiwari, (2004) who reported that if under rainfed 

condition sufficient amount of moisture can conserve by different tillage practices 

and cropping systems than healthy crops can be produced by suppressing the weeds 

of the area. 
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Table 4.52: Mean values of impact of tillage and cropping system on yield and yield 

components of Brassica over two consecutive years 

 

Years Plant 

Height (cm) 

 

No. of 

branches 

per plant 

 

No. of 

pods per 

plant 

 

No. of 

seeds per 

pod 

 

Biological 

yield (kg ha
-1

) 

 

Grain yield 

(kg ha
-1

) 

 

Harvest 

index 

(%) 

Y1 164.96b* 11.63b* 293.86b* 19.06b* 11453.11b* 2126.00b* 18.54b* 

Y2 170.79a 12.25a 302.47a 21.30a 12394.46a 2391.86a 19.29a 

Tillage Treatments 
T1  158.99d* 11.06d* 273.96d* 18.72d* 11672.38d* 2049.11d* 17.61d* 
T2  184.14a 13.43a 333.63a 25.78a 13233.98a 2593.07a 19.60a 
T3  175.64b 12.90b 311.06b 21.19b 12711.67b 2384.58b 18.76b 
T4  164.39c 11.63c 291.23c 19.54c 11959.82c 2140.68c 17.91cd 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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4.11.3 Number of Pods/Plant 

The data regarding No. of pods/plant in Table 4.53 revealed that there was a 

significant difference between years as well as tillage treatments and cropping 

systems. During second year more number of pods/plant was produced as 

compared to first year. This might be due to tillage treatments and cropping 

systems effects on weeds suppression and better nutrient utilization. It can be 

observed that mean values for the combination of tillage practice T2 and the 

cropping system CS3 gave the heighest value of No. of pods/plant i.e. 45.07 and the 

lowest was noted for combination of tillage practice T1 and cropping system CS3 

which was 34.29. Tillage treatments T3 and T4 were at par with each other (Table 

4.53). In our experiment because of better effect of tillage treatments, T2 gave the 

heighest value for number of pods/plant. Climatic factors specially optimum 

amount of rainfall during pods formation stage also favoured pods development. 

These findings are also well supported by Morris et al. (2010), Gruber (2012) and 

Hemmat and Eskandari, (2004) who found that under rainfed condition proper 

tillage and intercropping with leguminous crops not only encanced soil moisture 

but also promotes crop growth.  

4.11.4 Number of Seeds/Pod 

Number of seeds/pod was counted when chickpea gained its physical 

maturity. Results in Table 4.53 demonstrated the similar performance during both 

the years. Tillage treatment T2 and the cropping system CS3 interaction gave the 

heighest value for number of seeds/pod i.e. 2.93, and the lowest was observed in 

tillage treatment T1 and cropping system CS3 interaction i.e. 2.13. Marten (2000) 

found that number of seeds mostly depends upon crop variety, and its better health 
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of plant. In our experiment, T2 produced the optimum number of seeds/ pod and 

this might be due to adequate availability of nutrients which was the result of 

mixing the remains of previous crops by moldboard plough and eradication of 

weeds. Similar findings regarding tillage systems and cropping systems have also 

been reported by Gruber et al. (2012) who stated that intercrooping with 

leguminous crops can gave the proper crop cover to soil which conserve moisture 

for better growth of crops under water deficit condition.  

4.11.5 Biological Yield (kg/ha
-1

) 

Significant results can be observed during both the years in Table 4.53. 

Biological yield was determined by taking all above ground biomass of chickpea 

plant from each plot and mean values were calculated. The results of study in Table 

4.53 depicted that tillage treatment T2 and the cropping system CS3 interaction 

revealed the heighest biological yield; whereas, the lowest was obtained from the 

combination of tillage treatment T1 and cropping system CS3. The results of both 

study yeays demonstrated that tillage treatment T2 and cropping system CS3 

produced 8.98 % more biological yield as compared to controlled treatment. It was 

also observed that tillage treatments T3 and T4 were at par with each other. 

Biological yield may be related to healthy plant growth, as healthy plant can 

produce more biological yield. Intercropping of brassica with wheat may be 

attributed to produce more biological yield as intercropping suppressed the weeds 

by providingng less space to weeds for spreading. Similar findings have also been 

documented by Madejon (2007) and Mohammadi (2011), who reported that in 

rainfed regions chickpea as an intercrop can produce better yield of different crops 

if proper tillage treatment are used to conserve moisture.   
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4.11.6 Grain Yield (kg/ha
-1

) 

 It is evident from the Table 4.53 that significant differences during both the 

years were found for grain yield of chickpea. Results showed that combination of 

tillage treatment T2 and the cropping system CS3 performed better and produced 

more grains i.e. 1297.74 kg/hac, whereas, due to poor control at weeds the lowest 

yield was obtained regarding T1 and CS3 combination which was 1060.06 kg/hac. 

Weeds, monocropping as well as moisture deficiency are the major factors in poor 

crop yield of any crop (Jones, 2006). In our experiment, tillage treatment T2 gave 

the heighest value for grain yield followed by T3; this might be due to deep tillage 

by mold board plough as compared to other shallow tillage operations. Tillage 

treatment T1 yielded poorly due to weeds dominance and moisture deficiency. Our 

results are also in line with Hemmat and Eskandari, (2004), who found that 

monocropping and more disturbance of land in rainfed regions produced poor crops 

yield due to more weeds infestation.  

4.11.7 Harvest Index (%) 

Harvest index as affected by years was found significant. The results 

revealed that tillage treatment T2 and the cropping system CS3 gave the heighest 

value for harvest index i.e. 22.40 % and the lowest value was found for 

combination of tillage practice T1 and cropping system CS3 which was 20.10 % 

(Table 4.53). The greater grain yield can give the highest values for harvest index 

Li et al. (2001). Tillage treatment T2 and cropping system CS3 gave the highest 

value of harvest index; this might be due to the combination of wheat and chickpea 

which suppressed the weeds by providing less space to them. Healthy crop stand in 

tillage treatment T2 was probably due to suppressed weeds and proper utilization of 
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moisture conserved via mold board plough during monsoon. Our results are also in 

accordance with Gill et al. (2006), who stated that deep tillage and intercropping 

are good in moisture conservation in rainfed regions during monsoon as compared 

to shallow tillage operations performed again and again which not only degrade 

soil structure but also gave poor crops yield due to decciency of soil nutrients. 

4.12 WEATHER DATA 

During both the study years weather data was recorded during the crop 

growth season from July 2013- Aug 2015 (Table 4.54). Maximum rainfall was 

recorded during the month of July 2013 (169.8 mm) while, minimum during the 

month of January 2014 and November, Dec and Jan 2015 (0 mm). Mean minimum 

temperature was recorded during the month of Dec 2014 (-0.7 C
0
) while mean 

maximum temperature was recorded during the month of June 2014 (40 C
0
). 

Weather data showed that in early months of wheat growing season i.e. Oct- Jan 

during 2013-2014 and Nov- Jan during 2014-2015 rainfall was not sufficient and 

mean maximum and minimum temperature during both the study years Oct-Nov 

were also high due to which moisture loss occurred from the soil surface and 

winter crops growth was not proper. This might be the reason that crop stand was 

poor in all cropping systems but in conventional tillage T1 (farmer or controlled 

tillage treatment) and cropping system CS1 (Wheat - Fallow – Wheat - Fallow) it 

was prominent. In cropping system CS2 (Whaet + Brassica- Fallow - Whaet + 

Brassica- Fallow) along with tillage treatment T2 (Mold board +2 cultivations) and 

in Cropping system CS3 (Whaet + Chickpea- Fallow - Whaet + Chickpea- Fallow) 

along with tillage treatment T2 crops survived instead of moisture deficiency, 

because deep root system of brassica in CS2 and fiberous root system of chickpea 
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conserve the moisture for whaet which was intercropped with these two crops. 

Deep tillage with moldboard and chisel ploughs gave better crops yield due to 

proper moisture conservation during monsoon and by proper eradication of weeds. 

It can also be seen from the weather data that during Feb-May rainfall was 

sufficient which recover the poor crops stand to great extent in intercropping 

systems but it did not recover yield properly in wheat-fallow system. Weather data 

revealed that moisture deficiency in rainfed areas can be controlled if deep tillage 

practices performed during monsoon and intercropping as well as proper crop 

cover by growing leguminous crops instead of land fallowing during summer 

season can enhance soil nutrients and ultimately winter crops yield. 

4.13 ECONOMIC ANALYSIS 

The profitability and feasibility of a study can be assessed by its economic 

returns. Net cots benefit ratio of different tillage and cropping systems were 

calculated for the years 2013-2015. The details of economic analysis can be seen in 

appendices. The economic analysis reflected that cropping system CS3 with tillage 

treatment T2 gave the highest cost benefit ratio followed by CS2 with T2.  Cropping 

system CS1 (Wheat- Fallow-Wheat-Fallow) with T1 (3 cultivation/ control) 

produced the lowest cost benefit ratio. Appendix-1 showed that lowest economic 

return was obtained from the interaction of T1 with CS1 i.e. Rs. 134095.6 ha
-1

 and 

5.68 cost benefit ratio, whereas highest economic return obtained from the 

interaction of T2 (Mold board+ 2 cultivation) with CS3 (Wheat + Chickpea- 

Fallow-Wheat + Chickpea- Fallow) i.e. Rs. 209422.22 ha
-1

 and 10.68 cost benefit 

ratio. Such a huge difference in economic return is due to the lowest crop yield in 

CS1 and ineffectiveness of cultivator which promotes weeds and reduced soil 
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nutrients. 

Cropping systems CS3 with T2 gave more crop yield and ultimately more 

economic returns because this cropping system not only controlled weeds but 

chickpea also provide nutrients to the soil. T2 uprooted the weeds more effectively 

as compared to other tillage systems which otherwise compete with crops and 

decreased their yield. Interaction of T2 with CS2 (Wheat + Brassica- Fallow-Wheat 

+ Brassica-Fallow) comparatively gave more economic returns after T2 with CS3, 

this was due to better tillage impact of chisel plough on weeds reduction and 

improvement in soil nutrients as compared to T1 with CS1 and T1 with CS4. 

Through our economic analysis we recommend that Intercropping of wheat with 

chickpea and tillage with mold board plough can give more economic returns to the 

rainfed farmers and can solve the weeds problem of this region. 

 

 

 

 

 

 

 

 

 

 

 

 



226 

 

 

 

Table 4.53: Mean values of impact of tillage and cropping system on yield and yield 

components of Chickpea over two consecutive years 

 

Years Plant Height 

(cm) 

 

No. of 

branches per 

plant 

 

No. of pods 

per plant 

 

No. of 

seeds per 

pod 

 

Biological 

yield (kg ha
-1

) 

 

Grain 

yield    

(kg ha
-1

) 

 

Harvest 

index 

(%) 

Y1 37.74b* 11.39b* 35.86b* 2.25b* 5315.21b* 1190.29b* 20.88b* 

Y2 42.73a 12.25a 38.31a 2.47a 5595.70a 1215.46a 21.72a 

Tillage Treatments 
T1  37.77d* 10.30d* 34.29d* 2.13d* 5272.14d* 1060.06d* 20.10d* 
T2  51.05a 14.83a 45.07a 2.93a 5792.54a 1297.74a 22.40a 
T3  42.65b 12.46b 37.85b 2.50b 5767.44b 1207.46b 20.93b 
T4  39.44c 11.40c 36.03bc 2.33c 5710.69bc 1192.59bc 20.88c 

* Means not sharing a letter in common within column differ significantly at 5% 

probability level 
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Table 4.54: Weather data during 2013 – 2015  

 

Month 
Rainfall 

(mm) 

Mean Temperature 

(
0
C) 

R.H 

(%) 

Sunshine 

(Hours/day) 

Pan 

Evaporation 

Minimum Maximum 
 

(mm/day) 

July 169.8 24.6 34.6 67.1 6.7 5.4 

August 122.7 24.1 32.4 77.2 6.8 5.0 

September 126.0 22.4 33.9 70.9 8.3 4.5 

October 24.6 18.3 32.3 59.7 9.2 4.1 

November 14.4 7.7 23.5 64.5 7.9 2.2 

December 4.3 2.8 20.4 72.1 7.2 1.4 

January 0 0.6 17.0 69.3 3.9 1.6 

February 37.4 4.9 16.3 70.6 6.2 1.7 

March 94.1 7.4 21.5 70.8 5.8 3.7 

April 66.0 11.5 28.1 62.6 7.5 5.0 

May 67.5 18.3 32.1 50.3 9.2 9.9 

June 35.5 22.8 40.0 30.0 9.9 10.5 

July 110.1 23.0 36.0 47.6 9.5 7.3 

August 151.8 24.0 33.3 66.2 9.1 5.4 

September 141.2 21.6 31.8 76.1 7.9 3.8 

October 74.8 16.2 29.2 61.3 8.0 3.2 

November 0 4.9 24.1 64.9 8.0 1.9 

December 0 -0.7 19.4 83.6 7.7 1.3 

January 0 0.4 16.2 71.3 3.5 1.4 

February 88.6 4.3 15.3 74.6 5.1 1.3 

March 109.8 6.9 19.2 72.3 4.8 3.1 

April 60.6 10.5 27.4 64.4 7.1 4.8 

May 69.8 18.1 31.8 52.4 9.0 9.2 

June 37.1 20.4 39.8 32.4 9.6 10 

July 119.8 22.5 36.3 49.5 8.1 6.5 
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SUMMARY 

Our study comprised the impact of different tillage and cropping systems on 

weeds and wheat yield. Through our study we compared different tillage treatments 

effect on various weeds density, frequency, dry biomass, relative density, relative 

frequency, relative dry weight and sum ratio under different cropping systems. 

Yield and yield components of the crops were also taken to know which tillage and 

cropping system combination give more crop yield by suppressing weeds. The 

experiment was initiated during 2013-2015 at Pir Mehr Ali Shah Arid Agriculture 

University Research Farm Koont, Pakistan. The planned study was conducted 

simultaneously and was repeated to examine the instant results. Four tillage 

treatments which were used included; (i) 3 cultivations (Drill sowing), (ii) MB+ 2 

cultivations (Drill sowing), (iii) Chisel + 2 cultivations (Bed plant sowing) and (iv) 

Minimum tillage + Glyphosate (Drill sowing) under four cropping systems i.e. (i) 

Wheat-Fallow -Wheat-Fallow, (ii) Wheat + Brassica- Fallow –Wheat + Brassica – 

Fallow, (iii) Wheat+ Chickpea - Fallow – Wheat+ Chickpea- Fallow and (iv) 

Wheat – Guar (G.M) – Wheat- Guar (G.M). Weeds data was recorded at two stages 

i.e. after 60 days of crop growth and at maturity stage of the crops. Soil data 

regarding soil nitrogen, phosphorous, potassium, organic matter, bulk density and 

moisture contents were also recorded before sowing of all crops and after 

harvesting to know which cropping tillage system improve soil nutrients, moisture 

and bulk density and ultimately gave good crops yield. Economic analysis was also 

done to see the most effective and suitable method of tillage and cropping systems 

for successful weeds control and appreciable yield enhancement of crops.  Major 

results of our research are summarized as follows; 
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      Tillage systems effect on soil, weeds and crops: 

 Tillage treatment T2 (Mold board+ 2 cultivations) followed by T3 (Chisel + 2 

cultivations) suppressed weeds growth affectively and conserves soil moisture 

during monsoon which used the crops to enhance their yield. Tillage treatment 

T2 also increase nitrogen, phosphorous, potassium and organic matter contents 

as compared to rest of the tillage systems. This was due to deep tillage with 

mold board plough mix all these nutrients well into the soil whereas, rest of 

tillage systems due to shallow tillage did not mix these nutrients into the soil 

and these nutrients lost due to volatilization process. Tillage treatment T2 also 

played crucial role in weed suppression as compared to rest of tillage systems. 

This was because of mold board plough capability of deep ploughing which 

uproot the weeds properly while rest of tillage systems due to shallow depth did 

not uproot the weeds properly and thay get emerged with our crops and 

decreased their yield. Tillage treatments T1 (farmer or controlled tillage 

treatment) and T4 (Minimum tillage + Glyphosate) did not control the weeds 

growth significantly during both the years because in T1 weeds acclimatized 

itself due to more number of tillage practices. Mold board+ 2 cultivations also 

gave good crops yield due to better retention of nutrients, moisture and organic 

matter through out the season which otherwise lost in rest of tillage systems. 

Cropping systems effect on soil, weeds and crops: 

 Cropping system CS3 (Wheat+ Chickpea - Fallow – Wheat+ Chickpea- Fallow) 

followed by CS2 (Wheat + Brassica- Fallow –Wheat + Brassica – Fallow) in 

which intercropping was done proved its worth for weeds suppression and 

crops yield enhancement. 
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 Soil nitrogen, phosphorous, potassium, organic matter, bulk density and 

moisture contents were higher in cropping system CS3 due to leguminous 

nature of chickpea followed by CS2. Cropping system CS4 in which guar was 

sown also improved soil moisture, nitrogen contents as well as organic matter 

which helped the wheat for better production as compared to CS1 in which only 

wheat was sown. Due to single crop i.e. whaet round the year in CS1 deteriorate 

the soil nutrients and less yield of wheat produced in this system. 

Tillage and cropping systems effect on cost benefit ratio: 

 Higher cost benefit ratio was also obtained from tillage treatment T2 and 

cropping system CS3 during both the study years. Least cost benefit ratio was 

obtained from Tillage treatment T1 and cropping system CS1 due to adverse 

effect of cultivator and single crop sowing on soil nutrients as well as moisture 

retension.  

 Our findings revealed that in rainfed regions where weeds and water shortage is 

the main problem in getting good crops yield; in those areas by doing proper 

tillage i.e. deep tillage during monsoon and intercropping of different crops are 

the key components for yield enhancement and increasing net income of the 

farmers.  

 By adopting Tillage treatment T2 (Mold board + 2 cultivations) and cropping 

system CS3 (Whear + Brassica- Fallow- Whear + Brassica- Fallow) a farmer 

can get more yield from its crops as well as they can improve soil nutrients of 

the field and can suppressed the weeds of the area which is the main problem of 

the rainfed farmers, which ultimately leads them towards more income.   
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SCOPE OF FUTURE RESEARCH 

More research is needed to find; 

 Impact of tillage and crooping systems on different crops. 

 Long term impact of different tillage and cropping systems on soil nutrients 

as well as soil moisture contents. 

 Find out long term economic benefits. 

 Long term impact on environment should be studied. 

 Residual impact of different cropping systems should be studied.  

 Tillage and cropping systems effect on some other weeds should be studied.  
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APPENDICES 

Appendix I: Economic analysis (%) of -Fallow -Wheat-Fallow (CS1) under 

different tiilage practices 

 

 T1 T2 T3 T4 Remarks 

Total wheat 

grain yield  

4419.32 5459.75 5189.35 4475.82 Wheat grain yield 

for two years (CS1) 

10 % less (than 

actual yield) 

441.93 545.97 518.93 447.58 Kg ha
-1

 

Adjusted Yield 3977.39 4913.78 4670.42 4028.24 Kg ha
-1

 

Gross income 

(ha
-1

) 

159095.6 196551.2 186816.8 161129.6 Wheat grain price @ 

Rs. 40/kg 

Cost of 

herbicide 

3200.00 3200.00 3200.00 3200.00 Round up Rs. 

4000/ha. Expenses 

for two years 

Spray 

application cost 

600.00 600.00 600.00 600.00 Rs. 300/man (one 

man/day/ha) 

Spray rent  200.00 200.00 200.00 200.00 Rs. 100/spray 

Cost that vary 4000.00 4000.00 4000.00 4000.00 Rs./ha Expenses for 

two years 

Fixed cost to 

raise crops 

24000.00 24000.00 24000.00 24000.00 Land preparation, 

Seed, Fertilizer, 

Harvesting 

Total cost  28000.00 28000.00 28000.00 28000.00 Rs. /ha. Expenses 

(Fixed + cost that 

vary) for two years 

Net benefit 134095.6 168551.2 158816.8 133129.6 Rs. /ha. Net benefit 

for two years 

T1= 3 cultivation (Drill sowing), T2= MB+ 2 cultivation (Drill sowing), T3= Chisel 

+ 2 cultivation (Bed plant ), T4= Minimum tillage + Glyphosate (Drill sowing) 
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Appendix II: Cost- Benefit ratio for Wheat- Fallow-Wheat-Fallow (CS1) under 

different tillage practices 

 

Treatments Gross 

Income 

(Rs. ha
-1

) 

Total Cost 

(Rs. ha
-1

) 

Cost 

benefit 

ratio 

T1 3 cultivation (Drill sowing) 159095.6 28000.00 5.68 

T2 MB+ 2 cultivation (Drill sowing) 196551.2 28000.00 7.01 

T3 Chisel + 2 cultivation (Bed plant sowing) 186816.8 28000.00 6.67 

T4 Minimum tillage + Glyphosate (Drill 

sowing) 

161129.6 28000.00 5.75 

 

 

Cost benefit ratio (CBR) =   Gross Income 

                                               Total Cost 
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Appendix III: Economic analysis (%) of Wheat + Brassica -Fallow –Wheat + 

Brassica -Fallow (CS2) under different tillage practices 

 

 T1 T2 T3 T4 Remarks 

Total wheat grain 

yield for two 

years   

4790.03 5976.19 5582.83 5168.46 Kg ha
-1

 

10 % less (than 

actual yield) 

479.00 597.61 558.28 516.84 Kg ha
-1

 

Adjusted Yield 4311.03 5378.58 5024.55 4651.62 Kg ha
-1

 

Total Brassica 

yield for two 

years 

2179.01 3344.73 2905.31 2442.41 Kg ha
-1

 

10 % less (than 

actual yield) 

217.90 434.47 290.53 244.24 Kg ha
-1

 

Adjusted Yield 1961.11 2910.26 2614.78 2198.17 Kg ha
-1

 

Gross income 

(ha
-1

) 

211663.4 273348.4 222792.6 190949.6 Wheat grain price @ 

Rs. 40/kg+ Brassica 

grain price @80 

Rs./kg 

Cost of herbicide 3200.00 3200.00 3200.00 3200.00 Round up Rs. 

4000/ha. Expenses for 

two years 

Spray application 

cost 

600.00 600.00 600.00 600.00 Rs. 300/man (one 

man/day/ha) 

Spray rent  200.00 200.00 200.00 200.00 Rs. 100/spray 

Cost that vary 4000.00 4000.00 4000.00 4000.00 Rs./ha Expenses for 

two years 

Fixed cost to 

raise crops 

23500.00 23500.00 23500.00 23500.00 Land preparation, 

Seed, Fertilizer, 

Harvesting 

Total cost  27500.00 27500.00 27500.00 27500.00 Rs. /ha. Expenses 

(Fixed + cost that 

vary) for two years 

Net benefit 184163.4 245848.4 195292.6 163449.6 Rs. /ha. Net benefit 

for two years 

T1= 3 cultivation (Drill sowing), T2= MB+ 2 cultivation (Drill sowing), T3= Chisel 

+ 2 cultivation (Bed plant sowing), T4= Minimum tillage + Glyphosate (Drill 

sowing) 
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Appendix IV: Cost- Benefit ratio for Wheat + Brassica- Fallow-Wheat + Brassica-

Fallow (CS2) under different tillage practices 

 

Treatments Gross 

Income 

(Rs. ha
-1

) 

Total 

Cost (Rs. 

ha
-1

) 

Cost 

benefit 

ratio 

T1 3 cultivation (Drill sowing) 211663.4 27500.00 7.69 

T2 MB+ 2 cultivation (Drill sowing) 273348.4 27500.00 9.93 

T3 Chisel + 2 cultivation (Bed plant 

sowing) 

222792.6 27500.00 8.10 

T4 Minimum tillage + Glyphosate (Drill 

sowing) 

190949.6 27500.00 6.94 

 

Cost benefit ratio (CBR) =   Gross Income 

                                               Total Cost 
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Appendix V: Economic analysis (%) of Wheat + Chickpea-Fallow –Wheat + 

Chickpea-Fallow (CS3) under different tillage practices 

 T1 T2 T3 T4 Remarks 

Total wheat grain yield 

for two years 

5719.71 6452.98 5488.79 5491.93 Kg ha
-1

 

10 % less (than actual 

yield) 

571.97 645.29 548.87 549.19 Kg ha
-1

 

Adjusted Yield 5147.74 5807.69 4939.92 4942.74 Kg ha
-1

 

Total Chickpea yield 

for two years  

1880.15 2958.58 2556.61 2493.70 Kg ha
-1

 

10 % less (than actual 

yield) 

188.0 295.85 255.66 249.37 Kg ha
-1

 

Adjusted Yield 1692.15 2662.73 2300.95 2244.33 Kg ha
-1

 

Gross income (ha
-1

) 235522.22 278905.37 237863.42 236985.37 Wheat grain 

price @ Rs. 

40/kg + chickpea 

grain price @ 70 

Rs./kg 

Cost of herbicide 3200.00 3200.00 3200.00 3200.00 Round up Rs. 

4000/ha. 

Expenses for two 

years 

Spray application cost 600.00 600.00 600.00 600.00 Rs. 300/man 

(one 

man/day/ha) 

Spray rent  200.00 200.00 200.00 200.00 Rs. 100/spray 

Cost that vary 4000.00 4000.00 4000.00 4000.00 Rs./ha Expenses 

for two years 

Fixed cost to raise 

crops 

22100.00 22100.00 22100.00 22100.00 Land 

preparation, 

Seed, Fertilizer, 

Harvesting 

Total cost  26100.00 26100.00 26100.00 26100.00 Rs. /ha. 

Expenses (Fixed 

+ cost that vary) 

for two years 

Net benefit 209422.22 252805.37 211763.42 210885.37 Rs. /ha. Net 

benefit for two 

years 

T1= 3 cultivation (Drill sowing), T2= MB+ 2 cultivation (Drill sowing), T3= Chisel 

+ 2 cultivation (Bed plant sowing), T4= Minimum tillage + Glyphosate (Drill 

sowing) 
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Appendix VI: Cost- Benefit ratio for Wheat + Chickpea- Fallow-Wheat + 

Chickpea- Fallow (CS3) under different tillage practices 

 

Treatments Gross 

Income 

(Rs. ha
-1

) 

Total 

Cost (Rs. 

ha
-1

) 

Cost 

benefit 

ratio 

T1 3 cultivation (Drill sowing) 235522.22 26100.00 9.02 

T2 MB+ 2 cultivation (Drill sowing) 278905.37 26100.00 10.68 

T3 Chisel + 2 cultivation (Bed plant 

sowing) 

237863.42 26100.00 9.11 

T4 Minimum tillage + Glyphosate (Drill 

sowing) 

236985.37 26100.00 9.07 

 

Cost benefit ratio (CBR) =   Gross Income 

                                               Total Cost 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



284 

 

 

 

Appendix VII: Economic analysis (%) of Wheat-Guar -Wheat-Guar (CS4) under 

different tillage practices 

 T1 T2 T3 T4 Remarks 

Total wheat 

grain yield  

4611.01 5619.74 5388.92 5007.18 Wheat grain yield 

for two years 

(CS1) 

10 % less (than 

actual yield) 

461.10 561.97 538.89 500.71 Kg ha
-1

 

Adjusted Yield 4149.91 5057.77 4850.03 4506.47 Kg ha
-1

 

Gross income 

(ha
-1

) 

165996.40 202310.80 194001.20 180258.80 Wheat grain price 

@ Rs. 40/kg 

Cost that vary 0.00 0.00 0.00 0.00 Rs./ha Expenses 

for two years 

Fixed cost to 

raise crops 

22800.00 22800.00 22800.00 22800.00 Land preparation, 

Seed, Fertilizer, 

Harvesting 

Total cost  22800.00 22800.00 22800.00 22800.00 Rs. /ha. Expenses 

(Fixed + cost that 

vary) for two 

years 

Net benefit 143196.40 179510.80 171201.20 157458.80 Rs. /ha. Net 

benefit for two 

years 

T1= 3 cultivation (Drill sowing), T2= MB+ 2 cultivation (Drill sowing), T3= Chisel 

+ 2 cultivation (Bed plant sowing), T4= Minimum tillage + Glyphosate (Drill 

sowing) 

 

Appendix VIII: Cost- Benefit ratio for Wheat- Guar-Wheat-Guar (CS4) under 

different tillage practices 

Treatments Gross 

Income 

(Rs. ha
-1

) 

Total Cost 

(Rs. ha
-1

) 

Cost 

benefit 

ratio 

T1 3 cultivation (Drill sowing) 165996.40 22800.00 7.28 

T2 MB+ 2 cultivation (Drill sowing) 202310.80 22800.00 8.87 

T3 Chisel + 2 cultivation (Bed plant sowing) 194001.20 22800.00 8.50 

T4 Minimum tillage + Glyphosate (Drill 

sowing) 

180258.80 22800.00 7.90 

 

Cost benefit ratio (CBR) =   Gross Income 

                                               Total Cost 

 

 


