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ABSTARCT  

A series of field experiments were conducted at the research farm of The 

University of Agriculture Peshawar, Khyber Pakhtunkhwa, Pakistan during 2009-10 

and 2010-2011, to investigate the effects of different tillage practices and sowing 

methods on productivity of wheat and mungbean cropping system on silty clay loam 

soil. The factors consisted of tillage practices i.e. tine cultivator twice plowed (TC2), 

chisels plow followed by rotovator (CR), mouldboard plow followed by rotovator 

(MR) , disk plow followed by rotovator (DR)   and tine cultivator followed by rotovator 

(TCR) in the main plots and sowing methods i.e. sowing with single box seed drill 

(SD), combined drill (CD) and broadcast (BC) in the sub plots. The performance of 

different tillage implements during seedbed preparation in term of soil depth of cut, 

wheel slippage, fuel consumption and effective field capacity were statistically 

significant. Maximum soil moisture content at 20 and 40 cm depth recorded with CR 

and MR tillage practices, while maximum soil bulk density, soil penetration resistance, 

at 20 and 40 cm depth, fresh and dry weed biomass were obtained in plots tilled with 

tine cultivator twice (TC-2). However, minimum soil penetration resistance and fresh/ 

dry weed biomass were obtained in plots of CR and MR tillage practices, respectively. 

Higher soil moisture content at 20 and 40 cm depth was observed when sowing was 

done with seed drill and combined drill, respectively. Data regarding wheat crop 

indicated that higher number of tillers m
-2 

(403) and grain yield (4.6 t ha
-1

) were 

obtained in plots tilled with disk plow followed by rotavator. Similarly, maximum 

biological yield (10.4 t ha
-1

) was recorded in plots that were tilled with mouldboard 

plow followed by rotavator. Sowing by combined seed drill resulted in higher 

emergence, number of tillers, straw yield and biological yield. Similarly, higher number 

of grains spike
-1

, spike length, grain yield and harvest indices were recorded when 

sowing was done with seed drill. Maximum total nitrogen in soil was noted in plots 

tilled with tine cultivator followed by rotavator. Similarly, sowing by seed drill and 

combine drill recorded greater total nitrogen in soil and wheat straw. The data relating 

to mungbean crop indicated that chisel plow followed by rotavator resulted in higher 

soil moisture content at 20 and 40 cm depths, higher emergence m
-2

, plant height, pod 

length and total nitrogen in grains. Plots tilled with tine cultivator twice delayed 

flowering and maturity, increase in fresh and dry weed biomass, soil bulk density at 20 

and 40 cm depth and soil penetration resistance at 20 and 40 cm depths. Number of 

branch plant
 -1

,
 
pods plant

 -1
,
 
biological yield, soil total nitrogen were higher in plots 

tilled with moldboard plow followed by rotavator. The maximum grain yield of 

mungbean and soil organic matter were recorded in plots tilled with tine cultivator 

followed by rotavator. Similarly, maximum harvest indices and total nitrogen in straw 

were recorded in plots tilled with disk plow followed by rotavator. Higher emergence, 

plant height, pod length, hundred grain weight, grain yield, biological yield, harvest 
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indices, total soil nitrogen, and total nitrogen in mungbean grain and straw were 

recorded in plots sown with seed drill. Plots sown with broadcast method delayed 

flowering and maturity, increase fresh and dry weed biomass and greater soil bulk 

density at 20 and 40 cm depths. Number of branch plant
 -1

, pods plant
-1

, soil organic 

matter and total nitrogen in soil were greater in plots that were sown with a combined 

seed drill. Economic analysis of wheat and mungbean showed that maximum net 

revenue of wheat was obtained with mouldboard plow followed by rotavator (MR) 

tillage practices and the highest net revenue of mungbean was found with tine 

cultivator followed by rotavator (TCR) while minimum net revenue were obtained with 

tine cultivator (TC-2). Similarly, sowing by seed drill (SD) and combine drill (CD) 

resulted in maximum net revenue as compared to broadcast (BC) sowing method. 

It is concluded from the studies that all tillage implements when followed by 

rotavator for seedbed preparation resulted better yield and net economic revenue from 

wheat and mungbean crops as compared to the sole used of tine cultivator plowed 

twice. Similarly sowing by seed drill and combined drill showed a higher grain yield 

and net revenue than broadcast methods.  
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1. INTRODUCTION 

Wheat is the most important cereal crop in the world as well as in Pakistan and 

is grown on large area as compared to other crops. In Pakistan it was grown on an area 

of 8.805 million hectares during the year 2010-2011 with an average yield of 2750 kg 

ha
-1

 (MINFAL, 2010-11). In Khyber Pakhtunkhwa Province of Pakistan, wheat was 

grown on an area of 0.725 million hectares which included 0.318 million irrigated and 

0.407 million un-irrigated area. A total wheat grain production recorded was about 

1.156 million tons, of which 0.677 million tons are from irrigated while 0.479 million 

tons from un-irrigated area. The overall average wheat yield in the province was about 

1434 kg ha
-1

. In the irrigated area the yield was higher (1968 kg ha
-1

) as compared to 

rain-fed area (1029 kg ha
-1

). The average wheat yield was lower in the province as 

compared to the national production per unit area (CSKP, 2010-11). 

Among the pulses, mungbean is one of the important crops grown in Asian 

countries including Pakistan. Mungbean plays an important role in the national 

economy of Pakistan. Being a leguminous crop, it does not require high doses of 

nitrogenous fertilizer. It also maintains and improves soil fertility by fi xing 

atmospheric nitrogen to the soil. In Pakistan, mungbean was cropped on an area of 

about 137 thousand hectares with a total production of 77.1 thousand tons (MINFAL, 

2010-11). In Khyber Pakhtunkhwa Province of Pakistan, mungbean was grown on  an 

area of about 8.93 thousand hectares with a total production of 5.73 thousand tones 

with an average yield of about 620 kg ha
-1 

(CSKP, 2010-11). 

Land preparation and sowing methods play an important role in wheat and 

mungbean productivity. Proper placement and distribution of seeds and fertilizers into 

the soil can improve germination. The yield of cereals grown after legume crops can 

avert the decline in soil fertility and reduces the requirement of fertilizer, especially 

nitrogen due to fixing of atmospheric nitrogen.  

With advances in agricultural technology, per hectare yield of most of the crops 

has increased but still there exists scope for further improvement. Pakistan is blessed 

with good climatic conditions, reasonable water availability and fertile soils which are 

essential factors for enhancing productivity. Crop yield can further be increased by 

adopting modern agricultural technologies. Agricultural machinery is an important 
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input contributing a lot in agricultural production which can be further increased by 

adopting an appropriate tillage and sowing methods. The use of agricultural machinery 

is increasing day by day in Pakistan like other agricultural countries of the world. The 

farmers in Pakistan have realized the importance of agricultural machinery during the 

last three decades mainly due to labor shortage and time, but is still far behind the yield 

by other developed countries of the world.  

1.1 Tillage Practices  

Tillage is the mechanical manipulation of soil by keeping it loose for planting, 

removing weeds and providing a better environment for plant growth. Tillage 

operations are generally performed to break up and pulverize the soil and to allow the 

free movement of air and water to promote plant growth. In short, the purpose of tillage 

is to create the best possible conditions for seed germination and emergence, 

maintaining adequate soil surface cover in turn to minimize soil erosion and maximized 

crop yield (Picker et al., 2001). One of the factors of low yield in Pakistan is the use of 

age-old and obsolete methods of cultivation, seedbed preparation and sowing methods. 

Lack of appropriate tillage implements and planting equipments are the major 

constraints limiting crop yields. Despite the large investment in the provision and 

improvement of seeds and fertilizer, the crop yields in Pakistan are still low and beyond 

the target (Choudhary, 1985).  

The success or failure of crop production systems amongst other factor largely 

depends on seedbed environment. A hard seedbed may result in seedling failure or 

stress, it severs enough to limit the potential of crop productivity. Generally tillage 

positively affects soil bulk density, water storage capacity and soil penetration 

resistance. A thorough understanding of tillage effect on soil physical properties is 

essential for wise application of crop production (Erbach, 1987). The soil physical 

properties are vital to plant growth therefore, the influence of tillage implements on soil 

moisture content, penetration resistances and bulk density are limiting factor affecting 

crop yield. Tillage techniques being credited for moisture conservation in soil are vital 

practices for increasing crop yields. Soil penetration resistance is a measure of the soil 

strength used as a tool of how easily roots can penetrate into the soil and thus influence 

on plant growth and crop yield. Soil strength is affected by soil types, clay content, 

voids, water content, bulk density, soil depth and soil tillage system. Many experiments 



 

 

 

 3 

have shown that crops yield decreased as strength of soil layers increased. Bulk density 

is nearly always altered by tillage operations. The extent of bulk density for agricultural 

soils usually varies from 0.9 to 1.8 Mg m
-3

. It has been noted that bulk density is lower 

in the plots prepared by mouldboard plow as compared to chisel plow, spring disk and 

zero tillage in the range of 0-10 cm layer. Carman, (1997) concluded that bulk density 

in soil was higher with moldboard plow in contrast to disk harrow, rotary tillage and 

cultivator. Implement types had a consistent significant effect on the moisture content 

and contradictory effect on the bulk density and porosity of the soil. Chisel plow shown 

the highest moisture content in soil as compared to ridger and disk plow (Makki and 

Mahmood, 2008). Field prepared by chisel plow once plus tine cultivator twice and 

mouldboard once plus tine cultivator twice resulted in higher soil moisture content, 

lower bulk density and soil strength as compared to no tillage or shallow tillage 

treatment on sandy loam type of soil under wheat in rain-fed condition (Khan et al., 

2006). Manian et al., (1999) reported that chisel plow, plus disk plow, plus cultivator 

shows considerable improvement in soil moisture storage than a single use of tine 

cultivator in clay soil. One of the other implement is the rotary tillers which are 

increasingly used in various operations in agriculture; gives high quality of soil 

cultivation, uniform mixing of soil with plant residues, organic and mineral fertilizers, 

(Manian et al., 1999). The rotary tiller in combination with chisel plow and mouldboard 

plow reduced soil moisture content and penetration resistance at a soil depth of 5-10 

cm. The minimum decrease in soil moisture was observed in chisel plow plus disk 

harrow. The least bulk density value was determined at mouldboard plow plus rotary 

cultivator and chisel plow plus rotary cultivator (Karayal and Ozmerzi, 2003).  

 Different tillage operations had diverse effects on the emergence, yield and 

production of crops (Sheikh et al, 1978; Ahmad et al, 1990; Rehman et al, 1995). The 

improper use of tillage implements restricted the root growth, compact the soil, 

increased fuel expenditure and reduced crop yield   (Hussain and Muner, 1986). Tillage 

plays an important role in controlling weeds and utilizing crop residues which is 

attributed to the use of primary tillage implements that cut and loosen the soil up to a 

depth of 90 cm. Amongst the primary tillage implements mouldboard plow is common 

primary tillage implement for the use of inversion of the soil, burying of weeds, and 

residues while chisel plow is suitable for cutting the soil without complete burying or 

mixing of surface material. However, the chisel plow is considered as a potential 
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conservation tillage implement. Similarly disk plow is used as a primary tillage suitable 

for virgin, hard, stony and wet soil for cutting crop residues and roll over the roots. The 

action of the concave disk blade is such that the soil is lifted, pulverized, partially 

inverted and displaced to one side. Secondary tillage includes the use of single or 

double passes of tine cultivator to produce a seed bed for sowing (Boydas and Turgut, 

2007). 

Tine type cultivator is the common tillage implement used in Pakistan for 

primary tillage operation as well as for seed bed preparation in a variety of soils 

(Soomro et al., 1985). Tine cultivator does not satisfy the proper tillage requirement 

because soil is lifted untilled between two consecutive tines and the farmers have to till 

the field repeatedly causing over tilling. The overuse of tine cultivator compacts the 

soil, restricts roots growth, water infiltration, disturbs the soil structure and increases 

fuel expenditure ((Shaeikh et al.,1983; Rehman et al., 1995, Hussain and Muner, 1986).  

Other tillage implements such as mouldboard plow, disk harrow and rotary tiller 

are also used in the country which is similar in performance in terms of emergence and 

yield of wheat except mouldboard plow that resulted in better grain yield (Rehman et 

al., 1995). After comparative use of mouldboard plow and chisel plow on the yield of 

wheat under irrigated condition, it was recommended to use a chisel plow for seedbed 

preparation in irrigated conditions because the mouldboard plow tears up the soil into 

large hard lumps which needs further breaking and its higher draft requirement thus 

increases the cost of seedbed preparation (Ali, 1985). The grain yield was higher with 

chisel plow, rotary cultivator and pulverizer used in combination with other tillage 

compared to disk harrow, cultivator and plank for seed bed preparation of wheat after 

paddy harvesting (Sing and Panesar, 1991). Use of different tillage implements 

significantly affected wheat plant height, root length and grain yield. Maximum wheat 

grain yield was obtained under chisel plow compared to the cultivator (Ahmad et al., 

1990).  The chisel plow plays an important role in root growth and increase of crop 

yield. (Iqbal et al., 2007) studied wheat response to tillage and irrigation and found 

maximum yield from plot irrigated at 65 percent depletion level on one pass of 

rotavator and cultivator. Chisel plowing produced an economical return as compared to 

other tillage implements. The highest net return per hectare was obtained by chisel 

plow followed by mouldboard plow and cultivator (Ahmad et al., 1990). The economic 
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return of various tillage practices for wheat crops showed that the highest maximum 

gross revenue and net income were obtained from deep tillage treatment mouldboard 

plow plus rotavator and lowest were in shallow tillage treatment cultivator twice 

(Khattak et al, 2007).  

1.2 Sowing Practices 

 The sowing practices are placing of seeds in the soil at predetermined depth in 

line, random scattering or dropping of seed on surface of soil (broadcasting). 

Traditional seed placing methods are still used by the farmers in some parts of Pakistan. 

In case of cereal kera (dropping of seed manually in a furrow open by bullock drawn 

plow) and pora (dropping of seed through a funnel tube attached behind a bullock 

drawn plow) are more common in rain-fed area as there is not enough moisture on the 

soil surface and farmers have to place seed at a depth of about 8 cm in the soil. 

Broadcasting, putting of seed on soil surface by hand is very common practice in some 

irrigated area of Pakistan. The field is plowed with a cultivator and then the seed is 

broadcasted and planked finally. Lack of expertise in broadcasting on parts of the 

farmers and also seed loss in the form of bird consumption resulted low yield despite 

the availability of proper input such as seed, fertilizer, water and pesticides. It can be 

therefore inferred that conventional sowing practices are one of the reasons for low 

crop productivity in the country (Khan et al., 1992). Sowing methods play a significant 

role in wheat yield. Strip till drilling produces a significantly higher grain yield with 

minimum cost than any conventional and bed planting methods (Sing et al., 2003; Sing 

et al., 2007; Samara and Dhillon 2000; Choudhry, 1985). The ancillary characters such 

as tiller m
-2

, grain per ear were also improved when the crop was sown by drill 

compared with broadcasting (Sing et al., 2007). Planting pattern and cultural practices 

such as method of sowing, seed rate, row spacing, use of inter-cultural and plant 

density have always been considered as important agronomic factors for obtaining 

higher wheat yield.  

 Wheat yield is very low in Pakistan compared to the advanced countries; 

however, great scope for increasing wheat yield exists in the country by adopting 

appropriate production technologies and improved sowing methods (Ansari et al., 

2006). Keeping in view the importance of tillage practices and sowing methods, the 

present study was conducted at the Research Farm of The University of Agriculture 



 

 

 

 6 

Peshawar, Khyber Pakhtunkhwa, Pakistan by using locally available tillage and sowing 

implements. The specific objectives of the study were to; 

1. Evaluate the performance of different tillage implements and their effect on 

soil properties and weed biomass;  

2. Find the effects of different tillage practices, sowing methods and their 

interaction on the productivity of wheat-mungbean cropping system; 

3. Investigate the effects of tillage practices and sowing methods on uptake of  

 nitrogen by wheat and mungbean; 

4. Find the most economical combination of tillage practices and sowing          

 methods for enhancing wheat and mungbean productivity. 
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2. REVIEW OF LITERATURE 

Tillage operations are performed to break up and pulverize the soil and to allow 

the free movement of air and water to promote plant growth. The purpose of tillage for 

crop production is to create the best possible condition for crop seed germination and 

emergence. In an ideal situation, maintaining adequate soil surface cover and assuring 

optimum seed bed condition would minimize soil erosion and improve soil resource 

which in turn maximize crop yield (Picker et al., 2001). 

The sowing practices are placing of seeds in the soil at predetermined depth in 

line and random scattering of seed on surface of soil (broadcasting). Traditional seed 

placing methods are still in use by the farmers in some parts of Pakistan, an appropriate  

sowing practice is one of the reasons for low crop productivity in the country (Khan et 

al, 1992). Sowing methods play a significant role in enhancing wheat yield (Sing et al., 

2003; 2007).  

2.1    Performance of Tillage Implements  

Erbach (1987) stated that bulk density and moisture content of soil influence the 

soil condition created by tillage, vehicle traffic ability, soil compaction caused by 

vehicles and crop growth. Measurement and description of soil condition are necessary 

for correct decision to create soil condition that will maximize short and long term crop 

production. The author stated that physical properties of the surface soil are very 

important, but difficult to measure. The author further stated that there are no quick, 

easy, and accurate methods for the estimation of soil bulk density and soil moisture 

content; however, there may be some  methods in used alternatively to help the 

findings.    

Shafiq et al. (1987) studied the effect of different tillage practices on moisture 

conservation, soil bulk density and crop yield of wheat. Tillage technique such as zero 

tillage, bullock cultivation, tractor cultivation and chiseling plus tractor cultivation were 

employed on silty clay loam soil surface at about 20 cm depth. The results indicated 

that the highest wheat grain yield of 3665 kg ha
-1

 was recorded with tractor cultivation 

plus chiseling implements. Increase in yield was the combined effect of more 

conserved moisture and lower soil bulk density. Zero tillage produced the lowest yield 
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1294 kg ha
-1

 of wheat. Soil bulk density was affected only by tractor cultivation 

combined with chiseling. The highest level of moisture conserved was achieved by 

chiseling and the lowest by zero tillage.  

Sing and Panesar (1991) stated that seedbed preparation for wheat after paddy 

crop consumes considerable amount of energy. Reduce the energy expenditure for 

seedbed preparation, several combinations of existing tillage machines were studied, 

for clod size, crop yield, and cost of seed bed preparation. The combination of the disk 

harrow, cultivator and plank produced the minimum average clod size in all trials. 

However, the grain yield was high when chisel plow or rotary cultivator and 

pulverizing roller were used in combination with other equipment. Combination of disk 

harrow, pulverizing roller and a plank was optimum from net energy and economic 

return point of view.   

Prasad (1996) studied the performance of rotavator and compared it with 

conventional tillage equipment for seed bed preparation under wheat soybean crops 

rotation. The author used four tillage practices such as the two operations of sweep type 

cultivator, followed by disc harrow (T1), mouldboard plow followed by two operations 

of disc harrow (T2), one operation of rotavator (T3) and two operations of rotavator 

(T4). The results showed that soil bulk density after tillage in treatment T3 and T4 was 

significantly lower than T1 and T2 in wheat crops while no significant effect of 

different tillage treatments on soil bulk density of the soybean crops were noted. 

Significant improvement in the soil pulverization with the use of rotavator was also 

observed. The mean mass diameter of clods of the seedbed of wheat in T3 and T4 was 

significantly smaller than T1, but no significant differences were found between T2, T3 

and T4 treatments. The mass mean diameter in T3 and T4 was significantly smaller 

compared to T1 and T2 treatments in soybean crops. No effect of tillage was observed 

on wheat and soybean yield. The author suggested that specific energy utilized in 

seedbed preparation for both the crops was low with one pass of rotavator (T3) as 

compared to other tillage treatment. 

Evans et al. (1996) studied the effect of one time sub-soiling and its interaction 

with four primary tillage systems such as mouldboard plow, chisel plow, disking and 

zero tilling on soil moisture, penetration-meter resistance, corn growth and grain yield. 
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The authors concluded that sub-soiling had very little effect on plant growth and grain 

yield. The authors further stated that soil moisture content generally increases in 

relation to increases in soil bulk density. Tillage impact effected surface residue 

accumulation, but shown no affect on soil bulk density, soil moisture and grain yield. 

The authors suggested that sub soiling did not necessarily shown better yield or soil 

moisture availability, particularly if the compaction problem were not present. 

Carman (1997) conducted field experiments on a clay soil to see the effect of 

different tillage implements on soil properties, emergence and yield of wheat. The 

author used different tillage practices such as mouldboard plowing followed by disc 

harrowing twice, rotary tillage twice, stubble cultivator followed by disc harrowing and 

heavy disk twice. The author concluded that small aggregate mean weight diameter and 

surface were produced by rotary tillage. All the four tillage practices showed significant 

effect on soil moisture content, bulk density, penetration resistance, aggregate mean 

weight diameter and mean surface roughness. It was further observed that tillage 

practices had a significant effect on the emergence and yield of wheat. The highest 

emergence, rate index and yield were recorded with cultivator followed by disc 

harrowing treatment. 

Laddha et al. (1997) studied the effect of deep tillage on soil properties and crop 

yield under rain-fed agriculture in sandy loam soil in western India. Disc and chisel 

plowing (deep tillage, 25 to 40 cm) were compared with conventional, minimum and 

zero tillage (shallow tillage, 0 to 12.5cm) for two year. It was concluded that the deep 

tillage practices was better to shallow tillage treatment. The deep tillage practices 

significantly reduced the bulk density and increase soil porosity, hydraulic conductivity 

and infiltration rate. The yield of sorghum, green gram and sorghum equivalent under 

the intercropping system were significantly increased as a result of deep tillage 

practices by 12.2, 15.3 and 12.5 % respectively. 

Etana et al. (1999) performed tillage experiment on soil with clay content 

ranging from 0-2 mm to quantify the influence of tillage depth on the total content of 

soil organic carbon, its distribution by depth and soil physical properties. Treatment 

included mouldboard plowing up to 29 cm depth (deep tillage) and cultivator up to 15 

cm depth (shallow tillage). Bulk density and penetration resistance profile clearly 
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rejected the depth of deep tillage and increases were observed beyond that level in term 

of depth. The shallow tillage increased the concentration of organic carbon in the 

surface layer but decreased it in the deeper layer. Tillage depth has no effect on the 

total quantity of soil carbon and carbon + nitrogen ratio. The 50% reduction of tillage 

depth has shown no significant effect on the carbon cycle.  

Barezgar et al. (2003) conducted an experiment to determine the feasibility of 

reduced tillage in silty loam clay soil with an average of 490 mm rainfall. Comparisons 

of three tillage practices viz. mouldboard plowing followed by disc harrowing, single 

point chisel plow, and sweep point chisel plow on chick-pea growth and yield, and soil 

physical properties of a fine texture soil were made. Significant difference was 

observed in dry bulk density between tillage treatments within 0-20 cm depth, soil 

moisture content within the top 100 cm of soil profile. The results indicated that soil 

moisture was recorded highest with chisel plow and the lowest with mouldboard plow. 

The highest chickpea yield of 620 kg h
-1

 was recorded with chisel plow and the lowest 

yield of chickpea of 541 kg ha
-1

 was found with mouldboard plow. Chisel plow also 

produced the highest biomass as compared to other tillage treatment. The authors 

concluded that the chisel plow was the most effective tillage implement for improving 

the topsoil physical properties, increasing chickpea dry matter and grain yield as 

compared to other tillage implements used. 

Karayal and Ozmerzi (2003) studied the effect of four different seed bed 

preparation methods on physical properties of soil. The methods were, chisel plow + 

disk harrow, mould board plow+ disk harrow, mould board plow+ rotary cultivator and 

chisel plow + rotary cultivator. In comparison with other methods using a rotary 

cultivator in Method III and IV reduced the moisture content more rapidly and 

penetration resistance of the soil at the depth of 5 and 10 cm. The minimum decrease in 

soil moisture was observed at chisel plow + disk harrow during seven days. The least 

bulk density values were determined from mould board plow+ rotary cultivator. 

Khan et al. (2006) noticed the effect of various tillage practices on soil moisture 

content, bulk density, and soil strength of sandy loam soil under wheat. Tillage 

treatments were no-till, chisel plow once and tine cultivator twice, mouldboard plow 

once and tine cultivator twice, disk harrow once and tine cultivator twice and tine 
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cultivator three times. The tillage treatments had a significant effect on soil moisture 

content, bulk density and soil strength at 0-30 and 31-60 cm depth. Field prepared by 

chisel plow once and tine cultivator twice and mouldboard plow once and tine 

cultivator twice resulted higher soil moisture content, lower bulk density, and soil 

strength as compared to no till and shallow tillage treatments on sandy loam soil.  

Rossela et al. (2007) stated that tillage practice can influences N and P contents 

of soil. The authors carried out a field study on a loam soil, to estimate mineral, organic 

nitrogen and P concentration for a period of six years using different tillage systems. 

Maize was cultivated and managed with a deep plowing (40 cm), river sub soiling (40 

cm), shallow plowing (20 cm) and mini tillage with a disk harrow (10 cm). At the end 

of the sixth year soil was collected in 10 cm growth to a total depth of 40 cm.  Surface 

concentration of total N was higher with mini tillage (MT) compared to river sub 

soiling (RS) and deep plowing (DP) however, no differences were observed in N 

content at lower depth.  Soil water content was lowered under DP and shallow plowing 

(SP) than MT and RS. At the end of sixth year, increased in soil quality by enrichment 

of organic nitrogen and improvement of soil water content at the surface was noted. 

Mouldboard plow was not as much as sustainable in this tillage practices. 

Tripathi et al. (2007) carried out an experiment to study the effect of tillage and 

residue fusion on soil properties and yield of rice and wheat in rotation crop system for 

four years on a silty clay loam soil. The experiment was conducted in a split plot design 

with four layer of tillage, conventional plowing puddling, puddling by four passes of 

rotavator reduce (PR), puddling by two pass of rotavator and direct seeding without 

pudling (DSWP) and two level of residues incorporation (RI) and residue removal (RR) 

in four replication. The treatments for wheat were zero tillage (ZT) and conventional 

tillage (CT) with RI and RR. In wheat season infiltration rate was as far under ZT and 

CT. Wheat yield was recorded lowest in PR and highest in DSWP. Rice yield was best 

under residue incorporation. 

Boydas and Turgut (2007) conducted an experiment with different primary 

tillage implements and operating speeds and their influence on the physical properties 

and wheat seedling emergence under loamy soil in northwest Anatolia. The tillage 

implements compared were,  Moldboard plow (MP) , Slatted moldboard plow (SMP), 
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Disk plow (DP), Chisel plow (CP), and primary tillage plus rotary harrow systems. 

Effects of tillage implements on moisture content, soil penetration resistance, bulk 

density, and emergence rate index (ERI) was determined during the study period. 

Tillage implements had a significant effect on soil moisture content. The maximum 

moisture content was recorded with CP and CPH and the minimum soil moisture 

content was noted with MP. Conservation of soil moisture was higher under SMP and 

DP practice as compared to MP practice. The rotary harrow increases the soil moisture 

contents and penetration resistance with all tillage implements. The highest penetration 

resistance was noted with CP and CPH while the lowest penetration resistance was 

noted with MP and SMP. 

Makki and Mehmood (2008) studied the effect of chisel plow, disk plow and 

ridger on soil physical properties along with their performance and power requirement. 

Implement type had a consistent significant effect on soil moisture content, whereas 

bulk density showed inconsistent response. Chisel plow recorded the highest moisture 

content compared to ridger and disk plow. The chisel plow has the highest power 

requirement and fuel consumption. 

Alvarez and Steinbach (2009) determined the effect of different tillage systems 

on various soil properties and crop yield. Comparison with different tillage systems 

such as plow tillage (mouldboard plow), reduce tillage (chisel plow), disk plow or 

harrow disk) and no-till were made. Soil bulk density and cone penetration resistance of 

0–20 cm layer were higher with reduce tillage systems compared to plow tillage. 

Increases of bulk density under no-till in comparison to plow tillage were lower and 

cone penetration increased by 50% in many soils. The increase of bulk density was 

higher in soils of initial low bulk density. Soil water content during the periods of 

sowing and flowering was higher under reduce tillage while nitrate nitrogen levels were 

higher in plow tillage. Wheat and corn yields were recorded lower under reduced tillage 

and no-till system as compared to plow tillage without the application of nitrogen 

fertilization. Wheat and corn no-till yields were 10–14% lower that yields under plow 

tillage. No differences were recorded in wheat and corn yield amongst tillage practices 

with the application of fertilizers. The adoption of reduce tillage systems leads to soil 

improvement and also created the necessity of increase nitrogen fertilizer use  to sustain 

yields of cereal crops. 
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Jawadi et al. (2009) evaluated the effects of tillage practices on soil physical 

properties and crop productivity with average annual rainfall ranging from 230 to 

480 mm in Iran. The authors also studied soil texture ranging from silty loam to clay 

loam. The tillage practices used in the experiment were conventional (mouldboard 

plowing), reduced tillage (chisel plowing) and no-tillage system. The findings of the 

experiment showed that reduced tillage methods (chisel plowing) showed better results, 

however, no significant yield reductions were found when comparison was made with 

traditional tillage methods (moldboard plowing). The field capacity using a chisel plow 

increased from 0.50 to 0.75 ha hr
−1

 while no-tillage practice produces no favourable 

results, indicating that some degree of soil amendment is necessary. The authors 

concluded that conservation tillage by chisel plowing can be adopted in most parts of 

the country with accurate sowing operation. 

Gruber and Claupein (2009) concluded that the not adaptation of conservation 

tillage properly and widely leads to inversion tillage system, that is considered to be 

necessary for weed control. In this regard three experiments were conducted to 

establish the combinations of reduced and conventional plow tillage and stubble tillage 

to determine weed infestation levels in organic farming, i.e. herbicide application being 

excluded. The results of the first experiment indicated that in the presence of primary 

tillage by mouldboard plowing the number of annual weeds was not affected by the 

mode of stubble tillage. In the second experiment thistle density was significantly 

affected by stubble tillage. In the last experiment combined two levels of stubble tillage 

with four implements of primary tillage in the order of decreasing operation depth such 

as deep mouldboard plow, double-layer plow and shallow mouldboard plow or chisel 

plow. The results of the experiments indicated that primary tillage by chisel plow 

produce significantly higher annual weed density compared to all other treatments. A 

reduced operation depth of the mouldboard plow (shoallow mouldboard plow) seemed 

to have an insufficient effect in controlling C. arvense infestationl. Stubble tillage by 

the skimmer plow in addition to nearly any primary tillage operation largely reduced 

both annual weeds and thistle shoots. Most effective in controlling C. arvense was also 

a biennial grass–clover mixture as part of the crop rotation. Double-layer plowing is a 

compromise between soil inversion and soil loosening/cutting and can be regarded as a 

step towards conservation tillage. In terms of controlling annual weeds and C. arvense, 

the double-layer plow was not inferior to a deep mouldboard plow and seems to be 
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suitable for weed control in organic farming. Tilling the stubble shallowly after harvest 

can support weed control in organic farming amazingly, particularly in minimizing C. 

arvense.  

 

Mari et al. (2011) evaluate the performance of selected tillage implements under 

saline-sodic soil, the performance of five tillage implements (MB plow, Disk plow, Sat-

Hari, Disk harrow and cultivator) were studied. The field capacity of  MB plow, Disk 

plow, Sat-Hari, Disk harrow and cultivator was 0.190, 0.181, 0.350, 0.53 and 0.429 ha 

hr
-1

, while soil volume distribution was 266.83, 233.33, 351.10, 482.93 and 342.93 m
3
 

respectively. The highest field capacity and soil volume disturbed was recorded in 

operating disc harrow, while lower field capacity and soil volume disturbed was noted 

in MB plow. The fuel consumption for cultivator was significant (P < 0.01) when 

compared different tillage implements. Maximum fuel consumption for plowing was 

recorded in case of Disk plow; while the minimum in disk harrow, the results show 

with disc harrow is the most effective tillage implement for saline-sodic soil. 

 

Mudamburi et al. (2012) conducted experiments to test and compare the 

performance of four tillage implements, two for conventional (CV) tillage and two for 

conservation (CT) tillage used by farmers in Namibia. The two CV implements were 

the animal drawn and the tractor drawn disk harrow while the CT implements were the 

animal drawn and the tractor drawn ripper furrowers. The parameters evaluated were 

effective field capacity, field efficiency, average depth and width of cut during various 

operations. Results showed that there were significant differences (P < 0.001) in mean 

depth, effective field capacity, among different tillage method.  

 

2.2 Effect of Tillage Practices on Crop Yields 

Ali (1985) conducted a field experiment by using moldboard plow and a chisel 

plow for the preparation of seedbeds for wheat, keeping all other parameters constant. 

The result showed no effect for the types of plow on the yield of wheat and the density 

of weed population.  

Chaudhry (1985) stated that the lack of appropriate tillage implements and 

planting equipment has been the two major constraints for better crop yield in Pakistan 
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and stressed the need for immediate action on research, development and utilization of 

seedbed and planting equipment. 

Erabach et al. (1986) evaluated three tillage systems, mouldboard, disk and no 

till and the effect of tillage induced soil condition on planting depth seedling 

emergence, and growth of maize. The result showed that residues of previous crops on 

the soil surface have a greater effect on plant growth than other soil properties 

measured. Surface residue cover average 10, 39 and 68% for the mouldboard plow, 

spring disk and no till tillage system, respectively. Soil bulk densities were not 

significantly affected by the treatment. Difference in emergence and early growth 

among maize were consistent across tillage system. Tillage system with the best early 

growth tended to have the greatest yield. Hybrid that yielded well in a mouldboard 

system also yielded relatively well in disk and no till tillage system. 

Ahmad et al. (1990) conducted experiments on different tillage implements 

under rain-fed condition, to determine the yield and benefit effects from deep plowing 

on the yield of wheat crops. Wheat grain productions were significantly affected by 

different tillage implements. A maximum grain yield of 3338 kg ha
-1

 was obtained 

under chisel plow compared to 2512 kg ha
-1

 yield in cultivator treatment. Chisel 

plowing resulted in economical return compared to other implements. 

Cooked et al. (1995) reported that the dry soil condition and high soil conflict 

were the major physical limit restraining mungbean seeding emergence in clay soil. In 

this regard a field experiment was conducted where tillage operation (MB plow, no-till) 

planting technique (inverted-t, dibble, and furrow) and delay in planting after rice 

harvest were made to create different soil strength state. Mungbean emergence and soil 

strength showed highest emergence response to soil condition while the response of  

seedling emergence was the lowest to soil resistance and little gain from tillage on 

mungbean emergence. 

Hernanz et al. (1995) performed experiments under clay loam on wheat, barley 

and vetch crops and compared three tillage systems, conventional tillage, mouldboard 

plow up to 30 cm depth, minimum tillage up-to 15 cm depth and zero tillage in relation 

to production cost, energy consumption and economic return. The research findings  

showed that energy saving and production cost can be achieved through minimum 
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tillage and zero tillage practices as compared to  conventional tillage The energy saving 

range from 7-11% of cereal crops, where for vetch the reduction was 10% for minimum 

tillage and 15% for zero tillage. The production cost for minimum tillage was 13-24% 

which was lower than the conventional tillage system. In most cases yield were similar 

apart from the tillage system. Barley showed a lower yield with zero tillage while  

wheat profitability were higher with minimum tillage as compared to conventional 

tillage system. 

Rahman et al. (1995) compared tine cultivator with mouldboard plow plus a 

disk harrow and rotatory tiller for the emergence and yield of wheat. No differences in 

emergence were observed, but moldboard plow plus disk harrow showed the highest 

grain yield (4.47 t ha
-1

) as compared to the other tillage implements in the experiment.  

Marbet (2000) carried out an experiments to determine the effect of no-till, 

minimum till, traditional and deep tillage system on wheat yield under rain-fed 

condition, where rainfall ranged from 195 to 440 mm. The result showed that grain 

yield with no tillage (2.47Mg ha
-1

) was not significant to those attaining by using a 

chisel plow or deep tillage and significant to yield obtained by rotavating, conventional 

offset disking, stubble mulching or subsurface traditional tillage. Tillage practices were 

not significantly different in term of total dry matter production or straw production. 

Hemmat and Eskandari (2004) conducted experiments to evaluate the 

possibility of conservation tillage for wheat production on clay loam soil with annual 

rainfall of 375 mm in Iran. The experiments were conducted using conventional 

(Mouldboard plow) reduce (Chisel plow) minimum (sweep plow) and direct drilling 

tillage system. The experiments results showed that wheat grain yield was significantly 

affected by tillage practices. Yield with chisel plow tillage were 35 percent higher than 

yield obtained with conventional tillage (Mouldboard plow) system. No differences 

were recorded in grain yield under direct drilling system; however, grain yield was 

higher obtained by the conventional tillage system. The minimum till system (sweep 

plow) reduced crop yield as compared to reduced tillage system. The overall result 

showed that tillage intensity could be reduced to the level of reduced tillage or by direct 

drilling with an increase in crop yield. 
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              Hemmat and Eskandari (2004) studied the effect of various tillage practices on 

crop yield in a wheat –chickpea rotation under clay loam soil. The tillage practices used 

for experiment  were mouldboard plowing plus disking as conventional, chisel plowing 

plus disking as a reduced tillage, sweep plowing as minimum, no tillage with and 

without crop residue. The maximum wheat yield recorded with minimum tillage and 

the yield of chickpea was better in no tillage with or without previous residue. Wheat 

and chickpea yield with reduced tillage practices were 14% and 27% more than 

conventional tillage practices respectively. Mean wheat grain yield with no and 

minimum tillage epractices was significantly higher as compared to conventional tillage 

practices. The authors concluded that conventional tillage practices by mouldboard 

plowing after wheat and chickpea could be replaced with conservation tillage system, 

which  enhanced yield and improve soil properties in the long term. 

Yalcin et al. (2005) studied three tillage operation conventional tillage 

minimum tillage and direct seeding for wheat production. For conventional tillage 

operation mouldboard plow was used, while for minimum tillage, two alternatives were 

applied; in the first alternative, the plow was replaced with heavy-duty disk harrow. In 

the second, soil was prepared with a tillage combination of chisel and rotary tiller. 

Direct tillage was applied with no-tillage. For each application, travel speed, slip and 

fuel consumption were measured. After the operations, soil properties such as soil 

moisture, bulk density were measured from soil sample and cone index were used to 

measure penetrometer resistance of the soils. Fuel consumption and the tillage 

efficiency were calculated for each application from the measured data and from that, 

the economic analyses were made. According to the results, all tillage parameters were 

found statistically significant. The direct seeding gives the best results for fuel 

consumption and the tillage efficiency 8.9 L ha
-1

 and 1.25 ha hr
-1

 respectively. 

Conventional tillage has the highest fuel consumption and the lowest tillage efficiency 

58.4 L ha
-1

 and 0.27 ha h
-1

, respectively. Although the conventional tillage method 

gives good preparation of the seed-bed with weed free condition and high yield. The 

highest grain yield (7400 kg ha
-1

) was found as in the minimum tillage method, in 

which, heavy duty disk harrow with tillage combination was used. Direct seeding has 

the lowest yield (6800 kg ha
-1

). This was due to the fact that weed manifestation was 

higher in direct seeding comparing the other method, while the yield for conventional 

method was 7200 kg ha
-1

. 
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Akhtar et al. (2005) conducted experiment, to find out the effect of different 

tillage depth on pod yield and soil moisture status under rain-fed condition. Different 

tillage implements used were mouldboard, chisel, disc plough and cultivator as a 

control. Result showed significant effect of deep tillage on groundnut pod growth and 

its yield. Increase in tillage depth significantly affects yield parameter. The highest 

number of developed pods and yield were noted with moldboard plow and the lowest 

with cultivator each year. More number of pods and pods yield was recorded during the 

first year than second year. Economically the highest net return was obtained from 

mouldboard plow plots followed by chisel plow and least by disk plow over cultivator. 

Iqbal et al. (2007) compared the effect of various tillage and irrigation treatment 

on the yield of wheat grown under cotton–wheat cropping system. The  treatment in the 

experiment were, rotavator once, rotavator plus cultivator,  rotavator  plus cultivator 

twice and rotavator plus three passes of cultivator in the main plots and four irrigation 

levels at 35 , 50, 65 and 80% depletion level. The result showed that wheat yield was 

significantly affected by all treatments. However, the effect of tillage on grain yield 

was not significantly different at extra number of tillage operations. Maximum yield of 

3.60 t ha
-1 

was recorded from plots irrigated at 65% depletion level under treatment 

consisting of rotavator plus cultivator. The lowest yield of 1.72 t ha
-1

 was noted with 

the irrigation at 80% depletion level under   treatment of rotavator.once. 

Sip et al. (2009) stated that reduced tillage system to the depth of 8-10 cm 

length showed significantly better grain yield as compared to conventional tillage 

system. The reduced tillage system combined with high input level expressed 

advantageous yield compatible to all wheat varieties tested. 

Bakht et al. (2009) conducted experiments in NWF Province presently changed 

to Khyber Pakhtunkhwa Province of Pakistan in irrigated condition during 1999-2002, 

to evaluate the effect of residue retention, N fertilizer application, and N uptake of 

wheat and soil organic fertility in a mungbean-wheat series cropping system. The 

cropping system was on rotation as wheat with maize or wheat with mungbean. The 

findings of the studies revealed that post harvest incorporation of crop residue into the 

soil significantly increased the grain and straw yield of wheat during both years. By the 

said techniques the mean wheat grain yield increases by 1.31 times and straw yield 1.39 
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times. The wheat crops also reacted well to the preceding legumes (mungbean) in term 

of increased grain yield by 2.09 times and straw yield by 2.16 times. In the said 

experiment N uptake in the wheat grain and straw yield was increased 1.31 and 1.64 by 

residue treatment, 2.08 and 2.49 times by mungbean treatment and 1.71 and 1.86 times 

by N fertilizer application. Fertilizers application and the presence of legume in crop 

rotation greatly helped in enhancing the N economy of the cropping system. 

Gursay et al. (2010) suggested that grain yield and quality of wheat were always 

influenced by various factors. Amongst them crop management has a very important 

role in boosting up crop yield. The authors conducted an experiment in irrigated 

condition, in the Southeast of Turkey. The theme of the study was to evaluate the effect 

of tillage practices and residue management system after cotton on grain yield, 

thousand grain weight (TGW) and quality of wheat. The tillage practices and wheat 

planting method combinations for crop production used were mouldboard plow + 

cultivator + broadcast  seeding + cultivator as a conventional tillage-1 (CT-1) 

mouldboard plow + cultivator + drill as conventional tillage-11 (CT-II) Chisel + 

cultivator + drill as vertical tillage (VT) two passes of disc harrow + drill as a reduced 

tillage-1 (RT-1) rotary tiller + drill as a reduced-11 (RT-11) and no-till ridged planting 

(RP) in sub plots of the experiment. No differences of cotton residue management on 

grain yield were recorded, however, significant differences on thousand grain weights 

were observed. Similarly tillage practices and wheat sowing methods combination 

treatment had a significant effect on grain yield. Conventional tillage with broadcast 

seeding (CT-1) treatment produced the lowest wheat grain yield while no significance 

difference was observed in grain yield of other tillage treatment. The authors concluded 

that conventional tillage practices with broadcast sowing would be less effective in 

producing wheat grain yield as compared to other five tillage treatments with line 

sowing method, while the management of the previous cotton stalks showed no 

significant effect on yield and quality of wheat. 

2.3 Effect of Sowing Methods on Crop’s Yield 

Waraich et al. (1982) conducted a field experiment on four different sowing 

methods of wheat, mechanical seed drill, pora (drill consisting of pipe with a funnel and 

attached with a plow in which seed were put by hand one by one) Kera, (sowing in the 

furrow of the plow by hand) and broadcast were evaluated and compared for yield and 
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yield component of wheat. Sowing methods imparted significance difference in plant 

height, tillering and grain yield. The maximum tiller m
-2

 and grain yield was obtained 

by drill sowing methods. Difference between other yield component such as the 

number of grains, grain weight spike
-1

 and 1000 grain weight were statistically not 

significant, planking after sowing has no significant effect. Interaction between the 

planking and sowing methods were not significant. 

 

Senapati et al. (1988) reported that placement of seed at the proper depth 

resulted in better crop yield, thus seeding device have been tested under dry land 

condition broadcasting. In each case the amounts of energy utilization in drilling the 

seed and seed distribution efficiency have been determined and grain yield of the 

experimental field has been observed. The efficiency of seed-cum-fertilizer drill was 

the highest and thus it was recommended that the farmers should use it for sowing the 

paddy seeds under dry land situation. 

Khan et al. (1990) stated that in Pakistan traditional seed placing methods are 

still in vague. The hand broadcasting, dropping the seed behind a “Desi” plow and 

pouring through a funnel attached to country plow were very common in irrigated and 

rain-fed areas. The conventional sowing practices are one of the reasons for low crop 

yield in the country, to mechanize sowing operation, a suitable drill should be used in 

places the seed and fertilizer in the zone of adequate moisture and at desired depth.  

Khan et al. (1992) stated that traditionally most of the crops in Pakistan are 

sown/planted manually by broadcasting, kera or pora method, which result in poor 

crops and low yields in comparison to their potential. Certain efforts have been made so 

far the development of seeding and planting machine in the country in order to 

overcome the causes of low yields, the efforts include the development of multi-crop-

seed cum fertilizer drill for sowing of certain crops.    

Manian et al. (1999) found significant differences in plant height, root length 

and yield. Chisel plow showed its superiority over the other treatments. Moisture 

conservation was greater in chisel plow and showed a 50% increase in the permeability 

of the soil due to the vertical storage of moisture. The moisture pattern in the case of 

chisel plow + disk plow + cultivator (CP + DP+ C) shows drastic improvement in soil 

moisture storage. The root length in this treatment reached a maximum depth of 25 cm. 
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Saral et al. (2000) find out that the cultivation of wheat with one pass of rotary 

tiller was found sufficient, however, for corn stubble deep plowing should be fulfilled 

previously to turn the furrow slice and burning the stubble, afterward, seedbed can be 

prepared either with conventional system or rotary tiller. 

Khan et al. (2001) studied mungbean,  emergence m
-2

, days to flowering, 

number of grain pod
-1

, number of branches plant
-1

, plant height (cm), thousand grain 

weight (g), biological and grain yield kg ha
-1

 was significantly affected by row and 

plant spacing, while pods number plant
-1

 and harvest index were not significantly 

affected at 5% level of significance with row and plant spacing,  The result showed that  

spacing of 50 cm between rows and 10 cm within rows produced the maximum number 

of pods plant
-1

, grain pod
-1

, thousand grain weight, biological yield, harvest index and 

grain yield. 

Sing et al. (2003) carried out an experiment on zero till, strip till drill and raised 

bed planter for sowing of wheat.  The effective field capacity (EFC) of the zero drill 

and strip till drill and bed planters were 0.41, 0.40 and 0.35 ha
-1

 respectively. The strip 

till drilling produced significantly higher grain yield (6.29 t ha
-1

) followed by 

conventional tillage (5.93 t ha
-1

) followed by zero till drilling (5.91 t ha
-1

) and lower by 

bed planting (5.85 t ha
-1

)  methods  respectively. 

Dixit et al. (2004) evaluated the effect of no-till seed-cum-fertilizer drill on 

wheat crop yield, energy input, soil health and cost of operation in comparison with the 

conventional seed drill. The no-till seed drill has resulted in a 17.09% increase in yield, 

83.22% savings in energy, and 80.34 % savings in the cost of production. No 

differences were recorded on the effect of no-tillage system on the bulk density and 

shear strength of the soil ranging below the depth of 25 – 30 cm. The overall benefit in 

term of economy was Rs.2140 ha
-1

. The authors concluded that moisture preservation 

and moisture reduction were recorded higher in no tillage system during stress period. 

Ansari et al. (2006) evaluated the effect of different pattern on the growth and 

yield of wheat.  The authors revealed that different sowing methods of wheat had 

significant effect on the growth and yield components. Highest height (77.20 cm) was 

noted with broadcast sowing method while  spike length (11.68 cm) and  number of 

spike lets’ (18.08) per spike were recorded under normal drilling (control) methods. 
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Similarly number of grains spike
-1 

(66.99), weight of grain (4.080 g) spike
-1 

were 

obtained
 
with drilling methods while grain plant

-1
 (3.49 g) was recorded with low seed 

rate of 100 kg ha
-1

. Furthermore seed index (40.50g) and biological yield (5875 kg ha
-1

) 

and the highest grain yield (2930.50 kg ha
-1

 was observed with intercropping (wheat + 

lentil) at 150 kg ha
-1

. The results showed that grain yield was the highest under normal 

drilling at a seed rate of 150 kg ha
-1

 and intercropping (wheat + lentil) at a seed rate of 

150 kg ha
-1

 and were found and recommended as better sowing methods.    
  
 

Singh et al. (2007) conducted a field experiment to evaluate the performance of 

zero till drilling, strip till drilling, bed planting and conventional sowing in wheat under 

different planting methods. For wheat, strip till drilling produced higher values of 

growth, yield attributing characters, grain (5.67 t ha
-1

) and straw (7.82 t ha
-1

) followed 

by zero till drilling, conventional sowing and bed planting.  

Abbas et al. (2009) carried out an experiment in arid areas of Punjab province. 

The theme of the study was to evaluate conventional sowing method (broadcasting) 

with a drill sowing method for grain yield and its components. The experiment was 

carried out with four treatments viz. 15, 22.5 and 30 cm spaced rows and broadcasting 

scheduled in a randomized complete block design with three replications. The net plot 

size of 12 m x 17 m was decided. The results showed that emergence were statistically 

at far in drill sowing at 15 cm apart rows and broadcasting sowing methods. Higher 

plant height was recorded in drill sowing with 30 and 25.5 cm rows pattern. However, 

no differences were recorded in the number of spikelet spike
-1

 and number of grains 

spike
-1

 with broadcasting and drilling at 22.5 cm apart rows pattern. Similarly 1000-

grain weight was recorded similar in drill sowing at 30 and 22.5 cm and broadcasting. 

The highest grain yield was noted by broadcast sowing method which was statistically 

at par with a drill sowing method with row spacing of 22.5 cm while drill-sowing 

pattern with row spacing of 15 and 30 cm were noted lower to broadcast method. It was 

concluded that broadcast method is good for wheat sowing in sandy loam soils of arid 

area.  
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2.4  Economic of Tillage Practices  

Ahmad et al. (1990) conducted experiments on different tillage implements, to 

determine the yield and benefit effects from deep plowing of wheat crops. Wheat grain 

production was significantly affected by different tillage implements. A maximum 

grain yield of 3338 kg ha
-1

 was obtained under chisel plow compared to 2512 kg ha
-1

 

yield in cultivator treatment. Chisel plowing resulted economical return compared to 

other implements. 

Akhtar, et al. (2005) studied the effect of different tillage depth on pod yield 

and soil moisture status under rain-fed condition. Tillage implements used were 

mouldboard, chisel, disc plow and cultivator as a control. Result showed significant 

effect of deep tillage on groundnut pod development and its yield. Increase in tillage 

depth significantly affects yield parameter. Economically the highest net return was 

obtained from mouldboard plow plots followed by chisel plow and least by disk plow 

over cultivator. 

Sanchez et al. (2007) carried out studies to assess the economic feasibility of 

chisel plowing (CP), no-tillage (NT) system and mouldboard plowing (MP) for rain-fed 

wheat and forage legume production on different farm size. It was concluded that the 

economic performance was correlated with tillage system adopted and farm size. On 

average fuel consumption was 23% lower in CP and 62% in the NT than in MP. 

Similarly total variable unit cost was 3.7 and 5.6% lower in CP and NT than in MP. 

Furthermore, the average unitary grass margin was 11.9 and 10.8% higher in NT than 

in MP and CP respectively. It was concluded that if income were considered similar in 

all the three tillage systems, MP would still show the poorest economic result in all 

farm sizes while CP performance would improve NT value in farm size of 200 ha or 

less of arable land.  It was concluded that NT was understandably the most profitable 

system on a farm having 400 ha or more of arable land. CP was found to provide a 

better economic performance than NT by increasing crop productivity on a soil with 

low N content.  
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Khattak et al. (2007) performed the cost analysis of various tillage practices on 

the wheat crop. Tillage practices were, cultivator two times, cultivator four times, 

cultivator six times, mould board plow  and rotavator once, mouldboard plow and disk 

harrow once, mouldboard once and disk harrow two time and disk plow once and 

cultivator two times. The highest mean gross revenue and net income were obtained Rs 

94593ha
-1

 from the deep tillage treatment mouldboard plow and the lowest Rs.78280 

ha
-1

 were in the shallow tillage cultivator twice. 
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3. MATERIALS AND METHODS 

  

A series of field experiments were conducted at the New Developmental Farm, 

of the University of Agriculture Peshawar, Khyber Pakhtunkhwa, Pakistan during 

2009-10 and 2010-2011, to study the effects of different tillage practices and sowing 

methods on the productivity of wheat and mungbean cropping system. In this section 

methodology related to the experimental design, tillage implements performance, soil 

and agronomic data collected are given below: 

3.1 Experimental Site 

The experimental site is situated at latitude of 34
o
01 N, a longitude of 71.3

0 
 E, 

and elevation of 450 meters above sea level. Before experiment, soil samples from 

different locations in the field were taken at the depth of 0-60 cm for soil pH, EC, 

texture, soil moisture content, soil bulk density, and soil organic matter (Table 3.1). The 

experimental site has warm to hot, semi-arid and subtropical climate with a mean 

annual temperature of 26.31 
0
C and with average annual rainfall of 284 mm during the 

study period. Weather data were obtained from the meteorological station of The 

University of Agriculture Peshawar and Forest Institute Peshawar during the 

experiment period (Figure 3.1a and b). Most of the rainfall at the site occurred during 

the months of January, February, April, July and August. The crop water requirement 

was fulfilled by irrigation when needed; two irrigations each were applied to wheat and 

mungbean.  

 

Table 3.1 Soil properties of the experimental site. 

Soil property Unit Soil depth  

 cm 0-20  21-40  41-60  

Sand % 18.7 21.8 22.1 

Clay % 30.7 32 34.1 

Silt % 50.6 46.2 43.8 

Soil Texture Silt clay loam  

Organic matter % 0.31   

Total N % 0.08 0.07  

Soil moisture % 13.08 13.85 14.70 

Bulk density g.cm
-3

 1.63 1.68  

Penetration resistance N.cm
-2

 435 480  

EC  S.m
-1

 0.274 0.346 0.260 

pH  7.96 8.03 7.97 
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Figure  3.1a.  Mean monthly temperature and total rainfall of experimental site  

  during  2009-10  

 

 

 

 
 

Figure  3.1b.  Mean monthly temperature and total rainfall of experimental site 

   during  2010-2011 
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3.2 Experimental Design  

The experiment consisted of two factors i.e. tillage practices and sowing 

methods. Randomize Complete Block design (RCBD) with a split plot arrangement 

was used as an experimental set up for the study. Tillage practices were assigned to 

main plots, while sowing methods to sub plots. The tillage practices i.e. implements 

combination and sowing methods are given in table 3.2.  

 

Experiments were conducted by sowing wheat variety (Tatara-96) and 

mungbean variety (Karak M-1) at the seed rate of  125 and 30 kg ha
-1

 respectively 

during the study period. For wheat crop fertilizer (DAP) were applied during sowing 

time at the rate of 120 kg ha
-1

, while urea at the rate of 120 kg ha
-1

 during irrigation. 

For mungbean fertilizer (DAP) were applied at rate of 90 kg ha
-1

 at the time of sowing. 

Two irrigations to each crop were applied during growing period. The experiment was 

conducted on about 0.5 ha land divided into main and subplots. The treatment was 

replicated four times in five main plots for tillage practices and three subplots for 

sowing practices. Total length of the main plot was 95 meters from which 5.5 meters at 

both ends of the plot were left for turning of the tractor during operation of tillage 

implements. Each main plot was divided into three sub plots for different sowing 

methods. For excess of drills to each sub plot and turning of seed drills, 4.5 meters 

space at two spots were left in the middle of the main plots. The net sub plot size was 

25 m long and 2.4 m wide (25  2.4). The total numbers of experimental subplots were 

60. Therefore the total net experimental area was (25 m  2.4 m  60) 3600 m
2
. 

 

The tillage implements combination and sowing methods used  in the 

experiment were Tine Cultivator twice (farmers’ practices), Moldboard Plow, Disk 

plow, Chisel Plow, Tine cultivator each followed by a Rotavator, Single box seed drill 

and Seed cum fertilizer drill); while broadcasting was performed by hand (Table 3.2). 

The implements specification and experimental plots layout are given in Table 3.3 and 

Figure 3.2 respectively. 
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Table 3.2 Tillage implements combination and sowing methods used in the experiment 

Code Tillage and Sowing Treatments 

TC-2 Tine Cultivator Twice (Farmers Practices) 

MR Moldboard Plow followed by Rotavator 

DR Disk Plow followed by Rotavator         

CR Chisel Plow followed by Rotavator           

TCR Tine Cultivator followed by Rotavator  

BC Broadcast by hand Conventional sowing  

SD Single-box Seed Drill Used for seed sowing only  

CD Combine Seed Drill  

(Seed-Cum-fertilizer drill) 

Used for seed sowing and fertilizer 

application 

 

 

Table 3.3     Specification of tillage and sowing implements used in the experiment. 

Implements  Width (cm) Specification 

Tractor  Fiat 640, 65 HP,  

Tine Cultivator (TC) 230 Local, mounted, 11 tines, 2-spring  with each tine 

Chisel Plow (CP) 

 

120 3 straight shape shanks, mounted on the frame, 

space adjusted at 40 cm width  

Mouldboard plow 

(MP) 

120 General purpose type, 3 bodies in the frame, each 

bottom furrow spacing 40 cm,  

Disk plow (DP) 120 3 number of concave disk, cutting width of each 

disk 40 cm,   rear disk wheel  attached,   

Rotavator (R) 155 Horizontal rotary axle, 42 L-shaped blades 

mounted, with 3 right and left hand blades  

Seed drill (SD) 240 Local, single seed box, 8 tine type opener 

adjusted, 30 cm width, steel type drive wheel  

Combined drill (CD) 

(Seed-cum-fertilizer) 

240 Locally, two box frame, one for seed and one for 

fertilizer, 8 tine type opener adjusted at 30 cm 

width, steel type drive wheel 
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Before the tillage operation each implement was checked, adjusted and then used in the 

same plot in each season. Locally made single box seed drill and combined drill (seed-

cum-fertilizer drill) were adjusted and calibrated before sowing of each crop. Seed 

drills (SD) and combined drill (CD) were adjusted for 30 cm row to row distance of 

each crop and were calibrated for seed at the seed rate of 125 kg ha
-1

 for wheat and 30 

kg ha
-1

 for the mungbean crop before sowing. For application of fertilizer, combined 

drill was calibrated at the rate of 120 kg ha
-1 

and 90 kg ha
-1

 for wheat and mungbean 

crops respectively, while in the plots of seed drill and broadcast, fertilizer were applied 

by hand broadcasting at the rate of 120 kg ha
-1

 and 90 kg ha
-1

 for wheat and mungbean 

crops respectively before sowing.  

 

 

R-1 

TC-2  SD  CD  

 

 

 

 

BC 

CR CD BC SD 

MR BC SD CD 

DR CD SD BC 

TCR BC CD SD 

 

 

R-2 

TC-2  CD  BC  SD 

CR SD BC CD 

MR CD SD BC 

TCR CD BC SD 

DR BC CD SD 

 

 

R-3 

DR  CD  BC  SD 

CR SD CD BC 

TC2 CD SD BC 

MR SD BC CD 

TCR BC CD SD 

 

 

R-4 

TC2  CD  SD  BC 

TCR CD BC SD 

MR BC CD SD 

CR SD CD BC 

DR BC SD CD 

       Figure 3.2.  Experimental plot layout  
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3.3 Performance of Tillage Implements 

 

3.3.1 Soil Depth of Cut  

The depth and width of cut are factors that may affect energy utilization 

efficiency. The effects of these parameters vary with different types of soil. The soil 

depths of cut of all tillage implements after the operation were measured from the 

ground surface to the bottom of the cut in each plot by using a half-meter scale.  

 

3.3.2 Wheel Slippage (%) 

 Wheel slippage during operation of each machine was determined by the 

procedure reported by Bower et al. (1986). Before starting the tillage operation on each 

implements, a reference mark was established on a side wall of a rear tyre of the tractor 

with a marker, then placed a stake at the point where the mark on the tyre contacted the 

ground, put the implement in the ground (wheel turn under load) and walked beside the 

tractor and counted the number of revolutions at the end of the strip where another 

stake was placed. After that when the  implement was out of the ground (wheel turn 

under no load) and returned to the starting position, remarked the tyre at the first stake, 

and counted the number of revolutions that the rear wheel made between the two stakes 

and then determined the percent slip by the following formula. 

 

Wheel slippage ( %) =   x 100 

  

3.3.3  Fuel Consumption   

Fuel consumption was determined by filling the fuel tank of the tractor before 

operation of machines in each plot and then 1000 ml cylinder was used for refilling the 

fuel tank after finishing the work on each implement. The time, area (length and width) 

for each implement were measured, The area in square meter was determined and 

converted to the hectare. Then it was multiplied by the fuel used with each implement 

during tillage operation. The fuel consumption for each machine was determined in 

unit, L ha
-1

. 

 

3.3.4  Field Efficiency.  

Field efficiency is the ratio of the actual capacity of a machine to its theoretical 

capacity, and was determined by following the formula of Finer and Straub (1985). For 
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determining field efficiency of tillage implements, speed of tractor with each 

implement was noted during tillage operation.   

.     

Field Efficiency =    x 100 

  

Speed     

The speed of the tractor with different tillage implements during operation was 

recorded in meters per minute of known distance by using a stop watch and then speed 

was converted to km. hr
-1

 by using the formula of Bowers (1981). 

  

Speed (km hr
-1

) =     

     

Theoretical Field Capacity  

The theoretical field capacity was determined by the speed of travel of the 

tractor and the effective width of the machine by using the formula of Finer and Straub 

(1985).  
 

Theoretical field capacity =   

Effective Field Capacity   

The effective field capacity of each machine  was determined by  taking the 

total area in the hectare of the plot and  divided by the total time (hrs) spent including 

loss of time during the tillage operation of each machine ( Mari, et al. 2011). 

EFC =   

 

EFC=Effective field capacity 

A=  Area tilled (ha) 

Tp= Productive time  

Tt= nonproductive time 

 

3.4 Soil Properties and Weeds Biomass  

Soil texture, soil pH, EC, soil moisture, bulk density, penetration resistance and 

organic matter were determined before starting the experiment. Data was recorded, for 

soil moisture content, soil bulk density, soil strength before tillage and during crop 
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growing season. Soil organic matter, Nitrogen in soil and N uptake in plants was 

determined after each cropping season. 

3.4.1  Soil Texture 

Soil texture was determined with Buyoucos hydrometer using a dispersing and 

shaking agent as described by Koehalor, et al., (1984). Fifty gram air dried soil were 

passed through a 2 mm sieve and added to 10 ml of 1 N sodium hexametaphosphate 

and dispersed for 5 minutes by mechanical dispersion machine. The dispersed 

suspensions were transferred to 1L volumetric cylinder and the volume was adjusted to 

1 L by adding the solution. After mixing the suspension, hydrometer reading were 

noted after 40 seconds for silt+clay and after 2 hours for clay content, which were used 

to calculate the percent ratio of sand, silt and clay in the soil. USDA textural triangles 

were used to assign a textural class to the soil sample. 

 

3.4.2  Soil pH and EC 

   Soil samples from the top 20 cm layer was taken from different  places in each 

plot, mixed together and  pH was determined by (McLean, 1982) Method in soil water 

suspension (1:5) with the help of pH meter, and EC was determined by using Electrical 

Conductivity Meter (Rhoades, 1982). 

 

3.4.3  Soil Moisture Contents  

 The moisture content in soil was determined by taking soil samples from each 

subplot by an auger at 0-20 and 21- 40 cm depth. The soil was dried in oven at 105
0
C 

over nightly. The loss in weight in soil samples after drying is designated as moisture 

and the contents were expressed as percent of dry soil weight by using the following 

formula. 

 

Moisture content (%)  =   
 

3.4.4  Soil Bulk Density   

Soil bulk density was estimated in soil samples taken from 0- 20 cm and 21-40 

cm soil by using the core sampler and then placed in oven at 105
o
C over nightly. The 

bulk density was determined by the method of Tan, K.H (1995) by using the following 

formula  

 

Bulk density  =   
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3.4.5  Soil Penetration Resistance  

It is defined as a measure of the soil strength and an indicator to tell that 

how easily roots may penetrate into the soil. Soil strength (N. cm
-2

) was 

determined by using hand Penetrometer Eijkelkamp in each treatment before and 

after tillage during the growing season at 20 cm and 40 cm depth. Cone base 

area of 1cm
2
 was used for taking a manometer reading in each plot. 

 

3.4.6  Determination Organic Matter (TOM) in Soil 

The TOM in soil samples were carried out by using Walkly-Black Procedure as 

described by Nelson and Sommer (1996). Soil samples from 0-20 cm depth were taken 

from each sub-plot after harvesting of crop, then air dried and grinded by passing 

through two mm sieve. Then one gram soil was treated with 10 ml of 1N K2Cr2O3 

solution and with 20 ml concentrated H2SO4 to completely oxidized organic C. The 

digest is then added with 200 ml distilled water and then filtered by using an acid 

resistant filter paper. The filtrate was titrated against 0.5N Fe SO4 in the presence of 

indicator orthophenopthline 3-4 drops to determine the amount of un-utilized K2Cr2O7 

in the solution. The change in color from greenish to dark brown showed the end point. 

The amount of carbon was determined from the amount of K2Cr2O7. 
 

3.4.7  Weeds Biomass 

  Weed biomass were recorded in mid season of wheat and mung bean crops. 

Quadrate having size of 50  50 cm were randomly thrown in each subplot and weeds 

inside the quadrate were uprooted by hand from the field and then converted to m
-2

. 

Weight of fresh weed samples was measured by an electronic balance in the laboratory. 

Then weeds were dried in the oven for 72 hours at 65
o
C and dry weed biomass were 

recorded and converted to m
-2

. 

 

3.5. Wheat Data 

  For determining the performance of machines on the productivity of crops, the 

following data of wheat for yield and its components were collected during the study. 

 

3.5.1  Emergence and Plant Population 

 Emergence
-2

 and plant population m
-2

was recorded by counting the number of 

seedlings in three rows of one meter length of drill sowing methods and square meter 
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frame was used for broadcast sowing methods in each subplot after first and second 

week of sowing. The counted seedlings of drill sowing methods were converted into 

emergence
-2

 and plant population m
2 

by using the following formula. 

Emergence/plant population m
-2 

=   

3.5.2  Number of Tillers (m
-2 

)
  

   Numbers of tillers m
-2

 was counted in the square meter frame area in each sub-

plot by broadcasting method.  In drill sowing methods, tiller m
-2

 was recorded by 

counting the number of tillers of one meter row length in three central rows of each 

subplot and then were converted to tillers m
-2

 by using the following formula 

 

  Number of tillers (m
2
)  =   

 

3.5. 3 Plants Height (cm)   

 Plant height was estimated by selecting five plants at mature stage in each 

subplot randomly from the ground to the top of the plant including spike and then the 

average length per plant was calculated. 

 

3.5.4  Spike Length (cm)  

   Length of five spikes in each subplot was measured by a ruler and then the 

average length per spike was calculated. 

Spike length (cm)   =      

 

3.5.5  Number of Grain spike
-1

  

   Grains per spike were recorded by counting wheat grain in randomly selected 

five spikes in each subplot and average number of grains per spike were determined.  

 

 

Number of grain spike
-1

   =      
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3.5.6 1000 Grains Weight  

   Thousand grain weights in grams were recorded on an electronic balance after 

counting thousand grains with the help of seed counter for each subplot. 

 

3.5.7  Grain Yield kg ha
-1

  

   Grain yield data were obtained from each subplots at two locations, by throwing 

randomly a one square meter frame and harvested the inside crop. The samples from 

each subplots were collected and sun dried for few days. The samples were then 

threshed separately for recording grain yield and then converted to kg ha
-1

 by using the 

formula.  
 

Grain yield (kg ha
-1

)
     

=  

 

 3.5.8  Straw Yield kg ha
-1

   

   Straw yield kg ha
-1

 was recorded by subtracting wheat grain yield data of each 

subplot from the biological yield data of each subplot of the crops.  

 

3.5.9  Biological Yield kg. ha
-1

   

  Biological  yield data were recorded of each subplots, by harvesting the crops of 

throwing one meter quadrate (square meter frame) in each subplot at different spots. 

Two samples from each subplot were collected, sun dried, weighed by spring balance 

and then converted to kg ha
-1  

 by using the formula.  

 

Biological yield (kg ha
-1

)
  
 =    

 

3.5.10 Harvest Index   

 Harvest index was calculated by using the following formula 

 

Harvest Index (%)  =         

3.6 Mungbean Data  

 The following data of yield and yield component of mungbean were collected 

during the study. 

 

3.6.1  Emergence m
-2

  

Data regarding to emergence m
2
 was recorded by counting the number of 

seedlings in three central rows of one meter row length of drill sowing methods and 
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square meter frame was used for broadcast sowing methods in each subplot. The 

counted seedlings of drill sowing methods were converted into emergence m
2
, by using 

the following formula. 

Emergence m
-2 

=       

3.6.2  Days to Flowering 

 Data regarding days to flowering were recorded by counting the number of 

 days from the date of sowing till the plants produced flowers. 

 

3.6.3  Days to Maturity 

 Data regarding days to maturity were recorded by counting the number of days 

from the sowing dates till the physiological maturity of the plants. 

 

3.6.4  Plant Height (cm) 

  Plant heights were measured from randomly selected five plants from ground to 

the top of the plants with a meter rod at maturity in each subplot. 

 

3.6.5  Number of Branches Plant
-1

 

Data regarding number of branches per plot were recorded by taking five plants 

from each subplot. The numbers of branches were counted and the average was 

recorded as number of branches/plant. 

 

3.6.6  Number of Pods Plant
-1

 

  Numbers of pods per plant data was recorded by counting the number of pods in 

five randomly selected plants in each subplot and average was determined. 

 

3.6.7  Pods Length (cm)  

Data recorded for the length of the pods by taking randomly five pods from 

each subplot and were measured by roller and then the average length per pod were 

calculated. 
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3.6.8  Hundred Grains Weight  

  Data recorded for hundred grains weight in gram by counting hundred seeds 

from each subplot of mungbean by grain counter and was weighed by electronic 

balance. 

 

3.6.9  Grain Yield kg ha
-1

   

Grain yield data were recorded of each subplots, by harvesting the crops of 

throwing one meter quadrate (square meter frame) in each subplot at different spots. 

Two samples from each subplots were collected, sun dried and the pods were removed 

from plants and then grain from pods were separated for recording grain yield and 

converted to kg ha
-1

 by using the following formula.  

Grain yield (kg ha
-1

)
     

=  

 

3.6.10  Biological Yield kg ha
-1

    

Biological  yield data were recorded of each subplots, by harvesting the crops of 

throwing one meter quadrate (square meter frame) in each subplot at different spots. 

Two samples from each subplot were collected, sun dried, weighed by spring balance 

and then converted to kg ha
-1  

 by using the formula.  

Biological yield (kg ha
-1

)
 
 =    

 

3.6.11 Harvest Index 

 Harvest index was calculated by using the following formula 

 

Harvest Index (%)  =         

 

3.7 Determination of Total N in Soil and Plant Samples  

   Total N in soil and plant samples was determined by using the methods of 

Bremner and Mulvaney (1982) through Kjeldhal techniques. Approximately  0.2 gram 

finely ground soil and plant samples was digested with 3 ml of concentrated H2SO4 

added with catalyst mixture containing K2SO4, CuSO4 and Se (100:10:1) on digestion 

assembly for about 4-5 hours. The digestion was started initially with low heat at 50 
0
C 

in order to avoid frothing and then with gradual increase in temperature as 100, 150, 

200. 300 and finally to 350
0
C which was maintained until light greenish color is 
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obtained. After cooling the digest was then transferred to 100 ml volumetric flask and 

volume was with the addition of distilled water. The twenty ml from the volumetric 

flak was taken and distilled with 5 ml of 40% NaOH solution in 5 ml 2% boric acid 

solution with few drops indicator in order to release ammonia.  The released ammonia 

is then quantifying by titrating against standard 0.005 N HCl and calculated the amount 

of N as 1 ml of 0.005 N HCl was equivalent to 70 ug N. A blank reading was run at the 

same time and its reading was subtracted from the sample.  

 

3.8 Economic Analysis 

 Economic analyses were performed on treatments of tillage practices and 

sowing methods to find economically the best tillage practice, sowing method and their 

combination of wheat and mungbean crops in a semiarid environment. The cost of 

tillage practices and sowing methods were based on market rates during the study 

period. The time for each implement during tillage operation per plot were noted and 

then converted to hours per hectare. Total cost of operation for each implement were 

calculated by multiplying the total hours of each implement with cost per hour of rented 

tractor according to local price paid by the farmers each year.  The net revenue in (Rs.) 

were determined by subtracting total cost of tillage practice and sowing methods 

operation from total revenue of wheat and mungbean yield.  

  

3.9 Statistical Analysis 

The data were statistically analyzed by using analysis of variance appropriate 

for Randomized Complete Block Design and Randomized Complete Block Design with 

the split plot arrangement. Means and interaction were compared using LSD test at 0.01 

and 0.05 level of probability, subject to significant F-value as describe by Steel and 

Torrie (1980). 
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4. RESULTS AND DISCUSSIONS 

 In this section result
s 

related to different tillage operation performance, soil 

properties, weed biomass, effect of tillage practices, sowing methods and their 

interaction on yields and yield components of wheat-mungbean crops and their 

economic analysis is presented and discussed. 

4.1 Performance of Tillage Implements 

The data regarding performance of different tillage implements during (2009-

2011) for wheat and mungbean seedbed preparation in silty are given below: 

 

4.1.1  Soil Depth of Cut 

Soil depths of cut (cm) with different tillage implements during wheat and 

mungbean seedbed preparation are shown in Figure 4.1 a and b. Mean values of soil 

depth of cut ranged from 10.5 to 33.3 cm and 10.4 to 36.3 cm in wheat and mungbean 

plots respectively. Minimum soil depth of cut 10.5 and 10.4 cm was recorded with tine 

cultivator (TC) while maximum of 33.3 and 36.3 was noted in plots plowed with a 

chisel plow (CP) followed by the moldboard plow (MP) with 23.0 and 23.6 cm of 

wheat and mungbean plots respectively. Statistical analysis of the two year data 

revealed that the effect of tillage implements on soil depth of cut were significantly 

different, while year and year x tillage were not significant (Table A1 and A2). There 

was significant difference between soil depth of cut of the different tillage treatments 

except between MP and DP (Figure 4.1 a and b). The results are in agreement with the 

finding of Kichler, et al. (2011), Mari et al., (2011), Kheiralla et al., (2004) and 

Mudamburi et al., (2012), who reported that different tillage implements significantly 

affected soil depth of cut. Bukhari et al., (1989) reported that the depth of cut was 

better for mouldboard plow, however in this study the better soil depth of cut was found 

with Chisel plow (CP) followed by mouldboard plow and disk plow.  

 

4.1.2  Wheel Slippage 

         Wheel slippage during seedbed preparation for wheat and mungbean ranged 

from 13.80 to 25.76% and 15.7 to 22.5% respectively (Figure 4.2 a and b). Minimum 

wheel slippage was recorded with tine cultivator (TC) and maximum in plots plowed  
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Figure 4.1a. Soil depth of cut of tillage implements for wheat seed bed preparation. 

Mean followed by different letters of the various category are significantly different at 1% level of probability by 

using least significance difference (LSD) test 

 

Figure 4.1 b. Soil depth of cut of tillage implements for mungbean seed bed preparation 

Mean followed by different letters of the various category are significantly different at 1% level of  

  probability using least significance difference (LSD) test 
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Figure 4.2a. Wheel slippage of tillage implements for wheat seed bed preparation. 

Mean followed by different letters of the various category are significantly different at 1% level of 

probability by using least significance difference (LSD) 

test

 

Figure 4.2b. Wheel slippage of tillage implements for mungbean seed bed preparation 

Mean followed by different letters of the various category are significantly different at 1% level of 

probability by using least significance difference (LSD) test 
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with chisel plow (CP) followed by the moldboard plow (MP) during seedbed 

preparation for wheat and mungbean. Analysis of variance revealed that wheel slippage 

of tillage implements during tillage operation of seedbed preparation for wheat and 

mungbean were significantly different (Table A3 and A4). This may be due to the more 

soil shear resistance of deep plowing (chisel plow) as compared to the tine cultivator. 

The result is in line with Kheiralla et al., (2004) who reported that wheel slippage with 

deep tillage implement i.e mouldboard plow and disk plow were higher than rotavator. 

Mari et al., (2011), reported that the highest wheel slippage was with deep plowing 

(disk plow) during tillage operation. Similarly, Baloch et al., (1991), reported that 

wheel slip of moldboard plow was 16.7 % and mentioned that the slippage increased as 

the load was increased. In this study the maximum wheel slippage was observed with 

deep tillage chisel plow followed by mouldboard plow and disk plow.  

 

4.1.3 Fuel Consumption 

Data relating to treatments mean fuel consumption during seedbed preparation 

for wheat and mungbean are presented in (Figure 4.3 a and b).  Fuel consumption of 

tillage implements ranged from 7.2 to 18.2 L ha
-1

 and 7.4 to 18 L ha
-1

 respectively.  

Minimum fuel consumption was recorded with tine cultivator (TC) and maximum was 

recorded by disk plow (DP) followed by chisel plow with 17.5 L ha-1
 during wheat seed 

bed preparation. While in case of seedbed preparation for mungbean fuel consumption 

of tillage implements ranged from 7.4 to 18.0 L ha
-1

, minimum fuel consumption was 

noted with tine cultivator (TC) and maximum was recorded by disk plow (DP). 

 As per analysis of variance performed on fuel consumption by the tractor with 

different tillage implements are given in Table A5 and A6. The data revealed that there 

was a significant difference in fuel consumption of tractor with different tillage 

implements. This may be due to shallow plowing with cultivator which required less 

resistance as compared to deep plowing with disk and chisel plow. These results are in 

agreement with Mari et al., (2011) who reported that maximum fuel consumption 

recorded with disk plow during tillage operation. Makki and Mehmood (2008) reported 

that chisel plow showed the highest power requirement and fuel consumption.  

Kheiralla et al., (2004) reported that the fuel consumption of mouldboard plow and disk 

plow were higher than that of rotavator. In this study maximum fuel consumption was 

noted with disk plow followed by chisel plow and mouldboard plow. 
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Figure 4.3a. Fuel consumption of tillage implements for wheat seed bed preparation. 

Mean followed by different letters of the various category are significantly different at 1% level of 

probability by using least significance difference (LSD) test 

 

 

Figure 4.3b.Fuel consumption of tillage implements for mungbean seed bed preparation 

Mean followed by different letters of the various category are significantly different at 1% level of 

probability by using least significance difference (LSD) test 
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4.1.4  Speed of the Tractor 

The tractor speed with different tillage implements for wheat and mungbean 

seedbed preparation ranged from 3.08 to 3.58 km.hr
-1 

and 2.98 to 3.48 km hr
-1 

respectively (Figure 4.4 a and b). Statistical analysis of variance revealed that tillage 

implements showed significant effect on the speed of the tractor during the tillage 

operation (Table A7 and A8). Minimum tractor tillage operation speed was recorded in 

chisel plowed plots (CP), while the maximum was noted with tine cultivator (TC). This 

may be due to shallow cutting of soil and lower resistance of soil with tine cultivator as 

compared to deep plowing.  The results are in line with Kheiralla et al., (2004) and  

Bukhari et al., (1989) who also reported that the tractor speed with different tillage 

implements were significantly different.  

 

4.1.5  Effective Field Capacity 

Effective field capacity of tillage implements ranged from 0.27 to 0.60 ha hr
-1

. 

Minimum effective field capacity of 0.27 ha hr
-1

 was recorded in the plots plowed by 

chisel plow (CP) and maximum of 0.60 ha hr
-1

 was recorded with tine cultivator (TC) 

during the seedbed preparation of both crops (Figure 4.5a and b). The analysis of 

variance performed on effective field capacity data during seedbed preparation revealed 

that tillage implements had significant effect at (P < 0.001) (Table A9 and A10) The 

results are in agreement with Mudamburi et al., (2012) and Mari et al., (2011), who 

reported that the effective field capacity of  tillage implements were highly significant. 

  

4.1.6  Field Efficiency 

Field efficiency is the ratio of the effective field capacity of the implement to its 

theoretical field capacity. Data pertaining to the mean field efficiency of different 

tillage treatments are depicted in (Figure 4.6 a and b). The analysis of variance revealed 

that the tillage implements significantly affected the field efficiency (Table A11 and 

A12). The average field efficiency of different tillage implements during seedbed 

preparation in wheat plots ranged from 72.0 to 74.5 (%). Minimum field efficiency was 

recorded with disk plow (DP) and maximum was noted in plots plowed with a chisel 

plow (CP), while in case of mungbean the field efficiency of different tillage 

implements ranging from 74.4 to 75.5. Minimum field efficiency was noted by tine 

cultivator and maximum were recorded in plots plowed with rotavator.   
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Figure 4.4a. Tractor speed during tillage operation of wheat seed bed preparation 

Mean followed by different letters of the various category are significantly different at 1% level 

of probability by using least significance difference (LSD) test 

 

Figure 4.4b. Tractor speed during tillage operation of mungbean seed bed preparation 

Mean followed by different letters of the various category are significantly different at 1% level of 

probability by using least significance difference (LSD) test 
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Figure 4.5a. Effective field capacity during tillage operation for wheat seed bed  

         preparation. 
Mean followed by different letters of the various category are significantly different at 1% level of  

probability by using least significance difference (LSD) test 

 

 

Figure 4.5b. Effective field capacity during tillage operation for mungbean seedbed  

  preparation. 
Mean followed by different letters of the various category are significantly different at 1% level        

of probability by using least significance difference (LSD) test 
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Figure 4.6a. Field efficiency of tillage implements for wheat seed bed preparation. 

Mean followed by different letters of the various category are significantly different at 1% level of probability by 

using least significance difference (LSD) test 

 

 

Figure 4.6b. Field efficiency of tillage implements for mungbean seed bed preparation. 

Mean followed by different letters of the various category are significantly different at 1% level of probability by 

using least significance difference (LSD) test 
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4.1.7   Soil Properties and Weeds Biomass in Wheat Plots 

 

4.1.7.1 Soil Moisture  

Soil Moisture at Depth of 0-20 cm:  The soil moisture content on mass basis before tillage 

operation of experimental plot at 0-20 cm was 13.08 %. Data pertaining to soil moisture 

content at 0-20 cm depth after the tillage operation and during the growing period of wheat 

are presented in the Table 4.1.Th analysis of variance of soil moisture content revealed that 

tillage practices, sowing methods and interaction between year x sowing methods were 

significantly different; other interactions  were not significant (Table  A13). 

  Data in Table 4.1 showed that maximum soil moisture contents of 14.3% were 

recorded in the year-2 while minimum soil moisture contents of 13.7% were recorded in 

year-1. The mean values for soil moisture content of different tillage practice were in the 

range of 13.1 to 14.9%. A minimum soil moisture content of 13.1% was obtained when 

TC-2 tillage practices were used, while maximum soil moisture content of 14.9% was 

recorded with CR tillage practices followed by MR with 14.6%.  This may be due to deep 

cutting of soil which conserves the moisture in the soil. As stated in soil depth of cut 

Figure 4.1 that chisel plow and mouldboard plow deeply cut the soil as compared to tine 

cultivator. The results are in agreement with Alvarez and Steinbach (2009), Boydas and 

Turgut, (2007) Jawadi et al. (2009) and Shafiq et al. (1987). They reported that tillage 

implements had a significant effect on soil moisture content and mentioned that the 

maximum moisture was recorded with chisel plow. The rotary harrow increase the soil 

moisture contents with all tillage implements Karayal and Ozmerzi, (2003) also reported 

that minimum decrease in soil moisture was observed at chisel plow. Similarly, Makki and 

Mehmood (2008), Altuntas and Dede, (2009) reported that chisel plow recorded the highest 

moisture content compared to other tillage implements. Mari et al., (2011), reported that 

cultivator retains the lowest percentage of moisture as compared to other tillage 

implements.  

Mean values for soil moisture content due to different sowing methods ranged 

between 13.9 to 14.9%. A maximum soil moisture content of 14.9% was obtained by the 

CD sowing method followed by SD sowing methods with 14.1%, while minimum soil 

moisture content of 13.9% was noted with a BC method of sowing in the year -1.Maximum 

soil moisture 14.5% was noted in the year 2 when the SD method of sowing was used 

followed by CD with 14.3%. Altuntas and Dede, (2009) reported that planting methods  
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 Table 4.1 Percent soil moisture content on mass basis at 0-20 cm depth 

during the study period in wheat plots as affected by tillage 

practices and sowing methods. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 12.8 14.6 14.6 14.0 12.8 13.8 

 CD 12.6 14.7 14.4 14.1 12.8 13.7 

 BC 12.7 14.7 14.5 14.0 12.8 13.7 

Year 2 SD 13.8 15.2 14.9 14.6 13.9 14.5 

 CD 13.2 15.3 14.6 14.4 13.9 14.3 

 BC 13.1 14.9 14.5 14.4 13.3 14.0 

    Y x T   Mean 

Year 1  12.7 14.7 14.5 14.0 12.8 13.7b 

Year 2  13.4 15.1 14.7 14.5 13.7 14.3a 

    T x SM   Mean 

 SD 13.3 14.9 14.8 14.3 13.3 14.1a 

 CD 12.9 15.0 14.5 14.3 13.3 14.0ab 

  BC 12.9 14.8 14.5 14.2 13.1 13.9b 

Mean  13.1c 14.9a 14.6ab 14.2b 13.2c  

 

LSD (0.05) for Tillage =   0.58   LSD (0.05) for SM =    0.14 

Interactions Probability   Interactions            Probability 

Y x T   0.7311   T x SM                        0.3286 

Y x SM   0.0260   Y x T x SM                  0.8059 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  

 

 

 

 

 



 

 

 

 50 

affected the soil moisture content. Soil moisture content for interaction between tillage 

practices x sowing methods ranged between 12.9 to 15.0%. A minimum soil moisture 

content of 12.9% was recorded when TC-2 tillage practices and BC method of sowing 

was used, while maximum soil moisture content of 15.0% was recorded when CR 

practices of tillage and CD sowing method was used. 

Soil Moisture at Depth of 21-40 cm: The soil moisture content on mass basis before 

tillage operation of experimental plot at 21-40 cm was 13.85 %. Data regarding soil 

moisture content at 21-40 cm depth after the tillage operation and during the growing 

period of wheat are reported in Table 4.2. The analysis of variance of soil moisture 

content depicted that different tillage practices and sowing methods were significantly 

different, while all other interaction were not significantly different (Table A14 ).  

The average values for soil moisture content due to year ranged between 14.7 to 

15.2%. Maximum soil moisture content of 15.2% was recorded in the year-2 while 

minimum soil moisture content of 14.7% was recorded in year-1. Mean values for soil 

moisture content with different tillage practice were in the range of 13.8 to 16.3%. A 

maximum soil moisture content of 16.3% was recorded when CR tillage practices were 

used followed by MR and DR with 15.6% and 15.1% respectively, while minimum soil 

moisture content of 13.8% was obtained when TCR tillage practices were used 

followed by TC-2 with 14.0%. This may be due to deep cutting of soil and conserve the 

moisture in lower layer. As stated in soil depth of cut Figure 4.1 a and b. that chisel plow 

and mouldboard plow deeply cut the soil than tine cultivator The results are in line with 

Alvarez and Steinbach (2009), Boydas and Turgut (2007) and Jawadi et al. (2009). 

They reported that tillage implements significantly effect soil moisture content and the 

maximum moisture was recorded with chisel plow. The rotary harrow increase the soil 

moisture contents with all tillage implements. Karayal and Ozmerzi, (2003) also 

reported that minimum decrease in soil moisture was observed at chisel plow. 

Similarly, Makki and Mehmood (2008), Altuntas and Dede, (2009), reported that chisel 

plow recorded the highest moisture content compared to disk plow. Laddha  et al. 

(1997) reported that deep tillage operation 25-40 cm were superior to shallow tillage. 

Disk and chisel plowing significantly improved soil moisture content. 
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Table 4.2.    Percent soil moisture content on mass basis at 21- 40 cm depth during the 

study period in wheat plots as affected by tillage practices and sowing 

methods. 

 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  

 

 

 

 

 

Year SM TC-2 CR MR DR TCR Yx SM 

Year 1 SD 14.4 15.9 15.5 14.6 14.0 14.9 

 CD 13.7 15.8 15.3 14.6 13.9 14.7 

 BC 13.6 15.7 15.4 14.4 13.8 14.6 

Year 2 SD 14.4 17.2 16.0 15.8 15.3 15.8 

 CD 14.2 16.6 16.0 15.9 14.7 15.5 

 BC 13.9 16.3 15.3 15.3 11.1 14.4 

    Y x T   Mean 

Year 1  13.9 15.8 15.4 14.5 13.9 14.7 

Year 2  14.2 16.7 15.8 15.7 13.7 15.2 

    T x SM   Mean 

 SD 14.4 16.6 15.8 15.2 14.6 15.3a 

 CD 13.9 16.2 15.6 15.2 14.3 15.1a 

  BC 13.7 16.0 15.4 14.9 12.4 14.5b 

Mean  14.0cd 16.3a 15.6ab 15.1bc 13.8d  

 

LSD (0.05) for Tillage =   1.17 

      

 LSD (0.05) for SM =          0.59 

Interactions Probability   Interactions                    Probability 

Y x T  0.7886   T x SM                                0.5167 

Y x SM  0.1212   Y x T x SM                         0.4343 
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Soil moisture content of different sowing methods ranged from 14.5 to 15.3%. 

A maximum soil moisture content of 15.3% was obtained by the SD sowing method 

followed by CD sowing methods with 15.1%, while minimum soil moisture content of 

14.5% was observed with a BC method of sowing. Altuntas and Dede, (2009) founded 

that planting methods affected the soil moisture content. 

4.1.7.2.     Soil Bulk Density  

Soil Bulk Density at Depth of 0-20 cm: The soil bulk density before tillage operation 

in the experimental plot at 0-20 cm depth was 1.63 g. cm
-3

.  Data relating to soil bulk 

density (g. cm
-3

) at 0-20 cm depth after the tillage operation and during the growing 

period of wheat are presented in Table 4.3. The analysis of variance for soil bulk 

density showed that tillage practices were not significantly different while sowing 

methods were significant. All the interactions were not significantly different (Table 

A15). 

The average values of soil bulk density ranged from 1.48 to 1.53 g. cm
-3

, 

Minimum soil bulk density was recorded in the year-2, while maximum soil bulk 

density recorded in the year-1. Soil bulk densities of different tillage practice were in 

the range of 1.49 to 1.52 g. cm
-3. 

A minimum soil bulk density of 1.49 g. cm
-3

 was 

noted when MR tillage practices were used, while maximum soil bulk density of 1.52 

g. cm
-3 

was recorded when TC-2 tillage practices were used. The result agrees with 

Karayal and Ozmerzi (2003), who reported that the least bulk density values were 

obtained from mould board plow+ rotary tiller. Similarly Alvarez and Steinbach 

(2009), reported that soil bulk density at 0–20 cm layer were higher under limited 

tillage systems than under mouldboard plow tillage which is supported by Barezgar et 

al. (2003) that significant difference was found in dry bulk density among tillage 

treatment within 0-20cm depth. Mean values of sowing methods showed that maximum 

soil bulk density of 1.51 g. cm
-3

 was obtained from BC, while minimum soil bulk 

density of 1.50 g. cm
-3

 was observed when SD and CD method of sowing were used.  

Soil Bulk Density at Depth of 21-40 cm: The soil bulk density of 21-40 cm depth 

before tillage operation was 1.68 g. cm
-3

. Data pertaining to soil bulk density at 21-40 

cm depth after the tillage operation and during the growing period of wheat are  
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Table 4.3. Soil bulk density (g.cm
-3

) at depth of 0-20 cm during the study period in 

wheat plots as affected by tillage practices and sowing methods. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 1.54 1.52 1.52 1.53 1.51 1.52 

 CD 1.55 1.54 1.51 1.52 1.51 1.53 

 BC 1.56 1.53 1.52 1.53 1.52 1.53 

Year 2 SD 1.49 1.46 1.46 1.47 1.47 1.47 

 CD 1.48 1.49 1.45 1.48 1.49 1.48 

 BC 1.51 1.48 1.49 1.48 1.49 1.49 

    Y x T   Mean 

Year 1  1.55 1.53 1.52 1.52 1.51 1.53a 

Year 2  1.49 1.48 1.46 1.48 1.48 1.48b 

    T x SM   Mean 

 SD 1.52 1.49 1.49 1.50 1.49 1.50b 

 CD 1.52 1.51 1.48 1.50 1.50 1.50b 

  BC 1.53 1.51 1.50 1.50 1.50 1.51a 

Mean  1.52a 1.50ab 1.49b 1.50ab 1.50ab  

 

LSD (0.05) for Tillage = 0.02  LSD (0.05) for SM =   0.01 

Interactions Probability   Interactions Probability 

Y x T  0.8126   T x SM 0.1535 

Y x SM  0.2005   Y x T x SM 0.5016 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Table 4.4. Soil bulk density (g.cm
-3

) at 21-40 cm depth during the study period in 

wheat plots as affected by tillage practices and sowing methods. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 1.56 1.55 1.54 1.55 1.54 1.55 

 CD 1.58 1.56 1.55 1.56 1.54 1.56 

 BC 1.60 1.57 1.55 1.59 1.58 1.58 

Year 2 SD 1.53 1.50 1.53 1.52 1.48 1.51 

 CD 1.52 1.51 1.54 1.54 1.49 1.52 

 BC 1.55 1.54 1.53 1.59 1.52 1.54 

    Y x T   Mean 

Year 1  1.58 1.56 1.54 1.57 1.55 1.56a 

Year 2  1.53 1.51 1.53 1.55 1.50 1.52b 

    T x SM   Mean 

 SD 1.54 1.52 1.53 1.54 1.51 1.53c 

 CD 1.55 1.53 1.54 1.55 1.51 1.54b 

  BC 1.58 1.55 1.54 1.59 1.55 1.56a 

Mean  1.56a 1.54ab 1.54ab 1.56a 1.52b  

 

LSD (0.05) for Tillage = 0.03   LSD (0.05) for SM =           0.01 

Interactions Probability    Interactions                      Probability 

Y x T 0.4976  T x SM                             0.0286 

Y x SM 0.6822  Y x T x SM                       0.5474 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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indicated in Table 4.4. The analysis of variance for soil bulk density revealed that 

tillage practices were not significantly different while sowing methods were significant. 

Interactions between T x SM was significant while the rest of interactions were not 

significantly different (Table A16). Mean values for soil bulk density due to year  

ranged between 1.52 to1. 56 g. cm
-3 

The minimum soil bulk density of 1.52 g. cm
-3

 was 

recorded in the year-2, while maximum soil bulk density of 1.56 g. cm
-3

 was recorded 

in year-1. 

The average values of soil bulk density of different tillage practice ranged from 

1.52 to 1.56 g.cm
-3

.Minimum soil bulk density of 1.52 g.cm
-3

 was noted with TCR 

tillage practices followed by MR and CR with 1.54 g.cm
-3

 while maximum soil bulk 

density of 1.56 g.cm
-3 

was recorded when TC-2 and DR tillage practices were used The 

results agree with Karayal and Ozmerzi (2003), who reported that the least bulk density 

were observed with mould board plow+rotary tiller. Similarly, Alvarez and Steinbach 

(2009), reported that soil bulk density were higher under limited tillage systems than 

under mouldboard plow tillage which is supported by Barezgar et al. (2003)  that 

significant difference was found in dry bulk density among tillage implement. Laddha  

et al. (1997), reported that deep tillage operation 25-40 cm were superior to shallow 

tillage, disk and chisel plowing reduced the bulk density and increase yield of sorghum. 

A maximum soil bulk density of 1.56 g. cm
-3

 was obtained when the SD sowing 

method was used, while minimum soil bulk density of 1.53 g. cm
-3

 was observed when 

a BC method of sowing was used.  

4.1.7.3 Soil Penetration Resistance 

 

Soil Penetration Resistance at Depth of 20 cm: Soil penetration resistance is a 

measure of the soil strength and an indicator of how easily roots can penetrate into the 

soil and thus a measure of plant growth and crop yield. Soil penetration resistance 

before tillage operation of experimental plot at 0-20 cm depth was 435 N cm
2
.  Data 

pertaining to soil penetration resistance at 0- 20 cm depth after tillage and during the 

growing period of wheat are reported in Table 4.5. The analysis of variance for soil 

penetration resistance at 20 cm depth showed that tillage practices were significant 

while the sowing methods were not-significant. The interactions between Y x T was 

significant while the rest of interactions were not significantly different (Table A17). 
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Table 4.5. Soil penetration resistance (Ncm
2
) at 0-20 cm depth during the study 

period in wheat plots as affected by tillage practices and sowing methods. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 354 259 275 285 313 297 

 CD 363 256 279 285 315 300 

 BC 366 265 280 283 325 304 

Year 2 SD 233 218 229 229 230 228 

 CD 248 215 235 230 245 235 

 BC 245 220 228 230 226 230 

    Y x T   Mean 

Year 1  361 260 278 284 318 300a 

Year 2  242 218 230 230 234 231b 

    T x SM   Mean 

 SD 293 238 252 257 271 262 

 CD 305 236 257 258 280 267 

  BC 306 243 254 256 276 267 

Mean  301a 239d 254c 257c 276b  

 

LSD (0.05) for tillage =   13.62 LSD (0.05) for SM= 4.53 

Interactions Probability   Interactions Probability 

Y x T  0.0000   T x SM  0.4384 

Y x SM  0.1483   Y x T x SM 0.6721 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Soil penetration resistance at 20 cm depth due to year ranged between 231 to 

300 Ncm
-2

. Minimum soil penetration resistance at 20 cm depth of 231Ncm
-2

 was 

recorded in the year-2, while the maximum soil penetration resistance 300 N. cm
-2

 was 

recorded in  the year-1.  

The mean values for soil penetration resistance of tillage practice were in the 

range of 239 to 301 Ncm
-2

. A minimum soil penetration resistance of 239 N cm
-2

 was 

noted, when CR tillage practices were used, while the maximum soil penetration  

resistance of 301.Ncm
-2 

was recorded with TC-2 tillage practices. This may be due to 

deep plowing and losing of soil with chisel plow, mouldboard plow, and disk plow than 

shallow cutting of soil with tine cultivator. The result agrees with Alvarez and 

Steinbach (2009), who reported that cone penetration resistance at 0–20 cm layer were 

higher under limited tillage systems than under plow tillage. Boydas and Turgut (2007), 

reported that penetration resistance increased with tillage depth under all tillage 

implements. The highest penetration resistance was noted with CP and CPH. The 

lowest penetration resistance was noted with MP and SMP.   

Penetration resistances due to different sowing methods ranged between 262-

267.cm
-2

. A maximum Penetration resistance of 267 N. cm
-2

 was obtained when the CD 

and BC sowing method were used, while minimum penetration resistance of 262 N. 

cm
-3

 was obtained when the SD method of sowing was used.  

Soil penetration resistance for interaction between years and tillage practices 

were in the range of 260-361N.cm
-2

 and 218-242N. cm
-2 

in the year-1 and year 2 

respectively Minimum soil penetration resistance was noted in the year-1 and year 2 

with CR tillage practices while maximum soil penetration resistance was obtained in 

the year-1 and year-2 with TC-2 tillage practices respectively.  

Soil Penetration Resistance at Depth of  21-40 (cm):  Soil penetration resistance 

before tillage operation of experimental plot at 21-40 cm depth was 480 N cm
2
 . Data 

regarding to soil penetration resistance at 21-40 cm depth during the growing period of 

wheat are given in Table 4.6. The analysis of variance for soil penetration resistance at 

21-40 cm depth revealed that tillage practices were significant while sowing methods 

was not-significant. The interactions between Y x T was significant while the rest of 

interactions were not significantly different (Table A18).  
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Table 4.6.       Soil  penetration resistance (Ncm
-2

) at 21-40 cm depth during the study 

period in wheat plots as affected by tillage practices and sowing 

methods. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 374 270 289 301 330 313 

 CD 385 271 293 301 333 317 

 BC 385 275 300 301 330 318 

Year 2 SD 260 238 258 249 246 250 

 CD 265 235 250 245 266 252 

 BC 268 243 248 250 255 253 

    Y x T   Mean 

Year 1  381 272 294 301 331 316a 

Year 2  264 238 252 248 256 252b 

    T x SM   Mean 

 SD 317 254 273 275 288 281 

 CD 325 253 271 273 299 284 

  BC 326 259 274 276 293 285 

Mean  323a 255d 273c 275c 293b  

 

LSD (0.05) for Tillage =15.59 LSD (0.05) for SM =  5.35 

Interactions Probability   Interactions Probability 

Y x T  0.0001   T x SM 0.6985 

Y x SM  0.8546   Y x T x SM 0.6910 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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The mean values for soil penetration resistance at 40 cm depth due to year 

ranged from 252 to 316 Ncm
-2

. Minimum soil penetration resistance of 252Ncm
-2

 was 

recorded in the year-2, while maximum soil penetration resistance of 316 Ncm
-2

 was 

recorded in the year-1. 

Mean values of soil penetration resistance with different tillage practice were in 

the range of 255 to 323 Ncm
2. 

Minimum soil penetration resistance of 255Ncm
2
 was 

recorded with CR tillage practices followed by MR and DR with (273 and 275Ncm
2
) 

respectively, while maximum soil penetration resistance of 323.Ncm
-3 

was recorded 

when TC-2 tillage practices was used. This may be due to deep plowing and losing of 

subsoil. This may be due to deep plowing and losing of subsoil with chisel plow, 

mouldboard plow and disk plow as compared to the shallow cutting of soil with 

tine cultivator. The results are in agreement with Alvarez and Steinbach (2009), who 

reported that cone penetration resistance were higher under limited tillage systems than 

under plow tillage. Boydas and Turgut (2007), reported that penetration resistance 

increased with tillage depth under all tillage implements. The highest soil penetration 

resistance was noted with CP and CPH. The lowest soil penetration resistance was 

noted with MP and SMP. Mean values for soil penetration resistance due to different 

sowing methods ranged between 281-285.cm
2
. A maximum soil penetration resistance 

of 285 N. cm
-2

 was obtained when the BC sowing method was used, while minimum 

soil penetration resistance of 281 N. cm
-3

 was obtained with the SD sowing method.  

The mean value of soil penetration resistance of interaction between years and 

tillage practices were in the range of 272-381 N. cm
-2 

and 238-264N. cm
-2

in year-1 and 

year 2 respectively. Minimum soil penetration resistance of 272N.cm
-2

 and 238N.cm
-2

 

was noted in year-1 with CR tillage practices while the maximum soil penetration 

resistance of 381N and. 264N.cm
-2

 was observed in year-2 with TC-2 tillage practices 

respectively 

 4.1.7.4 Soil Organic Matter (%) 

 Soil organic matter is the decomposition of animals and plants residues in the 

soil. Soil organic matter before tillage operation during October 2009, in experimental 

plots at 0-20 cm depth was 0.31%. Data pertaining to soil organic matter after harvest 

of wheat crops at 0-20 cm depth are presented in Table 4.7. The analysis of variance for  
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Table 4.7. Soil organic matter (%) from 0-20 cm depth after harvest of wheat as 

affected by tillage practices and sowing methods during the study period. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 0.78 0.70 0.83 0.61 0.70 0.72 

 CD 0.70 0.69 0.78 0.69 0.69 0.71 

 BC 0.73 0.63 0.71 0.70 0.78 0.71 

Year 2 SD 0.66 0.61 0.36 0.45 0.47 0.51 

 CD 0.67 0.59 0.42 0.44 0.45 0.51 

 BC 0.65 0.63 0.34 0.44 0.52 0.51 

    Y x T   Mean 

Year 1  0.74 0.67 0.77 0.67 0.72 0.72a 

Year 2  0.66 0.61 0.37 0.44 0.48 0.51b 

    T x SM   Mean 

 SD 0.72 0.66 0.59 0.53 0.58 0.62 

 CD 0.69 0.64 0.60 0.57 0.57 0.61 

  BC 0.69 0.63 0.53 0.57 0.65 0.61 

Mean  0.70a 0.64ab 0.57b 0.56b 0.60ab  

 

LSD (0.05) for Tillage =  0.10 LSD (0.05) for SM =   0.04 

Interactions Probability   Interactions Probability 

Y x T    0.0170   T x SM  0.3633 

Y x SM    0.8779   Y x T x SM 0.6736 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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soil organic matter (%) showed no significant effect for different tillage practices and 

sowing methods. The interaction between Y x T was significantly different, while the 

rest of interaction were not significant (Table A19).  

The mean values for soil organic matter of 0.51% and 0.72% were recorded in 

the year-2 and year-1 respectively. The average values for soil organic matter of 

different tillage practice were in the range of 0.56 to 0.70%. Minimum soil organic 

matter of 0.56% was noted with DR tillage practice. While maximum soil organic 

matter of 0.70% was noted when TC-2 tillage practices were used. This may be due to 

shallow plowing and minimum disturbance and inversion of soil surface and residues of 

previous crops. The results are in agreement with Mohammad et al,. (2010) who 

reported that organic matter and total N was greater in minimum tillage practices and 

crop residues on the soil surface. Duker and Beegle, (2006) also reported that non 

inversion tillage losses less organic matter as compared to inversion tillage. Yaduvanshi 

and Sharma, (2008) reported that soil organic carbon was lower in no-tillage treatment 

as compared to conventional tillage (mouldboard plowing).  

 

Mean values of soil organic matter due to different sowing methods ranged  

between 0.61-0.62percent. A maximum soil organic matter of 0.62% was obtained by 

SD sowing methods. While minimum soil organic matter of 0.61% was observed with 

BC and CD methods of sowing.  

 

Average values of soil organic matter of interaction between years and tillage 

practices were in the range of 0.67-0.77% Minimum soil organic matter of 0.67% was 

noted in the year-1, when DR and CR tillage practices were used, while maximum soil 

organic matter of 0.77% was obtained in the year-1, when MR tillage practice was used 

followed by TC-2 and TCR with 0.74% and 0.72% respectively. In year 2 the mean 

value as recorded for soil organic matter ranged between 0.37-0.66percent. A minimum 

soil organic matter of 0.37% in the year 2 was observed in MR, while maximum soil 

organic matter of 0.66% was recorded for TC-2 followed by CR with 0.61%.  

 

4.1.7.5 Weeds Biomass  

Fresh Weeds Biomass: Data concerning fresh weed biomass m
-2

 in wheat crops are 

given in Table 4.8. The analysis of variance for fresh weed biomass m
-2

 revealed that 
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the effect on weed of different tillage practices was significant while the effect of 

sowing methods was not significant. Similarly the interaction between tillage x sowing 

methods was significant, while other interaction were not significantly different (Table 

A20). The average values for fresh weed biomass m
-2

 due to year were in the range of 

325-379 (g) m
-2

. The minimum weeds m
-2

 of 325 (g) was found in year 2, while 

maximum weeds of 379 (g) was noted in year 1.  

Mean values for fresh weed biomass m
-2

 due to different tillage practice were in 

the range of 267-517 (g). Minimum fresh weed biomass 267 (g) m
-2

 was noted when 

MR tillage practices were used, while maximum of 517 (g) was obtained when TC-2 

(Tine cultivator twice) was used. This may be due to the complete inversion of soil and 

burying of weeds in the soil with the mouldboard plowing. The results agree with Khan 

et al. (1986) who reported that inversion of the soil by the mouldboard plow reduced 

weeds population. Khan et al. (1990) also reported that mouldboard plow greatly 

reduces the weeds population as compared to non inverting tillage implements. 

Demejanova et al. (2009) reported that significantly less weed biomass was recorded in 

mouldboard plowing as compared to reduced tillage practices. Similarly, Marwat et al., 

(2007), reported that weed density was higher in reduced tillage as compared to 

conventional tillage. Ozpinor (2006) reported that least weed density was recorded by 

mouldboard plowing.   

Aveage values for fresh weed biomass m
-2

 due to different sowing methods 

ranged between 343-361(g). Maximum fresh weed biomass m
-2

 of 361 (g) was obtained 

by SD sowing methods, while minimum weed m
-2

 of 343 (g) was obtained when CD 

method of sowing was used. Mean values of fresh weed biomass for interaction 

between tillage practices x sowing methods was ranging between 224-598 (g) m
-2

. 

Minimum weeds biomass was recorded when (BC) broadcast method of sowing and 

MR tillage practices was used, while maximum fresh weed biomass of 598 m
-2

(g) was 

recorded when BC method of sowing and TC-2 practices of tillage was used.  

 

 

 

 

 



 

 

 

 63 

 

Table 4.8 Fresh weeds biomass m
-2

 (g) of wheat as affected by tillage practices and 

sowing methods during 2009-10 and 2010. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 493 398 305 330 464 398 

 CD 467 322 328 335 390 368 

 BC 565 311 281 354 346 371 

Year 2 SD 516 296 226 254 335 325 

 CD 433 318 293 233 310 317 

 BC 630 312 167 268 285 332 

    Y x T   Mean 

Year 1  508 344 305 339 400 379a 

Year 2  526 308 229 252 310 325b 

    T x SM   Mean 

 SD 504 347 266 292 399 362 

 CD 450 320 310 284 350 343 

  BC 598 311 224 311 315 352 

Mean  517a 326bc 267c 296bc 355b  

 

LSD (0.05) for Tillage =      63.93   LSD (0.05) for SM=      33.70 

Interactions Probability   Interactions Probability 

Y x T  0.3800   T x SM 0.0035 

Y x SM  0.5957   Y x T x SM 0.7326 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  

 

 



 

 

 

 64 

 Dry Weeds Biomass: Data pertaining to dry weed biomass m
-2

 in wheat crops 

are presented in Table 4.9. The analysis of variance for dry weed biomass m
-2

 

indicated that the effect on weed of different tillage practices was significant 

while the effect of sowing methods was not significant. Similarly the interaction 

between tillage x sowing methods was significant, while other interaction were 

not significantly different (Table A21).  

The mean values for dry weed biomass m
-2

 were 121(g) and 138 (g) noted in 

year-2 and year-1 respectively. This may be due to the effect of tillage implements 

which were repeated for the second year in the same plots.   

Dry weed biomass m
-2

 of different tillage practice was in the range of 95-193 

(g). Minimum dry weed biomass of 95 (g) m
-2

 was noted when MR tillage practices 

were used, while maximum dry weeds of 193 (g) m
-2

 was recorded when TC-2 (Tine 

cultivator twice) was used. This may be due to the complete inversion of the soil and 

burying of weeds and their seeds deeply in the soil with the mouldboard plowings. The 

result agrees with Khan et al. (1986) and Khan et al. (1990), who reported that 

inversion of the soil by the mouldboard plow reduced weed population. Demejanova et 

al. (2009) reported that significantly minimum weed dry biomass were noted in 

mouldboard plowing as compared to reduced tillage practices. Ozpinor (2006), also 

reported that least weed density was recorded by mouldboard plowing as compared to 

other tillage implements. Similarly, Marwat et al., (2007), reported that weed density 

was higher in reduced tillage as compared to conventional tillage..  

Maximum dry weed biomass of 133 (g) m
-2

 was noted by BC sowing methods, 

while minimum weed m
-2

 of 125 (g) m
-2

 was observed with the SD sowing method. 

The mean values of dry weed biomass m
-2

 for interaction between tillage practices x 

sowing methods ranged between 82-223 (g) m
-2

. Minimum weeds of 82 (g) were 

recorded when (BC) broadcast method of sowing and MR tillage practices was used, 

while maximum dry weed biomass of 223 (g) m
-2

 was recorded when BC methods of 

sowing and TC-2 practices of tillage was used.  
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Table 4.9 Dry weed biomass (g) m
-2

 of wheat as affected by tillage practices and 

sowing methods during 2009-10 and 2010-11. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 180 138 96 105 148 133 

 CD 182 112 121 120 126 132 

 BC 236 138 105 127 131 147 

Year 2 SD 182 125 72 87 121 117 

 CD 165 133 116 94 124 126 

 BC 211 124 60 95 105 119 

    Y x T   Mean 

Year 1  199 130 107 117 135 138a 

Year 2  186 127 82 92 117 121b 

    T x SM   Mean 

 SD 181 131 84 96 134 125 

 CD 173 123 118 107 125 129 

  BC 223 131 82 111 118 133 

Mean  193a 128b 95c 104bc 126b  

 

LSD (0.05) for Tillage =    25.00   LSD (0.05) for SM =    12.77 

Interactions Probability   Interactions Probability 

Y x T  0.8707   T x SM 0.0069 

Y x SM  0.2132   Y x T x SM 0.9366 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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4.1.8 Soil Properties and Weeds Biomass in Mungbean Plots  

 

4.1.8.1    Soil Moisture  

 

Soil Moisture at Depth of 0-20 cm: Data concerning to soil moisture content on mass 

basis (%) at 0-20 cm depth during mungbean growing period are indicated in Table 

4.10. The analysis of variance of soil moisture content revealed that different tillage 

practices were significantly different while sowing methods and all other interactions 

were not significant (Table A22)  

Mean values for soil moisture content due to year ranged between 13.3 to 

13.7% The minimum soil moisture content of 13.3% was recorded in the year-2, while 

maximum soil moisture content of 13.7% was recorded in year-1.  

Average soil moisture content with different tillage practice were in the range of 

13.0 to 14.2%. A maximum soil moisture content of 14.2% was recorded when CR 

tillage practices were used followed by MR with 13.8%, while minimum soil moisture 

content of 13.0% was noted with TCR tillage practices. This may be due to deep 

cutting of soil and maintain the moisture in the soil. As stated in soil depth of cut Figure 

4.1 a and b. that chisel plow and mouldboard plow deeply cut the soil as compared to tine 

cultivator. The results are in line with Alvarez and Steinbach (2009), Boydas  and 

Turgut (2007) and Jawadi, et al. (2009), who reported that tillage implements had a 

significant effect on soil moisture content. The maximum moisture was recorded with 

chisel plow, the rotary harrow increased the soil moisture contents with all tillage 

implements. Karayal and Ozmerzi (2003), also reported that minimum decrease in soil 

moisture was observed at chisel plow. Similarly, Makki and Mehmood (2008), Altuntas 

and Dede (2009), reported that chisel plow recorded the highest moisture content 

compared to other tillage implements. Mari et al., (2011), reported that cultivator 

retains the lowest percentage of moisture as compared to other tillage implements. 

 Soil moisture content due to different sowing methods ranged between 13.4-

13.6%. A maximum soil moisture content of 13.6% was obtained by the CD sowing 

method, while minimum soil moisture content of 13.4% was noted with the SD method 

of sowing.  
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Table 4.10.  Percent soil moisture content on mass basis at 0-20 cm depth during the 

study period in mungbean plots as affected by tillage practices and sowing 

methods. 

 

Year SM TC-2 CR MR DR TCR Y xSM 

Year 1 SD 13.2 14.3 14.0 13.8 13.4 13.7 

 CD 13.3 14.4 13.8 13.9 13.3 13.7 

 BC 13.1 14.2 13.8 13.8 13.2 13.6 

Year 2 SD 13.2 13.9 13.5 12.7 12.5 13.1 

 CD 13.2 14.3 13.6 12.9 13.2 13.4 

 BC 13.1 14.1 14.0 12.7 12.8 13.3 

    Y x T   Mean 

Year 1  13.2 14.3 13.9 13.8 13.3 13.7a 

Year 2  13.2 14.1 13.7 12.7 12.8 13.3b 

    T x SM   Mean 

 SD 13.2 14.1 13.7 13.3 12.9 13.4 

 CD 13.3 14.3 13.7 13.4 13.2 13.6 

  BC 13.1 14.2 13.9 13.2 13.0 13.5 

Mean  13.2b 14.2a 13.8a 13.3b 13.0b  

 

LSD (0.05) for Tillage = 0.49  LSD (0.05) for SM =  0.30 

Interactions Probability   Interactions Probability 

Y x T    0.2140   T x SM 0.9925 

Y x SM    0.5418   Y x T x SM 0.9920 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Soil Moisture Depth of 21-40 cm:  The data regarding soil moisture content at 

21-40 cm depth during mungbean growing period are given in Table 4.11. The 

analysis of variance of soil moisture content revealed that different tillage 

practices and interaction between Y x T was significantly different, while 

sowing methods and other interactions were not significant (Table A23). 

 The minimum soil moisture content of 14.4% was recorded in the year-1, while 

maximum soil moisture content of 14.6% was recorded in year-2. Mean values for soil 

moisture content of different tillage practice were in the range of 13.7 to 15.9%. A 

minimum soil moisture content of 13.7% was observed with DR tillage practices 

followed by TC-2 with 13.9%, while maximum soil moisture content of 15.9%  was 

recorded when CR tillage practices were used followed by MR with 14.8%. This may 

be due to deep cutting of soil and conserve the moisture in lower layer. As stated in soil 

depth of cut that chisel plow and mouldboard plow deeply cut the soil than tine cultivator. 

The results are in line with Alvarez and Steinbach (2009), Boydas and Turgut (2007), 

and Jawadi, et al., (2009). They reported that tillage implements had a significant effect 

on soil moisture content. The maximum moisture was recorded with CP, the rotary 

harrow increased the soil moisture contents with all tillage implements. Karayal and 

Ozmerzi (2003), also reported that minimum decrease in soil moisture was observed at 

chisel plow. Similarly, Makki and Mehmood (2008), Altuntas and Dede (2009), reported 

that chisel plow recorded the highest moisture content compared to disk plow. 

Laddha,K.C., et al (1997), reported that deep tillage operation 25-40 cm were superior 

to shallow tillage. Chisel plowing significantly improved soil moisture content and 

increase yield of mungbean. A maximum soil moisture content of 14.7% was obtained 

by the SD sowing method followed by CD sowing methods with 14.6%, while 

minimum soil moisture content of 14.1% was obtained when a BC method of sowing 

was used. %. Altuntas and Dede (2009), mentioned that planting methods affected the soil 

moisture content. 

Mean values of soil moisture content of interaction between years and tillage 

practices were in the range of 13.6 - 16.0% in year-1 .Minimum soil moisture content 

13.6% was noted in year-1 when TC-2 and TCR tillage practices were used. While 

maximum soil moisture content of 16.0% was observed in year-1 when CR  tillage 

practices were used followed by DR and MR tillage practices with 14.6 and 14.5%  
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Table 4.11. Percent soil moisture content on mass basis at 21- 40 cm depth during the 

study period in mungbean plots as affected by tillage practices and sowing 

methods. 

 

Year SM TC-2 CR MR DR TCR Y xSM 

Year 1 SD 13.7 16.0 14.6 14.5 13.5 14.5 

 CD 13.5 16.0 14.5 14.8 13.7 14.5 

 BC 13.5 16.0 14.4 14.5 13.6 14.4 

Year 2 SD 14.3 16.1 14.8 14.4 15.5 15.0 

 CD 14.0 16.1 15.2 13.6 15.1 14.8 

 BC 14.4 15.5 15.1 10.5 14.0 13.9 

    Y x T   Mean 

Year 1  13.6 16.0 14.5 14.6 13.6 14.4 

Year 2  14.2 15.9 15.1 12.8 14.9 14.6 

    T x SM   Mean 

 SD 14.0 16.0 14.7 14.5 14.5 14.7a 

 CD 13.7 16.1 14.9 14.2 14.4 14.6ab 

 BC 14.0 15.7 14.7 12.5 13.8 14.1b 

Mean  13.9bc 15.9a 14.8b 13.7c 14.2bc  

 

LSD (0.05) for Tillage = 1.04   LSD (0.05) for SM =  0.52 

Interactions Probability   Interactions Probability 

Y x T  0.0493   T x SM  0.3210 

Y x SM  0.1098   Y x T x SM  0.2766 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test.  
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respectively. Similarly, in the year 2 the mean value as recorded for soil moisture 

content ranged between 12.8 to 15.9%. A minimum soil moisture content of 12.8% in 

the year 2 was observed in DR followed by TC-2 tillage practices with 14.2%. While 

maximum soil moisture content of 15.9% was recorded for CR tillage practices 

followed by MR with 15.1%.  

4.1.8.2 Soil Bulk Density 

Soil Bulk Density at Depth of 0-20 cm: Data regarding soil bulk density (g.cm
-3

) at 0-

20 cm depth during mungbean growing period are presented in Table 4.12. The 

analysis of variance for soil bulk density showed that tillage practices and sowing 

methods were significant. The interactions between Y x T was significant while the rest 

of interactions were not significantly different (Table A24). 

 Soil bulk density at 0-20 cm depth due to year was 1.49 g.  cm
-3

 for year-1 and 

year-2. The mean values for soil bulk density due to different tillage practice were in 

the range of 1.47- 1.52 g.cm
-3

.
 
A minimum soil bulk density of 1.47 g. cm

-3
 was 

obtained when TCR tillage practices were used followed by MR and CR with 1.49 g. 

cm
-3

, while maximum soil bulk density of 1.52 g. cm
-3 

 was recorded when TC-2 tillage 

practices was used. The result agrees with Alvarez and Steinbach (2009), who reported 

that soil bulk density of the 0–20 cm layer were higher under limited tillage systems 

than under moldboard plow tillage, which is supported by Barezgar et al., (2003),  that 

significant difference was found in dry bulk density among tillage treatment within 0-

20cm depth. Prasad (1995), reported that soil bulk density after tillage in the treatment 

of rotavator was significantly lower than cultivator.  

Mean values for soil bulk density due to different sowing methods ranged 

between 1.49 to 1.50 g.cm
-3

.  A maximum soil bulk density of 1.50 g. cm
-3

 was 

obtained when the BC sowing method was used, while minimum soil bulk density of 

1.50g. cm
-3

 was obtained when SD and CD method of sowing was used. Average 

values of soil bulk density of interaction between years and tillage practices were in the 

range of 1.48 to 1.52 g.cm
-3

 in year-1. Minimum soil bulk density bulk density 1.48 

g.cm
-3

 was noted in year-1 when TCR tillage practices were used followed by CR, MR 

and DR with 1.49 g.cm
-3

, while maximum soil bulk density of 1.52 g.cm
-3

 was obtained 

in year-1 when TC-2 tillage practices were used. In year 2, the mean value as recorded  
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 Table 4.12. Soil bulk density (g.cm
-3

 ) at 0-20 cm depth during the study period in 

mungbean plots as affected by tillage practices and sowing methods. 

Year SM TC-2 CR MR DR TCR Y xSM 

Year 1 SD 1.52 1.49 1.49 1.49 1.47 1.49 

 CD 1.52 1.50 1.48 1.50 1.48 1.50 

 BC 1.53 1.49 1.50 1.49 1.48 1.50 

Year 2 SD 1.50 1.48 1.48 1.50 1.46 1.48 

 CD 1.51 1.47 1.49 1.51 1.46 1.49 

 BC 1.52 1.49 1.50 1.52 1.49 1.50 

    Y x T   Mean 

Year 1  1.52 1.49 1.49 1.49 1.48 1.49 

Year 2  1.51 1.48 1.49 1.51 1.47 1.49 

    T x SM   Mean 

 SD 1.51 1.49 1.48 1.49 1.47 1.49b 

 CD 1.52 1.48 1.49 1.51 1.47 1.49b 

  BC 1.53 1.49 1.50 1.50 1.48 1.50a 

Mean  1.52a 1.49bc 1.49bc 1.50ab 1.47c  

 

LSD (0.05) for Tillage = 0.03   LSD (0.05) for SM =  0.01 

Interactions Probability   Interactions Probability 

Y x T   0.0278   T x SM 0.7710 

Y x SM   0.3783   Y x T x SM 0.7803 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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for soil bulk density ranged between 1.47- 1.51 g.cm
-3

. Minimum soil bulk density of 

1.47 g.cm
-3

 in year 2 was observed when TCR tillage practices were used. While 

maximum soil bulk density of 1.51 g.cm
-3

 was recorded for TC-2 and DR tillage 

practices.. 

Soil Bulk Density at Depth of 21-40 cm:  Data concerning soil bulk density (g. cm
-3

) 

at 21-40 cm depth is presented in Table 4.13. The analysis of variance for soil bulk 

density revealed that tillage practices and sowing methods were significant. The 

interactions between Y x T was significant while the rest of interactions were not 

significantly different (Table A25). 

  The mean values for soil bulk density due to year ranged between 1.55 to 1.57 

g. cm
-3

. The minimum soil bulk density of 1.55 g. cm
-3

 was recorded in the year-2, 

while maximum soil bulk density of 1.57 g. cm
-3

 was recorded in year-1.  

Soil bulk density due to different tillage practice was in the range of 1.54 to 

1.58 g. cm
-3

.
 
A minimum soil bulk density of 1.54 g. cm

-3
 was noted with MR tillage 

practices followed by DR and TCR with 1.55 g. cm
-3

, while maximum soil bulk density 

of 1.58 g. cm
-3 

was recorded when TC-2 tillage practices were used. The results are in 

line with Karayal and Ozmerzi (2003), who reported that the least bulk density values 

were obtained from the mouldboard plow+ rotary tiller. Etana et al. (1999) reported that 

deep tillage with mouldboard plowing up to 29 cm depth and cultivator up to 15 cm for 

shallow tillage, bulk density rejected the depth of tillage and substantially increased 

below that depth. Laddha  et al. (1997) reported that deep tillage operation 25-40 cm 

were superior to shallow tillage; disk and chisel plowing reduced the bulk density and 

increased yield of mungbean. Maximum soil bulk density of 1.56 g. cm
-3

 was obtained 

when SD and BC sowing method were used, while minimum soil bulk density of 1.55 

g. cm
-3

 was observed when the CD method of sowing was used. Mean values of soil 

bulk density of interaction between years and tillage practices were in the range of 1.56 

to 1.59 g. cm
-3

  in year-1 Minimum soil bulk density 1.56 g. cm
-3

  was noted in a year-1 

when MR and DR tillage practices were used, while maximum soil bulk density of 1.59 

g. cm
-3

 was observed when TC-2 tillage practices were used. In year 2, minimum soil 

bulk density of 1.52 g. cm
-3

 was observed when TCR tillage practices were used. While 

maximum soil bulk density of 1.58 g.cm
-3

 was recorded for TC-2 tillage practices. Soil  
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Table 4.13. Soil bulk density (g.cm
-3

) at 21-40 cm depth during the study period in 

mungbean plots as affected by tillage practices and sowing methods. 

 

Year SM TC-2 CR MR DR TCR Y xSM 

Year 1 SD 1.60 1.58 1.55 1.57 1.58 1.58 

 CD 1.59 1.57 1.54 1.54 1.56 1.56 

 BC 1.58 1.58 1.58 1.57 1.58 1.58 

Year 2 SD 1.58 1.56 1.52 1.54 1.52 1.54 

 CD 1.58 1.57 1.52 1.54 1.52 1.54 

 BC 1.57 1.57 1.53 1.56 1.52 1.55 

    Y x T   Mean 

Year 1  1.59 1.58 1.56 1.56 1.57 1.57a 

Year 2  1.58 1.56 1.52 1.55 1.52 1.55b 

    T x SM   Mean 

 SD 1.59 1.57 1.53 1.55 1.55 1.56a 

 CD 1.59 1.57 1.53 1.54 1.54 1.55b 

  BC 1.58 1.58 1.55 1.57 1.55 1.56c 

Mean  1.58a 1.57a 1.54b 1.55b 1.55b  

 

LSD (0.05) for Tillage =  0.02  LSD (0.05) for SM =   0.01 

Interactions Probability   Interactions Probability 

Y x T     0.0316   T x SM 0.0837 

Y x SM     0.1535   Y x T x SM 0.9280 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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bulk density of interaction between tillage practices x sowing methods was ranging 

between 1.53 to 1.59 g. cm
-3

. A minimum soil bulk density of 1.53 g. cm
-3 

was recorded 

when MR tillage practices and SD, CD sowing methods were used, while maximum 

soil bulk density of 1.59 g. cm
-3

 was recorded when TC-2 practices of tillage and SD, 

CD method of sowing was used. 

4.1.8.3    Soil Penetration Resistance  

Soil Penetration Resistance at Depth of 20 cm: Data relating to soil penetration 

resistance at 0-20 cm depth during the growing period of mungbean are given in Table 

4.14. The analysis of variance for soil penetration resistance at 20 cm depth revealed 

that tillage practices were significant while sowing method was not-significant. The 

interactions between Y x T was significant while the rest of interactions were not 

significantly different (Table A26) 

Mean values for soil penetration resistance at 0-20 cm depth due to year ranged 

from 205-253 Ncm
2
. Minimum soil penetration resistance of 205Ncm

2
 was recorded in 

the year-2, while maximum soil penetration resistance of 253 Ncm
2
 was recorded in 

year-1. The average values for the soil penetration existence of different tillage practice 

were in the range of 212-262 Ncm
2
.
 
A minimum soil penetration resistance of 212 

Ncm
2
 was observed when MR tillage practices were used, while maximum soil 

penetration resistance of 262 Ncm
2 

was recorded when TC-2 tillage practices were 

used. This may be due to deep plowing and losing of soil with mouldboard plow,chisel 

plow and disk plow as compared to the shallow cutting of soil with tine cultivator. The 

result agrees with Alvarez and Steinbach (2009), reported that cone penetration 

resistance of 0–20 cm layer was higher under limited tillage systems than under plow 

tillage.  Boydas and Turgut (2007), reported that penetration resistance increase with 

tillage depth under all tillage implements. The highest penetration resistance was noted 

with CP and CPH. The lowest penetration resistance was noted with MP and SMP. A 

maximum soil penetration resistance of 230 N.cm
2
 was obtained when the CD and BC 

sowing method were used, while minimum soil penetration resistance of 228N. cm
-2

 

was noted with the SD sowing method. Soil penetration resistance for interaction 

between years and tillage practices were in the range of 233 to 296N.cm
-2

 and 190 to 

229N.cm
-2

 in year-1 and year 2 respectively. Minimum soil penetration resistance of  
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Table 4.14. Soil penetration resistance (Ncm
-2

) at 20 cm depth during the study period 

in mungbean plots as affected by tillage practices and sowing methods. 

 

Year SM TC-2 CR MR DR TCR Y xSM 

Year 1 SD 291 240 233 231 254 250 

 CD 299 238 230 250 263 256 

 BC 298 238 236 238 265 255 

Year 2 SD 230 191 191 203 218 207 

 CD 226 193 191 194 220 205 

 BC 230 194 189 198 214 205 

    Y x T   Mean 

Year 1  296 238 233 240 260 253a 

Year 2  229 193 190 198 217 205b 

    T x SM   Mean 

 SD 261 216 212 217 236 228 

 CD 263 215 211 222 241 230 

  BC 264 216 213 218 239 230 

Mean  262a 215c 212c 219c 239b  

 

LSD (0.05) for Tillage= 8.42                                             LSD (0.05) for SM = 3.67 

Interactions                  Probability                                    Interaction             Probability 

Y x T                              0.0228                                        T x SM                      0.9241 

Y x SM                          0.0794                                         Y x T x SM               0.1379 

 

 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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233N.cm
-2

 and 190 Ncm
-2

 was noted in year-1 and year 2 when MR tillage practices 

were used, while maximum soil penetration resistance of 296 N.cm
-2 

and 229 N.cm
-2

 

was obtained in year-1 and year-2  when TC-2 tillage practices were used.  

The average value of soil penetration resistance of interaction between tillage 

practices x sowing methods ranged from 211 to 264N.cm
-2

. Minimum soil penetration 

resistance of 211N. cm
-2 

was recorded by MR tillage practices and the CD sowing 

methods were used, while maximum soil penetration resistance of 264 N.cm
-2

 was 

recorded when TC-2 practices of tillage and BC method of sowing were used. 

Soil Penetration Resistance at Depth of 40 cm:  Data regarding soil penetration 

resistance at 21-40 cm depth during growing season of mungbean are presented in 

Table 4.15. The analysis of variance for soil penetration resistance at 21-40 cm depth 

indicated that tillage practices were significant while the sowing methods were not-

significant. The interactions between Y x T and Y x T x SM was significant while other 

interactions were not significantly different (Table A27). 

 The mean values for soil penetration resistance at 21-40 cm depth due to year 

ranged between 226 to 284 Ncm
2
. The minimum soil penetration resistance at 21-40 cm 

depth of 226Ncm
-2

 was recorded in year-2, while maximum soil penetration 3284Ncm
-2

 

was recorded in year-1. 

Soil penetration resistances of different tillage practice were in the range of 234-

291 Ncm
-2

.
 
Minimum soil penetration resistance of 234Ncm

-2
 was obtained when MR 

tillage practices were used followed by CR and DR with (242 and 245Ncm
-2

 

respectively, while maximum soil penetration resistance of 291.Ncm
-3 

was recorded 

when TC-2 tillage practices were used followed by TCR with 264 Ncm
-2

. This may be 

due to deep plowing and losing of subsoil with mouldboard plow, chisel plow and disk 

plow than shallow cutting of soil with tine cultivator.  The results agree with Boydas 

and Turgut. (2007), who reported that penetration resistance increased with tillage 

depth under all tillage implements. The lowest penetration resistance was noted with 

MP and SMP. Alvarez and Steinbach (2009), reported that cone penetration resistances 

were higher under limited tillage systems than under plow tillage. Maximum 

Penetration resistance of 258 Ncm
-2

 was obtained when CD sowing method was used, 

while minimum soil penetration of 254 N.cm
-2

 was obtained when BC and SD method 

of sowing were used. 



 

 

 

 77 

Table 4.15.  Penetration resistance (Ncm
-2

) at 40 cm depth during the study period in 

mungbean plots as affected by tillage practices and sowing methods. 

Year SM TC-2 CR MR DR TCR Y xSM 

Year 1 SD 333 269 261 261 285 282 

 CD 353 263 250 278 303 289 

 BC 318 274 264 264 294 283 

Year 2 SD 244 210 210 228 239 226 

 CD 250 218 214 221 233 227 

 BC 250 219 206 221 230 225 

    Y x T   Mean 

Year 1  334 268 258 268 294 284a 

Year 2  248 215 210 223 234 226b 

    T x SM   Mean 

 SD 288 239 236 244 262 254 

 CD 301 240 232 249 268 258 

  BC 284 246 235 243 262 254 

Mean  291a 242c 234c 245c 264b  

 

LSD (0.05) for Tillage =  11.08  LSD (0.05) for SM =  4.81 

Interactions Probability   Interactions Probability 

Y x T     0.0053   T x SM 0.1264 

Y x SM     0.4042   Y x T x SM 0.0059 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Mean soil penetration resistance for interaction between years and tillage 

practices were in the range of 258-334 N.cm
-2

 in year-1 .Minimum penetration of 258 

Ncm
-2

 was noted in the year-1 when MR tillage practices were used. While maximum 

Penetration resistance of 334 Ncm
-2

 was obtained in the year-1 when TC-2 tillage 

practices was used. In year 2 the mean value as recorded for Penetration resistance 

ranging between 210-248 Ncm
-2

. Minimum Penetration of 210 Ncm
-2

 in year 2 was 

observed when MR tillage practices were used, while maximum Penetration of 248 

Ncm
-2

 was recorded for TC-2 tillage practices.  

The mean value of soil penetration resistance of interaction between tillage 

practices x sowing methods ranged between 232 to 301N. cm
-2

. Minimum Penetration 

resistance of 232N.cm
-2 

was recorded when MR tillage practices and CD sowing 

methods were used, while maximum soil penetration resistance of 301N.cm
-2

 was 

recorded when TC-2 tillage practices and CD method of sowing was used. Penetration 

resistance for interaction between years x sowing methods x tillage practices ranged 

between 206-353N.cm
-2

. The minimum Penetration resistance of 206N.cm
2
 was 

recorded in the year-2 when MR tillage practices and BC method of sowing were used. 

The maximum Penetration of 353N.cm
-2

 was observed when TC-2 tillage practices and 

CD method of sowing was used in year-1. 

4.1.8.4 Soil Organic Matter (%)  

Data regarding soil organic matter (%) after harvest of mungbean crops are 

given in Table 4.16. The analysis of variance for soil organic matter showed no 

significant effect for different tillage practices and sowing methods. YxTxSM methods 

was significant,while all other interactions were not significantly different (Table A28). 

  A minimum soil organic matter of 0.47% was recorded in the year-1, while 

maximum soil organic matter of 0.72% was recorded for year-2. Soil organic matter of 

different tillage practice was in the range of 0.57 to 0.64 % A maximum soil organic 

matter of 0.64 % was noted when TCR was used, while minimum soil organic matter of 

0.57% was noted when the CR ant TC-2 tillage practice was used. This may be due to 

shallow plowing and minimum disturbance of the soil surface and previous residues. 

The result agrees with Mohammad et al. (2010), who reported that organic matter was 

greater in minimum tillage practices and crop residues on the soil surface. Average soil 

organic matters due to different sowing methods ranged between 0.58-0.60 percent.  
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Table 4.16. Soil organic matter (%)  from 0-20 cm depth after harvest of mungbean as 

affected by tillage practices and sowing methods during the study period. 

 

Year SM TC-2 CR MR DR TCR Y x M 

Year 1 SD 0.41 0.36 0.41 0.62 0.56 0.47 

 CD 0.57 0.50 0.44 0.47 0.45 0.49 

 BC 0.36 0.47 0.44 0.55 0.43 0.45 

Year 2 SD 0.71 0.69 0.77 0.62 0.69 0.70 

 CD 0.65 0.71 0.82 0.59 0.84 0.72 

 BC 0.70 0.70 0.79 0.65 0.87 0.74 

      Y x T     Mean 

Year 1  0.45 0.44 0.43 0.55 0.48 0.47 

Year 2  0.69 0.70 0.80 0.62 0.80 0.72 

      T x SM     Mean 

 SD 0.56 0.52 0.59 0.62 0.62 0.58 

 CD 0.61 0.60 0.63 0.53 0.64 0.60 

  BC 0.53 0.59 0.62 0.60 0.65 0.60 

Mean   0.57 0.57 0.61 0.58 0.64   

        

LSD (0.05)  for Tillage =0.15 
 

 

LSD (0.05) for SM =        0.05 

 

 

Interactions Probabily  Interactions Probabilt  

Y x T  0.3628  T x SM 0.3861  

Y x SM  0.2927  Y x T x SM 0.0227  

       

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Maximum soil organic matter of 0.60 was noted by CD sowing methods, while 

minimum soil organic matter of 0.58%was obtained with SD method of sowing. The 

mean values of soil organic matter of interaction between tillage practices x sowing 

methods ranged between 0.52-0.65% Minimum soil organic matter of 0.52% was 

recorded when CR Tillage practice and SD methods of sowing were used, while 

maximum soil organic matter of 0.65% was recorded when BC methods of sowing and 

TCR practices of tillage was used followed by CD with 0.64%. 

4.1.8.5 Weeds Biomass  

Fresh Weeds Biomass: Data regarding fresh weed biomass (g) m
-2

 in mungbean crops 

are reported in Table 4.17. The analysis of variance showed that fresh weed biomass 

was significantly affected by tillage practices and sowing method, while all the 

interaction were not significant (Table A29). 

 Average values of fresh weed biomass 466 and 473 (g) m
-2

 were recorded in 

year 1 and year-2 respectively. The mean values for fresh weed biomass (g) m
-2

 of 

different tillage practice were in the range of 308 to 770 (g) m
-2

.  Minimum fresh weed 

biomass of 308 (g) m
-2 

was noted by MR tillage practices, while a maximum of 770 (g) 

m
-2 

was obtained when TC-2 tillage practices was used. This may be due to the 

inversion of the soil and burying of weeds in the soil with the moldboard plowing. The 

results are in agreement with Khan et al. (1986), who reported that inversion of the soil 

by the moldboard plow reduced weed population. Khan et al., (1990), also reported that 

mouldboard plow greatly reduce the weed population as compared to non inverting 

tillage implements. Marwat et al. (2007), reported that weed density  was higher in 

reduced tillage as compared to conventional tillage. Demejanova et al.(2009), reported 

that significantly less weed biomass was recorded in mouldboard plowing as compared 

to reduced tillage practices.  

Maximum fresh weed biomass of 532 (g) m
-2 

was obtained by BC sowing 

methods, while minimum weed of 422 (g) m
-2 

was obtained when the SD sowing 

method was used. The average values of fresh weed biomass for interaction between 

tillage practices x sowing methods ranged between 262 to 871 (g) m
-2. 

Minimum weeds 

m
-2

 of 262 (g) was recorded when SD broadcast method of sowing and MR tillage  
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Table 4.17. Fresh weeds biomass m
-2

 (g) of mungbean as affected by tillage practices 

and sowing methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 728 309 231 321 458 410 

 CD 608 380 299 431 423 428 

 BC 918 502 351 468 568 561 

Year 2 SD 783 393 293 289 414 434 

 CD 760 434 329 420 469 483 

 BC 824 458 345 401 482 502 

    Y x T   Mean 

Year 1  751 397 294 406 483 466 

Year 2  789 428 323 370 455 473 

    T x SM   Mean 

 SD 755 351 262 305 436 422b 

 CD 684 407 314 425 446 455b 

  BC 871 480 348 434 525 532a 

Mean  770a 413b 308c 388bc 469b  

 

LSD (0.05) for Tillage =  81.40  LSD (0.05) for SM =   56.29 

Interactions Probability   Interactions Probability 

Y x T  0.7974   T x SM 0.5650 

Y x SM  0.1195   Y x T x SM 0.9686 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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practices was used, while maximum fresh weed biomass m
-2

 of 871 (g) m
-2 

 was 

recorded when BC method of sowing and TC-2 practices of tillage were used  

Dry Weeds Biomass: Data concerning dry weed biomass m
-2

 in mungbean crops are 

given in Table 4.18. The analysis of variance for dry weed biomass m
-2

 revealed that 

the effect on weed of different tillage, sowing methods and interaction between year x 

tillage was significant while the rest of interaction were not significantly different 

(Table A30). 

The mean values for dry weed biomass m
-2

 due to year ranged from 179 to 211 

(g) m
-2

. The minimum weeds m
-2

 of 179 (g) m
-2

was found in year 1, while maximum 

weeds of 211 (g) m
-2

 was noted in the year 2.    Dry weed biomass with different tillage 

practice ranged from 128 to 311 (g) m
-2

. Lowest dry weed biomass of 128 (g) was 

noted when MR tillage practices was used, while highest of 311 (g) was obtained when 

TC-2 tillage practices were used. This may be due to the inversion of the soil and 

burying of weeds in the soil with the moldboard plowing. The results are in line with 

Khan et al., (1986), who reported that inversion of the soil by the moldboard plow 

reduced weed population. Khan et al. (1990), also reported that moldboard plow greatly 

reduced the weed population as compared to non inversion tillage implements. 

Similarly, Marwat et al. (2007), reported that weed density was more in reduced tillage 

than conventional tillage. Demejanova et al. (2009), reported that significantly less 

weed dry biomass were recorded in mouldboard plowing as compared to reduced 

tillage practices.  

The average values for dry weed biomass of different sowing methods ranged 

from 176 to 219 (g). Highest dry weed biomass m
-2

 of 219 (g) was obtained by BC 

sowing methods, while lowest weed biomass of 176 (g) m
-2

 was obtained when the SD 

method of sowing was used. Mean values of dry weed biomass for interaction between 

years x tillage practices ranged from 112 to 245(g) m
-2

 in the year 1. Minimum dry 

weed biomass of 112 (g) m
-2

 was noted in the year-1 when MR tillage practices were 

used, while maximum dry weed biomass of 245 (g) m
-2

 was obtained in the year-1, 

when TC-2 tillage was practiced . In the year 2, mean value as recorded for dry weed 

biomass m
-2

 ranged from 143 to 376 (g) m
-2

. Minimum dry weed biomass of 143 (g) m
-

2
 was observed in MR tillage practices, while a maximum of 376 (g) m

-2
 was recorded 

for TC-2 tillage practices. 
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Table 4.18 Dry weeds biomass m
-2 

(g) of mungbean as affected by tillage practices 

and sowing methods during 2010 and 2011. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 242 174 89 135 133 154 

 CD 193 208 102 198 151 170 

 BC 299 232 146 202 183 212 

Year 2 SD 372 170 155 130 165 198 

 CD 341 198 128 165 212 209 

 BC 417 199 147 166 201 226 

    Y x T   Mean 

Year 1  245 204 112 178 156 179b 

Year 2  376 189 143 154 192 211a 

    T x SM   Mean 

 SD 307 172 122 133 149 176b 

 CD 267 203 115 181 181 189b 

  BC 358 215 147 184 192 219a 

Mean  311a 197b 128c 166bc 174bc  

LSD (0.05) for Tillage =   48.48  LSD (0.05) for SM =    22.56 

Interactions Probability   Interactions Probability 

Y x T  0.0224   T x SM    0.2155 

Y x SM  0.3680   Y x T x SM 0.9904 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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 4.2   Impact of Tillage Practices and Sowing Methods on Wheat 

4.2.1 Emergence m
-2

  

Data pertaining to emergence m
-2 

of wheat are presented in Table 4.19. The 

analysis of variance for emergence m
-2

 showed no significant mean differences in 

different tillage practices while sowing methods and interaction between year and 

sowing methods were significantly different. The rest of interaction such as Year x 

Tillage (Y x T), Tillage x Sowing Methods (T x SM) and Year x Tillage x Sowing 

Method (Y x T x SM) were not significant (Table B1).  

The average values for emergence m
-2

 due to year ranged from 95 to 116 plants. 

Minimum emergence m
-2

 of 95 plants was recorded in the year-1, while maximum 

emergence m
-2

 of 116 plants was recorded for year -2. This difference in emergence 

due to year is attributed mainly due to favorable climatic condition of the year-2 and 

residual effect of previous mungbean crops. The result agrees with Eraback et al. 

(1986), who reported that residues of previous crops on the soil surface have a greater 

effect on plant growth. Mean emergence m
-2

 due to different tillage practice ranged 

from 101 to 109 plants. Minimum emergence m
-2

 101 plants were obtained when TC-2 

tillage practices were used, while maximum emergence m
-2

 of 109 plants was recorded 

when CR tillage practices was used followed by MR tillage practices with 108 plants. 

This may be due to the better pulverization of soil by a combination of rotavator with 

other tillage implements. So seed closely contact with the soil. The result is in line with 

Sheikh et al. (1978), who reported that different tillage practices had different effects 

on the emergence of wheat seedling. Rahman et al. (1995), reported that tillage effect 

on the emergence of wheat was not significantly different in the year one, while show 

significant difference in the year 2. Boydos and Turgut (2007), reported that the 

maximum emergence rate was noted with chisel plow and chisel plow + rotary harrow, 

while minimum emergence were noted with mouldboard plow and mouldboard + rotary 

harrow. Altuntas and Dede (2009), reported that the maximum emergence rate was 

recorded with conservational tillage system. However, Javdi et al. (2009), reported that 

no significant difference in emergence of plant was observed between different tillage 

implement. Emergence due to different sowing methods ranged from 99 to 110 plants. 

Maximum emergence m
-2

 of 110 plants was observed by CD followed by SD sowing  
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Table 4.19.  Emergence m
-2

 of wheat as affected by tillage practices and sowing           

methods during 2009-10 and 2010-11. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 91 91 94 95 95 93 

 CD 99 111 100 100 97 101 

 BC 90 97 93 86 95 92 

Year 2 SD 115 122 125 128 125 123 

 CD 118 124 123 121 111 119 

 BC 95 112 112 109 107 107 

    Y x T   Mean 

Year 1  93 100 95 94 95 95b 

Year 2  109 119 120 119 114 116a 

    T x SM   Mean 

 SD 103 107 110 112 110 108a 

 CD 109 118 111 110 104 110a 

  BC 92 104 102 98 101 99b 

Mean  101 109 108 106 105  

 

LSD (0.05) for Tillage =    6.74 LSD (0.05) for SM =    3.65 

Interactions Probability   Interactions  Probability 

Y x T     0.5472   T x SM  0.0970 

Y x SM    0.0004   Y x T x SM 0.8880 

   

      Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
 

Y = Year,     T = Tillage,     SM = Sowing Methods   

TC-2 = Tine cultivator twice,   CR = Chisel plow + rotavator,   MR= Moldboard  

plow + rotavator,  DR= Disk plow + rotavator, TCR = Tine cultivator +rotavator,  

SD= Seed drill,   CD= Combined drill (Seed-cum-fertilizer drill), BC= Broadcast  
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methods with 108 plants, while minimum emergence m
-2

 of 99 plants was recorded 

when broadcast method of sowing was used. This may be due to uniform and proper 

placing of seed in the soil and proper covering of seeds. The results of the present study 

are in line with Singh et al. (2007), and Waraich et al. (1982), they reported that 

drilling produced better germination and higher values of growth than broadcast 

method. 

The interaction between year x sowing methods for emergence m
-2 

ranged from 

92 to 123 plants. Lowest plants of 92 was recorded in the year-1, when broadcast 

method of sowing was used ,while highest number of plants 123 was noted in the year 

2, when  (SD) seed drill method of sowing was used. The average value of emergence 

m
-2

 for interaction between tillage practices x sowing methods ranged from 92 to 118 

plants. Minimum plants of 92 was recorded when (BC) broadcast method of sowing 

and tine cultivator twice (TC-2) was used, while maximum plants 118 was recorded 

when combined drill (CD) method of sowing and CR (chisel plow and rotavator) 

practices of tillage were used. This may be attributed to the conventional tillage 

practices (TC-2) and sowing methods (BC).  

4.2.2 Plant Population m
-2

  

Data pertaining to population m
-2

 of wheat are presented in Table 4.20. The 

analysis of variance for population m
-2

 showed no significant mean differences for 

different tillage practices, while sowing methods and interaction between tillage and 

sowing methods were significant. The rest of interaction such as Year x Tillage (Y x 

T), Year x Sowing Methods (T x SM) and Year x Tillage x Sowing Method (Y x T x 

SM) were not significantly different (Table B2).  

The average values for plant population m
-2

 in the year-1 and 2 were 210 and 

236 plants respectively. This difference in plant population due to year is attributed 

mainly due to favorable climatic condition of year-2, and residual effect of previous 

mungbean crops. The result agree with Eraback et al. (1986), who reported  that 

residues of previous crops on soil surface had a greater effect on plant growth.  Mean 

plant population m
-2

 due to different tillage practice ranged from 214 to 235 plants. 

Minimum population m
-2

 of 214 plants was obtained when TCR tillage practices was 

used followed by MR with 216 plants, while maximum population m
-2

 of 235 plants  
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Table 4.20.  Plant population m
-2

 of wheat as affected by tillage practices and sowing           

 methods during 2009-10 and 2010-11. 

 
Year   TC-2 CR MR DR TCR Y x SM 

Year 1 SD 193.8 201.3 200.0 198.3 186.8 196.0 

 CD 227.3 243.8 213.8 219.0 190.5 218.9 

 BC 212.0 236.8 205.8 211.0 207.0 214.5 

Year 2 SD 229.5 229.0 225.3 234.5 223.3 228.3 

 CD 261.8 248.5 232.0 238.3 233.3 242.8 

 BC 228.0 247.8 221.0 237.8 245.3 236.0 

      Y x T     Mean 

Year 1  211.0 227.3 206.5 209.4 194.8 209.8 

Year 2  239.8 241.8 226.1 236.8 233.9 235.7 

      T x SM     Mean 

 SD 211.6 215.1 212.6 216.4 205.0 212.2c 

 CD 244.5 246.1 222.9 228.6 211.9 230.8a 

  BC 220.0 242.3 213.4 224.4 226.1 225.2b 

Mean   225.4 234.5 216.3 223.1 214.3   

        
LSD (0.05) for Tillage 16.19  LSD (0.05) for SM = 6.84  

Interactions Probability  Interactions Probability  

Y x T  0.5842  Y x SM  0.2579  

T x SM  0.0156  Y x T x SM 0.8845  

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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was recorded when CR tillage practices were used. The result is in line with Boydos 

and Turgut (2007), who reported that the maximum emergence rate was noted with 

chisel plow and chisel plow + rotary harrow, while minimum emergence were noted 

with mouldboard plow and mouldboard + rotary harrow.  Sheikh et al. (1978), who 

reported that different tillage practices had different effects on the emergence of wheat 

seedling. Rahman et al. (1995), reported that tillage effect on the emergence of wheat 

was not significantly different. Javdi et al. (2009), reported that no significant 

differences in emergence of plants were observed between different tillage implement.  

Plant population due to different sowing methods ranged from 212 to 231 

plants. Maximum plant population m
-2

 231 plants were observed by CD while 

minimum plant population m-2 of 212 was recorded when the SD method of sowing 

was used. Abbas et al. (2009), reported that the germination of wheat were statistically 

at par in drill sowing at 15 cm apart rows and broadcasting. Singh et al. (2007), and 

Waraich et al. (1982), reported that drilling produced better germination and higher 

values of growth than broadcast method.  

Mean values of plant population m
-2

 of interaction between years and tillage 

practices ranged from 195 to 227plants .Minimum plant population m
-2

 195 plants were 

noted in the year-1, when TCR tillage practices  were used, while maximum 227 plants  

was obtained in the year-1 when CR tillage was practiced. In the year 2, the mean value 

as recorded for plant population m
-2

 ranged from 226 to 242 plants. Minimum plants of 

226 in the year 2 were observed in MR tillage practices, while maximum plants of 242 

were recorded by CR tillage practices.  

The interaction between year x sowing methods for plant population m
-2

 ranged 

from 196 to 243 plants. Lowest plants of 196 were recorded in the year-1 when the SD 

method of sowing was used , while the highest number of plants 243 plants was noted 

in the year 2 when  (CD) method of sowing was used. 

 The average value of plant population m
-2

 for interaction between tillage 

practices x sowing methods ranged from 205 to 246 plants. Minimum plants of 205 

were recorded when (SD) method of sowing and TCR tillage was used, while 

maximum plants 246 was recorded when combined drill (CD) method of sowing and 

CR (chisel plow and rotavator) practices of tillage were used. 
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The interaction between years x, sowing methods x tillage practices ranged 

from 186 to 262 plants. The minimum plant population m
-2

 was recorded in the year 1 

when the SD method of sowing and TCR tillage practices were used. The maximum 

plant population m
-2

 262 plants in the year 2 were obtained when the CD method of 

sowing and TC-2 tillage practices were used followed by 125 plants by CR  tillage 

practices and CD sowing methods with 246 plants.  

4.2.3 Number of Tillers m
-2

  

Data regarding number of tiller m
-2 

of wheat are given in Table 4.21. The 

analysis of variance for the number of tiller m
-2

 revealed significant difference for 

different tillage practices, sowing methods, interaction between year and sowing 

methods, while other interaction such as tillage practices x sowing methods , year x 

tillage practices and year x tillage  x sowing methods were not significant (Table B3). 

 Minimum number of tiller m
-2

 of 376 plants was recorded in the year-1, while 

maximum 392 tiller m
-2

 was noted in the year-2. This difference in the number of tillers 

is attributed mainly to favorable climatic condition and residual effect of previous 

mungbean crops. The results are in line with, Eraback et al. (1986), who reported that 

residues of previous crops on the soil surface had a greater effect on plant growth.  

Mean values for number of tiller m
-2

 due to different tillage practice ranged 

from 344 to 403 plants. Minimum number of tillers 344 plants were obtained when TC-

2 tillage practices were used, while the maximum number of tiller m
-2

 of 403 plants was 

recorded when DR tillage practices were used followed by CR, MR and TCR with 

(393, 390 and 389) tiller m
-2

 respectively. This may be due to deep plowing and the 

pulverization of soil by rotavator with tillage implements as compared to the lonely use 

of cultivator. The result agrees with the finding of  Khan et al. (1990) who reported that 

14.3 %  more tillers m
-2 

 was recorded by deep plowing with mouldboard plow as 

compared to cultivator. Number of tiller m
-2

 due to different sowing methods ranged 

from 367 to 396 plants. Maximum number of tiller m
-2

 of 396 plants was recorded 

when the CD (combined drill) was used followed by SD with 388 tillers, while a 

minimum of 367 tiller m
-2

 was observed when the broadcast method of sowing was 

used. This may be due to uniform and proper placing of seed in the soil and proper  
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Table 4.21 Number of tillers m
-2

 of wheat as affected by tillage practices and 

sowing methods during 2009-10 and 2010-11. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 340 365 374 394 371 369 

 CD 359 399 408 391 391 389 

 BC 333 356 373 401 382 369 

Year 2 SD 369 418 417 421 410 407 

 CD 364 414 414 417 407 403 

 BC 299 381 376 393 381 366 

    Y x T   Mean 

Year 1  344 373 385 395 381 376b 

Year 2  344 404 402 411 399 392a 

    T x SM   Mean 

 SD 354 392 395 407 390 388a 

 CD 361 406 411 404 399 396a 

  BC 316 369 375 397 381 367b 

Mean  344b 389a 393a 403a 390a  

LSD (0.05) for Tillage =   3.90   LSD (0.05) for SM =   9.85 

Interactions Probability   Interactions Probability 

Y x T  0.7750   T x SM  0.2964 

Y x SM  0.0004   Y x T x SM 0.8103 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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covering of seeds. The results of the present study are in line with Khan et al. (1990), 

who reported that drill places the seed and fertilizer in the zone of adequate moisture 

and at desired depth Senapati et al. (1988), also mention that the efficiency of (CD) 

seed-cum-fertilizer drill was the highest. Waraich et al. (1982), reported that maximum 

number of tiller m
-2

 and grain yield were obtained by drill sowing methods. Soomro  et 

al. (2009), reported that maximum number of tiller/ plant  were observed with drill 

sowing methods. Average values for interaction between years x sowing methods for a 

number of tiller m
-2

 ranged from 366 to 407plants. Lowest tiller m
-2

 of 366 plants was 

recorded in the year 2 when broadcast method of sowing was used, while highest 

number of tiller m
-2

 407 plants was noted in the year 2  when seed drill method of 

sowing was used. The mean values for interaction between tillage practices x sowing 

methods ranged from 316 to 411 tiller m
-2

. Minimum tiller m
-2

 of 316 plants was 

recorded when (BC) broadcast method of sowing and tine cultivator twice (TC-2) 

tillage practices were used, while maximum tiller m
-2

 of 411 tiller m
-2

 was recorded 

when (DR) tillage practices and seed drill (SD) method of sowing was used  

4.2.4 Plant Height (cm)  

Data concerning to plant height (cm) are reported in Table 4.22 The analysis of 

variance of plant height showed no significant difference for tillage practices , sowing 

methods and other  interactions. (Table B4). The data showed that minimum plant 

height of 96 (cm) was recorded in the year-1, while maximum plant height of 111 (cm) 

was recorded for the year -2. This difference in plant height due to year is attributed 

mainly to favorable climatic condition in the year -2 and residual effect of previous 

mungbean crops. Those results are in line with Eraback et al. (1986), who reported that 

residues of previous crops on the soil surface have a greater effect on plant growth. 

Average values for plant height (cm) of different tillage practice ranged from 101 to 

105 cm. Minimum plant height of 101 (cm) was obtained when TC-2 (Tine cultivator 

two time) was used, while maximum plant height of 105 (cm) was recorded when MR 

(Mouldboard plow + rotavator) and CR (Chisel Plow + rotavator) were used.  This may 

be due to deep plowing of moldboard plow and chisel plow which provides favorable 

condition for the growth of plants. The results are in line with Manian et al. (1999), 

who reported that maximum plant height was observed by chisel plow. Wiatrak et al. 

(2006), reported that plant height was greater in conventional tillage  than no-tillage. 
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Table 4.22 Plant height (cm) of wheat as affected by tillage practices and sowing 

Methods during 2009-10 and 2010-11. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 95 95 95 96 93 95 

 CD 95 99 97 93 98 96 

 BC 94 95 98 96 98 96 

Year 2 SD 109 112 112 110 111 111 

 CD 109 115 113 107 110 111 

 BC 104 115 114 110 110 111 

    Y x T   Mean 

Year 1  95 96 97 95 96 96b 

Year 2  107 114 113 109 110 111a 

    T x SM   Mean 

 SD 102 103 103 103 102 103 

 CD 102 107 105 100 104 104 

  BC 99 105 106 103 104 103 

Mean  101b 105a 105a 102ab 103ab  

 

LSD (0.05) for Tillage =   3.44  LSD (0.05) for SM =     1.83 

Interactions Probability   Interactions Probability 

Y x T  0.5436   T x SM  0.1440 

Y x SM  0.6607   Y x T x SM 0.7992 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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 Javadi et al. (2009), reported that there was no significant difference in plant height 

between different tillage implement. 

Plant height (cm) due to different sowing methods ranged from 103 to 104 cm.  

Maximum plant height of 104 (cm) was noted when (CD) was used, while minimum 

plant height of 103 (cm) was obtained when BC and SD method of sowing were used. 

This may be due to uniform and proper placing of seed in the soil and proper covering 

of seeds. The results of the present study are in line with Khan et al. (1990), who 

reported that drill places the seed and fertilizer in the zone of adequate moisture and at 

desired depth. Abbas et al. (2009), and Nasrullah et al. (2010) reported that the better 

plant height was noted in drill planting with 30 and 25. 5 cm rows, Waraich et al. 

(1982), also found that sowing methods imparted significance difference in plant height 

Senapati et al. (1988), mention that the highest efficiency was shown by (CD) seed-

cum-fertilizer drill, Soomro et al. (2009) reported that maximum plant height was 

observed by drill sowing methods. However, Ansari et al. (2006), reported that 

maximum plant height was recorded with broadcasting method.  

Plant height average values for interaction between tillage practices x sowing 

methods ranged from 99 to 107 cm. Minimum plant height of 99 cm was recorded 

when (BC) broadcast method of sowing and (TC-2) tillage practices were used, while 

maximum plant height of 107 cm were recorded when (CD) method of sowing and CR) 

practices of tillage were used. 

4.2.5 Spike
 
Length (cm) 

Data regarding spike length are shown in Table 4.23. The analysis of variance 

for spike length revealed that tillage practices were not significantly different while 

sowing methods, interaction between year and sowing methods, tillage practices and 

sowing methods were significantly different.The year x tillage, and year x tillage x 

sowing methods were also not significant (Table B5). 

 Average values of spike length due to year ranged between 8.6 to 9.2 (cm) 

Minimum spike length of 8.6 cm was recorded in the year-1, while maximum spike 

length   of 9.2 cm was recorded for the year-2. This difference in spike length due to 

year is attributed mainly to favourable climatic condition and residual effect of previous 

mungbean crops. The result is in line with Eraback et al. (1986), who reported   
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Table 4.23  Spike length (cm) of wheat as affected by tillage practices and sowing                   

 methods during 2009-10 and 2010-11. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 14 SD 9.6 9.7 9.5 9.3 9.5 9.5 

 CD 8.3 8.1 8.1 7.9 8.6 8.2 

 BC 7.7 7.8 8.4 8.0 7.9 8.0 

Year 2 SD 9.5 10.2 9.7 9.7 10.2 9.9 

 CD 9.1 9.8 9.3 9.1 9.5 9.4 

 BC 8.0 8.9 9.0 8.2 7.8 8.4 

    Y x T   Mean 

Year 1  8.5 8.5 8.7 8.4 8.7 8.6b 

Year 2  8.9 9.6 9.3 9.0 9.2 9.2a 

    T x SM   Mean 

 SD 9.6 9.9 9.6 9.5 9.9 9.7a 

 CD 8.7 8.9 8.7 8.5 9.0 8.8b 

  BC 7.9 8.4 8.7 8.1 7.8 8.2c 

Mean  8.7b 9.1a 9.0ab 8.7b 8.9ab  

 

LSD (0.05) for Tillage =   0.38   LSD (0.05) for SM =    0.22 

Interactions Probability   Interactions Probability 

Y x T     0.3479   T x SM  0.0449 

Y x SM    0.0007   Y x T x SM 0.6316 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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that residues of previous crops on the soil surface have a greater effect on plant growth 

than other soil properties measured.  

 The average spike length of different tillage practice ranged from 8.7 to 9.1 cm. 

Minimum spike length 8.7 cm was obtained when TC-2  and DR were  used, while 

maximum spike length 9.1 cm was recorded when  CR (Chisel Plow and rotavator)  

was used followed by MR and TCR with 9.cm 8.9cm  respectively. The mean value for 

spike length with different sowing methods ranged from 8.2 to 9.7 cm. A maximum 

spike length  of 9.7 cm was recorded when (SD) seed drill was used, while the 

minimum spike length of 8.2 cm was obtained when broadcast method of sowing was 

used. These results are in agreement with Singh et al. (2007), who reported that drilling 

produced higher values of growth than conventional sowing method. Ansari et al. 

(2006), reported that longer spike length was obtained with the drill sowing method. 

 The interaction between Years x sowing methods for spike length ranged 

between 8 to 9.9 cm. The lowest spike length of 8 cm was recorded in the year 1 when 

(BC) broadcast method of sowing was used, while the highest spike length  of 9.9 cm  

was noted in the year 2 when  (SD) seed drill method of sowing was used. The mean 

values of spike length of interaction between tillage practices x sowing methods ranged 

from 7.8 to 9.9 cm. Minimum length spike
-1

 of 7.8 cm was recorded when (BC) 

broadcast method of sowing and TCR with close spike length 7.9 cm by TC-2, while 

maximum spike length of 9.9 cm was recorded when the seed drill (SD) method of 

sowing and CR (chisel plow and rotavator) and TCR practices of tillage were used.  

4.2.6 Number of Grain Spike 
-1

  

 Data pertaining to the number of grains spike
-1

 are reported in Table 4.24. The 

analysis of variance for number of grain spike 
-1

 indicated that tillage practices were not 

significantly different, while sowing methods were significant. All the interactions were 

not significant (Table B6).  

Average number of grains 59 and 63 grains spike
-1

 was recorded in the year-1, 

and year -2 respectively. The difference in the number of grains due to year is attributed 

to favourable climatic condition and residual effect of previous mungbean crops. The 
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Table 4.24.  Number of grain spike
-1

 of wheat as affected by tillage practices and    

sowing methods during 2009-10 and 2010-11. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 68 65 70 70 64 67 

 CD 56 58 55 59 58 57 

 BC 50 56 50 55 51 53 

Year 2 SD 71 71 67 68 66 68 

 CD 64 65 67 64 68 66 

 BC 50 58 54 58 54 55 

    Y x T   Mean 

Year 1  58 60 58 61 58 59b 

Year 2  62 65 63 63 62 63a 

    T x SM   Mean 

 SD 69 68 68 69 65 68a 

 CD 60 62 61 61 63 61b 

  BC 50 57 52 56 52 54c 

Mean  60 62 61 62 60  

 

LSD (0.05) for Tillage =   6.20   LSD (0.05) for SM =  3.18 

Interactions Probability   Interactions Probability 

Y x T  0.9878   T x SM  0.7038 

Y x SM  0.0542   Y x T x SM 0.9336 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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result in line with, Eraback et al. (1986), who reported  that residues of previous crops 

on the soil surface have a greater effect on plant growth.   

The mean values for the number of grains spike
-1

 with different tillage practice 

ranged from 60 to 62. Minimum number of grains spike
-1

 of 60 was obtained when TC-

2 and TCR tillage practices was used, while the maximum number of grains spike
-1 

62 

was noted when CR and DR tillage were practiced. The result agrees with Khan et al. 

(1990), who reported that 14.8 %  more grain spike m
-2 

 was recorded by deep plowing. 

 Average values for number of grains spike
-1

 due to different sowing methods 

ranged between 54 to 68.  Maximum number of grain spike 
-1

 of 68 was recorded when 

(SD) seed drill was used, while minimum number of grain spike
-1

 54 was obtained 

when broadcast method of sowing was used. The results are in  agreement with  

Waraich et al. (1982), who found that  maximum number of grains spike
-1

 were 

recorded in case of drill sowing method. The result was supported by Singh et al. 

(2007), who reported that for wheat drilling produced higher values of growth than 

conventional sowing methods. Ansari et al. (2006), reported that maximum number of 

grains (60.99) per spike was noted under drill method of sowing.  Khan  et al. (2007), 

reported that  maximum number of grains spike
-1

 (61) were observed in line sowing 

method at 30 cm apart. Soomro et al. (2009), also reported that maximum number of 

grains per spike was noted with drill sowing method. 

The interaction between tillage practices x sowing methods ranged between 50-

69 numbers of grains spike
-1

. Minimum number of grains spike
-1

 50  was recorded 

when (BC) broadcast method of sowing and (TC-2) tillage practices were used, while 

the maximum number of grain spike
-1

 69 were produced when the seed drill (SD) 

method of sowing and  TC-2 and DR practices of tillage was used followed by MR and 

CR with 68 numbers of grains spike
-1

. 

4.2.7 1000 Grain Weight (g) 

 Data concerning 1000 grain weight are given in Table 4.25. The analysis of 

variance for 1000 grain weight revealed that there were no significant difference for 

tillage practices and sowing methods. Similarly, the interaction such as year x tillage 

practices, year x sowing methods, tillage practices x sowing methods, year x tillage 

practices x sowing methods were not significantly different (Table B7). 
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Table 4.25. Thousand grain weight (g) of wheat as affected by tillage practices and 

sowing methods during 2009-10 and 2010-11. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 41.3 37.6 41.1 39.5 40.2 39.9 

 CD 38.1 37.9 37.6 38.0 40.2 38.3 

 BC 39.8 40.1 38.2 39.0 37.9 39.0 

Year 2 SD 48.6 48.6 48.6 46.8 49.1 48.3 

 CD 48.6 48.8 49.4 49.0 47.5 48.6 

 BC 47.9 49.8 48.4 49.1 46.0 48.2 

    Y x T   Mean 

Year 1  39.7 38.5 38.9 38.8 39.4 39.1b 

Year 2  48.3 49.1 48.8 48.3 47.5 48.4a 

    T x SM   Mean 

 SD 44.9 43.1 44.8 43.2 44.6 44.1 

 CD 43.3 43.3 43.5 43.5 43.9 43.5 

  BC 43.8 45.0 43.3 44.0 41.9 43.6 

Mean  44.0 43.8 43.9 43.5 43.5  

 

LSD (0.05) for Tillage =  1.46   LSD (0.05) for SM =  1.08 

Interactions Probability   Interactions Probability 

Y x T  0.4610   T x SM  0.2412 

Y x SM  0.2244   Y x T x SM 0.7034 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Minimum 1000 grain weight 39.1 (g) was recorded in the year-1 while maximum 1000 

grain weight 48.4 g was recorded for the year -2. The difference in 1000 grain weight 

may be due to favorable climatic condition in the year-2 and residual effect of previous 

mungbean crops. The result is in line with Eraback et al. (1986), who reported that 

residues of previous crops on the soil surface had a greater effect on plant growth.  

The average values for 1000 grain weight due to different tillage practice ranged 

from 43.5 to 44 g. Minimum  1000 grain weight of 43.5 g was noted  with TCR and  

DR tillage practices, while maximum 1000 grain weight of 44 g was recorded for TC-2 

with closest 43.9  and 43.8 by  MR and CR tillage practices respectively.   

The results are in agreement with Khan et al. (1990), who reported that 1000 

grain weight was not significantly different between moldboard plow and cultivator. 

Javadi et al. (2009), also reported that no significant difference on 1000 grain weight 

between different tillage implement were found. 

 The mean values for1000 grain weight in (g) of different sowing 

methods ranged between 43.5 to 44.1 (g). Maximum 1000 grains weight of 44.1 (g) 

was recorded when (SD) sowing method was used, while minimum 43.5 (g) and 43.6 

(g) was obtained with a CD and BC method of sowing respectively. Singh et al. (2007), 

reported that wheat drill produced higher values of growth than broadcast sowing 

method. Khan et al. (2007) reported that higher thousand grain weight (39.85 g) was 

obtained in line planted at 30 cm apart than broadcast method of sowing. However, 

Nasrullah et al. (2010)  reported that maximum thousand grain weight (41.5 g) was 

noted with broadcast sowing method. 

 The interaction between tillage practices x sowing methods average values of 

1000 grain weight ranged from 41.9 to 45.0 (g). Minimum 1000 grains weight of 41.9 

(g) was recorded when (BC) broadcast method of sowing and (TCR) tillage practices 

were used, while maximum 1000 grain weight 45.0 (g) were produced when (BC) 

method of sowing and TC-2 tillage practices was used followed by TC-2,MR and TCR 

and SD sowing with 44.9, 44.8 and 44.6 (g) respectively. 
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4.2.8 Grain Yield (kg ha
-1

) 

 Grain yield is the ultimate output of a crop around which all the other factors 

revolve. Data pertaining to grain yield (kg ha
-1

) of wheat crops are presented in Table 

4.26. The analysis of variance for grain yield kg ha
-1

 revealed significant difference in 

different tillage practices, sowing methods, interaction between year x tillage practices, 

year x sowing methods, tillage practices x sowing methods while year x tillage x 

sowing methods were not significant (Table B8). 

Maximum grain yield of 4926 kg ha
-1

 was produced in the year-2, while 

minimum yield of 4033 kg ha
-1

 was recorded in the year-1. This difference in grain 

yield due to year is attributed mainly to favourable climatic condition, few days early 

sowing of crops from year-1, and residual effect of previous mungbean crops. The 

results are in line with Eraback et al. (1986) who reported that residues of previous 

crops on the soil surface had a greater effect on plant growth. Grain yield (kg ha
-1

) with 

different tillage practice average values ranged from 4076 to 4600 kg ha
-1.  

A minimum 

grain yield of 4076 kg ha
-1

 g was obtained when TC-2 tillage practices were used, while 

maximum grain yield of 4600 kg ha
-1

 was recorded with DR tillage practices closely 

followed by MR, CR and TCR tillage practices with (4589, 4578 and 4566 kg ha
-1

 ) 

respectively. This may be due to the better pulverization of soil by rotavator with 

combination of other tillage implements. The percent increase in grain yield by all 

tillage implements followed by rotavator such as (DR, MR, CR and TCR) were (12.85, 

12.6, 12.3 and 11.8 %) respectively, and were more as compared to the sole use of tine 

cultivator twice (TC-2). It is concluded from the results that tillage implements when 

followed by rotavator increase grain yield as compared to the lonely use of cultivator 

twice. The results are in agreement with Laddha and Totwat (1997). They reported that 

highest grain yield was obtained from disc plowing and chisel plowing. Sing and 

Panesar (1991), reported that the combination of disc plow with rotavator gives better 

grain yield. They also mentioned that grain yield was high when chisel plow and rotary 

cultivator was used, Ahmad et al. (1990), reported that (CP) chisel plow noted 

maximum grain yield than tine cultivator. Khan et al. (1986, 1990), reported that 

moldboard plow gave significantly higher grain yield than cultivator. Iqbal et al. 

(2007), reported that maximum yield was obtained from one pass of rotavator and one 

pass of cultivator. Hemmat and Eskandarib (2004), also reported that wheat grain yield 
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Table 4.26  Grain yield (kg ha
-1

) of wheat as affected by tillage practices and sowing 

 methods during 2009-10 and 2010-11. 

 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
 

 

Figure 4.7 Wheat Relative Yield from tillage practices and sowing methods during 

2009-10 and 2010-11 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 4112 4284 4187 4360 3924 4173 

 CD 3909 4102 4032 3920 4369 4066 

 BC 3518 3602 3845 4315 4020 3860 

Year 2 SD 4679 5385 5385 5297 5275 5204 

 CD 4469 5343 5276 5006 5173 5053 

 BC 3771 4750 4809 4704 4577 4522 

    Y x T   Mean 

Year 1  3846 3996 4021 4198 4104 4033b 

Year 2  4306 5159 5157 5002 5008 4926a 

    T x SM   Mean 

 SD 4395 4834 4786 4828 4599 4688a 

 CD 4189 4722 4654 4463 4771 4560b 

  BC 3644 4176 4327 4509 4298 4191c 

Mean  4076 b 4577a 4589a 4600a 4556a  

LSD (0.05) for Tillage =   229.49  LSD (0.05) for SM =    108.28 

Interactions Probability   Interactions Probability 

Y x T     0.0271   T x SM  0.0044 

Y x SM     0.0020   Y x T x SM 0.2429 
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was significantly affected by tillage practices, yield with chisel plow were higher from 

(Mouldboard plow) conventional tillage. Rahman et al. (1995), reported that moldboard 

plow plus disk harrow showed the highest grain yield as compared to the other tillage. 

Ozpinor (2006), reported that rotary tiller showed the highest grain yield followed by 

moldboard plow and disk plow. Javadi et al., (2009), reported that no significant 

difference was found between mouldboard plowing and chisel plowing. Yaduvanshi 

and Shrma (2008), reported that grain yield was lower in no-tillage as compared to 

conventional tillage (mouldboard plowing).  

Mean grain yield with different sowing methods ranged from 4191 to 4688 kg 

ha
-1

. Maximum grain yield of 4688 kg ha
-1

 was recorded when seed drill (SD) was used 

followed by combined drill (CD) with 4560 kg ha
-1

, while minimum 4191 kg ha
-1

 was 

obtained when broadcast  (BC) method of sowing was used. This may be due to 

uniform and proper placing of seed in the soil and proper covering of seeds. Which 

provide favourabe conditions to plants growth, so the number of tillers m
2
 with SD and 

CD sowing methods were increased than the BC sowing methods, therefore the yield of 

wheat were increased with drill sowing methods as compared to broadcasting.  

The percent increase in grain yield by sowing method such as (SD and CD) 

were (11.9 and 8.8%) respectively and were more than broadcast sowing methods. It is 

concluded from the results that seed drill and combined drill give maximum grain yield 

as compared to broadcast sowing methods. The results of the present study are in line 

with Khan et al. (1990), who reported that drill places the seed and fertilizer in the zone 

of adequate moisture and at desired depth. Waraich et al. (1982), and Khan et al. 

(2007),  reported that the maximum grain yield was produced by drill and line sowing 

methods. Senapati et al. (1988), also mentioned that the efficiency of seed-cum-

fertilizer drill was the highest. Singh et al. (2007), found that drilling produced a higher 

grain yield attributing characters, grain (5.67 t ha
-1

) and straw (7.82 t ha
-1

) followed by 

conventional sowing method. However, Abbas et al. (2009), reported differently. Khan 

et al. (1990), mentioned that (BC) sowing practices are one of the reasons for low crop 

yield in the country which needs to be reflected with a seed drill for better productivity.  

 The average grain yield for interaction between years and tillage practices were 

in the range of 3846 to 4198 kg ha
-1

. A minimum grain yield of 3846 kg ha
-1

 was found 

in the year-1 when TC-2 was used, while the maximum grain yield of 4198 kg ha
-1

 was 
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obtained in the year-1 when Disk plow and rotavator (DR) was used. In the year 2, 

grain yield ranged between 4306 to 5159 kg ha
-1

. A minimum grain yield of 4306 kg 

ha
-1 

in the year 2 was produced in a plot of TC-2, while the maximum grain yield of 

5159 kg ha
-1

 was recorded for CR tillage practices. 

 The interaction between year x sowing methods for grain yield ranged from 

3896 to 5204 kg ha
-1

. The lowest grain yield of 3860 kg ha
-1

 was recorded in the year 1, 

when (BC) method of sowing was used, while the highest grain yield of 5204 kg ha
-1

 

was found in the year 2 when (SD) seed drill method of sowing was used.  

 The mean grain yield for interaction between tillage practices x sowing methods 

ranged between 3644 to 4483 kg ha
-1

. A minimum grain yield of 3644 kg ha
-1

  kg was 

recorded when (BC) broadcast method of sowing and tine cultivator twice (TC-2) were 

used, while the maximum grain yield of  4834 kg ha
-1

 was recorded, when the seed drill 

(SD) method of sowing and CR tillage practices were used. Similarly, as shown in 

(Figure 4.7) the maximum relative yield 33 % was produced by CR x SD treatment 

combination followed by DR x SD , MR x SD, and TCR x SD with 32, 31, 26 % 

respectively as compared to conventional tillage practices and sowing methods (TC-2 x 

BC).   The result agrees with Gursay et al. (2010), who reported that tillage and wheat 

planting methods combination treatment had a significant effect on grain yield. 

Conventional tillage with broadcast seeding treatment produced the lowest wheat grain 

yield. They suggested that conventional tillage with broadcast seeding would be less 

effective in producing a grain yield of wheat compared to other tillage treatment with 

drill planting.  

 The grain yield kg ha
-1

 for interaction between years x sowing methods x tillage 

practices ranged from 3518 to 5385 kg ha
-1

. The minimum grain yield of 3518 kg ha
-1

  

was recorded in the year 1 when broadcast (BC) method of sowing and TC-2 tillage 

practices were used, while maximum grain yield of 5385 kg ha
-1

 in year 2 was obtained 

when SD (seed drill) method of sowing and MR and CR tillage practices were used.  

4.2.9 Straw Yield kg ha
-1

 

 Data regarding straw yield kg ha
-1

 of wheat crops are given in Table 4.27. The 

analysis of variance for straw yield kg ha
-1

 showed that  tillage practices were not  
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Table 4.27. Straw yield kg ha
-1

 of wheat as affected by tillage practices and sowing 

  methods during 2009-10 and 2010-11. 

 

Year   TC-2 CR MR DR TCR Y xS M 

Year 1 SD 5139 4879 5626 5265 5102 5202 

 CD 5191 6099 6118 5855 5606 5774 

 BC 4457 5036 5305 5111 5505 5083 

Year 2 SD 5209 5916 6215 5478 5751 5714 

 CD 5668 5670 6262 5419 5714 5747 

 BC 5579 5975 5554 5584 5586 5655 

      Y xT     Mean 

Year 1  4929 5338 5683 5410 5404 5353 

Year 2  5485 5853 6010 5494 5684 5705 

      T x SM     Mean 

 SD 5174 5397 5921 5372 5426 5458 

 CD 5430 5884 6190 5637 5660 5760 

  BC 5018 5505 5429 5347 5546 5369 

Mean   5207 5595 5847 5452 5544   

        

LSD (0.05) for Tillage = 77.11  LSD (0.05) for SM = 242.23 

Interactions Probabilty   Interactions Probabilty 

Y x T  0.8465   T x SM  0.7818 

Y x SM 0.0301   Y x T x SM 0.2432 

 

Mean followed by different letters of the various category are significantly different  at 5% 

level of probability using least significance difference (LSD) test  

 

 

 

 

 



 

 

 

 105 

significantly different, while  sowing methods and interaction between year x sowing 

methods were significant. The rest of interactions were not significant (Table B9). 

 Minimum straw yield of 5324 kg ha
-1

 was recorded in the year-1, while the 

maximum yield of 5731 kg ha
-1

 was recorded for the year -2. This difference in straw 

yield due to year is attributed mainly to favorable climatic condition, few days early 

sowing of crops from the year -1, and residual effect of previous mungbean crops. The 

result is in line with Eraback et al. (1986), who reported  that residues of previous crops 

on the soil surface had a greater effect on plant growth. Bakht et al. (2009), reported 

that previous crops (mungbean) had significant impact on the straw yield of wheat 

crops. 

 The mean values for straw yield kg ha
-1

 due to different tillage practice were in 

the range of 5225-5871 kg ha
-1

. Minimum straw yield of 5225 kg ha
-1

  was obtained  

when TC-2 (Tine cultivator twice) was used, while the maximum straw yield of 5871 

kg ha
-1

 was recorded when MR (Mouldboard plow and rotavator) was used  followed 

by CR, DR and TCR with (5592, 5508 and 5441 kg ha
-1

 ) respectively.   

The average straw yield kg ha
-1

 due to different sowing methods ranged 

between 5418 to 5742 kg ha
-1

. Maximum straw yield of 5742 kg ha
-1

 was recorded 

when CD combined drill was used, while minimum 5418 kg ha
-1

 was obtained when 

the broadcast method of sowing was used. This may be due to uniform and proper 

placing of seed in the soil and proper covering of seeds. The results of the present study 

are in line with singh et al. (2007), who found that drill sowing method produced 

higher yield attributing characters and straw yield kg ha
-1

 than conventional sowing 

method. 

 The interaction between year x sowing methods for straw yield ranged between 

5109-5782 kg ha
-1

. Lowest straw yield of 5109 kg ha
-1

 was recorded in the year 1 when 

SD method of sowing was used, while highest straw yield of 5782 kg ha
-1

 was noted in  

the year 2 when CD method of sowing was used. 

 The mean values for interaction between tillage practices x sowing methods 

ranged between 5100-6167 kg ha
-1

. Minimum straw yield of 5100 kg ha
- 1

 was recorded 

when (BC) broadcast method of sowing and tine cultivator two times (TC-2) tillage 
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practices were used, while the maximum straw yield of  6167 kg ha
-1

  was recorded 

when (CD) method of sowing and MR tillage practices were used. 

4.2.10     Biological Yield (kg ha
-1

)  

 Biological yield is a major contributor to the total output of any crop and 

depend upon species, growing season and other factors. Data regarding biological 

yields of wheat under different tillage practices and sowing methods are presented in 

Table 4.28. Analysis of variance for biological yield revealed significant difference for 

different tillage practices and sowing methods. While all the interaction such as Y x T, 

Y x SM, T x SM and Y x T x SM were not significantly different (Table B10). 

The average biological yield due to year ranged from 9386 to 10632 kg ha
-1

. 

Maximum biological yield of 10632 kg ha
-1

 was recorded for the year 2, while 

minimum biological yield of 9386 kg ha
-1

 was recorded in the year-1. This difference in 

biological yield due to year is attributed mainly to favorable climatic condition and 

effect of mungbean residual on year-2 crops. These results are in line with Eraback et 

al. (1986), who reported that residues of previous crops on the soil surface had a greater 

effect on plant growth. The mean values for biological yield under different tillage 

practices ranged from 9283 to 10435 kg ha
-1

. Minimum biological yield of 9283 kg ha
-1

  

was obtained when TC-2 was used, while the maximum biological yield of 10435 kg 

ha
-1

 was recorded when MR (Mouldboard plow and rotavator) was used.  

Average values for biological yield due to different sowing methods ranged 

from 9560 to 10320 kg ha
-1

. Maximum biological yield of 10320  kg ha
-1

  was recorded 

when CD combined drill was used followed by SD with 10146 kg ha
-1

, while minimum 

9560 kg ha
-1

 was obtained when broadcast method of sowing was used. . This may be 

due to uniform and proper placing of seed in the soil and proper covering of seeds .As 

reported by Khan et al. (1990), that drill places the seed and fertilizer in the zone of 

adequate moisture and at desired depth The results of the present study are in line with 

Singh et al. (2007), who reported that drilling produced higher yield attributing 

characters, grain and straw yield kg ha
-1

 followed by conventional sowing. Senapati et 

al. (1988), reported that the efficiency of seed-cum-fertilizer drill CD was the highest. 

The mean values of biological yield kg ha
-1 

for interaction between years and tillage  
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Table 4.28  Biological yield kg ha
-1

 of wheat as affected by tillage practices and 

sowing methods during 2009-10 and 2010-11. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 9250 9163 9813 9625 9025 9375 

 CD 9100 10200 10150 9775 9975 9840 

 BC 7975 8638 9150 9425 9525 8943 

Year 2 SD 9888 11300 11600 10775 11025 10918 

 CD 10138 11013 11538 10425 10888 10800 

 BC 9350 10725 10363 10288 10163 10178 

    Y x T   Mean 

Year 1  8775 9333 9704 9608 9508 9386b 

Year 2  9792 11013 11167 10496 10692 10632a 

    T x SM   Mean 

 SD 9569 10231 10706 10200 10025 10146a 

 CD 9619 10606 10844 10100 10431 10320a 

  BC 8663 9681 9756 9856 9844 9560b 

Mean  9283b 10173a 10435a 10052a 10100a  

 

LSD (0.05) for Tillage =  607.87   LSD (0.05) for SM =   262.37 

Interactions Probability   Interactions Probability 

Y x T  0.6631   T x SM 0.3898 

Y x SM  0.0933   Y x T x SM 0.2270 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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practices ranged from 8775 to 9704 kg ha
-1

. Minimum biological yield  8775 kg ha
-1

 

was found in year-1,when TC-2 (tine cultivator two time) was used, while the 

maximum biological yield of 9704 kg ha
-1

 was obtained in year-1, when MR tillage 

practices were used. In year 2 the mean value as recorded for biological yield kg ha
-1

 

ranged from 9792 to 11167 kg ha
-1

. A minimum biological yield of 9792 kg ha
-1

 in the 

year 2 was observed in TC-2, while the maximum biological yield of 11167 was 

recorded for MR tillage practices. 

The interaction between years x sowing method for biological yield ranged 

from 8943 to 10918 kg ha
-1

. The lowest biological yield of 3859.8 kg ha
-1

 was found in 

year 1, when the broadcast method (BC) of sowing was used, while the highest 

biological yield of 10918 kg ha
-1

 was noted in the year 2, when the seed drill (SD) 

method of sowing was used. 

 

The average value of interaction between tillage practices x sowing methods 

ranged from 8663 to 10844 kg ha
-1

. A minimum biological yield of 8663 kg ha
-1

 was 

recorded when the broadcast method (BC) of sowing and tine cultivator two times (TC-

2) tillage practices were used, while the maximum biological yield of  10844 kg ha
-1

  

was recorded when CD  method of sowing and MR tillage practices were used followed 

by  SD method of sowing and MR  tillage practices with 10706 kg ha
-1

. 

The biological yield kg ha
-1

 of interaction between years, sowing methods and 

tillage practices ranged from 7975 to 11600 kg ha
-1

. The maximum biological yield of 

11600 kg ha
-1

 in the year 2 was obtained when the SD method of sowing and MR 

tillage practices were used followed by the CD method of sowing and MR tillage 

practices with 11538 kg ha
-1

. The minimum biological yield of 7975 kg ha
-1

 was 

recorded in the year 1 when broadcast (BC) method of sowing and TC-2 tillage 

practices were used.  

 

4.2.11 Harvest Index 

Data relating to harvest index of wheat are presented in Table 4.29. The analysis 

of variance for harvest index indicated that tillage practices were not significantly 

different while sowing methods and interaction between year x sowing methods were 

significant.  The rest of the interaction were also not significant (Table B11). 
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Table 4.29  Harvest index (%) of wheat as affected by tillage practices and sowing    

methods during 2009-10 and 2010-11. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 44.5 44.5 43.7 45.3 46.3 44.9 

 CD 42.9 39.8 40.1 41.3 44.0 41.6 

 BC 42.5 42.1 42.0 44.4 42.4 42.7 

Year 2 SD 47.3 47.6 46.2 48.1 47.9 47.4 

 CD 44.1 46.3 46.9 48.0 47.6 46.6 

 BC 40.3 45.4 46.0 45.8 44.9 44.5 

    Y x T   Mean 

Year 1  43.3 42.1 41.9 43.7 44.2 43.0b 

Year 2  43.9 46.4 46.4 47.3 46.8 46.2a 

    T x SM   Mean 

 SD 45.9 46.1 45.0 46.7 47.1 46.2a 

 CD 43.5 43.1 43.5 44.6 45.8 44.1b 

  BC 41.4 43.7 44.0 45.1 43.6 43.6b 

Mean  43.6b 44.3ab 44.1ab 45.5a 45.5a  

 

LSD (0.05) for Tillage =  1.76   LSD (0.05) for SM =   1.02 

Interactions Probability   Interactions Probability 

Y x T  0.1797   T x SM 0.3294 

Y x SM  0.0089   Y x T x SM 0.4765 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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A minimum harvest index of 43 (%) was recorded in the year-1, while the maximum 

harvest index of 46.2 (%) was recorded for the year -2. This difference in harvest index 

due to year is attributed mainly to favourable climatic condition and effect of 

mungbean residual on year-2 crops. The results are in line with Eraback et al. (1986), 

who reported that residues of previous crops on the soil surface had a greater effect on 

plant growth. 

 The average values for harvest index with different tillage practices ranged from 

43.6 to 45.5(%). A minimum harvest index of 43.6 (%) was found when TC-2 (Tine 

cultivator twice) was used, while the maximum harvest index of 45.5 (%) was recorded 

when DR and TCR practices were used. Javdi et al. (2009), reported that no significant 

difference was noted of harvest index between different tillage implements.  

The mean values for harvest index due to different sowing methods ranged from 

43.6 to 46.2 (%). A highest harvest index of 46.2 (%) was recorded when a seed drill 

was used, while the  low of 43.6 (%) was obtained when the broadcast method of 

sowing was used. The results are in line with the finding of Singh et al. (2007), who 

reported that drilling produced higher values of growth, yield attributing characters, 

grain and straw yield than conventional sowing method 

Mean values of harvest indices (%) for interaction between year x sowing 

methods ranged from 41.6-47.4(%). The lowest harvest index of 41.6 (%) was recorded 

in the year 1 when (CD) method of sowing was used, while highest harvest of 47.6 (%) 

was found in the year 2 when the SD seed drill method of sowing was used. The mean 

value of harvest index for interaction between tillage practices x sowing methods 

ranged from 41.4 to 47.1 (%). Minimum harvest index 41.4 (%) was recorded when 

(BC) broadcast method of sowing and tine cultivator two times (TC-2) were used, 

while the maximum harvest index of  47.1was recorded, when the seed drill (SD) 

method of sowing and TCR practices of tillage were used. 
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4.3 Impact of Tillage Practices and Sowing Methods on Mungbean 

4.3.1 Emergence m
-2

  

 Data concerning emergence m
-2

 of mungbean are presented in Table 4.30. The 

analysis of variance for emergence m
-2

 revealed that different tillage practices, sowing 

methods and interaction between year and sowing methods were significantly different. 

The rest of interaction such as Y x T, T x SM and Y x T x SM were not significantly 

different (Table  C1). 

 Mean values for emergence m
-2

 were 29 plants in the year 1 and year 2. 

Average values for emergence m
-2

 with different tillage practice were in the range of 28 

to 30 plants. Minimum emergence m
-2

 28 plants were obtained when TC-2 (Tine 

cultivator two time) was used, while maximum emergence m
-2

 of 30 plants was 

recorded when CR (Chisel Plow and rotavator) and MR (Mouldboard plow and 

rotavator) tillage practices were used. Cooked et al. (1995), reported that few benefits 

from tillage on mungbean emergence were observed.  

The mean values for emergence m
-2

 due to different sowing methods ranged 

from 28 to 30 plants. Maximum emergence m
-2

 of 30 plants was obtained by SD 

followed by CD sowing methods with 29 plants, while minimum emergence m
-2

 of 28 

plants was obtained when the broadcast method of sowing was used.   

The mean values for interaction between year x sowing  methods for emergence  

m
-2 

 ranged from 28 to 31 plants .Lowest plants of 28 were recorded in the year 2 when 

the broadcast method of sowing was used , while the highest number of plants 31 was 

noted in the year 2 when  (SD) seed drill method of sowing was used.  

Average values of emergence m
-2

 for interaction between tillage practices x 

sowing methods ranged between 26 to 33 plants. Minimum plants of 26 were recorded 

when (BC) broadcast method of sowing and tine cultivator two times (TC-2) were used, 

while maximum plants 33 was recorded when the seed drill (SD) method of sowing and 

CR (chisel plow and rotavator) practices of tillage were used. 
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Table 4.30. Emergence m
-2

 of mungbean as affected by tillage practices and sowing 

methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 29 33 29 30 29 30 

 CD 29 29 29 30 29 29 

 BC 28 29 30 28 28 29 

Year 2 SD 28 33 33 31 30 31 

 CD 27 30 29 30 27 29 

 BC 25 29 29 27 28 28 

    Y x T   Mean 

Year 1  29 30 30 30 29 29 

Year 2  27 31 30 29 28 29 

    T x SM   Mean 

 SD 29 33 31 30 29 30a 

 CD 28 29 29 30 28 29b 

  BC 26 29 30 28 28 28c 

Mean  28b 30a 30a 29ab 29ab  

 

LSD (0.05) for Tillage =  1.57 LSD (0.05) for SM =   0.95 

Interactions Probability   Interactions Probability 

Y x T  0.5558   T x SM 0.2780 

Y x SM  0.0449   Y x T x SM 0.7930 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  

 

Y = Year,     T = Tillage,     SM = Sowing Methods   

TC-2 = Tine cultivator twice,   CR = Chisel plow + rotavator, MR= Moldboard plow + 

rotavator, DR= Disk plow + rotavator, TCR = Tine cultivator + rotavator,  

SD= Seed drill, CD= Combined drill (Seed-cum-fertilizer drill), BC= Broadcast     
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4.3.2  Days to Flowering 

 Data regarding days to flowering are shown in Table 4.31.The analysis of 

variance for days to flowering showed that tillage practices, sowing methods, 

interaction of year x sowing methods was significantly different. The rest of interaction 

were not significantly different (Table C2). 

 The average values for days to flowering 38 and 39 days were recorded in  the 

year 1 and year 2 respectively. The mean values for days to flowering due to different 

tillage practice ranged 38 to 40 days. Minimum days to flowering, 38 was noted when 

CR and TCR tillage practices were used, while maximum days to flowering of 40 was 

recorded when TC-2 tillage practices were used. Mean values for days to flowering due 

to different sowing methods ranged from 38 to 40 days. Maximum days to flowering 40 

was recorded when the BC sowing method was used, while minimum days to flowering 

of 38 was noted when the seed drill method of sowing was used.    

 The interaction between years x sowing methods for days to flowering ranged 

from 37 to 41 days. The lowest days to flowering of 37 was recorded in the year 1, 

when the SD method of sowing was used, while the highest number of days to 

flowering 31 was noted in the year 2 when (BC) method of sowing was used.  

The mean values of days to flowering for interaction between tillage practices x 

sowing methods ranged from 37 to 41 days. Minimum days to flowering of 37 was 

recorded when the SD method of sowing and CR, TCR were used, while maximum 41 

days was recorded when BC method of sowing and TC-2, MR tillage practices were 

used.  

Average values for days to flowering of interaction between years x sowing 

methods x tillage practices ranged from 36 to 42 days. The minimum days to flowering 

was recorded in the year 1 when the SD method of sowing and CR tillage practices 

were used. The maximum days to flowering of 42 was recorded in the year 2 when BC 

method of sowing and TC-2 tillage practices were used. The interaction between years 

x sowing methods for days to flowering ranged from 37 to 41 days.  

The minimum days to flowering of 37 was recorded in the year 1 when the SD 

method of sowing was used, while the highest number of days to flowering 31 was 

noted in the year 2 when (BC) method of sowing was used. The average value of days  
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Table 4.31. Days to flowering m
-2

 of mungbean as affected by tillage practices and 

sowing methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 39 36 38 37 37 37 

 CD 40 38 40 39 38 39 

 BC 40 38 41 38 39 39 

Year 2 SD 39 37 38 38 37 38 

 CD 40 38 39 39 37 38 

 BC 42 40 41 41 41 41 

    Y x T   Mean 

Year 1  40 38 39 38 38 38a 

Year 2  40 38 39 39 38 39a 

    T x SM   Mean 

 SD 39 37 38 38 37 38c 

 CD 40 38 39 39 37 39b 

  BC 41 39 41 39 40 40a 

Mean  40a 38c 39b 39b 38c  

 

LSD (0.05) for Tillage =  0.95  LSD (0.05) for SM =  0.49 

Interactions Probability   Interactions Probability 

Y x T  0.5115   T x SM  0.2932 

Y x SM  0.0005   Y x T x SM 0.8900 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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to flowering for interaction between tillage practices x sowing methods ranged from 37 

to 41 days. Minimum days to flowering of 37 was recorded when the SD method of 

sowing and. CR, TCR were used, while maximum 41 days was recorded when BC 

method of sowing and TC-2, MR tillage practices were used 

 4.3.3  Days to Maturity 

 Day to maturity is generally considered as a reference to the length of the life 

cycle of crops. Data concerning days to maturity of mungbean are presented in Table 

4.32. The analysis of variance for days to maturity showed that tillage practices, sowing 

methods, interaction of tillage x sowing methods were significantly different. Other 

interactions were not significant (Table C3).  

Mean values for days to maturity due to different tillage practice were in the 

range of 67 to 71 days. Minimum days to maturity 67 was noted when CR, DR and 

TCR tillage practices were used, while maximum days to maturity of 71 was recorded 

when TC-2 tillage practices were used. The mean values for days to maturity due to 

different sowing methods ranged between 67-69 days. Maximum days to maturity 69 

was recorded when the BC sowing method was used, while minimum days to maturity 

of 67 was noted when the seed drill method of sowing was used.  

 The average values of days to maturity for interaction between tillage practices 

x sowing methods ranged between 66 to 72. Minimum days to maturity of 66 was 

recorded when the SD method of sowing and MR, TCR tillage practices were used, 

while maximum 72 days was recorded when the CD method of sowing and TC-2 tillage 

practices were used.  

4.3.4 Plant Height  

Data regarding plant height (cm) of mungbean are presented in Table 4.33. The 

analysis of variance for plant height (cm) revealed no significant difference for tillage 

practices, while sowing methods were significant. All the interaction was also not 

significant (Table C4). 
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Table 4.32 Days to maturity m
-2

 of mungbean as affected by tillage practices and 

sowing methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 69 67 66 66 66 66 

 CD 70 65 67 68 68 67 

 BC 68 67 69 67 67 67 

Year 2 SD 70 68 67 68 67 68 

 CD 75 66 68 68 67 69 

 BC 73 70 72 69 69 71 

    Y x T   Mean 

Year 1  69 66 67 67 67 67b 

Year 2  73 68 69 68 68 69a 

    T x SM   Mean 

 SD 69 67 66 67 66 67c 

 CD 72 66 68 68 67 68b 

  BC 70 68 70 68 68 69a 

Mean  71a 67b 68b 67b 67b  

 

LSD (0.05) for Tillage = 1.58  LSD (0.05) for SM =   0.87 

Interactions Probability   Interactions Probability 

Y x T  0.2925   T x SM 0.0270 

Y x SM  0.0540   Y x T x SM 0.6609 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Table 4.33. Plant height (cm) of mungbean as affected by tillage practices and 

sowing methods during 2010 and 2011. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 72.9 79.1 75.9 75.5 74.6 75.6 

 CD 72.5 70.6 76.8 73.0 75.2 73.6 

 BC 72.2 77.0 73.0 73.1 71.7 73.4 

Year 2 SD 80.6 79.1 80.8 82.7 83.9 81.4 

 CD 76.0 79.5 79.6 80.3 78.3 78.7 

 BC 76.2 81.7 76.7 79.0 77.4 78.2 

    Y x T   Mean 

Year 1  72.5 75.5 75.2 73.8 73.8 74.2b 

Year 2  77.6 80.1 79.0 80.6 79.9 79.4a 

    T x SM   Mean 

 SD 76.7 79.1 78.3 79.1 79.2 78.5a 

 CD 74.3 75.0 78.2 76.6 76.7 76.2b 

  BC 74.2 79.3 74.8 76.0 74.6 75.8b 

Mean  75.1b 77.8a 77.1a 77.2a 76.8a  

 

LSD (0.05) for Tillage =  1.68  LSD (0.05) for SM =    1.80 

Interactions Probability   Interactions Probability 

Y x T    0.3948   T x SM  0.3499 

Y x SM    0.8433   Y x T x SM   0.3900 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Minimum plant height of 74.2 (cm) was recorded in the year-1, while maximum 

plant height of 79.4 (cm) was recorded for the year-2. The difference in plant height is 

attributed mainly to favorable climatic condition in the year-2. 

 The average values for plant height due to different tillage practice were in the 

range of 75.1 to 77.8cm. Minimum plant height of 75.1 (cm) was obtained when TC-2 

(Tine cultivator two time) was used, while maximum plant height of 77.8 (cm) was 

recorded when CR tillage practices were used. Mean values for plant height due to 

different sowing methods ranged between 75.8 to78.5 cm. Maximum  plant height of 

78.5  (cm)  was noted when the SD method of sowing was used, while minimum plant 

height  of 75.8 (cm)  was obtained when BC method of sowing were used.  

 The average values for interaction between tillage practices x sowing methods 

ranged between 74.2 to 79.3 cm. Minimum plant height of 74.2 cm was recorded when 

(BC) broadcast method of sowing and tine cultivator two time (TC-2) was used, while 

maximum plant height of   79.3 cm was recorded when BC method of sowing and CR 

(chisel plow and rotavator) practices of tillage were used followed by SD sowing 

method and TCR, CR (79.2cm, 79.1cm) tillage practices respectively.  

4.3.5 Number of Branches Plant
-1

 

 Data pertaining to the number of branches of mungbean are reported in Table 

4.34. The analysis of variance for the number of branches revealed that tillage practices 

were not significant, while sowing methods and Y x SM interaction were significant. 

The rest of interactions such as year and tillage practices, tillage practices and sowing 

methods and year, tillage and sowing methods were not significant (Table C5). 

 The mean values for number of branch plant
-1

 for the year 1 and year 2 were 6. 

The average number of branch plant
-1

 due to different tillage practices were in the range 

of 6-7. Minimum number of branches plant
 -1

 of 6 was obtained when TC-2, CR, DR 

and TCR were used, while maximum number of 7 branches plant
 -1 

was noted with MR 

tillage practices. Khan et al. (2011), reported mouldboard plowing produced better 

results than cultivator. The mean values for number of branch plant
-1

 with different  
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Table 4.34. Number of branches plant
-1

 of mungbean as affected by tillage practices 

and sowing methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 5 5 6 5 5 5 

 CD 7 7 8 8 7 7 

 BC 6 6 6 6 6 6 

Year 2 SD 6 7 7 6 7 7 

 CD 6 7 7 7 7 7 

 BC 6 6 6 6 6 6 

    Y x T   Mean 

Year 1  6 6 7 6 6 6 

Year 2  6 7 7 6 7 6 

    T x SM   Mean 

 SD 5 6 7 6 6 6b 

 CD 7 7 8 7 7 7a 

  BC 6 6 6 6 6 6b 

Mean  6 6 7 6 6  

 

LSD (0.05) for Tillage =  0.60  LSD (0.05) for SM =   0.49 

Interactions Probability   Interactions Probability 

Y x T   0.2905   T x SM 0.4918 

Y x SM   0.0002   Y x T x SM 0.9096 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  

 

 

 

 

 



 

 

 

 120 

sowing methods ranged from 6 to7.  Maximum number of branch plant
-1

 of 7 was 

recorded when (CD) combined drill was used, while the minimum number of branch 

plant
-1

 6 was noted when SD and BC method of sowing was used.  

The interaction between years x sowing methods for number of branch plant
-1

 

was ranging between 5 to 7. Minimum number of branch plant
-1

 5 was recorded in the 

year 1 when (BC) broadcast method of sowing was used, while the highest number of 

branch plant
-1

 was noted in the year 2 when SD and CD method of sowing was used. 

The mean values for interaction between tillage practices x sowing methods were 

ranging between 5 to 8 numbers of branch plant
-1

. Minimum number of branch plant
-1

 5 

was recorded when (BC) broadcast method of sowing and (TC-2) tillage practices were 

used, while the maximum number of branch plant
-1

 8 was noted, when the CD method 

of sowing and MR practices of tillage was used.  

4.3.6  Number of Pods Plant
-1 

 Data regarding number of pods plant
-1 

of mungbean are given in Table 4.35. 

The analysis of variance for number of pods plant
-1

 showed that tillage practices, 

sowing methods and interactions such as year and tillage practices, year and sowing 

methods, tillage practices and sowing methods were significantly different, while year 

tillage and sowing methods was not significant (Table C6).  

 Minimum number of pods plant
-1

 of 14 was recorded in the year-1, while the 

maximum amount of pods plant
-1

 26 was recorded for the year -2. The difference in the 

number of pods plant
-1

 due to year is attributed mainly to favorable climatic condition. 

The average values for number of pods plant
-1

 with different tillage practices were in 

the range of 18 to 22. Minimum number of pods plant
-1

 of 18 was obtained when TCR 

tillage was used, while the maximum number of pods plant
 -1 

22 was recorded with MR 

and CR tillage practices. Akhtar et al. (2005), reported that maximum numbers of pod 

were recorded by mouldboard plowing as compared to cultivator. The mean values for 

number of pods plant
-1

 due to different sowing methods ranged between 16 to 23.  

Maximum number of pods plant
 -1

 of 23 was recorded when (CD) combined drill was 

used followed by SD with 22 pods, while the minimum number of pods plant
-1

 16 was 

noted when BC method of sowing was used.  
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Table 4.35. Number of pod plant
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 15 16 15 14 14 15 

 CD 14 15 15 16 14 15 

 BC 14 14 13 14 14 14 

Year 2 SD 36 23 30 28 26 28 

 CD 26 36 39 30 26 31 

 BC 19 26 17 11 17 18 

    Y x T   Mean 

Year 1  14 15 14 14 14 14b 

Year 2  27 28 29 23 23 26a 

    T x SM   Mean 

 SD 26 20 22 21 20 22a 

 CD 20 25 27 23 20 23a 

  BC 17 20 15 13 16 16b 

Mean  21ab 22a 22a 19bc 18c  

 

LSD (0.05) for Tillage =  2.42 LSD (0.05) for SM =  2.43 

Interactions Probability   Interactions Probability 

Y x T   0.0456   T x SM 0.0475 

Y x SM    0.0000   Y x T x SM 0.0528 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test 
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The interaction between years and tillage practices were in the range of 14-15 numbers 

of pods plant
-1 

.Minimum number of pods plant
-1

 14 was noted in the year-1, when TC-

2, MR, DR and TCR were used, while the maximum amount of pods plant
-1

 of 15 was 

recorded with CR tillage practices in the year-1. In the year 2, the mean value as 

recorded for number of pods plant
-1

 ranged between 23 to 29. Minimum numbers of 

pods plant
-1

 23 in the year 2 was observed in TCR and DR, while the maximum amount 

of pods plant
-1

 of 29 was recorded for MR followed by CR with 28 pods plant-1.  

The mean values for interaction between years x sowing methods for number of 

pods plant
-1

 ranged between 14 to 31. Minimum number of pods plant
-1

 14 was 

recorded in the year 1 when (BC) broadcast method of sowing was used, while the 

highest number of pods plant
-1

 31 was noted in the year 2 when the CD method of 

sowing was used. 

 The average values for interaction between tillage practices x sowing methods 

ranged between 13-27 numbers of pods plant
-1

). Minimum number of pods   plant
-1

 13 

was recorded when (BC) broadcast method of sowing and DR tillage practices were 

used, while the maximum amount of pods plant
-1

 27 was shown when the CD method 

of sowing and MR practices of tillage were used followed by CR with 25 pods plant
-1.

.  

The mean values for number of pods plant
-1

 for interaction between years, 

sowing methods and tillage practices ranged between 11-39. The minimum number of 

pods plant
-1

 of 11 was recorded in the year 2 when BC method of sowing and DR 

tillage practices were used, while the maximum number of pods plant
-1

 of 39 in the year 

2 was noted when the CD method of sowing and MR tillage practices were used. 

4.3.7  Pod Length (cm) 

 Data relating pod length of mungbean are indicated in Table 4.36. The analysis 

of variance for pod length showed that tillage practices were not significant while 

sowing methods and interaction between tillage practices and sowing methods were 

significantly different. Other interactions were not significant (Table C7). 
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Table 4.36. Pod length (cm) of mungbean as affected by tillage practices and sowing 

methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 9.3 9.8 9.4 9.9 9.9 9.7 

 CD 9.7 9.5 9.6 9.6 9.6 9.6 

 BC 9.6 9.1 9.5 9.7 9.6 9.5 

Year 2 SD 9.3 9.7 9.0 9.8 9.7 9.5 

 CD 8.8 9.8 9.3 9.0 9.2 9.2 

 BC 8.5 8.9 9.1 9.2 8.8 8.9 

    Y x T   Mean 

Year 1  9.5 9.5 9.5 9.7 9.7 9.6a 

Year 2  8.8 9.5 9.1 9.4 9.2 9.2b 

    T x SM   Mean 

 SD 9.3 9.8 9.2 9.9 9.8 9.6a 

 CD 9.2 9.6 9.4 9.3 9.4 9.4ab 

  BC 9.0 9.0 9.3 9.4 9.2 9.2b 

Mean  9.2 9.5 9.3 9.5 9.5  

 

LSD (0.05) for Tillage =  0.36 LSD (0.05) for SM =    0.20 

Interactions Probability   Interactions Probability 

Y x T  0.3987   T x SM 0.0422 

Y x SM  0.1149   Y x T x SM 0.5031 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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 The mean values for length pod
-1

 due to year ranged between 9.2 to 9.6 (cm). 

Minimum length pod
-1

 of 9.2 (cm) was recorded in the year-2, while maximum length 

pod
-1

 9.6 cm was recorded for the year -1. This difference in length pod
-1

 due to year is 

attributed mainly may be due to favorable climatic condition. 

 The mean values for length pod-
1
 due to different tillage practice ranged from 

9.2 to 9.5 cm. Minimum length pod
-1

 9.2 cm was obtained when TC-2 tillage practices 

were used, while maximum length pod
-1

 of 9.5 cm was recorded when CR, DR and 

TCR were used.  

 The average values for length pos
-1

 due to different sowing methods ranged 

between 9.2 to 9.6 cm. Maximum length pod
-1

 of 9.6 cm was recorded when (SD) seed 

drill was used, while minimum length pod
-1

 of 9.2 cm was obtained when broadcast 

method of sowing was used.  

The mean values of pod length of interaction between tillage practices x sowing 

methods ranged between 9.0 to 9.9 cm. Minimum pod length of 9.0 cm was recorded 

when (BC) broadcast method of sowing and TC-2 and CR tillage practices were 

adopted, while the maximum pod length of 9.9 cm was recorded when (SD) method of 

sowing and DR practices of tillage were used.  

4.3.8 100 Grain Weight  

 Data concerning 100 grain weight are presented in Table 4.37. The analysis of 

variance for 100 grain weight was not significantly different for tillage practices while 

sowing methods were significant. All the interactions were not significantly different 

(Table C8).  

Average values for 100 grain weight due to year ranged between 4.9 to 5.4 (g) 

Minimum 100 grain weight of 4.9 (g) was recorded in the year-1 while maximum 100 

grain weight of 5.4 g was recorded for the year -2. This difference in yield due to year 

is attributed mainly to favorable climatic condition. 

 Mean values for 100 grain weight of different tillage practice were in the range 

of 4.8-5.4 (g). Minimum 100 grain weight of 4.8 g was obtained from TC-2, while 

maximum 100 grain weight 5.4 g was recorded for DR tillage practices followed by CR  
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Table 4.37. Hundred grain weight (g) of mungbean as affected by tillage practices 

and sowing methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 5.2 5.7 5.8 5.8 5.7 5.6 

 CD 5.1 5.7 5.4 5.8 4.1 5.2 

 BC 4.8 5.6 5.1 5.5 5.3 5.3 

Year 2 SD 4.9 5.2 5.0 5.4 5.4 5.2 

 CD 4.9 4.9 5.0 5.4 4.9 5.0 

 BC 4.2 4.5 5.0 4.8 4.4 4.6 

    Y x T   Mean 

Year 1  5.0 5.7 5.4 5.7 5.0 5.4a 

Year 2  4.7 4.9 5.0 5.2 4.9 4.9b 

    T x SM   Mean 

 SD 5.0 5.4 5.4 5.6 5.6 5.4a 

 CD 5.0 5.3 5.2 5.6 4.5 5.1ab 

  BC 4.5 5.1 5.0 5.1 4.9 4.9a 

Mean  4.8b 5.3ab 5.2ab 5.4a 5.0ab  

 

LSD (0.05) for Tillage =   0.55 LSD (0.05) for SM =   0.31 

Interactions Probability   Interactions Probability 

Y x T   0.8154   T x SM 0.4553 

Y x SM   0.2735   Y x T x SM 0.5804 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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and MR with 5.3 and 5.2(g) respectively. Khan et al.(2011) reported that higher 1000 

grain weight of mungbean was recorded in shallow tillage practices. The mean values 

for100 grain weights in gram due to different sowing methods ranged between 4.9 to 

5.4 g. Maximum 100 grain weight of 5.4 g was recorded when (SD) sowing was used, 

while minimum 4.9 g was obtained with BC method of sowing.  

The mean values for 100 grain weight of interaction between tillage practices x 

sowing methods ranged from 4.5 to 5.6 g. Minimum100 grain weight of 4.5 g was 

recorded when (BC) broadcast method of sowing and TC-2 tillage practices were used, 

while maximum 100 grain weight of 5.6 g was recorded when the SD method of 

sowing and DR, TCR tillage practices were used.  

4.3.9  Grain Yield (kg ha 
-1

)  

 Data pertaining to grain yield kg ha
-1

 of mungbean are presented in Table 4.38. 

The analysis of variance for grain yield kg ha
-1

 revealed significant difference for 

different tillage practices, sowing methods and interaction between year and sowing 

methods while the rest of interaction such as year x tillage practices, tillage practices x 

sowing methods and year x tillage x sowing methods were not significant (Table C9). 

 Mungbean mean grain yield of 521 kg ha
-1

 and 870 kg ha 
-1

 was recorded in the 

year-1 and year-2 respectively. This difference in grain yield is attributed mainly to 

favorable climatic condition in the year-2. The average values for grain yield of 

different tillage practice were in the range of 602 to 736 kg ha
-1

. A minimum grain 

yield of 602 kg ha
-1

 was obtained, when TC-2 (Tine cultivator twice) tillage practices 

were used, while the maximum grain yield of 736 kg ha
-1

 was recorded when TCR 

tillage practices were used closely followed by DR, CR and MR tillage practices with 

(733, 712 and 695 kg ha
-1

) respectively. This may be due to the better pulverization of 

soil by rotavator with combination of other tillage implements. The percent increase in 

grain yield by all tillage implements followed by rotavator such as (TCR, DR, CR and 

MR) were (22.2, 21.8, 18.3 and 15.4 %) respectively, were more as compared to the use 

of tine cultivator twice (TC-2). It is concluded from the results that tillage implements 

when followed by rotavator increase grain yield as compared to the lonely use of tine 

cultivator twice (TC-2). The result agrees with Laddha and Tatawat (1997), who 

reported that mungbean were significantly increased with disk and chisel plowing. 

Akhtar et al. (2005), reported that highest pods yield was recorded by moldboard and  
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Table 4.38. Grain yield kg ha
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 482 603 559 584 560 558 

 CD 467 545 522 611 521 533 

 BC 418 484 470 533 460 473 

Year 2 SD 818 999 967 1041 1160 997 

 CD 858 1036 1071 942 1131 1008 

 BC 570 606 584 685 584 606 

    Y x T   Mean 

Year 1  456 544 517 576 513 521b 

Year 2  748 880 874 889 958 870a 

    T x SM   Mean 

 SD 650 801 763 813 860 777a 

 CD 662 790 796 777 826 770a 

  BC 494 545 527 609 522 539b 

Mean  602b 712a 695a 733a 736a  

LSD (0.05) for tillage =  94.37  LSD (0.05) for SM =  72.30 

Interactions Probability   Interactions Probability 

Y x T  0.5205   T x SM  0.8738 

Y x SM  0.0000   Y x T x SM  0.8564 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  

 

 

Figure 4.8 Mungbean Relative Yield from sowing methods and tillage practices 

during 2009-10 and 2010-11. 
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the lowest with cultivator. However, Salahin et al. (2011), reported that tillage had no 

significant effect on crop yield of mungbean.  

The mean values for grain yield kg ha
-1 

due to different sowing methods ranged 

between 539 to 777 kg ha
-1

. A maximum grain yield of 777 kg ha
-1

 was recorded when 

(SD) seed drill was used followed by CD with 770 kg ha
-1

 while minimum 539 kg ha
-1

 

was obtained when the broadcast method of sowing was used. The percent increase in 

grain yield by sowing method such as (SD and CD) were (44.1 and 42.9%) respectively 

were more than broadcast sowing methods.  

It is concluded from the results that seed drill and combined drill give maximum 

grain yield as compared to broadcast sowing methods. The results of the present study 

are in line with Waraich et al. (1982), who reported that the maximum grain yields 

were produced by drill sowing methods. Senapati et al. (1988), also mentioned that the 

efficiency of seed-cum-fertilizer drill was the highest. Singh et al. (2007), found that 

drilling produced higher grain yield attributing characters. Khan et al. (1990), 

mentioned that (BC) sowing practices are one of the reasons for low crop yield in the 

country which needs to be reflected with a seed drill for better productivity. 

 The mean values for interaction between year x sowing methods for grain yield 

kg ha
-1

 ranged between 473-1008 kg ha
-1

. A lowest grain yield of 473 kg ha
-1

 was 

recorded in the year 1 when (BC) method of sowing was used, while the highest grain 

yield of 1008 kg ha
-1

 was noted in the year 2 when the CD method of sowing was used 

followed by SD with 997 kg ha
-1

. 

 The average values of grain yield for interaction between tillage practices x 

sowing methods ranged between 494-860 kg ha
-1

. A minimum grain yield of 494 kg ha
-

1
  kg was recorded when (BC) broadcast method of sowing and tine cultivator two 

times (TC-2) were used, while the maximum grain yield of  860 kg ha
-1

  was recorded 

when the seed drill (SD) method of sowing and TCR tillage practices were used 

followed by TCR and CD sowing method with 828 kg ha
-1

. As shown in (figure 4.8) 

the maximum relative grain yield of 74 % was obtained by TCR x SD combination 

followed by DR x SD, CR x SD and MR x SD with 65, 62 and 54% respectively as 

compared to conventional tillage practices and sowing methods (TC-2 x BC).  
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The mean values for grain yield kg ha
-1

 for interaction between years x sowing 

methods x tillage practices ranged between 418-1160 kg ha
-1

. The minimum grain yield 

of 418 kg ha
-1

 was recorded in the year 1 when broadcast (BC) method of sowing and 

TC-2 (tine cultivator two time) of tillage practices were used, while the maximum grain 

yield of 1160 kg ha
-1

 in the year 2 was obtained when SD (seed drill) method of sowing 

and TCR tillage practices were used followed by CD and TCR with 1131 kg  ha
-1

.  

4.3.10  Biological Yield (kg ha
-1

) 

 Data concerning mungbean biological yield kg ha
-1

 are given in Table 4.39. The 

analysis of variance for biological yield kg ha
-1

 showed no significant difference for 

different tillage practices while sowing methods and interaction of year and sowing 

methods were significant. The rest of interactions were not significantly different 

(Table C10). 

 Data in table 4.38 showed that minimum biological yield of 3633 kg ha
-1

 was 

recorded in the year-1, while the maximum biological yield of 5069 kg ha
-1

 was 

recorded for the year-2. This difference in biological yield due to year is attributed to 

favourable climatic condition in year-2. 

 The biological yield kg ha
-1

 due to different tillage practice was in the range of 

4145-4470 kg ha
-1

. Minimum biological yield of 4145 kg ha
-1

  was obtained when TC-2 

(Tine cultivator two time)was used, while maximum biological yield of 4537 kg ha
-1

 

was recorded when MR (Mouldboard plow and rotavator), tillage practices were used 

followed by TCR with 4409 kg ha
-1

. Salahin et al. (2011), reported that tillage had no 

significant effect on biomass and straw yield of mungbean. The mean values for 

biological yield kg 
-1

 of different sowing methods ranged between 3998-4537 kg ha
-1

. A 

maximum biological yield of 4537  kg ha
-1

 was recorded when the SD seed drill was 

used followed by CD with 4518 kg ha
-1

, while minimum 3998 kg ha
-1

 was obtained 

when broadcast method of sowing was used.  

 The mean values for interaction between year x sowing methods for biological 

yield kg ha
-1

 ranged between 3398 to 5414 kg ha
-1

. A minimum biological yield of 

3398 kg ha
-1

 was recorded in the year 1 when a BC method of sowing was used, while 

the highest biological yield of 5414 kg ha
-1

 was noted in the year 2, when SD (seed 

drill) method of sowing was used followed by CD with 5197 kg ha
-1

.  
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Table 4.39. Biological yield kg ha
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2010 and 2011. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 3300 4025 3550 3788 3638 3660 

 CD 4025 3763 4038 3600 3775 3840 

 BC 3063 3400 3475 3525 3525 3398 

Year 2 SD 5229 5120 5698 5448 5578 5414 

 CD 4544 5274 5301 5394 5470 5197 

 BC 4710 4565 4761 4485 4466 4598 

    Y x T   Mean 

Year 1  3463 3729 3688 3638 3646 3633b 

Year 2  4827 4986 5253 5109 5171 5069a 

    T x SM   Mean 

 SD 4264 4573 4624 4618 4608 4537a 

 CD 4284 4518 4669 4497 4623 4518a 

  BC 3886 3983 4118 4005 3996 3998b 

Mean  4145b 4358ab 4470a 4373ab 4409ab  

 

LSD (0.05) for Tillage =  278.47  LSD (0.05) for SM =  224.29 

Interactions Probability   Interactions Probability 

Y x T   0.7831   T x SM  0.9985 

Y x SM   0.0458   Y x T x SM  0.0878 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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The interaction between tillage practices x sowing methods ranged between 

3886-4669 kg ha
-1

. A minimum biological yield of 3886 kg ha
-1

 was recorded when 

(BC) broadcast method of sowing and tine cultivator two times (TC-2) tillage practices 

were used, while the maximum biological yield of 4669 kg ha
-1

 was recorded when the 

CD method of sowing and MR tillage practices were used followed by the SD method 

of sowing and MR tillage practices with 4624 kg ha
-1

.  

The mean values for biological yield kg ha
-1

 for interaction between years x 

sowing methods x tillage practices ranged between 3063-5698 kg ha
-1

. The minimum 

biological yield of 3063 kg ha
-1

 was recorded in the year 1 when broadcast (BC) 

method of sowing and TC-2 (tine cultivator two time) of tillage practices were used. 

The maximum biological yield of 5698 kg ha
-1

 in the year 2 was obtained when SD 

method of sowing and MR (mouldboard plow and rotavator) was used followed by SD 

(seed drill) method of sowing and TCR) tillage practices with 5578 kg ha
-1

 

4.3.11  Harvest Index (%) 

 Data regarding harvest index of mungbean are reported in Table 4.40. The 

analysis of variance for harvest index showed that tillage practices were not 

significantly different while sowing methods and interaction between year and sowing 

methods were significant. The rest of interactions were not significant (Table C11). 

 Mean values for harvest index 14.6 (%) and 17.0 (%)) was recorded for the 

year-1, and year -2 respectively. The average values for harvest index due to different 

tillage practice were in the range of 14.5 to 16.7 (%) Minimum harvest index of 14.5 

(%) was obtained, when TC-2 tillage practices were used, while the maximum harvest 

index of 16.7 (%) was recorded when DR tillage practices were used, followed by a CR 

and TCR with 16.2 %. Harvest index of sowing methods ranged between 13.6 to 17 

(%).  A maximum harvest index of 17.0 (%) was recorded when (SD) sowing was used 

followed by CD with 16.8 %, while minimum 13.6 was obtained when (BC) broadcast 

method of sowing was used.  

 The harvest indices for interaction between year x sowing methods ranged 

between 13.2 to 19.4(%).  A lowest harvest index of 13.2 (%) was recorded in the year 

2 when (BC) method of sowing was used, while the higher harvest index of 19.4 (%) 

was noted in the year 2 when the CD method of sowing was used, followed by SD with  
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Table 4.40.   Harvest index (%) of mungbean as affected by tillage practices and   

sowing methods during 2010 and 2011. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 14.9 15.3 15.9 16.0 15.4 15.5 

 CD 11.8 15.0 13.1 17.0 14.1 14.2 

 BC 13.7 14.4 13.7 15.1 13.1 14.0 

Year 2 SD 15.7 19.7 17.1 19.2 20.7 18.5 

 CD 19.0 19.7 20.2 17.4 20.6 19.4 

 BC 12.3 13.3 12.2 15.4 13.0 13.2 

    Y x T   Mean 

Year 1  13.4 14.9 14.2 16.0 14.2 14.6b 

Year 2  15.6 17.6 16.5 17.3 18.1 17.0a 

    T x SM   Mean 

 SD 15.3 17.5 16.5 17.6 18.1 17.0a 

 CD 15.4 17.3 16.7 17.2 17.3 16.8a 

  BC 13.0 13.9 13.0 15.3 13.1 13.6b 

Mean  14.5b 16.2ab 15.4ab 16.7a 16.2ab  

 

LSD (0.05) for Tillage =  2.15  LSD (0.05) for SM =  1.56 

Interactions Probability   Interactions Probability 

Y x T  0.799   T x SM 0.978 

Y x SM  0.001   Y x T x SM 0.594 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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18.5 %. The average value of harvest index for interaction between tillage practices x 

sowing methods ranged between 13.0 to 18.1 (%). Minimum harvest index 13.0 (%) 

was recorded when (BC) broadcast method of sowing and (TC-2 and MR) tillage 

practices were used, while the maximum harvest index of 18.1was recorded when (SD) 

method of sowing and TCR practices of tillage were used. Average values of harvest 

index for interaction between years x sowing methods x tillage practices ranged 

between 12.2 to 20.7 (%). The minimum harvest index of 12.2 (%) was recorded in the 

year 2when (BC) method of sowing and MR of tillage practices were used, closely 

followed by BC sowing method and TC-2 tillage practices with 12.3%. The maximum 

harvest index of 20.7 (%) in the year 2 was obtained when the SD method of sowing 

and TCR tillage practices were used, followed by CD sowing methods and TCR tillage 

practices with 20.6 (%) harvest index. 

4.4 Impact of Tillage Practices and Sowing Methods on Total Nitrogen   

4.4.1 Total Nitrogen in Soil and Wheat Plants 

Total Nitrogen in Soil of Wheat plots 

 Data relating to total nitrogen (g kg
-1

) in soil after harvest of wheat crops are 

shown in Table 4.41. The analysis of variance for total nitrogen in soil revealed that 

tillage practices and sowing methods were significantly different. The interactions 

between Y x T and Y x SM were also significant, while the interaction between T x SM 

and Y x T x SM were not significantly different (Table D1).  

The mean values for total nitrogen in soil of 0.55 (g kg
-1

) and 56 (g kg-
1
 was 

recorded in the year-2, and year-1 respectively. The mean total nitrogen in soil due to 

different tillage practice ranged from 0.51 to 0.63. Minimum of total nitrogen in soil of 

0.515 (g kg
-1

) was noted when TC-2 and MR tillage practice were used, while a 

maximum of total nitrogen in soil of 0.63 (g kg
-1

) was noted when TCR tillage practices 

were used. This may be due to shallow plowing and minimum disturbance of the soil 

surface and previous residues. The results are in line with Mohammad et al. (2010), 

who reported that total nitrogen was greater in minimum tillage practices and crop 

residues on the soil surface. Rosssella et al. (2006), also reported that total nitrogen in 

soil were more in shallow tillage practices as compared to deep tillage. The mean 

values of total nitrogen in soil with different sowing methods ranged between 0.51-0.58  
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Table 4.41. Total nitrogen (g kg
-1

) in soil at 20 (cm) depth after harvest of wheat as    

affected by tillage practices and sowing methods during the study 

period. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 0.57 0.66 0.53 0.55 0.56 0.57 

 CD 0.53 0.67 0.56 0.53 0.53 0.56 

 BC 0.51 0.61 0.51 0.51 0.55 0.54 

Year 2 SD 0.49 0.52 0.57 0.58 0.74 0.58 

 CD 0.51 0.64 0.50 0.53 0.80 0.60 

 BC 0.43 0.47 0.39 0.51 0.58 0.48 

    Y x T   Mean 

Year 1  0.54 0.65 0.53 0.53 0.55 0.56 

Year 2  0.48 0.54 0.49 0.54 0.71 0.55 

    T x SM   Mean 

 SD 0.53 0.59 0.55 0.56 0.65 0.58a 

 CD 0.52 0.66 0.53 0.53 0.66 0.58a 

  BC 0.47 0.54 0.45 0.51 0.57 0.51b 

Mean  0.51c 0.60ab 0.51c 0.54bc 0.63a  

 

LSD (0.05) for Tillage =  0.09 

  

LSD (0.05) for SM =  0.03 

Interactions Probability   Interactions Probability 

Y x T  0.0425   T x SM  0.5739 

Y x SM  0.0231    Y x T x SM 0.3149 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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Maximum of total nitrogen in soil of 0.58 (g kg
-1

) was obtained by SD and CD sowing 

methods, while minimum of total nitrogen in soil of 0.51 (g kg
-1

) was obtained with BC 

method of sowing. 

The interaction between years and tillage practices of total nitrogen in soil were 

in the range of 0.53-0.65 (g kg
-1

) for the year-1. Minimum of total nitrogen in soil of 

0.53 (g kg
-1

) was noted in the year-1 when MR and DR tillage practice were used, 

while maximum of total nitrogen in soil of 0.65 (g kg
-1

) was obtained in the year-1 

when the CR tillage practice was used. In the year 2 the mean value as recorded for 

total nitrogen in soil ranged between 0.48-71 (g kg
-1

). Minimum of total nitrogen in soil 

of 0.48 (g kg-1) in the year 2 was observed whenTC-2 tillage was used, while 

maximum of total nitrogen in soil of 0.71 (g kg
-1

) was recorded for TCR. The average 

values of interaction between year x sowing methods for total nitrogen in soil ranged 

between 0.48-0.60 (g kg
-1

). Lowest of total nitrogen in soil of 0.48 (g kg
-1

) was 

recorded in the year 2 when a BC method of sowing was used, while highest of total 

nitrogen in soil of 0.60 (g kg
-1

) was noted in the year 2 when the CD method of sowing 

was used followed by SD with 0.58 (g kg
-1

). The mean values of total nitrogen in soil 

for interaction between tillage practices x sowing methods ranged between 0.45-0.66 (g 

kg
-1

). Minimum of total nitrogen in soil of 0.45 (g kg
-1

) was recorded when the MR 

tillage practice and BC sowing methods were used, while maximum of total nitrogen in 

soil of 0.66 (g kg
-1

) was recorded when CD methods of sowing and CR, TCR tillage 

practices were used. 

  The average total nitrogen in soil for interaction between years x sowing 

methods x tillage practices ranged between 0.39-0.80 (g kg
-1

). The minimum of total 

nitrogen in soil of 0.39 (g kg
-1

) were recorded in the year-2 when BC method of sowing 

and MR tillage practices were used. The maximum total nitrogen in soil of 0.80 (g kg
-1

) 

was obtained when TCR tillage practices and CD method of sowing were used 

followed by SD with 0.74 (g kg
-1

). 

Total Nitrogen in Wheat Grain  

 Data regarding total nitrogen (g kg
-1

) in grain after harvest of wheat crops are 

indicated in Table 4.42. The analysis of variance for total Nitrogen in grain of wheat  
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Table 4.42 Total nitrogen (g kg
-1

) in grain after harvest of wheat as affected tillage 

practices and sowing methods during the study period. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 15.40 17.24 15.37 15.84 15.33 15.83 

 CD 15.59 15.38 15.42 16.42 15.49 15.66 

 BC 15.14 15.23 15.27 16.28 15.05 15.39 

Year 2 SD 16.19 16.15 16.26 16.10 16.08 16.16 

 CD 16.26 16.42 16.31 16.15 16.14 16.26 

 BC 16.08 16.28 16.08 16.33 15.93 16.14 

    Y x T   Mean 

Year 1  15.37 15.95 15.35 16.18 15.29 15.63b 

Year 2  16.18 16.28 16.22 16.19 16.05 16.18a 

    T x SM   Mean 

 SD 15.79 16.70 15.81 15.97 15.71 16.00 

 CD 15.93 15.90 15.86 16.28 15.81 15.96 

  BC 15.61 15.75 15.67 16.30 15.49 15.76 

Mean  15.78ab 16.11a 15.78ab 16.18a 15.67b  

 

LSD (0.05) for Tillage =  0.44 

 

LSD (0.05) for SM =   0.32 

Interactions Probability  Interactions Probability  

Y x T       0.3031  T x SM   0.3920  

Y x SM       0.4124  Y x T x SM   0.2476  

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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depicted that tillage practices, sowing methods and all the interactions were not 

significantly different (Table D2). 

The mean values for total nitrogen in grain of wheat due to year ranged between 

15.63- 16.18 (g kg
-1

). Minimum of total nitrogen of 15.63 (g kg
-1

) was recorded in the 

year-1, while maximum of total nitrogen in grain of wheat 16.18 (g kg
-1

) was recorded 

for the year -2. This difference in total nitrogen of the grain of wheat due to year is 

attributed to residual effect of previous mungbean crops. The result agrees with Bakht 

et al. (2009), who reported that mungbean in the cropping system significantly 

increased the nitrogen uptake by wheat crops 

 The mean values for total nitrogen in grain of wheat due to different tillage 

practice were in the range of 15.67- 16.18 (g kg
-1

). Minimum of total nitrogen of 15.67 

(g kg
-1

) was noted when the TCR tillage practice was used followed by TC2 and MR 

with 15.78 (g kg
-1

), while maximum of the total nitrogen in grain of wheat of 16.18 (g 

kg
-1

) was noted when DR tillage practices were used followed by CR with 16.11 (g     

kg
-1

). Mohammad et al. (2010), reported that tillage practices had no significant effect 

on nitrogen uptake of grain but crop residues increased nitrogen yield. 

 The mean values of total nitrogen in grain of wheat due to different sowing 

methods ranged between 15.76- 16.00 Maximum of total nitrogen in grain of wheat of 

16.00 (g kg
-1

) was noted by SD sowing method followed by CD with 15.96 (g kg
-1

), 

while minimum of total nitrogen in grain of wheat of 15.76 (g kg
-1

) was observed with 

BC method of sowing. 

 The mean values of total nitrogen in grain of wheat for interaction between 

tillage practices x sowing methods ranged between 15.49- 16.70 (g kg
-1

). Minimum of 

total nitrogen in grain of wheat of 15.49 (g kg
-1

) was recorded when TCR tillage 

practice and BC sowing methods were used, while maximum of total nitrogen in grain 

of wheat of 16.70 (g kg
-1

) was recorded when SD methods of sowing and CR tillage 

practices were used. The mean values of total nitrogen in grain of wheat for interaction 

between years x sowing methods x tillage practices ranged between 15.05- 17.24 (g kg
-

1
). The minimum of total nitrogen in grain of wheat of 15.05 (g kg

-1
) was recorded in 

the year-1 when BC method of sowing and TCR tillage practices were used. The 
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maximum of total nitrogen in grain of wheat of 17.24 (g kg
-1

) was obtained when CR 

tillage practices and SD method of sowing were used. 

Total Nitrogen in Wheat Straw  

 Data regarding total nitrogen (g kg
-1

) in straw of wheat after harvest of wheat 

crops are given in Table 4.43. The analysis of variance for total nitrogen in straw of 

wheat indicated that tillage practices were not significant while sowing methods were  

significantly different. The interactions between Y x T was also significant, while the 

rest of interactions were not significantly different (Table D3). 

 The mean values for total nitrogen in straw of wheat due to year ranged between 

3.41 to 3.50. Minimum of total nitrogen of 3.41 (g kg
-1

) was recorded in the year-2, 

while maximum of total Nitrogen in straw of wheat 3.50 (g kg
-1

) was recorded for the 

year -1. The result agrees with Bakht et al. (2009), who reported that previous crops 

(mungbean) had significant impact on the straw yield increased the nitrogen uptake by 

wheat crops. The mean values for total nitrogen in straw of wheat due to different 

tillage practice were in the range of 3.33- 3.63 (g kg
-1

). Minimum of total nitrogen in 

straw of 3.33 (g kg
-1

) was noted when the TCR tillage practice was used followed by 

TC-2 with 3.43 (g kg
-1

), while maximum of total nitrogen in straw of wheat of 3.63 (g 

kg
-1

) was noted when CR tillage practices were used. Mohammad et al. (2010), 

reported that nitrogen uptake by straw was reduced by tillage practices.  

 The mean value of total nitrogen in straw of wheat due to different sowing 

methods ranged between 3.30-3.57 (g kg
-1

) Maximum of total nitrogen in straw of 

wheat of 3.57 (g kg
-1

) was noted by CD sowing method followed by SD with 3.50 (g 

kg
-1

), while minimum of total nitrogen in straw of wheat of 3.30 (g kg
-1

) was observed 

with a BC method of sowing.  

The mean values of total nitrogen in straw of wheat of interaction between years 

and tillage practices were in the range of 3.42- 3.62 (g kg
-1

) for year-1 .Minimum of 

total nitrogen in straw of wheat of 3.42 (g kg
-1

) was noted in the year-1, when the DR 

tillage practice was used, while maximum of total nitrogen in straw of wheat of 3.62 (g 

kg
-1

) was obtained in the year-1, when TC-2 tillage practice was used. In the year 2 the 

mean value as recorded for total nitrogen in straw of wheat ranged between 3.21- 3.70  
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Table 4.43. Total nitrogen (g kg
-1

) in straw after harvest of wheat as affected by 

tillage practices and sowing methods during the study period. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 3.57 3.55 3.52 3.43 3.50 3.51 

 CD 3.85 3.75 3.52 3.54 3.55 3.64 

 BC 3.45 3.38 3.33 3.31 3.26 3.34 

Year 2 SD 3.27 3.76 3.50 3.55 3.31 3.48 

 CD 3.40 3.78 3.57 3.54 3.19 3.49 

 BC 3.03 3.55 3.26 3.31 3.15 3.26 

    Y x T   Mean 

Year 1  3.62 3.56 3.45 3.42 3.44 3.50 

Year 2  3.23 3.70 3.44 3.47 3.21 3.41 

    T x SM   Mean 

 SD 3.42 3.66 3.51 3.49 3.40 3.50a 

 CD 3.62 3.76 3.54 3.54 3.37 3.57a 

  BC 3.24 3.47 3.29 3.31 3.20 3.30b 

Mean  3.43ab 3.63a 3.45ab 3.44ab 3.33b  

 

LSD (0.05) for Tillage =  0.26 LSD (0.05) for SM =    0.07 

Interactions Probability  Interactions Probability  

Y x T    0.0011  T x SM  0.5728  

Y x SM    0.2685  Y x T x SM 0.8057  

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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(g kg
-1

). Minimum of total nitrogen in straw of wheat of 3.21 (g kg
-1

) in the year 2 was 

observed when TCR tillage was used, while maximum of total nitrogen in straw of 

wheat of 3.70 (g kg
-1

) was recorded for CR tillage practice.  

The mean values of total nitrogen in straw of wheat for interaction between 

tillage practices x sowing methods ranged between 3.20- 3.76(g kg
-1

). Minimum of 

total nitrogen in straw of wheat of 3.20 (g kg
-1

) was recorded when the TCR tillage 

practice and BC sowing methods were used, while maximum of total nitrogen in straw 

of wheat of 3.76 (g kg
-1

) was recorded when CD methods of sowing and CR tillage 

practices was used.  

 4.4.2    Total Nitrogen in Soil and Mungbean Plants  

Total Nitrogen in Soil of Mungbean plots 

 Data regarding total nitrogen (g kg
-1

) in soil after harvest of mungbean crops are 

presented in Table 4.44. The analysis of variance for total Nitrogen in soil depicted that 

tillage practices were not significant while sowing methods were significantly different. 

All the interactions such as Y x T, Y x SM, T x SM and Y x T x SM were not 

significantly different (Table D4). 

 The mean values for total nitrogen in soil due to year ranged between 0.53-0.58 

(g kg
-1

). Minimum of total nitrogen in soil of 0.53 (g kg
-1

) was recorded in the year-2, 

while maximum of total nitrogen in soil of 0.58 (g kg-1) was recorded for the year -1.  

 The mean values for total nitrogen in soil due to different tillage practice were 

in the range of 0.51- 0.63 (g kg-1). Minimum of total nitrogen in soil of 0.51 (g kg
-1

) 

was noted when TC-2 tillage practice was used. While a maximum of total nitrogen in 

soil of 0.61 (g kg
-1

) was noted when MR tillage practices were used. This may be due 

to inversion and mixing of previous residues with the soil. Mohammad et al. (2010), 

reported that total nitrogen was greater in minimum tillage practices and crop residues 

of soil. However, Rossella et al. (2006), reported that total nitrogen in soil were greater 

under shallow tillage practices. 

 The mean values of total nitrogen in soil due to different sowing methods 

ranged between 0.53-0.57. Maximum of total nitrogen in soil of 0.57 (g kg
-1

) was noted  
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Table 4.44 Total nitrogen (g kg
-1

) in soil at 20 cm depth after harvest of mungbean 

as affected by tillage practices and sowing methods during the study 

period. 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 0.58 0.60 0.66 0.55 0.55 0.59 

 CD 0.49 0.61 0.70 0.57 0.57 0.59 

 BC 0.51 0.57 0.70 0.51 0.54 0.57 

Year 2 SD 0.52 0.56 0.56 0.53 0.56 0.54 

 CD 0.51 0.55 0.56 0.55 0.57 0.55 

 BC 0.47 0.52 0.52 0.49 0.52 0.50 

    Y x T   Mean 

Year 1  0.53 0.59 0.69 0.54 0.55 0.58 

Year 2  0.50 0.54 0.54 0.52 0.55 0.53 

    T x SM   Mean 

 SD 0.55 0.58 0.61 0.54 0.55 0.57a 

 CD 0.50 0.58 0.63 0.56 0.57 0.57a 

  BC 0.49 0.54 0.61 0.50 0.53 0.53b 

Mean  0.51 0.57 0.61 0.53 0.55  

 

LSD (0.05) for Tillage =  0.12  LSD (0.05) for SM =  0.02 

Interactions Probability   Interactions Probability 

Y x T   0.8048   T x SM 0.1911 

Y x SM   0.5349   Y x T x SM 0.5107 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test 
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by SD and CD sowing methods, while minimum of total nitrogen in soil of 0.53 (g kg
-1

) 

was observed with a BC method of sowing. 

The mean values of total nitrogen in soil for interaction between tillage 

practices x sowing methods ranged between 0.49-0.63 (g kg
-1

). Minimum of total 

nitrogen in soil of 0.49 (g kg
-1

) was recorded when TC-2 tillage practice and BC 

sowing methods were used, while maximum of total nitrogen in soil of 0.63 (g kg
-1

) 

was recorded when CD methods of sowing and MR tillage practices were used. 

Total Nitrogen in Mungbean Grain  

 

 Data regarding total nitrogen (g kg
-1

) in grain of mungbean after harvest of 

mungbean crops are presented in Table 4.45. The analysis of variance for total nitrogen 

in grain of mungbean showed that tillage practices were not significantly different 

while sowing methods were significant. The interactions between Y x T were also 

significant, while the rest of interactions were not significantly different (Table D5). 

 The mean values for total nitrogen in grain of mungbean due to year ranged 

between 24.64- 24.88 (g kg
-1

). Minimum of total nitrogen of 24.68 (g kg
-1

) was 

recorded in the year-2, while maximum of total nitrogen in grain of mungbean 24.88 (g 

kg
-1

) was recorded for the year 1. 

 The average values for total nitrogen in grain of mungbean due to different 

tillage practice were in the range of 24.68- 24.89 (g kg
-1

). Minimum of total nitrogen of 

24.68 (g kg
-1

) was noted when TCR tillage practice was used, while maximum of total 

nitrogen in grain of mungbean 24.89 (g kg
-1

) was noted when CR tillage practices were 

used. Mohammad et al. (2010), reported that tillage practices had no significant effect 

on nitrogen uptake of grain but crop residues retained treatment in conventional tillage 

system improved the nitrogen uptake of mungbean grain and straw. 

 The mean values of total nitrogen in grain of mungbean due to different sowing 

methods ranged between 24.65- 24.84(g kg
-1

). Maximum of total nitrogen in grain of 

mungbean 24.84 (g kg
-1

) was noted by CD sowing method followed by SD with 24.79 

(g kg
-1

), while minimum of total nitrogen in grain of mungbean of  24.65 (g kg
-1

) was 

observed with BC method of sowing.  
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Table 4.45. Total nitrogen (g kg
-1

) in grain after harvest of mungbean as affected by 

tillage practices and sowing methods during the study period. 

Year SM TC-2 CR MR DR TCR 

Year 1 SD 24.89 25.01 24.87 24.99 24.85 

 CD 25.03 24.96 24.94 24.96 24.76 

 BC 24.76 24.73 24.87 24.82 24.76 

Year 2 SD 24.82 24.83 24.55 24.48 24.62 

 CD 24.75 24.94 24.64 24.76 24.64 

 BC 24.62 24.87 24.33 24.36 24.43 

    Y x T   

Year 1  24.89 24.90 24.89 24.92 24.79 

Year 2  24.73 24.88 24.51 24.54 24.56 

     T x SM      

 SD 24.85 24.92 24.71 24.74 24.74 

 CD 24.89 24.95 24.79 24.86 24.70 

  BC 24.69 24.80 24.60 24.59 24.60 

Mean   24.81 24.89 24.70 24.73 24.68 

 

LSD (0.05) for Tillage =  0.26  LSD (0.05) for SM =   0.06 

Interactions Probability   Interactions Probability 

Y x T      0.0010   T x SM  0.8513 

Y x SM          0.3503   Y x T x SM 0.0550 
 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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The mean values of total nitrogen in grain of mungbean of interaction between years 

and tillage practices were in the range of 24.79- 24.92 (g kg
-1

) for the year-1 .Minimum 

of total nitrogen in grain of mungbean of 24.79 (g kg-1) was noted in the year-1, when 

TCR tillage practice was used, while maximum of total nitrogen in grain of wheat of 

24.92 (g kg
-1

) was obtained in the year-1, when DR tillage practice was used. In the 

year 2, the mean value as recorded for total nitrogen in grain of mungbean ranged 

between 24.51- 24.88 (g kg
-1

). Minimum of total nitrogen in grain of mungbean 24.51 

(g kg
-1

) in the year 2 was observed when MR tillage was used, while maximum of total 

nitrogen in grain of mungbean of 24.88 (g kg
-1

) was recorded for CR tillage practice. 

 The mean values of total nitrogen in grain of mungbean for interaction between 

tillage practices x sowing methods ranged between 24.59- 24.95(g kg
-1

). Minimum of 

total nitrogen in grain of mungbean 24.59 (g kg
-1

) was recorded when DR tillage 

practice and BC sowing methods were used, while maximum of total nitrogen in grain 

of mungbean 24.95 (g kg
-1

) was recorded when CR tillage practices and CD methods of 

sowing were used followed by CR tillage practices and SD sowing method with 24.92 

(g kg
-1

). 

 The mean values of total nitrogen in grain of mungbean for interaction between 

years x sowing methods x tillage practices ranged between 24.33- 25.03(g kg
-1

). The 

minimum of total nitrogen in grain of mungbean 24.33 (g kg
-1

) was recorded in the 

year-2 when BC method of sowing and MR tillage practices were used. The maximum 

of total nitrogen in grain of mungbean of 25.03 (g kg
-1

) was obtained when TC-2 tillage 

practices and CD method of sowing were used in year-1 

Total Nitrogen in Mungbean Straw  

 Data relating to total nitrogen (g kg
-1

) in straw of mungbean after harvest of 

mungbean crops are presented in Table 4.46. The analysis of variance for total Nitrogen 

in the straw of mungbean showed that tillage practices were not significantly different 

while sowing methods were significantly different. All the interactions were not 

significantly different (Table D6) 

 The mean values for total nitrogen in the straw of mung bean due to year ranged 

between 10.46- 11.00 (g kg
-1

). Minimum of total nitrogen of 10.46 (g kg
-1

) was.  
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Table 4.46. Total nitrogen (g kg
-1

) in straw after harvest of mungbean as affected by 

tillage practices and sowing methods during the study period. 

 

Year SM TC-2 CR MR DR TCR Y x SM 

Year 1 SD 11.10 11.04 11.10 11.10 11.06 11.08 

 CD 11.03 11.06 10.90 11.04 10.97 11.00 

 BC 10.99 10.94 11.01 10.85 10.83 10.92 

Year 2 SD 10.43 10.47 10.50 10.54 10.59 10.50 

 CD 10.41 10.50 10.43 10.57 10.48 10.48 

 BC 10.45 10.36 10.36 10.38 10.45 10.40 

    Y x T   Mean 

Year 1  11.04 11.01 11.00 11.00 10.96 11.00a 

Year 2  10.43 10.44 10.43 10.49 10.51 10.46b 

    T x SM   Mean 

 SD 10.76 10.75 10.80 10.82 10.82 10.79a 

 CD 10.72 10.78 10.67 10.81 10.73 10.74a 

  BC 10.72 10.65 10.68 10.61 10.64 10.66b 

Mean  10.73 10.73 10.72 10.75 10.73  

 

LSD (0.05) for Tillage =  0.20 LSD (0.05) for SM =   0.06 

Interactions Probability  Interactions Probability 

Y x T       0.4036  T x SM    0.2619 

Y x SM      0.5938  Y x T x SM    0.9120 

Mean followed by different letters of the various category are significantly different at 

5% level of probability using least significance difference (LSD) test  
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recorded in the year-2, while maximum of total nitrogen in the straw of mung bean 

11.00 (g kg
-1

) was recorded for the year -1 

The mean values for total nitrogen in the straw of mungbean due to different 

tillage practice were in the range of 10.72- 10.75 (g kg
-1

). Minimum of total nitrogen of 

10.72 (g kg
-1

) was noted when the MR tillage practice was used, while maximum of 

total nitrogen in the straw of mungbean 10.75 (g kg
-1

) was noted when DR tillage 

practices were used. Mohammad et al. (2010), reported that nitrogen uptake by straw 

was reduced by tillage practices, but crop residue retained treatment in conventional 

tillage systems improved the nitrogen uptake of mungbean grain and straw. 

 The mean values of total nitrogen in the straw of mungbean due to different 

sowing methods ranged between 10.66- 10.79(g kg
-1

). Maximum of total nitrogen in 

the straw of mungbean of 10.79 (g kg
-1

) was noted by SD sowing method followed by 

CD by 10.74 (g kg
-1

), while minimum of total nitrogen in the straw of mungbean of 

10.66 (g kg
-1

) was noted with a BC method of sowing.  

 The mean values of total nitrogen in straw of mungbean for interaction between 

tillage practices x sowing methods ranged between 10.61- 10.82(g kg
-1

). Minimum of 

total nitrogen in the straw of mung bean 10.61 (g kg
-1

) was recorded when the DR 

tillage practice and BC sowing methods were used, while maximum of total nitrogen in 

the straw of mung bean 10.82 (g kg
-1

) was recorded when DR and TCR tillage practices 

and SD methods of sowing were used. 

 4.5      Economic Analysis of Tillage Practices and sowing methods 

 4.5.1   Economic Analysis for Wheat 

Profitability and feasibility of the production technology are determined by its 

ultimate economic return. The results regarding the economic analysis of wheat crops 

as  influenced by different tillage practices and sowing methods in the year 2009- 10 

and 2010-11 are given in (Figure. 4.9  and 4.10). Mean values of the two years  data of 

net revenues from different tillage practices ranged from  Rs.148470 to  Rs.164659 ha
-

1
. The maximum net revenue of Rs.164659 ha

-1
 was generated from the MR tillage 

practice followed by TCR, CR and DR with Rs.162737, Rs.161885 and Rs.161480 ha
-1

, 

respectively and minimum net revenue of Rs.149343.0 ha
-1

 was obtained from TC-2  
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Figure 4.9  Mean net revenue from different tillage practices during wheat 2009-10 

and 2010-11 

 

 

 

Figure 4.10.  Mean net revenue from differentsowing methods during wheat 2009-10  

  and 2010-11 
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tillage practices. These results are in agreement with Akhtar et al. (2005), who reported 

that the maximum net return was obtained from mouldboard plow plots followed by 

chisel plow and least by cultivator. Khattak et al. (2007), also mention that highest 

mean net income was obtained from the deep tillage treatment mouldboard plow and 

the lowest with cultivator twice. Ahmad et al. (1990), reported that chisel plowing 

resulted economical return compared to other implements. However, Sanchez et al. 

(2007), reported differently. 

 In sowing  methods the net revenue ranged between Rs.153542 to Rs.166626 

ha
-1

. The highest net revenue Rs.166626 was obtained from SD sowing method 

followed by CD with  Rs.165510 ha
-1

, while lowest net revenue of Rs.153542 ha
-1

was 

obtained with BC sowing methods. It is concluded from the results that in tillage 

practices higher net revenue was obtained from (MR) moldboard plow followed by 

rotavator, and all other tillage implements followed by rotavator. Similarly, in sowing 

methods, highest net revenue was obtained with a seed drill (SD)   and combined drill 

(CD) sowing method as compared to broadcast (BC ) sowing methods.  

The results given in (Figure 4.11) showed that treatment combination MR x SD  

gave highest net revenue  (Rs. 168223 ha
-1

)  followed by CR x SD and DR x SD  with  

(Rs 164531 and Rs.164449 ha
-1

) respectively, while TC-2 x BC gave the  lowest net 

revenue of (Rs.134096 ha
-1

). Similarly MR x CD  gave highest net revenue  (Rs. 

167193 ha
-1

)  followed by TCR x CD and CR x CD  with  (Rs 167093 and Rs.165973 

ha
-1

) respectively as compared to TC-2 x BC (Rs.134096 ha
-1

).  The relative net return 

of wheat with different tillage practices and sowing methods showed that maximum 

relative net return of 24 % were obtained  from MR x SD  treatment combination 

followed  by DR x SD and CR x SD with 22 % , and TCR x SD  with 18% increased as 

compared to conventional tillage practices and sowing method (TC-2 x BC), (Figure 

4.12). It is concluded from the result that for wheat crops the tillage implement when 

followed by rotavator and sowing methods with drill showed maximum net revenue as 

compared to the lonely used of tine cultivator twice and broadcast sowing methods. 
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Figure 4.11 Mean net revenue from different tillage practices x sowing methods 

 interaction during wheat 2009-10 and 2010-11. 

 

 

Figure 4.12 Relative net return from different tillage practices x sowing    methods 

  during wheat 2009-10 and 2010-11. 
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4.5.2    Economic Analysis for Mungbean 

The analysis data regarding different tillage practices and sowing methods for 

mungbean 2010 and 2011 are given in (Figure 4.13 and 4.14). Average values of two 

years  data of net reveneues from different tillage practices ranged between Rs.82801 to 

Rs. 97921 ha
-1

. The highest net revenue of Rs.97921 ha
-1

 was obtained from the TCR 

tillage practice followed by DR, CR and MR with  Rs 95811, Rs.93223 and Rs 92225 

ha
-1

, respectively as compared to Rs.82801 ha
-1

 with TC-2 tillage practices. In sowing  

methods the net revenue ranged from Rs 75901 to Rs 104150 ha
-1

 . The highest net 

revenue was obtained from SD sowing method with Rs.104150 ha
-1

 followed by CD 

sowing method with Rs.103206 ha
-1

 as compared to the BC sowing method of Rs 

75901 ha
-1

 . 

It is concluded that in tillage practices maximum net revenue were obtained 

from TCR tillage practices. So the farmer should use TCR tillage practices for 

mungbean. Similarly in sowing methods, highest net revenue was obtained from SD  

and CD sowing method as compared to BC sowing methods. So farmers should use 

drill sowing method for mungbean.  

 Data related to economic analysis of tillage practices and sowing methods 

combination   revealed that different treatment combination were in the ranged of (Rs. 

68051 to Rs.110304 ha
-1

), the highest net revenue was shown by  TCR x SD 

combination Rs.110394 ha
-1

, followed by TCR x CD  with Rs. 106619 ha
-1

, as 

compared to TC-2 x BC Rs. 68051 ha
-1

 (Figure 4.15). The relative net return of mung 

bean showed in (Figure 4.16) that maximum net return 1.46 and 1.42 were obtained  

from TCR x SD and TCR  x CD combination respectively. It is concluded from the 

result that for mungbean crops (treatment combination) of TCR tillage practices and SD 

or CD sowing methods should be used for maximuum net revenue. 
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Figure 4.13 Mean net revenue from different tillage practices during mungbean 2010 

and 2011 

 

 

 

 

 
 

Figure 4.14   Mean net revenue from different sowing methods during mungbean 

2010 and 2011 
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Figure 4.15  Mean net revenue from different tillage practices x sowing methods                  

          during mungbean 2010 and 2011 

 

 

 

 
 

Figure 4.16  Relative net return from different tillage practices x sowing methods  

               during mungbean 2010 and 2011 
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5. SUMMARY 

Field experiments were conducted at the research farm of The University of 

Agriculture Peshawar, Khyber Pakhtunkhwa, Pakistan during 2009-10 and 2010-2011 

on wheat and mungbean crops to determine the effect of tillage implements and sowing 

methods for improving productivity of wheat and mungbean crops. The field 

experiment consisted of two factors i.e. tillage practices and sowing methods. The 

tillage implements used in the experiment were tine cultivator, mouldboard plow, disk 

plow, chisel plow, rotavator and for sowing methods single box seed drill, seed cum 

fertilizer drill and broadcasting methods were used. 

5.1. Performance of tillage implements during seedbed preparation  

The tillage implements performance were evaluated on the basis of soil depth of 

cut, wheel seepage, fuel consumption, tractor speed with different implements, field 

capacity, field efficiency, soil moisture content, bulk density, soil penetration 

resistance, and weed by biomass.  

 Maximum soil depth of cut was noted in plots plowed with a chisel plow (CP) 

followed by the moldboard plow (MP) while the minimum depth of cut was recorded 

with tine cultivator (TC) in wheat and mungbean plots, respectively. Minimum tractor 

wheel slippage was recorded with tine cultivator (TC) and maximum in plots plowed 

with a chisel plow (CP) .Minimum fuel consumption was recorded with tine cultivator 

(TC) and maximum was recorded by disk plow (DP) followed by chisel plow (CP) 

during wheat and mungbean seed bed preparation. Minimum effective field capacity 

was recorded in the plots plowed by chisel plow (CP) and maximum was recorded with 

tine cultivator (TC) during the seedbed preparation of both crops. 

 

5.2 Soil properties 

During wheat growing season maximum soil moisture content was recorded in 

plots plowed with CR and MR tillage practices, while minimum soil moisture content 

was obtained with TC-2 and TCR tillage practices. Minimum soil bulk density was 

obtained when MR and TCR tillage practices were used, while maximum soil bulk 

density soil bulk density was noted when TC-2 tillage practices were used at both 

depths. Minimum Penetration resistance was obtained when CR tillage practices were 
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used and maximum Penetration resistance was recorded when TC-2 tillage was 

practiced.  

Analysis of the data relating to weed biomass showed that minimum fresh and 

dry weed biomass m
-2

 in wheat crop was recorded when MR tillage practices were 

used, while maximum weeds biomass m
-2 

was noted with TC-2 tillage practices. 

Minimum fresh and dry weeds biomass m
-2 

were recorded when (BC) method of 

sowing and MR tillage practices were used, while maximum fresh and dry weed 

biomass m
-2 

was recorded when BC method of sowing and TC-2 practices of tillage 

were used.  

Perusal of the data during mungbean season showed that minimum soil 

moisture content was obtained when TCR tillage practices were used, while the 

maximum soil moisture content was recorded when CR and MR tillage practices were 

used in 0-20 cm depth. Similarly maximum soil moisture content was recorded when 

CR and MR tillage practices were used, while the minimum soil moisture content was 

noted for DR and TC-2 tillage practices at 21-40 cm depth. Minimum soil bulk density 

was obtained when TCR tillage practices were used, while maximum soil bulk density 

was recorded when TC-2 tillage practices were used in 0-20 cm depth. While at 21-40 

cm depth minimum soil bulk density was noted when MR tillage practices were used, 

while maximum soil bulk density was recorded when TC-2 tillage practices were used. 

Minimum penetration resistance was obtained when the MR tillage practice was used 

followed by a CR and DR, while maximum penetration resistance was recorded when 

TC-2 tillage practices were used during both depths.  

Statistical analysis of the data regarding soil organic matter after post harvest of 

wheat and mungbean showed that maximum soil organic matter at 0-20 cm depth was 

noted when TC-2 and TCR tillage were practiced respectively, while minimum soil 

organic matter was noted when DR tillage was practiced.  

Analysis of the data pertaining to weed biomass indicated that minimum fresh 

and dry weed biomass m
-2

 was noted when MR tillage practices were used, while 

maximum fresh and dry weed biomass m
-2

 was recorded when TC-2 tillage practices 

were used in mungbean. Minimum fresh and dry weed m
-2

 was obtained when SD 

sowing method was used, while maximum fresh and dry weed biomass m
-2 

was found 
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with BC sowing methods. Minimum fresh and dry weeds biomass  m
-2

 were observed 

when the SD method of sowing and MR tillage practices were used, while maximum 

fresh weed biomass m
-2

 was recorded with a BC method of sowing and TC-2  tillage 

practices.  

5.3 Wheat 

Analysis of the wheat data indicated that maximum emergence m
-2

 was 

observed when CR and MR tillage practices were used, while minimum emergence m
-2

 

was obtained when TC-2 tillage practices were used. Maximum emergence m
-2

 was 

recorded by CD and SD sowing methods, while minimum emergence m
-2

 was noted 

when (BC) method of sowing was used. Minimum plants were recorded when (BC) 

method of sowing and (TC-2) tillage practices were used, while maximum plants were 

recorded when (CD) method of sowing and CR tillage practices were used.  

Perusal of the data revealed that maximum number of tiller m
-2 

was recorded 

when DR tillage practices were used, followed by CR, MR and TCR respectively, 

while the minimum number of tiller m
-2 

were produced when TC-2 were used.  

Maximum tiller m
-2

 was recorded with CD sowing method followed by SD, while 

minimum tiller m
-2

 was obtained when BC method of sowing was used. Maximum 

tiller m
-2

 was recorded when (DR) tillage practices and (SD) method of sowing were 

used. Minimum tillers m
-2

 were recorded when (BC) method of sowing and (TC-2) 

tillage practices were used.  

Statistical analysis of two years combined data show that mean minimum plant 

height, spike length and number of grain spike 
-1

 were obtained when TC-2 tillage 

practices were used, while maximum plant height with MR, spike length and number of 

grains spike
-1

 with CR tillage practices were observed. Maximum plant height with CD 

sowing method, spike length  and number of grain spike
-1

 was recorded when (SD) 

sowing methods were used respectively, while minimum plant height, spike length and 

number of grain spike 
-1

 were obtained when BC method of sowing was used. 

Minimum plant height was recorded when (BC) method of sowing and (TC-2) tillage 

were practiced, while maximum plant height was recorded when (CD) method of 

sowing and CR practices of tillage were used. Similarly, the minimum spike length was 

recorded when (BC) method of sowing and TCR tillage practices were used, while 
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maximum spike length was recorded when (SD) method of sowing and CR and TCR 

practices of tillage were used. 

Maximum grain yield was produced when DR tillage practices were used 

closely followed by MR, CR and TCR tillage practices respectively, while the 

minimum grain yield was observed when TC-2 tillage practices were used. Maximum 

grain yield kg ha
-1

 was recorded when (SD) sowing methods were used, while 

minimum yield kg ha
-1

 was observed when BC method of sowing was used. Similarly 

maximum grain yield kg ha
-1

 was recorded when (SD) method of sowing and CR 

practices of tillage were used, while minimum grain yield was recorded when (BC) 

sowing method  and (TC-2) tillage were practiced.  

Perusal of the data revealed that maximum biological yield kg ha
-1

 was recorded 

when the MR tillage practice was used, while the minimum biological yield was 

obtained when TC-2 tillage wase practiced. Maximum biological yield kg ha
-1

 was 

recorded when CD sowing methods were used, while the minimum was obtained when 

a BC method of sowing was used. Maximum biological yield was recorded when the 

CD method of sowing and MR tillage practices were used followed by the SD method 

of sowing and MR tillage practices, while minimum biological yield kg ha
-1

 was 

recorded when (BC) method of sowing and (TC-2) tillage practices were used.  

Harvest index showed that the minimum harvest index was obtained when TC-2 

tillage was practiced, while the maximum harvest index was recorded when DR and 

TCR tillage practices were used. The maximum harvest index was recorded when (SD) 

sowing methods were used, while the minimum harvest index was obtained when (BC) 

method of sowing was used. The minimum harvest index was recorded when (BC) 

method of sowing and (TC-2) tillage practices were used, while the maximum harvest 

index was recorded when (SD) method of sowing and TCR practices of tillage were 

used.  

5.4  Mungbean 

Analysis of the mung bean data showed that minimum emergence m
-2

 were 

obtained when TC-2 tillage was practiced, while maximum emergence m
-2

 was 

recorded when CR and MR tillage practices were used. Maximum emergence m
-2

 was 

obtained by SD and CD sowing methods, while minimum emergence m
-2

 was obtained 
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when broadcast method of sowing was used. Minimum plants were recorded when 

(BC) method of sowing and (TC-2) were used, while maximum plants were recorded, 

when (SD) method of sowing and CR practices of tillage were used. 

Perusal of the data revealed that minimum days to flowering and maturity were 

noted when CR and TCR tillage practices were used, while maximum days to flowering 

and maturity were recorded when TC-2 tillage was practiced. Maximum days to 

flowering and maturity were observed with BC sowing method, while the minimum 

was noted when the SD method of sowing was used.  

Minimum plant height was noted during TC-2 tillage practices, while maximum 

plant height was recorded when CR tillage practices were used. Maximum plant height 

was observed in the SD method of sowing, while minimum plant height was obtained 

when a BC method of sowing were used. Minimum number of branches plant
 -1

 were 

obtained when TC-2, CR, DR and TCR tillage practices were used, while the maximum 

number of branches plant
 -1 

were noted with MR tillage practices.  Maximum number of 

branches plant
s -1 

were recorded when (CD) sowing method was used, while the 

minimum number of branch plant
-1

 were noted when SD and BC methods of sowing 

were used. Minimum number of branch plant
-1

 were recorded when (BC) method of 

sowing and (TC-2) tillage practices were used, while the maximum number of branch 

plant
-1

 were observed when the CD method of sowing and MR practices of tillage were 

used.  

Perusal of the data revealed that maximum number of pods plant
 -1 

was recorded 

when MR and CR tillage practices were used, while the minimum number of pods  

plant
-1

 was obtained when TCR tillage practices were used. Maximum number of pods 

plant
 -1

 was observed with (CD) and SD sowing method, while the minimum number of 

pods plant
-1

 was noted when a BC method of sowing was used. Minimum number of 

pods plant
-1

 was recorded when (BC) method of sowing and DR tillage practices were 

used, while the maximum amount of pods plant
-1

 was noted when the CD method of 

sowing and MR practices of tillage were used.  

 Maximum pod length was recorded by CR, DR and TCR practices were used, 

while the minimum pod length was observed when TC-2 tillage practices were used. 

Maximum pod length was recorded when (SD) sowing method was used, while the 
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minimum pod length was noted when the broadcast method of sowing was used. 

Minimum pod length was recorded when (BC) method of sowing and TC-2 tillage 

practices were adopted, while the maximum pod length was recorded when (SD) 

method of sowing and DR practices of tillage were used. 

Maximum 100 grain weight was recorded by DR, CR and MR tillage practices 

respectively, while minimum 100 grain weight was observed by TC-2 tillage practice. 

Maximum 100 grain weight was recorded when SD sowing method was used, while the 

minimum was noted with a BC method of sowing.  

Perusal of the data revealed that maximum grain yield kg ha
-1

 was recorded 

when TCR, DR, CR and MR tillage practices were used respectively, while minimum 

grain yield kg ha
-1

 was obtained when TC-2 tillage was practiced. Maximum grain 

yield kg ha
-1

 was recorded when SD and CD sowing methods were used, while the 

minimum grain yield was obtained when broadcast method of sowing was used. 

Minimum grain yield kg ha
-1

  kg was recorded when (BC) method of sowing and (TC-

2) tillage practices were used, while maximum grain yield kg ha
-1

 was recorded when 

(SD) method of sowing and TCR tillage practices were used followed by TCR  x CD 

sowing method.  

Analysis of the data indicated that maximum biological yield kg ha
-1

 was 

produced by MR and TCR tillage practices, while minimum biological yield kg ha
-1

 

was obtained with TC-2 tillage practices. Maximum biological yield kg ha
-1

 was 

recorded when SD and CD sowing methods were used, while the minimum biological 

yield was obtained when broadcast method of sowing was used. Minimum biological 

yield kg ha
-1

 was recorded when (BC) method of sowing and (TC-2) tillage practices 

were used, while maximum biological yield kg ha
-1

 was recorded when CD and SD 

method of sowing and MR tillage practices were used. 

The maximum harvest index was recorded when DR, CR and TCR tillage 

practices were used, while the minimum harvest index was obtained when TC-2 tillage 

was practiced. The maximum harvest index was showed when SD and CD sowing 

methods were used, while the minimum harvest index was obtained by (BC) method of 

sowing. The minimum harvest index was recorded when (BC) method of sowing and 
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(TC-2 and MR) tillage practices were used, while the maximum harvest index was 

recorded when (SD) method of sowing and TCR practices of tillage were used. 

5.5    Total nitrogen in soil and plant post harvest of wheat and mungbean 

Relatively small amount of total nitrogen in soil after harvest of wheat was 

noted when TC-2 and MR tillage practice were used, while maximum of total nitrogen 

in soil was noted when TCR tillage practices were used. Maximum of total nitrogen in 

soil was obtained by SD and CD sowing methods. While a minimum of total nitrogen 

in soil was obtained with BC method of sowing. Maximum of total nitrogen in soil was 

recorded when CD methods of sowing and CR, TCR tillage practices were used while 

minimum of total nitrogen in soil was recorded when the MR tillage practice and BC 

sowing methods were used.  

Maximum of total nitrogen in grain and straw of wheat was noted by DR and 

CR tillage practices, while minimum of total nitrogen in grain and straw of wheat was 

observed in TCR and TC-2 tillage practices. Maximum of total nitrogen in grain and 

straw of wheat was noted by SD and CD sowing methods, while minimum of total 

nitrogen in grain and straw of wheat was observed with BC method of sowing. 

Minimum of total nitrogen in straw of wheat was recorded when TCR tillage practice 

and BC sowing methods were used, while maximum of total nitrogen in grain and 

straw of wheat was recorded when SD methods of sowing and CR tillage practices 

were used. 

Minimum of total nitrogen in soil after harvest of mungbean was noted when 

TC-2 tillage practice was used; while maximum of total nitrogen in soil was noted 

when MR tillage practices were used. Maximum of total nitrogen in soil was noted by 

SD and CD sowing methods and minimum of total nitrogen in soil was observed with a 

BC method of sowing. Minimum of total nitrogen in soil was recorded when TC-2 

tillage practice and BC sowing methods were used, while maximum of total nitrogen in 

soil was recorded when CD methods of sowing and MR tillage practices were used.  

Maximum of the total nitrogen in grain of mungbean was noted when CR tillage 

practices were used, while maximum of total nitrogen in the straw of mungbean was 

noted with DR tillage practices. Minimum of total nitrogen in grain of mungbean was 

noted with TCR tillage practice and minimum of total nitrogen in mungbean straw was 
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noted when MR tillage practice was used. Maximum of total nitrogen in grain and 

straw of mungbean was noted by CD and SD sowing method, while minimum of total 

nitrogen in grain and straw of mungbean was observed with BC method of sowing.  

5.6    Economic Analysis 

  Data regarding the economic analysis of wheat showed that  maximum net 

revenue was generated from the MR tillage practice followed by TCR, CR and DR; 

while minimum net revenue was obtained from TC-2 tillage practices. Similarly in 

sowing  methods the highest net revenue was recorded with SD and  CD sowing 

methods, while lower net revenue was observed with the BC sowing method. The 

tillage and sowing methods treatment combination MR x SD  gave highest net revenue    

followed by CR x SD and DR x SD, while TC-2 x BC gave the  lowest net revenue. 

Similarly, MR x CD  gave highest net revenue  followed by TCR x CD and CR x CD  

as compared to TC-2 x BC. The relative net return of wheat with different tillage 

practices and sowing methods showed that maximum relative net return  were obtained  

from MR x SD  treatment combination followed  by DR x SD,  CR x SD and TCR x 

SD   as compared to conventional tillage practices and sowing method (TC-2 x BC).  

 

The effect of tillage practices and sowing methods of mungbean showed that the 

highest mean net revenue was produced by TCR tillage practice followed by DR, CR 

and MR as compared to TC-2 tillage practices. By sowing  methods the highest net 

revenue was obtained from SD and  CD sowing method as compared to the BC sowing 

method. Data related to economic analysis of tillage practices and sowing methods 

combination  revealed that the highest net revenue was shown by  TCR x SD 

combination followed by TCR x CD  as compared to TC-2 x BC. The relative net 

return of mungbean showed that maximum net return were obtained  from TCR x SD 

and TCR  x CD  combination respectively. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions  

 In the light of investigation the conclusions are derived as under: 

1. Maximum soil moisture content at 0-20 cm and 21-40 cm depths were 

recorded in deep tillage plots (CR and MR) as compared to shallow 

tillage practices (TCR and TC-2).   

2. Minimum bulk density and penetration resistance were recorded in the 

MR and CR tillage practices plots respectively. While maximum soil 

bulk density and penetration resistance were noticed in TC-2 plots 

3. Minimum fresh and dry weeds biomass m
-2

 was recorded in the plots of 

both crops plowed with moldboard plow followed by rotavator (MR), 

while maximum weeds biomass m
-2  

was noted in the plots where tine 

cultivator twice (TC-2) was practiced. 

4. In the wheat-mung bean cropping system tillage treatments disc plow 

(DR), mouldboard plow (MR) chisel plow (CR) and tine cultivator each 

followed by rotavator resulted maximum tillers m
-2

, wheat grain yield 

and biological yield, as compared to farmer tillage practices, tine 

cultivator twice TC-2) under silty clay loam soil condition. However, 

grain yield of mungbean was higher in plots tilled with tine cultivator 

followed by rotavator (TCR) as compared to tine cultivator twice TC-2 

lonely.  

5. As compared to conventional sowing method broadcast (BC), seed drill 

(SD) and combined drill (CD) sowing methods resulted better grain 

yield and yield components of wheat and mungbean.   

6. The interaction between tillage practices and sowing methods showed 

that maximum wheat and mungbean grain yield were obtained when CR 

tillage practices x SD sowing method and TCR tillage practices x SD 

sowing method were used respectively, as compared to TC-2 tillage 

practices x BC sowing method.   

7. Maximum of total N in the soil profile (0-20 cm) was found in TCR 

treated wheat plots, while minimum total N was obtained when TC-2 

and MR tillage practices were applied.  While maximum total N in soil 

was found in MR treated plots of mung bean as compared to (TC-2).  
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8. Maximum of total nitrogen in plants (grain and straw) was found in deep 

tillage practices DR and CR as compared to shallow tillage practices 

TCR and TC-2. Similarly in sowing methods maximum of total N was 

noted in SD and CD sowing method as compared to the BC sowing 

method.   

9.  The
 
maximum relative net revenue of wheat were obtained  from MR x 

SD  treatment combination, while in mungbean maximum net revenue  

were obtained  from TCR x SD treatment combination as compared to 

TC-2 x BC combination   

 

6.2 Recommendations  

In the light of the derived conclusions, the following recommendations are 

suggested; 

1. For conservation of soil moisture and lower bulk density, chisel plow 

and mouldboard plow may be used. 

2. For weeds control use of mouldboard plow followed by rotavator (MR) 

should be encouraged. 

3. For better wheat-mungbean biological, grain yield and economic net 

revenue, tillage implements (MP, CP, DP and TC) need to be followed 

by a rotavator under silty clay loam soil condition.  

 4. For sowing methods seed drill (SD) or combine drill (CD) may be used 

for obtaining a better grain yield and yield component of wheat and 

mungbean.  

  5. On the basis of interaction of tillage practices and sowing methods for 

better wheat grain yield and biological yield CR tillage practices x SD 

sowing method and MR tillage practices x CD sowing method should be 

practiced accordingly. 

6. To obtain maximum grain yield of mungbean, TCR tillage practices x 

SD sowing method should be used. 

7. Further research is considered necessary, and should be conducted in 

other parts of the country under different soil and climatic conditions.   



 

 

 

 163 

LITERATURE CITED 

Abbas, G., M.A.Ali, G. Abbas, M.Azam, and I. Husain. 2009.  Impact of planting 

methods on wheat grain yield and yield contributing parameters. J. Animal and 

Plant Sci. 19:  30-33. 

Ahmad, M. K., M. S. Khan, and M. I. Makhdum.1990.  Influence of different tillage 

implement for wheat production in barani areas of Punjab. Sarhad J. Agric. 6: 

179-184. 

Akhtar, J.,  S.M Mehddi,  O-U.Rehman,  K.Mahmood,  and  M.sarfaraz. 2005. Effect of 

deep tillage practices on moisture preservation and yield of groundnut under 

rainfed conditions. J. Agri. Social Sci. 1: 98-101. 

Ali, L.H.M., 1985. Comparative use of mouldboard and chisel plow on wheat yield and 

weed density in Iraq. Agri. Mech. Asia 16: 29-30. 

Altuntas, E., and  S.Dede, 2009. Emergence of silage maize as affected by conservation 

tillage and ridge planting systems. Agricultural Engineering International: the  

CIGR EJournal. 11: 1-11. 

Alvarez, R., and  H.S.Steinbach, 2009. A review of the effects of tillage system on 

some soil physical properties, water content, nitrate availability and crop yield 

in the Argentine Pampas. Soil and Tillage Res. 104: 1-15. 

Anonymous, 2004. Agricultural machinery Census, government of Pakistan Statistics 

Division, Agricultural Census Organization. 

Ansari, M.A., H.R. Memon, S.D. Tunio, and S.A. Keerio. 2006. Effect of planting 

pattern on growth and yield of wheat. Pak. J. Agri. Eng. 22: 6-11. 

Bakht, J., M.Shafi. M.T.Jan, and Z.Shah. 2009. Influence of crop residue management,  

cropping system and N fertilizer on soil N and C dynamics and sustainable 

wheat (Triticum aestivum) production. Soil and Tillage Res. 104: 233-240. 

Baloch, J.M., S.N.Mirani, A.N.Mirani, and S.Bukahari.1991. Power requirements of 

tillage implements.  AMA. 22: 34-38. 

Barzegar, A.R.,  M.A.Assodar,  A.Khadish, A.M.Hashemi, and S.J.Herbert. 2003. Soil 

physical characteristics and chickpea yield responses to tillage treatments. Soil 

and Tillage Res. 71: 49-57. 

Bayert, R.P., J.W.Schott, and P.H.White. 2002. Tillage effect on corn production in a 

course texture soil in southern Ontario. Agron. J. 94: 767. 

Beremner, J.M., and C.S. Mulvaney. 1982. Nitrogen total p.595-924. Inc.A.L.page 

R.H.Miller and D.R.Keeney (eds) Methods of Soil Analysis, part 2, chemical 

and Microbial properties, 2
nd

 ed. ASA, inc, SSSA, Madison Wisconsin 

USA.774. 



 

 

 

 164 

Bowers, W., 1981. Machinery Management (Fundamentaml of Machine Operation) 

Deere and Company,Moline Illinois. 

Boydas,  M.G.,  and  N.Turgut. 2007. Effect of Tillage Implements and Operating 

Speeds on Soil Physical Properties and Wheat Emergence. Turk J. Agri. 31: 

399-412. 

Bukhari,S.B, J.M.Baloch, and A.N.Mirani. 1989. Soil manipulation with tillage 

implemments. AMA. 20: 17-20. 

Byerlee. D. 1988. From agronomic data to farmer recommendations. An Economic 

Training Manual of Economic Program, Center International for Maize and 

Wheat Improvement. CIMMYT. Mexico. ISBN: 968-6127-18-6. 

Carman,  K., 1997. Effect of different tillage systems on soil properties and wheat yield 

in Middle Anatoliaarc. Soil and Tillage Res. 40: 201-207. 

Choudhary, M.A., 1985. Need for national cooperative tillage research in pakistan. 

AMA. 16: 57-58. 

Cook, S.M.F., S.C.Gupta, T.woodhead, and W.E.Larson. 1994. Soil physical 

constraints to establishment of mungbean(Vigna radiata L.Wilczek)in paddy 

rice (Oryza sativa L.) soil.  Soil and Tillage Res.  33: 47-64. 

CSKP., 2010-11. Crops Statistics Khyber Pakhtunkhwa, Government of Khyber 

Pakhtunkhwa Crop Reporting Services, Agricultural, Livestock and 

Coop.Deptt. 

Dawelbeit, M.I., and E.A.Babiker. 1997. Effect of tillage and method of sowing on 

wheat yield in irrigated Vertisols of Rahad Sudan. Soil and Tillage Res. 42: 

127-132. 

Demjanvova, E., M.Macak, I.Dalovic, F.Majernik, S.Tyre, and J.Smatana. 2009. 

Effects of tillage systems and crop rotation on weed density, weed species 

composition and weed biomass in maize. Agron. Res. 7:785-792. 

Dixt, E.J., R.S.R.Gupta, V.P. Bhel, and S. Sing. 2004. No-till seed-cum-fertilizer drill 

in wheat crop production after paddy harvesting. AMA. 35: 19-22. 

Duiker, S.W., and D.B.Beegle. 2006.  Soil fertility distributions in long-term no-till, 

chisel/disk and moldboard plow/disk systems. Soil and Tillage Res. 88: 30-41. 

Erbach,  D.C., 1987.  Measurement of soil bulk density and moisture. Transaction of 

the ASAE. 30: 922-931. 

Erbach, D.C.,  R.M.Cruse, T.M.Crosbie, D.R.Thimmons, T.C.Kasper, and K.N.Potter. 

1986. Maize response to tillage-induced soil condition. Transaction of the 

ASAE, 29: 690-695. 



 

 

 

 165 

Etanaa,  A.,  I.HaEkanssona,  E.Zagala, and I.S.Bueasb. 1999. Effect of tillage depth on 

organic carbon content and physical properties in the Swedish soils. Soil and 

Tillage Res. 52:129-139. 

Evan, S.D., M.J.Lindstrom, W.B.Voorhees,  J.F.Moncrief, and G.A.Nelson,  1996.  

Effect of subsoiling and subsequent tillage on soil bulk density ,soil moisture, 

and corn yield. Soil and Tillage Res. 38: 35-46. 

Finner, M.F., and R.J. Straub. 1985. Farm machinery fundamentals (second edition)  

Publishing Co.Madison,Wisconsin. 

Gruber, S., and W.Claupein. 2009.  Effect of tillage intensity on weed infestation in 

organic farming. Soil and Tillage Res. 105: 104-111. 

Gursoy, S., A.Sessiz, and S.S.Malhi. 2010. Short term effect of tillage and residue 

management following cotton on grain yield and quality of wheat. Field Crops 

Res. 119: 260-268. 

Hemmat, A., and I.Eskandarib. 2004. Conservation tillage practices for winter-fallow 

farming in the temperate continental climate of northwestern Iron. Field Crops 

Res. 89: 123-133. 

Hemmat, A., and I.Eskandari. 2004. Tillage system effects upon productivity of a 

dryland winter wheat-chikpea rotation in the northwest region of Iran. Soil and 

Tillage Res.7: 69-81. 

Hernanz, J.L.,  V.S.Giron, and C.Cerisola. 1995. Long-term energy use and economic 

evaluation of three tillage systems for cereal and legume production in central 

Spain. Soil and Tillage Res. 35: 183-198. 

Husain, K.A., and H.M. Munir. 1986.  Factors affecting choice and use of tillage 

 implements, Pakistan setting. AMA. 17: 35-38. 

Iqbal, M., M. Ahmad,  M. Ahmad,  M. Iqbal, and  M.Ali. 2007.  Wheat response to 

tillage and irrigation. Pak. J. Agri. Sci. 44: 164-167. 

Javadi, A., M.H.Rahmati, and A.Tabatabaeefar. 2009. Sustainable tillage methods for 

irrigated wheat production in different regions of Iran. Soil and tillage Res. 104: 

143-149. 

Karayel, D., and A. Omerzi. 2003. Effect of different seedbed preparation method on 

physical properties of soil. AMA. 34: 9-11. 

Khan, B. M., A. Razzaq, B.R. Khan, K.Saeed, P.R. Hobbs, and N.I.Hashmi. 1990. 

Effect of deep tillage on grain yield of wheat under rain fed conditions. Pak. J. 

Agri. Res. 11: 78- 83. 



 

 

 

 166 

Khan, B. R.,  B. Khan,  A. Razzaq,  M. Munir,  S.Ahamd,  N.I. Hashmi, and P. R. 

Hobbs. 1986. Effect of different tillage implements on the yield of wheat. Pak. 

J. Agri. Res. 7: 141- 161. 

Khan, M.J., M.K. Khattak, and S. Wahab. 2006. Influenced of various tillage practices 

on selected physical properties of sandy loam soil under rainfed area. Sarhad J. 

Agri. 22 : 71-80. 

Khan, A.S., M.A. Tabassum, and M. Farooq. 1992. Efforts to mechanize seeding and 

planting operation in Pakistan. AMA. 23: 15-20. 

Khan, A.S., M.A. Tabassum, and J.Khan. 1990. Selection of seed-cum-fertilizer drill: 

technical consideration. AMA. 21: 35-39. 

Khan, A., M.Arif, A.Shah, S.Ali, Z.Husain, and S.Khan. 2007. Evaluation of planting 

methods for grain yield and yield components of wheat. Sarhad J. Agri. 23: 561-

563.  

Khan, R.U., A.Rashid, M.S. Khan, and A.Shah. 2011. Impact of tillage practices on 

growth and seed yield of mungbean (Vigna radiata L) under rainfed conditions. 

J. Agric. Res.49: 195-201. 

Khan, S., S. Shah, H. Akbar, and S. Khan. 2001.  Effect of planting geometry on yield 

and yield component in mungbean. Sarhad  J. Agric. 17: 519-524. 

Khattak, M.K., M.J. Khan, and M. Saleem. 2006. Impact of various tillage practices on 

soil moisture content, bulk density, and soil strength on clay loam soil condition 

under Rod-Kohi area of D. I. Khan. Sarhad J. Agri. 22: 61-69. 

Khattak, M.K., A.Q. Mughal, L.A. Jamal, S.A. Khan, and M.Z. Khan. (2007). 

Economic evaluation of deep and shallow tillage practices under maize fallow 

rotation. Sarhad. J. Agri. 23: 265-270. 

Kheiralla, A.F., A.Yahya, M.Zohadie, W. Ishak. 2004. Modelling of power and energy 

requirements for tillage implements operating in Serdand sandy clay 

loam,Malaysia. Soil and Tillage Res. 76: 21-34. 

Koehler, F.E., C.D. Moudre, and B.L. Meneal. 1984. Laboratory Manual for soil 

fertility Washington State University Poulman USA. 

Laddha, K.C., and k.L.Totawat. 1997. Effect of deep tillage under rainfed agriculture 

on production of sorghumm intercropped with green gram(Vigna radiata L. 

Wilczek)in Western India. Soil and Tillage Res. 43: 241-250. 

Kichler,C.M., J.P.Fulton, R.L.Raper, T.P.McDonald and W.C.Zech,2011. Effects of 

transmission gear selectionon tractor performanceand fuel costs during deep 

tillage operation. Soil and Tillage Res. 113: 105-111. 



 

 

 

 167 

  Makki, E.K., and A.E. Mohamed. 2008. Tillage implements performance and effect 

on some soil physical properties. Agri. Mech. Asia 39: 9-13. 

Manian, M., G.B. Meenakshi, and D.K. Kathirvel. 1999. Influence of deep tillage on 

in-situ moisture conservation in dry farming. AMA 30: 16-21. 

Marwat, K.B., M.Arif and M.A.Khan. 2007.Effect of tillage and Zinc application 

methods on weeds and yield of maize. Pak. J. Bot. 39: 1583-1591. 

Mari, G.R. F.A. Chandio, N.Leghari, A.G. Rajper, and A.R Shah, 2011. Performance 

evaluation of selected tillage implements under saline-sodic soil. American-

Eurasian J.Agric & Environ Sci. 10(1) 42-48. 

Mclean, E.O. 1982. Soil pH and lime requirement pp. 209-223 In: A.L page Miller and 

D.R.Keeney (Eds) Method of soil analysis, part II 2
nd

 Edn.Am.Soc.Agronomy 

Madison WI. 

MINFAL., 2010-11. Ministry of  Food  Agricultural and Livestock, Agricultural Statics 

of Pakistan, Economic wing Islamabad. 

Mohammad, W., S. Shehzadi, S.M.Shah, and Z.Shah. 2010. Effect of tillage and crop 

residues management on mungbean (Vigna radiata (L) wilszek) crop yield, 

Nitrogen fixation and water use efficiency in rainfed areas. Pak. J.Bot. 42: 

1781-1789. 

Mrabet, R., 2000.  Different response of wheat to tillage management system in a 

semiarid area of Moracco. Field Crops Res. 66: 165-174. 

Mudamburi, B. A. Ogunmokun ,B .Kachigunda and J. Kaurivi, 2012. A Comparison of 

conventional and conservation tillage implements, used for crop production in 

omusatiregion of Northern Namibia. 2
nd

 International conference on 

Environmental and Agriculture Engineering, IPCBEE. 37:73-78. 

Nasrullah, H.M., M.S.Cheema and M.Akhtar, 2010. Efficiency of different dry sowing 

methods to enhance wheat yield under cotton-wheat cropping system. Crop and 

Environment, 1: 27-30 

Nelson, D.W., and L.E. Sommer. 1996. Total Carbon, organic carbon and Organic 

matter, p.961-1010, In sparks, D.L.ed Method of soil analysis part 3, Chemical 

Method, SSSA Book series No. 5 SSSA, Inc,ASA, Inc, Madison,Wisconsin 

USA. 

Ozpinar, S., 2006. Effects of tillage systems on weed population on economics for 

winter wheat production under the Meiterranean dryland conditions. Soil and 

Tillage Res. 87: 1-8. 

Pikur, J.L., L.C. Boggs, M. Vigil, T.E. Schumacher,  M.J. Lindstrom, and W.E. Riedell. 

2001. Crop yield and soil condition under ridge and chisel plow tillage in the 

northern corn belt USA. Soil and Tillage Res. 60: 21-23. 



 

 

 

 168 

Prasad, J., 1995. A comparison between a rotavator and conventional tillage equipment 

for wheat-soybean rotations on a vertisol in Central India.  Soil and Tillage Res. 

37: 191-199. 

Rehman, M. U., M. Amin, and M. K. Khattak. 1995. Effect of different tillage 

operation on emergence and yield of wheat. AMA. 26: 62-64. 

Rhoades, J. G., 1982. Soluble Salt p.167-180 in A.L page, R. H. Miller and 

D.R.Kenney (eds) Method of soil analysis part 2. 2
nd

 edition An SOC Agron. 

Madison  WI USA. 

Rossela, p., V.Guiseppe, P.Carlo, and B.Giorgio. 2007. Nitrogen and phosphorous in a 

loam soil of central Italy as affected by 6 years of different tillage systems. Soil 

and Tillage Res. 92: 175-180. 

Salahin, N., M.S.Islam, R.A. Begum, M.K.Alam, and K.M.F.Hossain. 2011. Effect of 

tillage and integrated nutrient management on soil physical properties and yield 

under tomato-mungbean-T.amancropping pattern. Int.J.Sustain Crop Prod. 6:58-

62. 

Saral, A., H.G. Yavuzcan,  S. Onver, O. Yildirim, A. Kadayifci, Y. Cyftcy,  and M. 

Kaya. 2000. Determining efficiencies of different tillage system in vetch – corn 

– wheat rotation. AMA 31: 31-36. 

Sanchez, G.V., A. Serrano, M. Suarez, J.L. Hernanz, and L. Navrrete. 2007. Economics 

of reduced tillage for cereal and legume production on rainfed farm enterprises 

of different sizes in semiarid conditions. Soil and Tillage Res. 95:149-160. 

Senapati, P.C., P.K. Mohapartra, and D. Satpathy. 1988.  Field performance of seeding 

devices in rainfed situation in Orissa, India. AMA. 19: 35-38. 

Shafiq,  M.,  R. Amin, M. I. Nizami, and Z. U. Ikram. 1987. Crop yield as affected by 

different tillage treatments uner rainfed condition of Potwar. Pakistan J. Soil 

Sci. 2:1-5. 

Sheikh,  G. S., K. Pervaiz, J. K. Sial, M. Afzal, A. G. Ansari, and M. Yasin. 1983. A 

progressive approach to minimum tillage. AMA. 14: 28-32. 

Sheikh, G. S., S. I. Ahmad, and A.D. Choudry. 1978. Comparative performance of 

tillage implements. AMA. 9: 57-60. 

Sing, C.P., and B.S. Panesar. 1991. Optimum combination of tillage tools for seed-bed 

preparation of wheat after paddy harvest. AMA. 22: 18-22. 

Sing, K.K., S.K. Lohan A.S. Jat, and T. Rani. 2003. Influence of different planting 

methods on wheat production after harvest of rice. AMA. 34: 17-19. 



 

 

 

 169 

Sing, K.K., A.S. Jat, and S.K. Sharma. 2007. Tillage and planting management for 

improving the productivity and profitability of rice-wheat cropping system. 

AMA. 38: 72 - 76. 

Soomro, M.S., G.A. Shah, S.B. Bukhari, and A.M. Chachar. 1985. Effect of tine 

spacing on the performance of Cultivator. Pak. J. Agr. 1: 121-126. 

Soomro, U.A., M.U. Rahmanh, E.A. Odhano,S.Gul and A.Q.Tareen. 2009. Effect of 

sowing method and seed rate on growth and yield if wheat (Triticum aestivum). 

World  J. Agr. Science. 5: 159-162. 

Steel, R.G.D., and J.H. Torrie. 1980. Principal and procedure of Statistic. A Biometrical 

approach. Mc Grow Hill. New Yark, NY,2
nd

 ed.p.633. 

Sip, V., P.Ruzek, J.Chrpova, R.vavera, and H.Kusa. 2009. The effect of tillage practice, 

input level and environment on the grain yield of winter wheat in the Czech 

Republic. Field Crops Res. 113: 131-137. 

Tan, K.H., 1995. Soil sampling preparation and analysis, Marcel Dicker,Inc.270 

Madison Avenue New Yark, New Yark 10016, Printed in United State of 

America. 

Tripathi, R.P., P.Sharma, and S.Singh. 2007. Influence of tillage and crop residue on 

soil physical properties and yield of rice and wheat under shallow water table 

conditions.  Soil and Tillage Res. 92: 221-226. 

Waraich, S.A., A.R.Glora, and A.Jalil. 1982. Comparative evaluation of different 

sowing methods and planking as affected yield component in wheat. Pak. J.  

Agri. Res. 3: 99-102. 

Wiatrak, P.J., D.L.Wright and J.J,Marois. 2006. The impact of tillage and residual 

nitrogen on wheat. Soil and Tillage Res. 91: 150-156. 

Yalcin, H., E.Cakir, and E.Aykas. 2005. Tillage parameters and Economic analysis of 

direct seeding minimum and conventional tillage in wheat. J.Agron. 4: 329-332. 

Yaduvanshi, N.P.S., and D.R. Sharma. 2008. Tillage and residual organic 

manures/chemical amendments effects on soil organic matter and yield of wheat 

under sodic water irrigation.  Soil and Tillage Res. 98: 11-16. 

 

 

 



 

 

 

 170 

APPENDIX-A:  ANOVA OF PERFORMANCE OF TILLAGE 

IMPLEMENTS’  
 

Table A1. Analysis of variance of soil depth of cut as affected by tillage practices 

during seedbed preparation for wheat 2009-10 and 2011 

       SoV                   DF            SS       MS                F    Prob 

        Year                       1            153.1562739      153.1562739     7.28       0.0356 

       Repl(withinY)       6            126.190544        21.031757          

       Tillage                   4            2182.632097      545.658024      21.10     0.0001 

      Year*Tillage         4            58.782136          14.695534         0.57      0.6881 

Error                    24            620.668128        25.861172 

       Corrected Total    39           3037.359590 

 
  

Table A2. Analysis of variance of soil depth of cut as affected by tillage practices 

during seedbed preparation for mungbean 2010 and 2011 

       SoV             DF             SS                    MS                    F    Prob 

Year                       1            5.67775374       5.67775374         0.82     0.4004 

       Rep (withYear)      6            41.598071         6.933012            

      Tillage                    4            2768.393876      692.098469       42.39   0.0001 

       Year*Tillage          4            55.882250         13.970562          0.86     0.5044 

       Error                    24            391.881351       16.328390 

       Corrected Total    39            3308.777840 

 

 

Table A3. Analysis of variance of wheel slippage as affected by tillage practices 

during seedbed preparation for wheat 2009-10 and 2011 

       SoV                     DF             SS               MS                     F     Prob 

        Year                        1           15.52937027     15.52937027      2.66    0.1538 

       Repli(Year)             6           34.9805283       5.8300881          

       Tillage                    4            585.9388616     146.4847154     22.57   0.0001 

       Year*Tillage          4            40.6070653       10.1517663       1.56     0.2159 

       Error                    24           155.7334933    6.4888956 

       Corrected Total    39           833.3815900 
 

 

 

Table A4. Analysis of variance of wheel slippage as affected by tillage practices 

during seedbed preparation for mungbean 2010 and 2011 

       SoV                      DF               SS                 MS      F    Prob 

Year                        1            1.63654912      1.63654912     0.14    0.7192 

       Repli(Year)             6           69.1173284      11.5195547      

      Tillage                     4           204.7770306    51.1942576    19.27     0.0001 

       Year*Tillage           4           2.2373963        0.5593491        0.21    0.9300 

       Error                      24          63.7493016       2.6562209 

      Corrected Total    39          332.2383100 
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Table A5. Analysis of variance of fuel consumption as affected by tillage practices 

during seedbed preparation for wheat 2009-10 and 2011 

       SoV              DF   SS                   MS        F          Prob 

Year            1       2.58274758      2.58274758     1.02      0.3505 

       Repli(Year)             6       15.1273996      2.5212333        

       Tillage                     4      570.6205222    142.6551306   37.83   0.0001 

       Year*Tillage           4        4.3159746        1.0789936        0.29    0.8841 

       Error                     24       90.5040120      3.7710005 

       Corrected Total     39              668.7027975 
 

 

Table A6. Analysis of variance of fuel consumption as affected by tillage practices 

during seedbed preparation for mungbean 2010 and 2011 

       SoV         DF        SS              MS      F    Prob 

Year                       1        2.7072835       2.7072835  0.84    0.3685 

       Repi(withYear)      6       12.5996203     2.0999367          

      Tillage                    4        533.4834974   133.3708743     41.38    0.0001 

       Year*Tillage          4        14.2830732     3.5707683        1.11      0.3757 

       Error                     24       77.3505764    3.2229407 

       Corrected Total     39        630.6332775 

 

 

 

Table A7. Analysis of variance of tractors speed affected by tillage practices during 

seedbed preparation for wheat 2009-10 and 2011 
      

      SoV                   DF       SS        MS        F   Prob 

      Year                           1        0.10373740     0.10373740     1.51     0.2645 

      Repli(Year)                6        0.41104688     0.06850781      

      Tillage                       4       3.59053533      0.89763383     16.34   0.0001 

      Year*Tillage             4       0.54068248      0.13517062      2.46    0.0727 

      Error                         24       1.31857478      0.05494062 

      Corrected Total        39       5.72696000 

 
 

 

Table A8. Analysis of variance of tractors speed affected by tillage practices during 

seedbed preparation for mungbean 2010 and 2011 
 

   SoV                        DF       SS       MS      F     Prob 

      Year                         1        0.00957485      0.00957485    0.40      0.5503 

      Repli(Year)              6        0.14353167      0.02392194      

      Tillage                      4        3.04874632      0.76218658    49.42    0.0001 

      Year*Tillage            4        1.85495223      0.46373806    30.07    0.0001 

       Error                  24      0.37012333      0.01542181 

      Corrected Total      39        5.52624000 
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Table A9. Analysis of variance of effective field capacity affected by tillage 

practices during seedbed preparation for wheat 2009-10 and 2011 

     SoV                 DF   SS       MS    F          Prob 

       Year                         1          0.00081653       0.00081653      0.22           0.6536 

       Repli(Year)              6           0.02198377      0.00366396      

       Tillage                     4           0.86893587      0.21723397       38.32         0.0001 

       Year*Tillage           4           0.00803474      0.00200869       0.35           0.8384 

       Error                       24          0.13605290      0.00566887 

      Corrected Total      39          1.00851000 

 
 
 

Table A10. Analysis of variance of effective field capacity affected by tillage 

practices during seedbed preparation for mungbean 2010 and 2011 

      SoV                     DF          SS           MS               F          Prob 

       Year                      1                0.00321174   0.00321174       1.21       0.3135 

       Repli(Year)          6       0.01592428       0.00265405        

       Tillage                   4          0.82662554       0.20665638       45.89     0.0001 

      Year*Tillage         4           0.01787354       0.00446839        0.99      0.4307 

      Error                    24         0.10807072       0.00450295 

       Corrected Total    39             0.94684000 
 
 

 

Table A11. Analysis of variance of field efficiency as affected by tillage practices 

during seedbed preparation for wheat 2009-10 and 2011 

       SoV                   DF             SS          MS                   F                Prob 

          Year                      1       1.89441408      1.89441408      1.38           0.2841 

       Repli(Year)           6       8.21812232      1.36968705       

       Tillage                    4      70.30082198    17.57520550    16.08         0.0001 

      Year*Tillage          4      11.29412454     2.82353113      2.58          0.0628 

       Error                    24      26.2282643       1.0928443 

       Corrected Total     39     112.9003975 

 

 

 

 

Table A12.    Analysis of variance of field efficiency as affected by tillage practices 

during seedbed preparation for mungbean 2010 and 2011 

        SoV                     DF              SS         MS        F          Prob 

       Year                       1              0.30453082      0.30453082       0.62          0.4614 

       Repli(Year)           6              2.95239710      0.49206618        

       Tillage                   4              62.11009684     15.52752421   49.75          0.0001 

       Year*Tillage         4              37.15283358      9.28820839    29.76          0.0001 

       Error                    24             7.4910829        0.3121285 

       Corrected Total    39           112.2519500 
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Table A13. Analysis of variance of soil moisture content (%) at 0-20cmdepth during 

the study period in wheat plots as affected by tillage practices and 

sowing methods.  

SoV DF SS MS F-cal Prob 

Year  (Y) 1 7.85 7.85 8.26 0.008 

Reps (within Year) 6 9.67 1.61   

Tillage (T) 4 64.32 16.08 16.93 0.000 

Y x T 4 1.93 0.48 0.51 0.731 

Error I 24 22.80 0.95   

Sowing methods (M) 2 1.12 0.56 6.05 0.004 

Y x M 2 0.72 0.36 3.88 0.026 

T x M 8 0.87 0.11 1.18 0.329 

Y x T x M 8 0.41 0.05 0.56 0.806 

Error II 60 5.55 0.09   

Total 119 115.24    

 

 

 

Table A14. Analysis of variance of soil moisture content (%) at 21-40 cm depth  

during the study period in wheat plots as affected by tillage practices and 

sowing methods. 

SoV F SS MS F-cal Prob 

Year  (Y) 1 7.12 7.12 1.87 0.184 

Reps (within Y) 6 25.08 4.18   

Tillage (T) 4 102.07 25.52 6.70 0.001 

Y x T 4 6.44 1.61 0.42 0.791 

Error I 24 91.45 3.81   

Sowing methods (M) 2 13.60 6.80 3.95 0.024 

Y x M 2 7.21 3.61 2.10 0.132 

T x M 8 13.10 1.64 0.95 0.482 

Y x T x M 8 14.24 1.78 1.03 0.421 

Error II 60 103.26 1.72   

Total 119 383.57    
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Table A15. Analysis of variance of soil bulk density at 0-20 cm depth during the study 

period in wheat plots as affected by tillage practices and sowing methods.   

SoV DF SS MS F-cal Prob 

Year  (Y) 1 0.070 0.070 49.106 0.000 

Reps (within Y ) 6 0.040 0.007   

Tillage (T) 4 0.013 0.003 2.275 0.091 

Y x T 4 0.002 0.001 0.392 0.813 

Error I 24 0.034 0.001   

Sowing methods (M) 2 0.003 0.002 7.163 0.002 

Y x M 2 0.001 0.000 1.651 0.201 

T x M 8 0.003 0.000 1.569 0.154 

Y x T x M 8 0.002 0.000 0.926 0.502 

Error II 60 0.013 0.000   

Total 119 0.180    

 

 

 

Table A16. Analysis of variance of soil bulk density at 21-40 cm during the study 

period in wheat plots as affected by tillage practices and sowing methods.   

SoV DF SS MS F-cal Prob 

Year  (Y) 1 0.036 0.036 14.47 0.001 

Reps (within Y ) 6 0.022 0.004   

Tillage (T) 4 0.018 0.004 1.78 0.166 

Y x T 4 0.010 0.002 0.95 0.453 

Error I 24 0.060 0.003   

Sowing methods (M) 2 0.020 0.010 34.17 0.000 

Y x M 2 0.000 0.000 0.69 0.507 

T x M 8 0.005 0.001 2.13 0.046 

Y x T x M 8 0.003 0.000 1.19 0.321 

Error II 60 0.018 0.000   

Total 119 0.193    
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Table A17. Analysis of variance of soil penetration resistance at 0-20 cm depth during 

the study period in wheat plots as affected by tillage practices and sowing 

methods. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 144907.50 144907.50 277.21 0.000 

Reps (within Y ) 6 32412.50 5402.08   

Tillage (T) 4 55172.08 13793.02 26.39 0.000 

Y x T 4 24632.08 6158.02 11.78 0.000 

Error I 24 12545.83 522.74   

Sowing methods (M) 2 571.67 285.83 2.78 0.070 

Y x M 2 405.00 202.50 1.97 0.148 

T x M 8 830.42 103.80 1.01 0.438 

Y x T x M 8 592.92 74.11 0.72 0.672 

Error II 60 6166.67 102.78   

Total 119 278236.67    

 

 

 

Table A18. Analysis of variance of soil penetration resistance at 21-40 cm depth 

during the study period in wheat plots as affected by tillage practices and 

sowing methods. 

SoV F SS MS F-cal Prob 

Year  (Y) 1 123841.88 123841.88 180.7911 0.000 

Reps (within Y ) 6 29832.92 4972.15 7.26  

Tillage (T) 4 63123.75 15780.94 23.04 0.000 

Y x T 4 26686.25 6671.56 9.74 0.000 

Error I 24 16440.00 685.00   

Sowing methods (M) 2 346.67 173.33 1.21 0.304 

Y x M 2 45.00 22.50 0.16 0.855 

T x M 8 788.75 98.59 0.69 0.699 

Y x T x M 8 798.75 99.84 0.70 0.691 

Error II 60 8570.83 142.85   

Total 119 270474.79    
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Table A19.  Analysis of variance of soil organic matter (%) at 0-20 cm depth after 

harvest of wheat as affected by tillage practices and sowing methods 

during study period 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 1.23 1.23 40.68 0.000 

Reps within (Y) 6 1.68 0.28   

Tillage (T) 4 0.32 0.08 2.63 0.059 

Y x T 4 0.45 0.11 3.73 0.017 

Error I 24 0.73 0.03   

Sowing methods (SM)  2 0.00 0.00 0.04 0.959 

Y x SM 2 0.00 0.00 0.13 0.878 

T x SM 8 0.07 0.01 1.12 0.363 

Y x T x SM 8 0.05 0.01 0.72 0.674 

Error II 60 0.48 0.01   

Total 119 5.00    

  

 

 

Table A20.  Analysis of variance of fresh weeds biomass m
-2

 of wheat as affected by 

tillage practices and sowing methods during 2009-10 and 2010-11 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 88487.28 88487.28 7.69 0.011 

Reps within (Y) 6 55591.24 9265.21   

Tillage (T) 4 922829.28 230707.32 20.04 0.000 

Y x T 4 50579.77 12644.94 1.10 0.380 

Error I 24 276300.21 11512.51   

Sowing methods (SM) 2 7088.67 3544.34 0.62 0.539 

Y x SM 2 5933.37 2966.68 0.52 0.596 

T x SM 8 149505.73 18688.22 3.29 0.004 

Y x T x SM 8 29529.02 3691.13 0.65 0.733 

Error II 60 340703.34 5678.39   

Total 119 1926547.92    
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Table A21. Analysis of variance of dry weeds biomass m
-2

 of wheat as affected by 

tillage practices and sowing methods during 2009-10 and 2010-11 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 8527.79 8527.79 4.84 0.038 

Reps within (Y) 6 8690.70 1448.45   

Tillage (T) 4 140225.50 35056.38 19.91 0.000 

Y x T 4 2159.25 539.81 0.31 0.871 

Error I 24 42267.16 1761.13   

Sowing methods (SM) 2 1254.98 627.49 0.77 0.467 

Y x SM 2 2583.80 1291.90 1.59 0.213 

T x SM 8 19462.43 2432.80 2.99 0.007 

Y x T x SM 8 2356.23 294.53 0.36 0.937 

Error II 60 48872.59 814.54   

Total 119 276400.41    

 

 

 

 

Table A22. Analysis of variance of soil moisture content (%) at 0-20 cm depth during 

the study period in mungbean plots as affected by tillage practices and 

sowing methods.  

SoV DF SS MS F-cal Prob 

Year  (Y) 1 4.87 4.87 7.19 0.013 

Reps (Y) 6 6.46 1.08   

Tillage (T) 4 22.08 5.52 8.14 0.000 

Y x T 4 4.26 1.07 1.57 0.214 

Error I 24 16.27 0.68   

Sowing methods (M) 2 0.40 0.20 0.46 0.634 

Y x M 2 0.54 0.27 0.62 0.542 

T x M 8 0.64 0.08 0.18 0.992 

Y x T x M 8 0.65 0.08 0.19 0.992 

Error II 60 26.15 0.44   

Total 119 82.32    
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Table A23. Analysis of variance for soil moisture content (%) at 21-40 cm depth 

during the study period in mungbean plots as affected by tillage practices 

and sowing methods. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 0.44 0.44 0.15 0.7050 

Reps (Y) 6 25.20 4.20   

Tillage (T) 4 76.89 19.22 6.35 0.0012 

Y x T 4 33.73 8.43 2.79 0.0493 

Error I 24 72.60 3.03   

Sowing methods (M) 2 8.37 4.18 3.12 0.0514 

Y x M 2 6.15 3.07 2.29 0.1098 

T x M 8 12.75 1.59 1.19 0.3210 

Y x T x M 8 13.62 1.70 1.27 0.2766 

Error II 60 80.44 1.34   

Total 119 330.19    

 

 

 

 

Table A24. Analysis of variance for soil bulk density at 0-20 cm depth during the 

study period in mungbean plots as affected by tillage practices and sowing 

methods. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 0.000 0.000 1.86 0.209 

Reps (Y) 6 0.052 0.009   

Tillage (T) 4 0.026 0.007 33.12 0.000 

Y x T 4 0.004 0.001 4.86 0.028 

Error I 24 0.049 0.002   

Sowing methods (M) 2 0.003 0.002 5.18 0.008 

Y x M 2 0.001 0.000 0.99 0.378 

T x M 8 0.002 0.000 0.60 0.771 

Y x T x M 8 0.002 0.000 0.59 0.780 

Error II 60 0.020 0.000   

Total 119 0.158    
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Table A25. Analysis of variance for soil bulk density at 21-40 cm depth during the 

study period in mungbean plots as affected by tillage practices and sowing 

methods. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 0.0205 0.0205 52.00 0.000 

Reps (Y) 6 0.0051 0.0008   

Tillage (T) 4 0.0330 0.0083 20.92 0.000 

Y x T 4 0.0073 0.0018 4.62 0.032 

Error I 24 0.0260 0.0011   

Sowing methods (M) 2 0.0022 0.0011 4.10 0.021 

Y x M 2 0.0011 0.0005 1.93 0.154 

T x M 8 0.0040 0.0005 1.86 0.084 

Y x T x M 8 0.0008 0.0001 0.38 0.928 

Error II 60 0.0163 0.0003   

Total 119 0.1165    

 

 

 

Table A26. Analysis of variance for soil penetration resistance at 0-20 cm depth 

during the study period in mungbean plots as affected by tillage practices 

and sowing methods. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 69360.20 69360.20 347.34 0.000 

Reps (Y) 6 2617.92 436.32   

Tillage (T) 4 43025.00 10756.25 53.87 0.000 

Y x T 4 2765.83 691.46 3.46 0.023 

Error I 24 4792.50 199.69   

Sowing methods (M) 2 98.75 49.38 0.73 0.484 

Y x M 2 355.42 177.71 2.64 0.079 

T x M 8 207.50 25.94 0.39 0.924 

Y x T x M 8 871.67 108.96 1.62 0.138 

Error II 60 4033.33 67.22   

Total 119 128128.13    
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Table A27. Analysis of variance of soil penetration resistance at 21-40 cm depth 

during the study period in mungbean plots as affected by tillage practices 

and sowing methods. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 102083.33 102083.33 295.33 0.0000 

Reps (Y) 6 2445.83 407.64   

Tillage (T) 4 49761.25 12440.31 35.99 0.0000 

Y x T 4 6672.92 1668.23 4.83 0.0053 

Error I 24 8295.83 345.66   

Sowing methods (M) 2 453.75 226.88 1.96 0.1498 

Y x M 2 212.92 106.46 0.92 0.4042 

T x M 8 1540.00 192.50 1.66 0.1264 

Y x T x M 8 2830.83 353.85 3.06 0.0059 

Error II 60 6945.83 115.76   

Total 119 181242.50    

 

 

 

Table A28. Analysis of variance of soil organic matter (%) at 20 cm depth after 

harvesting of mungbean as affected by tillage practices and sowing 

methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 6.42 6.42 88.45 0.000 

Reps within (Y) 6 4.90 0.82   

Tillage (T) 4 0.22 0.06 0.76 0.559 

Y x T 4 0.55 0.14 1.89 0.144 

Error I 24 1.74 0.07   

Sowing methods (SM) 2 0.01 0.01 0.57 0.570 

Y x SM 2 0.03 0.01 1.32 0.275 

T x SM 8 0.11 0.01 1.21 0.306 

Y x T x SM 8 0.16 0.02 1.90 0.076 

Error II 60 0.65 0.01   

Total 119 14.80    
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Table A29 Analysis of variance for fresh weeds biomass m-2
 of mungbean as affected 

by tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 1340.54 1340.54 0.07 0.791 

Reps within (Y) 6 92994.33 15499.06   

Tillage (T) 4 3029366.59 757341.65 40.57 0.000 

Y x T 4 30845.52 7711.38 0.41 0.797 

Error I 24 447996.65 18666.53   

Sowing methods (SM) 2 253423.41 126711.70 8.00 0.001 

Y x SM 2 69727.08 34863.54 2.20 0.120 

T x SM 8 107403.15 13425.39 0.85 0.565 

Y x T x SM 8 36054.75 4506.84 0.28 0.969 

Error II 60 950252.82 15837.55   

Total 119 5019404.84    

 

 

 

 

Table A30. Analysis of variance for dry weeds biomass m
-2

 of mungbean as affected 

by tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 30566.59 30566.59 4.62 0.042 

Reps within (Y) 6 32573.48 5428.91   

Tillage (T) 4 459726.06 114931.52 17.36 0.000 

Y x T 4 92037.26 23009.32 3.48 0.022 

Error I 24 158876.89 6619.87   

Sowing methods (SM) 2 38561.73 19280.87 7.58 0.001 

Y x SM 2 5169.18 2584.59 1.02 0.368 

T x SM 8 28465.96 3558.25 1.40 0.215 

Y x T x SM 8 3992.89 499.11 0.20 0.990 

Error II 60 152575.79 2542.93   

Total 119 1002545.83    
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APPENDIX-B: ANOVA OF WHEAT DATA 

 

Table B1. Analysis of variance of emergence m
-2

 of wheat as affected by tillage 

practices and sowing methods during 2009-10 and 2010-11. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 13125.21 13125.21 102.57 0.000 

Reps within (Y) 6 1584.18 264.03   

Tillage (T) 4 945.22 236.30 1.85 0.153 

Y x T 4 400.92 100.23 0.78 0.547 

Error I 24 3071.07 127.96   

Sowing methods (SM)  2 2653.52 1326.76 19.97 0.000 

Y x SM 2 1168.12 584.06 8.79 0.000 

T x SM 8 950.98 118.87 1.79 0.097 

Y x T x SM 8 237.38 29.67 0.45 0.888 

Error II 60 3986.00 66.43   

Total 119 28122.59    

 

 

 

 

Table B2. Analysis of variance of plant population m
-2

 of wheat as affected by tillage 

practices and sowing methods during 2009-10 and 2010-11. 

 

SoV DF SS MS F-cal Prob 

Year  1 20098.41 20098.41 27.22 0.000 

Reps (Y) 6 2460.98 410.16   

Tillage (T) 4 6183.38 1545.85 2.09 0.113 

Y x T 4 2137.72 534.43 0.72 0.584 

Error I 24 17718.77 738.28   

Sowing methods (M) 2 7331.45 3665.73 15.69 0.000 

Y x M 2 647.62 323.81 1.39 0.258 

T x M 8 4901.97 612.75 2.62 0.016 

Y x T x M 8 844.63 105.58 0.45 0.884 

Error II 60 14015.00 233.58   

Total 119 76339.92    
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Table  B3. Analysis of variance of tiller m
-2

 of wheat as affected by tillage practices 

and sowing methods during 2009-10 and 2010-11. 

SoV DF SS MS F-cal Prob 

Year (Y) 1 8052.41 8052.41 5.00 0.035 

Reps within (Y) 6 5598.05 933.01   

Tillage (T) 4 50617.92 12654.48 7.86 0.000 

Y x T 4 2863.72 715.93 0.44 0.775 

Error I 24 38624.37 1609.35   

Sowing methods (SM)  2 17436.07 8718.03 17.98 0.000 

Y x SM 2 8666.07 4333.03 8.93 0.000 

T x SM 8 4780.93 597.62 1.23 0.296 

Y x T x SM 8 2152.43 269.05 0.55 0.810 

Error II 60 29099.83 485.00   

Total 119 167891.79    

 

 

 

 

Table  B4. Analysis of variance of plant height (cm) of wheat as affected by tillage 

practices and sowing methods during 2009-10 and 2010-11. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 6769.51 6769.51 202.75 0.000 

Reps within (Y) 6 324.13 54.02   

Tillage (T) 4 295.89 73.97 2.22 0.098 

Y x T 4 105.41 26.35 0.79 0.544 

Error I 24 801.32 33.39   

Sowing methods (SM)  2 14.19 7.10 0.42 0.656 

Y x SM 2 13.94 6.97 0.42 0.661 

T x SM 8 213.75 26.72 1.60 0.144 

Y x T x SM 8 76.00 9.50 0.57 0.799 

Error II 60 1002.05 16.70   

Total 119 9616.19    
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Table  B5. Analysis of variance of length spike
-1

 of wheat as affected by tillage 

practices and sowing methods during 2009-10 and 2010-11. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 12.03 12.03 30.26 0.000 

Reps within (Y) 6 2.42 0.40   

Tillage (T) 4 2.84 0.71 1.78 0.165 

Y x T 4 1.86 0.47 1.17 0.348 

Error I 24 9.54 0.40   

Sowing methods (SM)  2 46.25 23.13 95.36 0.000 

Y x SM 2 4.00 2.00 8.25 0.001 

T x SM 8 4.16 0.52 2.15 0.045 

Y x T x SM 8 1.49 0.19 0.77 0.632 

Error II 60 14.55 0.24   

Total 119 99.15    

 

 

 

 

Table  B6. Analysis of variance of number of grain spike
-1

 of wheat as affected by 

tillage practices and sowing methods during 2009-10 and 2010-11 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 494.51 494.51 4.56 0.043 

Reps within year 6 436.90 72.82   

Tillage (T) 4 118.38 29.60 0.27 0.892 

Y x T 4 34.63 8.66 0.08 0.988 

Error I 24 2600.19 108.34   

Sowing methods (SM)  2 3989.69 1994.85 39.50 0.000 

Y x SM 2 309.26 154.63 3.06 0.054 

T x SM 8 276.35 34.54 0.68 0.704 

Y x T x SM 8 148.53 18.57 0.37 0.934 

Error II 60 3030.34 50.51   

Total 119 11438.78    
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Table B7. Analysis of variance of 1000 grain weight of wheat as affected by tillage 

practices and sowing methods during 2009-10 and 2010-11 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 2604.01 2604.01 433.58 0.000 

Reps within (Y) 6 22.35 3.73   

Tillage (T) 4 4.69 1.17 0.20 0.938 

Y x T 4 22.44 5.61 0.93 0.461 

Error I 24 144.14 6.01   

Sowing methods (SM)  2 8.80 4.40 0.75 0.477 

Y x SM 2 18.00 9.00 1.53 0.224 

T x SM 8 63.02 7.88 1.34 0.241 

Y x T x SM 8 32.16 4.02 0.68 0.703 

Error II 60 352.39 5.87   

Total 119 3271.99    

 

 

 

 

 

Table B8.  Analysis of variance of grain yield kg ha
-1

 of wheat as affected by tillage 

practices and sowing methods during 2009-10 and 2010-11 
SoV DF SS MS F-cal Prob 

Year  (Y) 1 23945800.21 23945800.21 161.40 0.000 

Reps within (Y) 6 1089013.98 181502.33   

Tillage (T) 4 4909608.78 1227402.20 8.27 0.000 

Y x T 4 1962709.75 490677.44 3.31 0.027 

Error I 24 3560722.27 148363.43   

Sowing methods (SM)  2 5335663.22 2667831.61 45.52 0.000 

Y x SM 2 811162.62 405581.31 6.92 0.002 

T x SM 8 1497935.62 187241.95 3.19 0.004 

Y x T x SM 8 627128.05 78391.01 1.34 0.243 

Error II 60 3516370.50 58606.18   

Total 119 47256114.99    
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Table B9. Analysis of variance of straw yield kg ha
-1

 of wheat as affected by tillage 

practices and sowing methods during 2009-10 and 2010-11 

 

SoV DF SS MS F-cal Prob 

Year  1 3725925.21 3725925.21 5.81 0.024 

Reps (Y) 6 4950558.98 825093.16 1.29 0.301 

Tillage (T) 4 5159991.28 1289997.82 2.01 0.125 

Y x T 4 878755.58 219688.90 0.34 0.846 

Error I 24 15390693.93 641278.91   

Sowing methods (M) 2 3363030.72 1681515.36 5.73 0.005 

Y x M 2 2179190.12 1089595.06 3.72 0.030 

T x M 8 1385605.62 173200.70 0.59 0.782 

Y x T x M 8 3136904.72 392113.09 1.34 0.243 

Error II 60 17597028.83 293283.81   

Total 119 57767684.99    

 

 

 

 

 

Table B10.  Analysis of variance of biological yield kg ha
-1

 of wheat as affected by 

tillage practices and sowing methods during 2009-10 and 2010-11 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 46563020.83 46563020.83 44.73 0.000 

Reps within (Y) 6 4020291.67 670048.61   

Tillage (T) 4 17890291.67 4472572.92 4.30 0.009 

Y x T 4 2517291.67 629322.92 0.60 0.663 

Error I 24 24982416.67 1040934.03   

Sowing methods (SM)  2 12686375.00 6343187.50 18.43 0.000 

Y x SM 2 1698291.67 849145.83 2.47 0.093 

T x SM 8 2971333.33 371416.67 1.08 0.390 

Y x T x SM 8 3778583.33 472322.92 1.37 0.227 

Error II 60 20645416.67 344090.28   

Total 119 137753312.50    
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Table B11. Analysis of variance of harvest index (%) of wheat as affected by tillage 

practices and sowing methods during 2009-10 and 2010-11 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 289.91 289.91 33.06 0.000 

Reps within (Y) 6 172.95 28.82   

Tillage (T) 4 70.43 17.61 2.01 0.125 

Y x T 4 60.12 15.03 1.71 0.180 

Error I 24 210.44 8.77   

Sowing methods (SM) 2 150.33 75.16 14.40 0.000 

Y x SM 2 53.46 26.73 5.12 0.009 

T x SM 8 49.06 6.13 1.17 0.329 

Y x T x SM 8 40.05 5.01 0.96 0.477 

Error II 60 313.26 5.22   

Total 119 1409.99    
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APPENDIX-C: ANOVA OF MUGBEAN DATA 

 

Table C1. Analysis of variance for emergence m-2
 of mungbean as affected by tillage 

practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 1.99 1.99 0.29 0.597 

Reps within (Y) 6 8.13 1.36   

Tillage (T) 4 116.72 29.18 4.21 0.010 

Y x T 4 21.32 5.33 0.77 0.556 

Error I 24 166.30 6.93   

Sowing methods (SM)      2 96.02 48.01 10.56 0.000 

Y x SM 2 29.72 14.86 3.27 0.045 

T x SM 8 46.07 5.76 1.27 0.278 

Y x T x SM 8 20.97 2.62 0.58 0.793 

Error II 60 272.80 4.55   

Total 119 780.05    

 

 

 

 

 

Table C2. Analysis of variance for days to flowering of mungbean as affected by 

tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 10.21 10.21 4.01 0.057 

Reps within (Y) 6 24.18 4.03   

Tillage (T) 4 71.55 17.89 7.03 0.001 

Y x T 4 8.58 2.15 0.84 0.511 

Error I 24 61.07 2.54   

Sowing methods (SM)        2 97.62 48.81 40.12 0.000 

Y x SM 2 21.02 10.51 8.64 0.001 

T x SM 8 12.05 1.51 1.24 0.293 

Y x T x SM 8 4.32 0.54 0.44 0.890 

Error II 60 73.00 1.22   

Total 119 383.59    
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Table C3. Analysis of variance for days to maturity of mungbean as affected by 

tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 114.07 114.07 16.17 0.000 

Reps within (Y) 6 9.92 1.65   

Tillage (T) 4 215.67 53.92 7.64 0.000 

Y x T 4 37.13 9.28 1.32 0.293 

Error I 24 169.33 7.06   

Sowing methods (SM)         2 68.52 34.26 8.96 0.000 

Y x SM 2 23.45 11.73 3.07 0.054 

T x SM 8 72.73 9.09 2.38 0.027 

Y x T x SM 8 22.47 2.81 0.73 0.661 

Error II 60 229.50 3.82   

Total 119 962.79    

 

 

 

 

  

Table C4. Analysis of variance of plant height of mungbean as affected by tillage 

practices and sowing methods during 2010 and 2011. 

 

SoV DF SS MS F-cal Prob 

Year  1 825.09 825.09 103.45 0.000 

Reps (Y) 6 52.70 8.78 1.10  

Tillage (T) 4 103.24 25.81 3.24 0.029 

Y x T 4 34.01 8.50 1.07 0.395 

Error I 24 191.41 7.98   

Sowing methods(M)  2 171.15 85.58 5.26 0.008 

Y x M 2 5.56 2.78 0.17 0.843 

T x M 8 148.49 18.56 1.14 0.350 

Y x T x M 8 140.43 17.55 1.08 0.390 

Error II 60 976.04 16.27   

Total 119 2648.14    
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Table C5. Analysis of variance for number of branches plant
-1

 of mungbean as 

affected by tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 2.76 2.76 2.74 0.111 

Reps within (Y) 6 6.85 1.14   

Tillage (T) 4 5.30 1.32 1.31 0.293 

Y x T       4 5.32 1.33 1.32 0.291 

Error I     24 24.18 1.01   

Sowing methods (SM)             2 44.94 22.47 18.52 0.000 

Y x SM 2 23.95 11.97 9.87 0.000 

T x SM 8 9.11 1.14 0.94 0.492 

Y x T x SM 8 3.99 0.50 0.41 0.910 

Error II 60 72.81 1.21   

Total 119 199.21    

 

 

 

 

 

 

Table C6. Analysis of variance for number of pod plant-
1
 of mungbean as affected by 

tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 4043.76 4043.76 245.71 0.000 

Reps within (Y) 6 311.00 51.83   

Tillage (T) 4 229.90 57.48 3.49 0.022 

Y x T 4 187.90 46.97 2.85 0.046 

Error I      24 394.98 16.46   

Sowing methods (SM)                 2 1042.87 521.43 17.70 0.000 

Y x SM 2 793.87 396.93 13.47 0.000 

T x SM 8 499.79 62.47 2.12 0.047 

Y x T x SM 8 488.35 61.04 2.07 0.053 

Error II 60 1767.58 29.46   

Total 119 9760.00    
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Table C7. Analysis of variance for pod length of mungbean as affected by tillage 

practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 4.31 4.31 12.04 0.002 

Reps within (Y) 6 0.41 0.07   

Tillage (T) 4 2.19 0.55 1.53 0.226 

Y x T 4 1.52 0.38 1.06 0.399 

Error I     24 8.60 0.36   

Sowing methods (SM)           2 3.14 1.57 8.03 0.001 

Y x SM 2 0.88 0.44 2.24 0.115 

T x SM 8 3.40 0.43 2.17 0.042 

Y x T x SM 8 1.45 0.18 0.92 0.503 

Error II 60 11.73 0.20   

Total 119 37.62    

      

 

 

 

Table C8. Analysis of variance for 100 grain weight of mungbean as affected by 

tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 5.42 5.42 6.44 0.018 

Reps within (Y) 6 2.29 0.38   

Tillage (T) 4 5.81 1.45 1.73 0.177 

Y x T 4 1.30 0.33 0.39 0.815 

Error I     24 20.18 0.84   

Sowing methods (SM)          2 4.59 2.30 4.86 0.011 

Y x SM 2 1.25 0.63 1.32 0.273 

T x SM 8 3.73 0.47 0.99 0.455 

Y x T x SM 8 3.13 0.39 0.83 0.580 

Error II     60 28.34 0.47   

Total 119 76.03    
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Table C9. Analysis of variance for grain yield kg ha
-1

 of mungbean as affected by 

tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 3651692.07 3651692.07 145.57 0.000 

Reps within (Y) 6 182661.89 30443.65   

Tillage (T) 4 288102.56 72025.64 2.87 0.045 

Y x T 4 83081.92 20770.48 0.83 0.520 

Error I 24 602065.04 25086.04   

Sowing methods (SM) 2 1466187.22 733093.61 28.06 0.000 

Y x M 2 707108.09 353554.04 13.53 0.000 

T x M 8 97835.02 12229.38 0.47 0.874 

Y x T x M 8 103062.42 12882.80 0.49 0.856 

Error II 60 1567700.212 26128.34   

Total 119 8749496.446    

 

 

 

 

 

Table C10. Analysis of variance for biological yield kg ha
-1

 of mungbean as affected by 

tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 61941885.2 61941885.2 283.54 0.000 

Reps within (Y) 6 1066513.0 177752.2   

Tillage (T) 4 1453430.9 363357.7 1.66 0.191 

Y x T 4 378747.6 94686.9 0.43 0.783 

Error I 24 5242968.7 218457.0   

Sowing methods (SM) 2 7503092.9 3751546.5 14.92 0.000 

Y x M 2 1632967.9 816484.0 3.25 0.046 

T x M 8 232254.3 29031.8 0.12 0.998 

Y x T x M 8 3693837.7 461729.7 1.84 0.088 

Error II 60 15087928.5 251465.5   

Total 119 98233626.8    
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Table C11. Analysis of variance for harvest index (%) of mungbean as affected by 

tillage practices and sowing methods during 2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  1 184.23 184.23 14.11 0.006 

Reps within (Y) 6 108.09 18.01 1.38 0.328 

Tillage (T) 4 69.58 17.39 1.33 0.337 

Y x T 4 21.30 5.33 0.41 0.799 

Error I 24 313.38 13.06   

Sowing methods (SM) 2 280.73 140.37 11.52 0.000 

Y x M 2 184.05 92.02 7.55 0.001 

T x M 8 24.66 3.08 0.25 0.978 

Y x T x M 8 79.30 9.91 0.81 0.594 

Error II 60 731.35 12.19   

Total 119 1996.67    
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APPENDIX-D: ANOVA OF TOTAL N (SOIL AND PLANT) 

 

Table D1. Analysis of variance of total N (g kg
-1

) in soil at 0-20 (cm) depth after 

harvest of wheat as affected by tillage practices and sowing methods 

during study period. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 0.00 0.00 0.07 0.796 

Reps within (Y) 6 0.15 0.02   

Tillage (T) 4 0.28 0.07 3.23 0.030 

Y x T 4 0.25 0.06 2.92 0.042 

Error I 24 0.51 0.02   

Sowing methods (SM)            2 0.14 0.07 11.39 0.000 

Y x SM 2 0.05 0.02 4.02 0.023 

T x SM 8 0.04 0.01 0.84 0.574 

Y x T x SM 8 0.06 0.01 1.20 0.315 

Error II 60 0.36 0.01   

Total 119 1.84    

 

 

 

Table D2.  Analysis of variance of total N (g kg
-1

) in grain after harvest of wheat as 

affected by tillage practices and sowing methods during study period. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 9.27 9.27 16.73 0.000 

Reps within (Y) 6 17.24 2.87   

Tillage (T) 4 5.03 1.26 2.70 0.288 

Y x T 4 3.23 0.81 1.45 0.303 

Error I 24 13.29 0.55   

Sowing methods (SM) 2 1.22 0.61 1.17 0.316 

Y x M 2 0.93 0.47 0.90 0.412 

T x M 8 4.46 0.56 1.08 0.392 

Y x T x M 8 5.51 0.69 1.33 0.248 

Error II 60 31.11 0.52   

Total 119 91.29    
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Table D3.  Analysis of variance of total N (g kg
-1

) in straw after harvest of wheat as 

affected by tillage practices and sowing methods during study period. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 0.24 0.24 1.25 0.275 

Reps within (Y) 6 3.71 0.62   

Tillage (T) 4 1.15 0.29 9.11 0.101 

Y x T 4 1.10 0.28 14.04 0.001 

Error I 24 4.54 0.19   

Sowing methods (SM) 2 1.52 0.76 32.43 0.000 

Y x M 2 0.06 0.03 1.34 0.268 

T x M 8 0.16 0.02 0.84 0.573 

Y x T x M 8 0.11 0.01 0.56 0.806 

Error II 60 1.41 0.02   

Total 119 13.99    

 

 

 

Table D4. Analysis of variance of total N (g kg
-1

) in soil at 0-20 (cm) after harvest of 

mungbean as affected by tillage practices and sowing methods during 

2010 and 2011. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 0.07 0.07 1.71 0.204 

Reps within (Y) 6 0.43 0.07   

Tillage (T) 4 0.14 0.04 0.82 0.525 

Y x T 4 0.07 0.02 0.40 0.805 

Error I 24 1.04 0.04   

Sowing methods (SM) 2 0.03 0.01 8.63 0.001 

Y x SM 2 0.00 0.00 0.63 0.535 

T x SM 8 0.02 0.00 1.46 0.191 

Y x T x SM 8 0.01 0.00 0.91 0.511 

Error II 60 0.10 0.00   

Total 119 1.91    

 

 

 

 

 



 

 

 

 196 

 

Table D5.  Analysis of variance of total N (g kg
-1

) in grain after harvest of mungbean 

as affected by tillage practices and sowing methods during study period. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 2556.16 2556.16 7463.16 0.000 

Reps within (Y) 6 12.58 2.10   

Tillage (T) 4 2.68 0.67 12.91 0.073 

Y x T 4 4.53 1.13 55.69 0.000 

Error I 24 8.22 0.34   

Sowing methods (SM) 2 1.78 0.89 16.53 0.000 

Y x SM 2 0.10 0.05 0.97 0.387 

T x SM 8 0.16 0.02 0.38 0.928 

Y x T x SM 8 0.34 0.04 0.79 0.614 

Error II 60 3.23 0.05   

Total 119 2589.79    

 

 

 

Table D6.  Analysis of variance of total N (g kg
-1

) in straw after harvest of mungbean 

as affected by tillage practices and sowing methods during study period. 

SoV DF SS MS F-cal Prob 

Year  (Y) 1 8.75 8.75 76.52 0.000 

Reps within (Y) 6 0.60 0.10   

Tillage (T) 4 0.01 0.00 0.31 0.855 

Y x T 4 0.10 0.02 1.14 0.404 

Error I 24 2.75 0.11   

Sowing methods (M) 2 0.34 0.17 10.39 0.000 

Y x M 2 0.02 0.01 0.53 0.594 

T x M 8 0.17 0.02 1.30 0.262 

Y x T x M 8 0.05 0.01 0.41 0.912 

Error II 60 0.98 0.02   

Total 119 13.77    
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APPENDIX-E:  PERFORMANCE OF TILLAGE  

   IMPLEMENTS DATA 
  

  

 

Table E1.      Soil depth of cut during wheat seed bed preparation 2009-10 

Treatment R1 R2 R3 R4 

TC 8.57 8.77 8.57 9.20 

CP 34.17 33.80 31.77 29.63 

MP 19.53 22.43 19.53 20.10 

DP 18.80 17.43 21.43 21.53 

RT 10.87 10.33 11.00 10.67 

  

 

 

 

Table. E2    Soil depth of cut during wheat seed bed preparation  2010-11 

Treatment R1 R2 R3 R4 

TC 13.13 12.33 11.00 11.70 

CP 38.43 40.40 28.00 32.20 

MP 25.87 27.57 24.77 24.23 

DP 20.77 21.10 21.77 22.53 

RT 12.10 14.53 14.73 12.33 

 

 

 

 

Table. E3.   Soil depth of cut during mungbean seed bed preparation 2010  

Treatment R1 R2 R3 R4 

TC 9.77 9.43 10.00 9.80 

CP 35.77 37.00 37.90 37.30 

MP 21.37 23.77 24.00 25.33 

DP 20.23 23.13 21.67 21.23 

RT 12.10 11.10 11.77 11.80 

   

 

 

 

Table E4. Soil depth of cut during mungbean seed bed preparation 2011 

Treatment R1 R2 R3 R4 

TC 11.00 10.67 10.57 11.00 

CP 32.67 32.57 32.33 38.10 

MP 24.90 20.10 24.33 24.90 

DP 21.53 20.90 20.20 20.77 

RT 13.10 13.97 12.77 12.87 
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Table E5.    Wheel slippage during wheat seed bed preparation 2009-10 

Treatment R1 R2 R3 R4 

TC 13.64 15.56 13.95 15.91 

CP 26.92 28.30 25.00 26.92 

MP 24.00 25.49 28.00 24.00 

DP 20.83 22.92 22.92 20.83 

RT 17.39 19.57 15.22 21.74 

  

 

 

Table E6.   Wheel slippage during wheat seed bed preparation 2010-11  

Treatment R1 R2 R3 R4 

TC 13.64 12.54 13.64 11.54 

CP 23.40 25.00 25.00 25.53 

MP 22.45 24.00 24.00 20.41 

DP 17.39 17.39 19.57 17.39 

RT 18.18 20.45 20.45 21.74 

  

  

  

Table E7.   Wheel slippage during mungbean seed bed preparation 2010 

Treatment R1 R2 R3 R4 

TC 15.91 18.18 13.64 17.39 

CP 25.00 22.92 20.83 20.83 

MP 21.28 19.57 19.57 19.15 

DP 17.39 19.15 15.22 15.22 

RT 17.78 20.00 13.33 18.18 

  

 

 

Table E8.   Wheel slippage during mungbean seed bed preparation 2011 

Treatment R1 R2 R3 R4 

TC 13.04 15.22 17.39 14.89 

CP 20.83 22.45 24.49 22.45 

MP 19.15 21.28 21.74 19.57 

DP 17.39 17.39 19.15 17.39 

RT 15.91 18.18 18.18 15.91 

  

  

   

Table E9.   Fuel consumption during wheat seed bed preparation 2009-10 

Treatment R1 R2 R3 R4 

TC 7.7 7.4 7.7 7.4 

CP 17.6 17.2 17.6 16.7 

MP 14.7 15.2 14.2 14.7 

DP 18.6 18.1 19.1 18.1 

RT 11.1 11.2 12.1 11.2 
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Table E10.  Fuel consumption during wheat seed bed preparation 2010-11 

Treatment R1 R2 R3 R4 

TC 7.2 6.9 6.9 6.6 

CP 16.7 17.6 18.1 18.6 

MP 14.2 14.7 15.7 15.2 

DP 18.1 17.6 18.6 17.2 

RT 10.1 12.1 13.2 13.2 

  

 

    

Table E11.   Fuel consumption during mungbean seed bed preparation 2010 

Treatment R1 R2 R3 R4 

TC 7.4 7.2 7.9 7.2 

CP 16.2 17.6 18.6 17.6 

MP 14.2 14.2 13.2 14.2 

DP 19.1 18.6 19.6 17.6 

RT 11.4 11.0 11.0 11.0 

 

 

 

Table E12.    Fuel Consumption during  mungbean seed bed preparation 2011 

Treatment R1 R2 R3 R4 

TC 7.7 7.2 7.2 7.2 

CP 16.2 17.2 17.2 17.2 

MP 14.7 15.7 15.7 15.2 

DP 17.6 17.2 16.7 17.6 

RT 11.0 12.5 13.3 13.3 

  

 

   

Table E13.  Speed of tractor during wheat seed bed preparation 2009-10   

Treatment R1 R-2 R-3 R-4 

TC 3.60 3.44 3.56 3.48 

CP 3.15 3.09 3.12 2.99 

MP 3.22 3.09 3.15 3.15 

DP 3.56 3.40 3.48 3.48 

RT 3.18 3.05 3.15 2.96 

       

 

 

Table E14.   Speed of tractor during wheat seed bed preparation 2010-11  

Treatment R-1 R-2 R-3 R-4 

TC 3.64 3.69 3.64 3.60 

CP 3.05 2.91 2.99 2.91 

MP 3.48 3.40 3.32 3.40 

DP 3.44 3.44 3.40 3.48 

RT 3.40 3.25 3.29 3.22 
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   Table E15.  Speed of tractor during mungbean seed bed preparation 2010  

Treatment R1 R-2 R-3 R-4 

TC 3.64 3.52 3.52 3.56 

CP 2.96 2.85 2.94 2.88 

MP 3.56 3.48 3.52 3.52 

DP 3.09 2.96 3.05 2.91 

RT 3.29 3.36 3.29 3.22 

  

 

    

  Table E16.    Speed of tractor mungbean seed bed preparation 2011  

Treatment R-1 R-2 R-3 R-4 

TC 3.48 3.36 3.40 3.36 

CP 3.09 3.05 3.05 3.02 

MP 3.40 3.32 3.32 3.40 

DP 3.52 3.56 3.44 3.40 

RT 3.18 3.15 3.18 3.09 

   

 

 

Table E17.  Effective field capacity during wheat seed bed preparation 2009-10 

Treatment R1 R2 R3 R4 

TC 0.61 0.57 0.58 0.57 

CP 0.27 0.27 0.28 0.27 

MP 0.28 0.27 0.28 0.28 

DP 0.30 0.30 0.30 0.30 

RT 0.36 0.35 0.36 0.34 

 

 

 

Table E18.  Effective field capacity during wheat seed bed preparation 2010-11  

Treatment R1 R2 R3 R4 

TC 0.62 0.62 0.60 0.59 

CP 0.27 0.26 0.27 0.26 

MP 0.30 0.30 0.29 0.30 

DP 0.30 0.30 0.30 0.30 

RT 0.38 0.37 0.37 0.37 

 

 

 

Table E19.  Effective field capacity during mungbean seed bed preparation 2010 

Treatment R1 R2 R3 R4 

TC 0.62 0.60 0.60 0.60 

CP 0.26 0.26 0.26 0.26 

MP 0.32 0.31 0.31 0.31 

DP 0.27 0.26 0.28 0.26 

RT 0.38 0.39 0.38 0.38 
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Table E20. Effective field capacity during mungbean seed bed preparation 2011  

Treatment R1 R2 R3 R4 

TC 0.59 0.58 0.58 0.58 

CP 0.27 0.28 0.28 0.28 

MP 0.30 0.30 0.30 0.30 

DP 0.30 0.32 0.31 0.30 

RT 0.37 0.37 0.37 0.36 

 

 

 

Table E21.  Field efficiency during wheat seed bed preparation 2009-10  

Treatment R1 R2 R3 R4 

TC 73.68 72.13 71.43 71.90 

CP 72.73 74.24 74.05 74.81 

MP 72.87 74.24 73.85 73.85 

DP 71.43 72.36 71.90 71.90 

RT 73.64 74.44 73.85 75.00 

  

 

  

Table E22. Field  efficiency during wheat seed bed preparation 2010-11 

Treatment R1 R2 R3 R4 

TC 73.45 73.21 72.17 71.19 

CP 74.44 75.36 74.81 75.36 

MP 71.90 72.36 72.80 72.36 

DP 72.13 72.13 72.36 71.90 

RT 72.36 73.23 73.02 73.44 

 

 

 

Table E23. Field efficiency during mungbean seed bed preparation 2010   

Treatment R1 R2 R3 R4 

TC 73.45 74.14 74.14 73.91 

CP 74.45 75.18 74.64 75.54 

MP 73.91 74.36 74.14 74.14 

DP 74.24 74.45 76.74 75.91 

RT 75.41 75.00 75.41 75.81 

 

 

 

Table E24. Field efficiency during mungbean seed bed preparation 2011 

Treatment R1 R2 R3 R4 

TC 74.36 75.00 74.79 75.00 

CP 73.68 75.57 75.57 76.92 

MP 74.79 75.21 75.21 74.79 

DP 72.27 73.91 74.58 74.79 

RT 76.00 76.19 76.00 74.24 
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Table E25.  Soil moisture content at 0- 20 cm depth of wheat as affected by tillage 

practices and sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 13.25 12.41 12.41 13.31 

TC-2 CD 12.77 12.37 12.19 13.2 

 BC 12.8 12.71 12.21 13.24 

 SD 14.46 15.17 14.18 14.77 

CR CD 14.78 14.71 14.28 15.21 

 BC 14.85 14.77 14.18 14.93 

 SD 13.28 15.13 14.81 15.32 

MR CD 13.38 15.21 14.77 14.23 

 BC 13.25 15.35 14.65 14.63 

 SD 13.91 13.3 13.66 15.14 

DR CD 14.15 13.39 13.67 15.21 

 BC 13.97 13.39 13.6 14.95 

 SD 12.68 12.39 12.32 13.68 

TCR CD 12.35 12.71 12.35 13.67 

 BC 12.35 12.88 12.23 13.69 

 

 

 

 

 

 

Table E26.  Soil moisture content at 0-20 cm depth of wheat as affected by tillage 

practices and sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 14.8 12.3 14.3 13.9 

TC-2 CD 14.7 12.5 12.3 13.1 

 BC 13.4 12.8 13.5 12.8 

 SD 15.8 15.3 14.7 14.9 

CR CD 15.9 15.4 14.5 15.3 

 BC 15.7 15.1 14.2 14.4 

 SD 14.6 15.3 14.7 14.9 

MR CD 14.3 15 14.5 14.6 

 BC 14 15.2 14.1 14.8 

 SD 15 14.2 15.5 13.6 

DR CD 14.2 14 15.1 14.3 

 BC 14.5 14.1 15.7 13.3 

 SD 14 14.3 13.5 13.8 

TCR CD 13.9 14.2 13.4 14 

 BC 13.4 13.4 12.8 13.7 
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Table E27.  Soil moisture content at 21- 40 cm depth of wheat as affected by tillage 

practices and sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 13.41 16.61 13.92 13.63 

TC-2 CD 13.27 14.14 13.85 13.41 

 BC 13.43 13.98 13.82 13.52 

 SD 15.45 16.89 15.73 15.63 

CR CD 15.15 16.91 15.4 15.87 

 BC 15.18 16.87 15.32 15.46 

 SD 14.7 16.67 15.17 15.46 

MR CD 13.82 16.78 15.29 15.31 

 BC 14.6 16.68 15.15 15.28 

 SD 14.51 13.82 14.39 15.81 

DR CD 14.63 13.91 14.46 15.28 

 BC 14.34 13.87 14.32 15.24 

 SD 13.69 14.37 14.21 13.69 

TCR CD 13.44 14.31 14.22 13.65 

 BC 13.61 14.29 14.13 13.21 

 

 

 

 

 

Table E28.  Soil moisture content at 21-40 cm depth of wheat as affected by tillage 

practices and sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 15.9 14.3 13.2 14.2 

TC-2 CD 15.1 14.1 13.4 14.1 

 BC 15.2 13.8 13.7 13.8 

 SD 17 18.6 16.5 16.8 

CR CD 17.3 16.3 15.3 17.4 

 BC 16.2 16.5 15.8 16.7 

 SD 15 15.3 17.7 16.1 

MR CD 15.9 15.1 17.3 15.6 

 BC 14.7 14.4 17 15.1 

 SD 15.1 15.3 16.1 16.8 

DR CD 15.6 15.6 15.9 16.3 

 BC 14.9 14.7 15.1 16.4 

 SD 15.2 15.4 14.8 15.8 

TCR CD 14.8 15.1 13.7 15.2 

 BC 14.3 14.8 13.114.1 15.1 
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Table E29.  Soil bulk density at 0- 20 cm depth of wheat as affected by tillage 

practices and sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 1.55 1.57 1.57 1.47 

TC-2 CD 1.56 1.57 1.59 1.49 

 BC 1.56 1.58 1.59 1.49 

 SD 1.56 1.54 1.54 1.43 

CR CD 1.59 1.53 1.56 1.46 

 BC 1.58 1.54 1.55 1.45 

 SD 1.54 1.51 1.54 1.49 

MR CD 1.56 1.51 1.49 1.49 

 BC 1.54 1.53 1.55 1.46 

 SD 1.52 1.53 1.53 1.52 

DR CD 1.53 1.53 1.51 1.52 

 BC 1.52 1.54 1.53 1.51 

 SD 1.52 1.52 1.48 1.52 

TCR CD 1.53 1.53 1.49 1.49 

 BC 1.53 1.52 1.5 1.51 

 

 

 

 

 

Table E30.  Soil bulk density at 0-20 cm depth of wheat as affected by tillage practices 

and sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 1.47 1.52 1.49 1.48 

TC-2 CD 1.48 1.51 1.47 1.47 

 BC 1.52 1.53 1.49 1.49 

 SD 1.49 1.48 1.46 1.41 

CR CD 1.51 1.49 1.48 1.47 

 BC 1.48 1.51 1.49 1.44 

 SD 1.47 1.47 1.45 1.43 

MR CD 1.49 1.46 1.44 1.42 

 BC 1.51 1.49 1.47 1.47 

 SD 1.51 1.42 1.47 1.48 

DR CD 1.48 1.45 1.51 1.49 

 BC 1.48 1.49 1.46 1.47 

 SD 1.48 1.48 1.44 1.47 

TCR CD 1.49 1.49 1.49 1.47 

 BC 1.49 1.51 1.48 1.47 
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Table E31.  Soil bulk density at 21-40 cm depth of wheat as affected by tillage 

practices and sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 1.56 1.56 1.58 1.53 

TC-2 CD 1.58 1.57 1.6 1.55 

 BC 1.62 1.61 1.61 1.57 

 SD 1.57 1.6 1.55 1.48 

CR CD 1.62 1.56 1.58 1.49 

 BC 1.59 1.59 1.59 1.5 

 SD 1.54 1.56 1.55 1.5 

MR CD 1.57 1.58 1.53 1.51 

 BC 1.53 1.61 1.56 1.49 

 SD 1.56 1.55 1.54 1.56 

DR CD 1.54 1.56 1.56 1.56 

 BC 1.55 1.59 1.58 1.59 

 SD 1.55 1.57 1.49 1.53 

TCR CD 1.54 1.6 1.52 1.5 

 BC 1.55 1.62 1.56 1.58 

 

 

 

 

 

Table E32.  Soil bulk density at 21- 40 cm depth of wheat as affected by tillage 

practices and sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 1.51 1.55 1.53 1.51 

TC-2 CD 1.54 1.54 1.49 1.52 

 BC 1.55 1.56 1.55 1.54 

 SD 1.51 1.49 1.53 1.46 

CR CD 1.52 1.47 1.56 1.47 

 BC 1.53 1.56 1.57 1.49 

 SD 1.54 1.53 1.53 1.51 

MR CD 1.54 1.53 1.58 1.49 

 BC 1.56 1.54 1.54 1.48 

 SD 1.52 1.52 1.52 1.53 

DR CD 1.49 1.55 1.55 1.55 

 BC 1.56 1.59 1.59 1.61 

 SD 1.46 1.47 1.47 1.53 

TCR CD 1.48 1.45 1.45 1.57 

 BC 1.5 1.49 1.49 1.59 
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Table E33.  Soil penetration resistance at 20 cm depth of wheat as affected by tillage 

practices and sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 340 335 350 390 

TC-2 CD 350 330 340 430 

 BC 355 340 355 415 

 SD 230 235 260 310 

CR CD 240 230 240 315 

 BC 245 240 245 330 

 SD 265 275 280 280 

MR CD 260 290 270 295 

 BC 270 280 260 310 

 SD 270 250 295 325 

DR CD 280 255 310 295 

 BC 280 240 300 310 

 SD 300 310 280 360 

TCR CD 290 320 290 360 

 BC 315 325 290 370 

 

 

 

 

 

 

Table E34.  Soil penetration resistance at 20 cm depth of wheat as affected by tillage 

practices and sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 230 220 250 230 

TC-2 CD 260 230 240 260 

 BC 260 250 230 240 

 SD 220 220 210 220 

CR CD 220 210 220 210 

 BC 230 220 220 210 

 SD 225 220 250 220 

MR CD 240 240 220 240 

 BC 230 220 220 240 

 SD 235 220 240 220 

DR CD 230 230 240 220 

 BC 225 235 230 230 

 SD 230 220 230 240 

TCR CD 240 220 260 260 

 BC 225 220 230 230 
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Table E35.  Soil penetration resistance at 40 cm depth of wheat as affected by tillage 

practices and sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 370 350 365 410 

TC-2 CD 390 340 360 450 

 BC 380 350 370 440 

 SD 245 245 270 320 

CR CD 250 250 245 340 

 BC 250 255 255 340 

 SD 275 295 290 295 

MR CD 275 300 285 310 

 BC 300 305 270 325 

 SD 290 265 315 335 

DR CD 295 260 330 320 

 BC 290 265 320 330 

 SD 325 330 295 370 

TCR CD 300 345 310 375 

 BC 330 340 300 350 

 

 

 

 

 

Table E36.   Ssoil penetration resistance at 40 cm depth of wheat as affected by tillage 

practices and sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 260 260 280 240 

TC-2 CD 280 250 250 280 

 BC 290 270 260 250 

 SD 230 240 230 250 

CR CD 240 230 240 230 

 BC 250 230 240 250 

 SD 260 260 270 240 

MR CD 260 260 230 250 

 BC 250 250 230 260 

 SD 245 260 260 230 

DR CD 250 240 250 240 

 BC 250 250 260 240 

 SD 260 230 240 255 

TCR CD 255 250 280 280 

 BC 260 260 250 250 
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Table E37.  Soil organic matter at 20 cm depth of wheat as affected by tillage practices 

and sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 0.90 0.86 0.86 0.51 

TC-2 CD 0.78 0.78 0.89 0.35 

 BC 0.82 0.72 0.85 0.53 

 SD 0.96 0.78 0.70 0.38 

CR CD 0.84 0.84 0.56 0.52 

 BC 0.55 0.71 0.90 0.34 

 SD 1.18 0.94 0.70 0.48 

MR CD 0.93 0.90 0.71 0.55 

 BC 0.82 0.77 0.70 0.58 

 SD 0.67 0.67 0.70 0.40 

DR CD 0.74 0.81 0.87 0.35 

 BC 0.78 0.68 0.96 0.38 

 SD 0.81 0.62 0.97 0.41 

TCR CD 1.01 0.75 0.55 0.45 

 BC 1.07 0.86 0.78 0.42 

 

 

 

 

 

Table E38.  Soil organic matter at 20 cm depth of wheat as affected by tillage practices 

and sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 0.72 0.71 0.67 0.55 

TC-2 CD 0.68 0.73 0.70 0.55 

 BC 0.74 0.71 0.69 0.45 

 SD 0.71 0.26 0.79 0.67 

CR CD 0.74 0.34 0.71 0.57 

 BC 0.71 0.41 0.76 0.62 

 SD 0.26 0.40 0.56 0.22 

MR CD 0.49 0.43 0.55 0.21 

 BC 0.27 0.34 0.53 0.22 

 SD 0.41 0.55 0.44 0.40 

DR CD 0.44 0.53 0.41 0.37 

 BC 0.41 0.56 0.46 0.34 

 SD 0.55 0.40 0.40 0.53 

TCR CD 0.52 0.37 0.43 0.47 

 BC 0.58 0.43 0.46 0.60 
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Table E39.  Fresh weeds biomass m
-2

 of wheat as affected by tillage practices and 

sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 681.2 504 350 437.2 

TC-2 CD 512 651.6 358 345.2 

 BC 678.4 712 268.8 601.2 

 SD 390.4 391.2 334.4 476 

CR CD 272.8 348.8 394.8 273.2 

 BC 275.6 340 386 241.2 

 SD 257.2 324.4 259.6 380.4 

MR CD 354.4 351.2 273.2 331.2 

 BC 245.6 226 305.2 347.2 

 SD 269 421.6 257.2 372.8 

DR CD 242.4 384.8 352.8 359.2 

 BC 348.8 380.4 350.8 334 

 SD 504.8 499.6 488.4 363.2 

TCR CD 256.8 373.2 394.8 535.6 

 BC 217.2 360.4 284.8 520 

 

 

 

 

 

Table E40. Fresh weeds of wheat as affected by tillage practices and sowing methods 

during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 620.8 407.2 604.8 429.6 

TC-2 CD 465.6 460.8 383.6 420.8 

 BC 686 698.8 577.2 558 

 SD 327.6 250.4 314.4 289.6 

CR CD 226.8 217.2 407.6 419.6 

 BC 200.8 330.4 416.4 298.4 

 SD 244 273.2 246.4 141.2 

MR CD 378 297.2 250.8 246.8 

 BC 170.8 85.2 204.8 205.2 

 SD 213.6 309.6 222.4 269.2 

DR CD 200.4 218 198.4 315.6 

 BC 331.6 258.4 241.2 240.8 

 SD 377.2 334 310.8 317.2 

TCR CD 230.8 236 344.8 428.4 

 BC 193.6 424.8 244.8 276 
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Table E41.  Dry weeds biomass m
-2

 of wheat as affected by tillage practices and 

sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 232.8 212.4 126 150 

TC-2 CD 176 254.8 139.2 157.6 

 BC 244.8 244 223.2 232.4 

 SD 156.8 145.2 90 160.4 

CR CD 86.4 104.8 141.2 116.8 

 BC 141.2 152.8 169.6 89.2 

 SD 96.4 124.8 94.4 66.8 

MR CD 129.2 148.8 96.8 109.2 

 BC 79.6 109.2 114.8 115.6 

 SD 96.8 119.2 77.2 124.8 

DR CD 90.8 148.4 117.6 121.2 

 BC 132.8 141.2 115.2 118 

 SD 85.2 153.2 197.6 154.4 

TCR CD 73.6 136.4 140.8 153.6 

 BC 79.2 144.4 109.2 190.4 

 

 

 

 

 

 

Table E42.   Dry weeds of wheat as affected by tillage practices and sowing methods 

during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 215.6 233.2 168.4 109.6 

TC-2 CD 149.6 212.4 143.6 154 

 BC 237.2 242 158 205.2 

 SD 165.2 93.6 106 133.6 

CR CD 84.8 79.6 188.4 180.4 

 BC 90.8 133.6 172.4 98.4 

 SD 64.8 96.4 78 46.8 

MR CD 156.8 140.8 94.8 70 

 BC 52.8 41.6 84.8 59.2 

 SD 90.8 92.8 72.8 89.6 

DR CD 78 125.6 78.8 92.4 

 BC 108.4 105.6 87.2 77.2 

 SD 148.4 89.6 109.6 136.4 

TCR CD 104.4 100.8 122 168.8 

 BC 74 120.8 98.4 128 
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Table E43.   Soil moisture content at 0- 20 cm depth of mungbean as affected by tillage 

practices and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 13.75 13.53 12.85 12.62 

TC-2 CD 13.71 13.85 12.89 12.81 

 BC 13.65 13.45 12.75 12.6 

 SD 14.79 14.31 14.31 13.95 

CR CD 14.88 14.25 14.55 13.75 

 BC 14.65 14.19 14.35 13.76 

 SD 14.57 14.95 13.39 12.9 

MR CD 13.95 14.63 13.55 13 

 BC 14.25 14.75 13.5 12.85 

 SD 14.22 13.28 14.05 13.75 

DR CD 14.25 13.27 14.2 13.85 

 BC 14.22 13.25 13.95 13.65 

 SD 13.36 13.41 13.85 12.8 

TCR CD 13.12 13.33 13.75 12.8 

 BC 13.18 13.2 13.75 12.7 

 

 

 

 

 

Table E44.   Soil moisture content at 0-20 cm depth of mungbean as affected by 

tillage practices and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 13.2 14 12 13.6 

TC-2 CD 13.2 13.3 13.7 12.7 

 BC 13.5 12.4 12.6 13.9 

 SD 14.2 13.8 13.6 13.8 

CR CD 13.3 14.5 14.4 14.9 

 BC 13.9 14.3 13.2 14.9 

 SD 13.5 14 14.3 12.3 

MR CD 13.5 14.5 12.9 13.5 

 BC 14.4 15.2 12.1 14.2 

 SD 14.4 12 12.7 11.6 

DR CD 12.4 12.7 14.5 11.9 

 BC 11.3 12.3 13.6 13.4 

 SD 12.5 11.6 13.9 11.8 

TCR CD 12.8 13.9 13.6 12.3 

 BC 12.4 13.2 11.7 13.7 
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Table E45. Soil moisture content at 21- 40 cm depth of mungbean as affected by 

tillage practices and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 13.6 13.6 13.6 13.9 

TC-2 CD 13.6 13.7 13.5 13.3 

 BC 13.5 13.5 13.4 13.7 

 SD 16.4 15.4 15.7 16.6 

CR CD 16.3 15.8 15.5 16.4 

 BC 16.3 15.5 15.6 16.4 

 SD 14.6 13.5 15.7 14.6 

MR CD 14.3 13.3 15.4 14.9 

 BC 14.5 13.1 15.1 14.8 

 SD 14.2 14.3 14.3 15.3 

DR CD 14.6 14.6 14.3 15.7 

 BC 14.4 14.4 14.2 15.1 

 SD 14.1 13.2 13.2 13.3 

TCR CD 13.9 13.8 13.5 13.4 

 BC 13.8 13.3 13.6 13.5 

 

 

 

 

 

Table E46.  Soil moisture content at 21-40 cm depth of mungbean as affected by 

tillage practices and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 14.3 14.3 14.5 14.2 

TC-2 CD 14 13.3 14.3 14.2 

 BC 14.3 14.2 14.7 14.3 

 SD 15.2 15.8 15.2 18 

CR CD 15 16.4 15.9 17.2 

 BC 15.2 14.5 15.3 16.9 

 SD 14.9 13.2 16.3 14.9 

MR CD 14.3 15.5 17.2 13.9 

 BC 15.3 14.2 16.7 14.2 

 SD 15.7 13 14.6 14.3 

DR CD 14.4 13.3 12.9 13.6 

 BC 13.6 1.2 13.6 13.6 

 SD 14 16.3 18.2 13.5 

TCR CD 13.9 15.3 16.4 14.8 

 BC 13.6 14.2 13.8 14.3 
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Table E47.   Soil bulk density at 0- 20 cm depth of mungbean as affected by tillage 

practices and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 1.45 1.52 1.54 1.55 

TC-2 CD 1.47 1.54 1.49 1.59 

 BC 1.48 1.56 1.51 1.57 

 SD 1.42 1.52 1.48 1.55 

CR CD 1.46 1.47 1.51 1.56 

 BC 1.43 1.52 1.46 1.55 

 SD 1.48 1.46 1.51 1.49 

MR CD 1.46 1.43 1.52 1.51 

 BC 1.49 1.45 1.53 1.53 

 SD 1.42 1.51 1.53 1.48 

DR CD 1.45 1.48 1.57 1.51 

 BC 1.45 1.47 1.53 1.51 

 SD 1.47 1.48 1.49 1.44 

TCR CD 1.46 1.49 1.51 1.45 

 BC 1.45 1.46 1.53 1.48 

 

 

 

 

 

Table E48.   Soil bulk density at 0-20 cm depth of mungbean as affected by tillage 

practices and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 1.46 1.5 1.53 1.52 

TC-2 CD 1.46 1.5 1.52 1.56 

 BC 1.49 1.51 1.53 1.55 

 SD 1.45 1.48 1.47 1.52 

CR CD 1.42 1.48 1.5 1.47 

 BC 1.46 1.49 1.47 1.52 

 SD 1.48 1.46 1.48 1.5 

MR CD 1.51 1.47 1.5 1.49 

 BC 1.49 1.47 1.51 1.51 

 SD 1.44 1.5 1.56 1.48 

DR CD 1.49 1.51 1.55 1.5 

 BC 1.51 1.49 1.58 1.49 

 SD 1.46 1.46 1.47 1.45 

TCR CD 1.43 1.48 1.48 1.46 

 BC 1.47 1.49 1.5 1.49 
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Table E49.   Soil bulk density at 21- 40 cm depth of mungbean as affected by tillage 

practices and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 1.57 1.59 1.6 1.64 

TC-2 CD 1.58 1.6 1.62 1.57 

 BC 1.58 1.58 1.58 1.59 

 SD 1.58 1.58 1.6 1.57 

CR CD 1.57 1.56 1.58 1.58 

 BC 1.59 1.55 1.59 1.59 

 SD 1.59 1.49 1.59 1.53 

MR CD 1.57 1.52 1.56 1.52 

 BC 1.56 1.59 1.59 1.56 

 SD 1.58 1.57 1.56 1.55 

DR CD 1.55 1.56 1.54 1.52 

 BC 1.59 1.59 1.59 1.51 

 SD 1.53 1.56 1.62 1.62 

TCR CD 1.52 1.55 1.58 1.6 

 BC 1.51 1.58 1.6 1.61 

 

 

 

 

 

Table E50.  Soil bulk density at 21- 40 cm depth of mungbean as affected by tillage 

practices and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 1.56 1.61 1.58 1.58 

TC-2 CD 1.55 1.58 1.59 1.59 

 BC 1.55 1.57 1.58 1.58 

 SD 1.54 1.56 1.56 1.56 

CR CD 1.58 1.53 1.58 1.57 

 BC 1.58 1.57 1.56 1.57 

 SD 1.54 1.51 1.51 1.51 

MR CD 1.52 1.53 1.51 1.51 

 BC 1.55 1.51 1.53 1.53 

 SD 1.52 1.56 1.53 1.54 

DR CD 1.53 1.56 1.54 1.53 

 BC 1.57 1.55 1.56 1.56 

 SD 1.51 1.53 1.52 1.52 

TCR CD 1.52 1.53 1.51 1.51 

 BC 1.52 1.52 1.52 1.53 
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Table E51.   Soil penetration resistance at 20 cm depth of mungbean as affected by 

tillage practices and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 295 295 290 285 

TC-2 CD 290 320 295 290 

 BC 290 310 295 295 

 SD 245 250 245 220 

CR CD 255 235 240 220 

 BC 235 245 235 235 

 SD 230 230 240 230 

MR CD 230 225 225 240 

 BC 245 220 245 235 

 SD 245 225 240 215 

DR CD 280 240 250 230 

 BC 235 245 245 225 

 SD 270 260 250 235 

TCR CD 285 270 235 260 

 BC 290 265 250 255 

 

 

 

 

 

Table E52. Soil penetration resistance at 20 cm depth of mungbean as affected by 

tillage practices and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 225 230 235 230 

TC-2 CD 220 230 230 225 

 BC 225 235 230 230 

 SD 190 195 190 190 

CR CD 200 190 180 200 

 BC 195 200 200 180 

 SD 190 195 190 190 

MR CD 180 205 185 195 

 BC 195 190 185 185 

 SD 195 200 205 210 

DR CD 185 190 185 215 

 BC 185 195 190 220 

 SD 215 210 220 225 

TCR CD 215 235 225 205 

 BC 210 225 210 210 
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Table E53.   Soil penetration resistance at 40 cm depth of mungbean as affected by 

tillage practices and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 340 305 350 335 

TC-2 CD 330 355 365 360 

 BC 320 310 335 305 

 SD 280 295 265 235 

CR CD 290 260 260 240 

 BC 280 295 265 255 

 SD 265 240 285 255 

MR CD 255 240 240 265 

 BC 260 250 275 270 

 SD 270 265 270 240 

DR CD 300 270 270 270 

 BC 260 270 280 245 

 SD 300 280 280 280 

TCR CD 310 310 295 295 

 BC 315 290 280 290 

 

 

 

 

 

Table E54.   Soil penetration resistance at 40 cm depth of mungbean as affected by 

tillage practices and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 240 240 250 245 

TC-2 CD 240 245 265 250 

 BC 245 250 260 245 

 SD 215 210 210 205 

CR CD 215 215 205 235 

 BC 210 220 215 230 

 SD 215 210 205 210 

MR CD 210 220 220 205 

 BC 220 210 200 195 

 SD 210 230 240 230 

DR CD 205 215 200 265 

 BC 220 215 210 240 

 SD 240 235 240 240 

TCR CD 225 245 240 220 

 BC 225 235 235 225 
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Table E55. Soil organic matter at 0-20 cm depth of  mungbean as affected by tillage 

practices and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 0.21 0.29 0.72 0.43 

TC-2 CD 0.26 0.44 1.04 0.55 

 BC 0.33 0.35 0.40 0.35 

 SD 0.38 0.38 0.37 0.29 

CR CD 0.46 0.81 0.43 0.31 

 BC 0.45 0.62 0.48 0.34 

 SD 0.37 0.32 0.49 0.46 

MR CD 0.32 0.39 0.60 0.44 

 BC 0.41 0.40 0.55 0.42 

 SD 0.37 0.45 1.19 0.48 

DR CD 0.29 0.49 0.50 0.59 

 BC 0.45 0.52 0.85 0.37 

 SD 0.73 0.52 0.56 0.41 

TCR CD 0.50 0.31 0.52 0.46 

 BC 0.45 0.41 0.47 0.37 

 

 

 

 

Table E56. Soil organic matter at 0-20 cm depth of mungbean as affected by tillage 

practices and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 0.55 0.91 0.82 0.57 

TC-2 CD 0.33 0.86 0.87 0.53 

 BC 0.53 0.89 0.84 0.56 

 SD 0.43 1.00 0.74 0.60 

CR CD 0.45 1.07 0.78 0.51 

 BC 0.44 1.04 0.75 0.56 

 SD 0.69 1.15 0.81 0.44 

MR CD 0.67 1.22 0.85 0.55 

 BC 0.65 1.10 0.88 0.55 

 SD 0.84 0.59 0.59 0.48 

DR CD 0.86 0.56 0.56 0.38 

 BC 0.85 0.64 0.64 0.46 

 SD 0.82 0.48 0.95 0.49 

TCR CD 0.82 0.96 0.96 0.63 

 BC 0.83 0.98 0.98 0.68 
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Table E57.  Fresh weeds biomass m
-2

 of mungbean as affected by tillage practices 

and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 778.8 775.2 529.6 826.8 

TC-2 CD 418.4 789.6 481.6 741.2 

 BC 790.8 790 1165.2 926.8 

 SD 326.8 355.2 254.4 300.8 

CR CD 438.4 330.8 356 393.6 

 BC 391.6 386 518.4 713.2 

 SD 105.2 364 245.2 210.8 

MR CD 242.4 346.4 362.8 246 

 BC 436 435.2 227.2 306 

 SD 241.6 413.6 282.8 347.2 

DR CD 373.2 421.6 289.6 638 

 BC 562 465.6 456.8 385.6 

 SD 803.2 520 176.4 332.4 

TCR CD 342 780.8 263.2 306.4 

 BC 631.2 608.4 689.2 342.8 

 

 

 

 

 

Table E58.   Fresh weeds biomass m
-2 

of mungbean as affected by tillage practices 

and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 829.2 670.4 764.8 866.4 

TC-2 CD 509.6 774.8 924.8 832.44 

 BC 848.4 510.4 1045.2 893.2 

 SD 364.8 484.8 410.8 313.2 

CR CD 518 353.2 452.8 413.6 

 BC 406.8 369.2 516.4 537.6 

 SD 194.4 379.6 233.44 365.6 

MR CD 225.2 357.6 405.2 329.2 

 BC 409.2 392.4 350.4 228.8 

 SD 281.2 314.4 293.2 265.2 

DR CD 429.2 436.8 390.4 422.8 

 BC 385.2 484.8 512.8 222.4 

 SD 485.2 408.4 349.2 413.6 

TCR CD 377.2 626.8 355.6 516.4 

 BC 505.2 572.8 485.2 365.2 
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Table E59.  Dry weeds biomass m
-2

 of mungbean as affected by tillage practices and 

sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 261.2 183.6 192.4 329.2 

TC-2 CD 193.2 168.8 173.6 238 

 BC 245.6 205.2 376.4 370 

 SD 190.8 144.4 124.4 234.8 

CR CD 316.8 153.6 130.4 229.6 

 BC 150.4 166.4 197.6 412.8 

 SD 62 188.4 72 32 

MR CD 62 125.6 120.8 100.8 

 BC 184.4 156.8 86 155.6 

 SD 168.4 160.4 98 114.4 

DR CD 150.8 176.8 124.8 337.6 

 BC 214 208.8 130.4 254 

 SD 145.6 198.8 41.2 146.8 

TCR CD 138 238.4 135.6 92 

 BC 118.8 224.8 272.8 117.2 

 

 

 

 

 

 

Table E60.    Dry weeds biomass m
-2

 of mungbean as affected by tillage practices and 

sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 358.8 257.6 417.2 452.4 

TC-2 CD 285.6 312.8 404.8 359.2 

 BC 477.6 265.2 438.8 485.6 

 SD 197.2 177.2 133.6 172.8 

CR CD 273.6 150 179.6 190.4 

 BC 240.4 150.4 212.8 192.8 

 SD 83.6 145.6 234.4 154.4 

MR CD 89.2 148.4 157.6 116.8 

 BC 149.2 176.4 141.6 122 

 SD 134.4 135.6 145.6 105.6 

DR CD 157.6 191.6 152.4 156.4 

 BC 174 152.8 245.2 93.2 

 SD 157.2 173.2 124.8 204.8 

TCR CD 159.6 268.4 165.2 253.2 

 BC 165.6 266.8 212.8 157.6 
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APPENDIX F: WHEAT DATA 
 

Table F1:  Emergence m
-2

 of wheat as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 89 95 95 84 

TC-2 CD 98 97 98 102 

 BC 88 86 88 97 

 SD 110 84 85 86 

CR CD 129 98 120 96 

 BC 119 88 78 103 

 SD 93 98 89 96 

MR CD 89 103 94 112 

 BC 97 87 97 89 

 SD 93 99 90 99 

DR CD 112 85 116 85 

 BC 81 84 75 103 

 SD 107 82 107 85 

TCR CD 110 86 92 98 

 BC 103 80 106 89 

 

 

 

 

 

Table F2.  Emergence m
-2

 of wheat as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 110 127 111 110 

TC-2 CD 127 122 112 112 

 BC 92 89 94 105 

 SD 129 125 113 120 

CR CD 138 124 118 117 

 BC 115 120 104 107 

 SD 138 128 109 125 

MR CD 126 129 119 119 

 BC 122 118 90 116 

 SD 124 126 134 127 

DR CD 128 118 126 111 

 BC 116 109 106 106 

 SD 126 131 128 115 

TCR CD 105 104 124 109 

 BC 108 114 108 96 
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Table F3. Plant population m
-2

 of wheat as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 196 199 184 196 

TC-2 CD 229 223 238 219 

 BC 215 193 225 215 

 SD 189 194 224 198 

CR CD 238 265 252 220 

 BC 217 280 222 228 

 SD 189 221 186 204 

MR CD 185 240 184 246 

 BC 228 196 178 221 

 SD 196 185 189 223 

DR CD 238 197 233 208 

 BC 186 222 223 213 

 SD 189 186 186 186 

TCR CD 188 204 187 183 

 BC 208 209 222 189 

 

 

 

 

 

Table F4.  Plant population m
-2

 of wheat as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 223 232 214 249 

TC-2 CD 234 269 271 273 

 BC 231 217 235 229 

 SD 217 241 229 229 

CR CD 263 232 262 237 

 BC 229 265 268 229 

 SD 238 262 188 213 

MR CD 246 255 204 223 

 BC 237 233 188 226 

 SD 258 219 230 231 

DR CD 249 230 233 241 

 BC 214 227 251 259 

 SD 218 251 231 193 

TCR CD 229 269 237 198 

 BC 238 271 261 211 
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Table F5. Number of tiller m
-2

 of wheat as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 271 352 371 365 

TC-2 CD 305 393 382 354 

 BC 333 323 334 342 

 SD 344 382 390 344 

CR CD 408 374 413 400 

 BC 356 386 343 340 

 SD 428 380 365 321 

MR CD 422 422 348 438 

 BC 332 371 376 413 

 SD 418 403 348 405 

DR CD 432 416 321 393 

 BC 414 430 444 415 

 SD 404 369 366 344 

TCR CD 412 393 379 381 

 BC 372 396 362 398 

 

 

 

 

 

Table F6.  Number of tiller m
-2

 of wheat as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 314 371 401 389 

TC-2 CD 317 368 385 386 

 BC 222 278 362 335 

 SD 417 425 418 413 

CR CD 413 417 416 410 

 BC 368 405 365 385 

 SD 436 413 412 405 

MR CD 430 416 410 399 

 BC 340 382 405 377 

 SD 438 416 412 418 

DR CD 433 418 405 413 

 BC 403 390 392 388 

 SD 425 418 408 388 

TCR CD 423 407 402 395 

 BC 381 387 369 385 

 



 

 

 

 223 

Table F7. Plant height cm of wheat as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 95.6 98.8 93.2 94.2 

TC-2 CD 94 98.2 96 93 

 BC 93 94 95.8 91.4 

 SD 95.2 96.6 94.2 94.4 

CR CD 104.8 94.6 95.6 100 

 BC 95.5 97.6 93.2 93.8 

 SD 97 94.2 94.4 94 

MR CD 95.4 98.6 93.2 100.4 

 BC 98.8 96.8 94.8 100.6 

 SD 94.8 93 98.6 97.6 

DR CD 96.4 90 95.6 91.8 

 BC 92.3 97.2 94.4 99.9 

 SD 91.8 92.4 92.4 94 

TCR CD 95.8 97.4 97.4 99.6 

 BC 98.2 99.6 99.6 94.6 

 

 

 

 

 

Table F8.  Plant height cm of wheat as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 94.2 115.6 114.2 112 

TC-2 CD 106.2 100.2 114.2 116.8 

 BC 86.2 107.6 107.4 113 

 SD 102.6 116.4 108.2 119.2 

CR CD 117.6 119.2 112 112.4 

 BC 118.2 117.6 112.2 112.4 

 SD 107.4 109 110.8 120.8 

MR CD 118.9 109 108.6 115.8 

 BC 114.6 112 113.2 117.2 

 SD 104.7 108.4 117.2 110.8 

DR CD 103.1 109 113.2 101 

 BC 105.6 113.6 112.4 109.2 

 SD 105.4 117.2 114.2 107.8 

TCR CD 117.2 108 108.4 107.2 

 BC 100.4 115 111.5 113.2 
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Table F9. Spike length of wheat as affected by tillage practices and sowing methods 

during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 9.8 8.84 10.18 9.62 

TC-2 CD 8.44 8.06 7.89 8.82 

 BC 7.38 8.54 7.12 7.86 

 SD 9.44 10.06 9.96 9.28 

CR CD 7.4 8.15 8.8 8.04 

 BC 8.1 7.66 7.96 7.62 

 SD 10.06 8.58 9.72 9.64 

MR CD 8.34 7.74 8.78 7.66 

 BC 7.94 7.58 9.22 8.96 

 SD 8.48 9.6 9.22 9.74 

DR CD 7.52 7.8 7.24 9.02 

 BC 7.08 7.7 8.5 8.78 

 SD 9.76 9.74 9.04 9.34 

TCR CD 8.76 8 8.96 8.74 

 BC 8 7.8 7.32 8.46 

 

 

 

 

 

Table F10.  Spike length of wheat as affected by tillage practices and sowing methods 

during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 9.78 9.32 9.3 9.62 

TC-2 CD 8.86 9.62 9 9.06 

 BC 7.9 7.92 8.02 8.06 

 SD 9.74 10.7 10.66 9.66 

CR CD 9.82 9.92 9.3 9.99 

 BC 8.96 9.9 8.06 8.66 

 SD 9.96 9.1 10.08 9.79 

MR CD 8.42 9.6 10.3 8.9 

 BC 8.3 8.6 9.02 10 

 SD 8.66 9.8 9.72 10.5 

DR CD 8.76 8.8 9.78 9.16 

 BC 7.8 8.9 8.18 8.08 

 SD 10.7 9.6 10.14 10.48 

TCR CD 8.96 9.42 9.8 9.68 

 BC 8.14 7.54 7.8 7.54 
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Table F11. Number of grain spike
-1

 of wheat as affected by tillage practices and 

sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 69.6 61.8 71.4 69.2 

TC-2 CD 62 44.4 65.2 51.2 

 BC 48 50 48.3 54.4 

 SD 73.8 56.5 68.8 59.5 

CR CD 52.8 61 59.8 58.2 

 BC 57.8 55.4 62.2 50 

 SD 77.2 71.6 62.8 66.6 

MR CD 54 53.8 55 56.7 

 BC 49.8 50.8 46.2 55 

 SD 47.2 74 90 66.8 

DR CD 52.5 53.2 59.8 69.2 

 BC 51.6 57.8 54.4 54.6 

 SD 61.8 62.4 60.8 72.2 

TCR CD 51.2 57.4 58.4 65.2 

 BC 43 44 42.8 75.2 

 

 

 

 

 

Table F12.  Number of grain spike
-1

 of wheat as affected by tillage practices and 

sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 55.6 83.4 72.8 71 

TC-2 CD 65.2 73.8 52 65 

 BC 43 52 55.8 50.8 

 SD 78.8 62 78.2 65.2 

CR CD 85 56.5 59 60.8 

 BC 63 55 56.4 59.4 

 SD 62 66 66 73 

MR CD 61.6 72 66.8 68.8 

 BC 62.6 43.6 58.4 52.6 

 SD 58 72.8 62.5 77.8 

DR CD 58.4 61.8 66.9 67.8 

 BC 56.5 52.6 62.8 59 

 SD 72 60.2 65.4 67 

TCR CD 69.8 56.8 54.2 90 

 BC 47.6 53.8 53.6 59.5 
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Table F13.  1000 grains weight (g) of wheat as affected by tillage practices and 

sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 37.9 43.5 43.1 40.5 

TC-2 CD 38.4 38.1 34.5 41.2 

 BC 38.9 39.4 41.3 39.5 

 SD 40.1 36.2 39.5 34.5 

CR CD 38.1 38.9 35 39.5 

 BC 39.6 39.9 42.4 38.4 

 SD 41.3 40.6 41.4 41 

MR CD 38 37.2 39 36.2 

 BC 35.1 38 41 38.5 

 SD 40.7 42.2 35.7 39.5 

DR CD 38.9 37 38.6 37.4 

 BC 39.3 40.3 35.8 40.5 

 SD 41.4 40.2 38.8 40.2 

TCR CD 39.6 40.4 41.8 39.1 

 BC 40.4 38.2 39.7 33.2 

 

 

 

 

 

 

Table F14.  1000 grains weight (g) of wheat as affected by tillage practices and 

sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 47.8 48 49.4 49 

TC-2 CD 44.5 48.2 53.5 48 

 BC 48.3 48.9 46.6 47.6 

 SD 48 49.8 48.8 47.8 

CR CD 45 50.2 51.5 48.3 

 BC 50.8 48.8 47.9 51.8 

 SD 49.7 51.3 52.1 41.1 

MR CD 51 48.6 47.9 50.1 

 BC 50.4 48.6 47.6 47.1 

 SD 42.1 49.8 47.1 48.1 

DR CD 47.9 47 50.3 50.6 

 BC 47.9 49.8 47.1 51.5 

 SD 51.4 48.5 48.6 47.8 

TCR CD 48.7 48.2 51.6 41.6 

 BC 46.6 50.5 41.3 45.6 
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Table F15.  Grain yield kg ha
-1

 of wheat as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 3309 4142 4450 4545 

TC-2 CD 3251 3756 4362 4267 

 BC 2995 3842 3262 3972 

 SD 4269 4032 4471 4362 

CR CD 3725 4485 3931 4265 

 BC 3888 3699 3553 3268 

 SD 4635 3923 4202 3987 

MR CD 4287 4223 3427 4192 

 BC 3901 3612 3822 4045 

 SD 4352 4432 4178 4477 

DR CD 4195 4012 3341 4132 

 BC 4122 4182 4623 4331 

 SD 4025 4123 3562 3984 

TCR CD 4443 4352 4410 4270 

 BC 3690 4001 4331 4057 

 

 

 

 

 

Table F16. Grain yield kg ha
-1

 of wheat as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 4215 4563 4895 5043 

TC-2 CD 4135 4507 4680 4555 

 BC 3055 3952 3962 4115 

 SD 5255 5612 5345 5326 

CR CD 4992 5295 5933 5152 

 BC 4455 4899 4692 4955 

 SD 5663 5266 5275 5335 

MR CD 5575 5128 5155 5245 

 BC 4735 4593 4881 5027 

 SD 4929 5269 5256 5733 

DR CD 4835 5128 4935 5125 

 BC 4514 4772 4496 5032 

 SD 5316 5197 5373 5212 

TCR CD 5278 4963 5291 5161 

 BC 4363 4453 4804 4686 
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Table F17.  Straw yield kg ha
-1

 of wheat as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 4191 5358 5050 5955 

TC-2 CD 5249 4544 5938 5033 

 BC 4505 3958 4538 4828 

 SD 6231 4768 4079 4438 

CR CD 6775 5015 6069 6535 

 BC 6612 5051 4247 4232 

 SD 6865 4877 5248 5513 

MR CD 6513 6777 5073 6108 

 BC 5599 4988 4478 6155 

 SD 5148 5568 4822 5523 

DR CD 6305 5488 6959 4668 

 BC 5378 6118 4377 4569 

 SD 4975 4677 6438 4316 

TCR CD 5357 4648 6390 6030 

 BC 5610 4999 6669 4743 

 

 

 

 

 

Table F18.  Straw yield kg ha
-1

 of wheat as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 5085 5737 4705 5307 

TC-2 CD 5665 5843 5470 5695 

 BC 5745 4848 5538 6185 

 SD 6045 5688 5955 5974 

CR CD 5808 5905 4617 6348 

 BC 6145 6651 5558 5545 

 SD 6737 5984 6175 5965 

MR CD 6725 6222 5995 6105 

 BC 5615 5707 4819 6073 

 SD 4871 5581 5944 5517 

DR CD 5365 5222 5365 5725 

 BC 5386 5478 5004 6468 

 SD 5984 5953 5027 6038 

TCR CD 6322 5337 5159 6039 

 BC 5637 5847 5396 5464 
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Table F19.  Biological yield kg ha
-1

 of wheat as affected by tillage practices and 

sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 7500 9500 9500 10500 

TC-2 CD 8500 8300 10300 9300 

 BC 7500 7800 7800 8800 

 SD 10500 8800 8550 8800 

CR CD 10500 9500 10000 10800 

 BC 10500 8750 7800 7500 

 SD 11500 8800 9450 9500 

MR CD 10800 11000 8500 10300 

 BC 9500 8600 8300 10200 

 SD 9500 10000 9000 10000 

DR CD 10500 9500 10300 8800 

 BC 9500 10300 9000 8900 

 SD 9000 8800 10000 8300 

TCR CD 9800 9000 10800 10300 

 BC 9300 9000 11000 8800 

 

 

 

 

 

Table F20.  Biological yield kg ha
-1

 of wheat as affected by tillage practices and 

sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 9300 10300 9600 10350 

TC-2 CD 9800 10350 10150 10250 

 BC 8800 8800 9500 10300 

 SD 11300 11300 11300 11300 

CR CD 10800 11200 10550 11500 

 BC 10600 11550 10250 10500 

 SD 12400 11250 11450 11300 

MR CD 12300 11350 11150 11350 

 BC 10350 10300 9700 11100 

 SD 9800 10850 11200 11250 

DR CD 10200 10350 10300 10850 

 BC 9900 10250 9500 11500 

 SD 11300 11150 10400 11250 

TCR CD 11600 10300 10450 11200 

 BC 10000 10300 10200 10150 
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Table F21. Harvest index % of wheat as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 44.19 43.6 46.84 43.29 

TC-2 CD 38.24 45.25 42.38 45.88 

 BC 38.34 44.64 41.8 45.13 

 SD 40.57 45.81 42.07 49.57 

CR CD 33.48 47.21 39.31 39.39 

 BC 36.95 42.16 45.55 43.57 

 SD 40.3 44.57 48.03 41.97 

MR CD 39.82 38.42 41.3 40.69 

 BC 41.06 42.05 45.08 39.65 

 SD 45.81 44.32 46.42 44.77 

DR CD 39.95 42.23 35.92 46.95 

 BC 43.39 40.6 44.88 48.66 

 SD 44.72 46.85 45.62 48.14 

TCR CD 45.34 48.35 40.83 41.46 

 BC 39.68 44.45 39.37 46.1 

 

 

 

 

 

Table F22. Harvest index % of wheat as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 45.32 44.29 50.99 48.72 

TC-2 CD 42.19 43.55 46.10 44.44 

 BC 34.72 44.91 41.71 39.95 

 SD 46.50 49.66 47.30 47.13 

CR CD 46.22 47.28 46.76 44.80 

 BC 42.02 46.44 45.78 47.19 

 SD 44.86 46.81 46.07 47.21 

MR CD 45.33 49.70 46.23 46.21 

 BC 45.75 44.59 48.26 45.29 

 SD 50.29 48.56 46.94 46.52 

DR CD 47.40 49.54 47.91 47.24 

 BC 45.60 46.56 47.31 43.76 

 SD 47.04 46.61 51.66 46.33 

TCR CD 45.50 48.18 50.63 46.10 

 BC 43.03 43.23 47.10 46.17 
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APPENDIX G: MUNGBEAN DATA 

 
Table G1.  Emergence m

-2
 of mungbean as affected by tillage practices and sowing  

methods during 2010. 
Treatments R-1 R-2 R-3 R-4 

 SD 33 28 27.33 27.33 

TC-2 CD 29 30 30 27.6 

 BC 28.66 29 25.33 27.67 

 SD 33.66 34.66 30.66 31.66 

CR CD 30.3 26 31.33 27.33 

 BC 28 28.66 29.33 32 

 SD 26.33 24.6 33.66 31.67 

MR CD 30 27 29.67 31 

 BC 29.66 31.66 28.66 31.33 

 SD 29 30.67 31.66 28.33 

DR CD 31.66 29.67 30.66 29.33 

 BC 31.33 29 26.33 27 

 SD 25 28.67 31.66 29.33 

TCR CD 28.66 31 29 26 

 BC 27.66 27 29.66 29.33 

 

 

 

 

 

Table G2.  Emergence m
-2

 of mungbean as affected by tillage practices and sowing 

methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 29.6 29.3 26.3 27.3 

TC-2 CD 26.3 23.7 29 29.3 

 BC 26.3 26.7 23.3 25 

 SD 34.3 34 30.7 31.7 

CR CD 33.2 30.7 27.7 28.3 

 BC 28.7 29.7 30.7 27.3 

 SD 32 31.3 34 33.7 

MR CD 31.3 29.7 28.3 26.3 

 BC 27 31.7 29.7 29.3 

 SD 27.7 33 31.7 31.8 

DR CD 28 29.3 31.3 30 

 BC 22.3 27.7 25.7 30.7 

 SD 29 29 32.3 30.7 

TCR CD 27.3 22 31.7 27.3 

 BC 30 27.7 30.3 24 
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Table G3.  Days to flowering of mungbean as affected by tillage practices and sowing 

methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 39 39 39 39 

TC-2 CD 40 38 40 41 

 BC 39 39 41 40 

 SD 38 35 37 35 

CR CD 36 38 39 40 

 BC 37 38 38 39 

 SD 39 37 39 36 

MR CD 40 39 41 39 

 BC 43 40 41 39 

 SD 39 36 37 37 

DR CD 40 38 38 38 

 BC 39 37 39 36 

 SD 37 37 37 35 

TCR CD 38 41 38 34 

 BC 39 39 40 38 

 

 

 

 

 

Table G4.  Days to flowering of mungbean as affected by tillage practices and sowing 

methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 41 38 38 39 

TC-2 CD 39 39 41 40 

 BC 42 42 41 41 

 SD 39 38 36 36 

CR CD 38 37 37 38 

 BC 41 39 38 40 

 SD 38 38 38 39 

MR CD 39 38 39 38 

 BC 43 40 39 42 

 SD 39 39 37 38 

DR CD 42 38 39 37 

 BC 41 41 42 39 

 SD 37 37 38 36 

TCR CD 35 39 38 36 

 BC 40 40 42 40 
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Table G5.  Days to maturity of mungbean as affected by tillage practices and sowing 

methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 68 68 69 69 

TC-2 CD 69 69 69 71 

 BC 66 68 68 69 

 SD 68 65 65 68 

CR CD 66 66 65 64 

 BC 68 66 67 65 

 SD 67 65 68 63 

MR CD 65 70 68 66 

 BC 68 68 69 69 

 SD 68 65 66 65 

DR CD 67 70 67 66 

 BC 66 68 68 65 

 SD 65 66 66 65 

TCR CD 67 69 67 67 

 BC 67 65 70 67 

 

 

 

 

 

Table G6.   Days to maturity of mungbean as affected by tillage practices and sowing 

methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 71 69 69 71 

TC-2 CD 88 70 70 72 

 BC 73 72 74 73 

 SD 68 67 68 67 

CR CD 65 66 67 66 

 BC 70 70 70 70 

 SD 66 70 67 65 

MR CD 67 71 66 69 

 BC 69 74 71 72 

 SD 67 68 68 67 

DR CD 69 67 66 68 

 BC 69 68 69 70 

 SD 65 68 68 66 

TCR CD 65 68 67 68 

 BC 68 70 72 67 
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Table G7. Plant height (cm) of mungbean as affected by tillage practices and sowing 

methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 73.2 70.2 75 73.2 

TC-2 CD 67.2 78.2 73.4 71.3 

 BC 72.2 73.3 71.3 72 

 SD 78.6 74.4 83 80.3 

CR CD 70.6 71.6 68 72.04 

 BC 79 79 76.2 73.6 

 SD 74.6 75 78.8 75 

MR CD 76.4 78 78.4 74.3 

 BC 72 74.4 72.1 73.5 

 SD 74.5 74.4 76.6 76.4 

DR CD 70.6 76.6 74.6 70 

 BC 72.4 74.6 74.8 70.6 

 SD 74.2 71.3 75.6 77.2 

TCR CD 72.3 72.7 78.6 77 

 BC 71.6 70.6 70.4 74.3 

 

 

 

 

 

 

Table G8. Plant height (cm) of mungbean as affected by tillage practices and sowing 

methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 78.6 77 86.4 80.2   

TC-2 CD 73.4 81.4 74.6 74.6 

 BC 76.2 73.4 78 77.2 

 SD 78.8 78 80.6 78.8 

CR CD 79 78.6 75.2 85 

 BC 74.6 83.8 80.8 87.6 

 SD 81.6 77 88.2 76.3 

MR CD 80.4 77.6 82 78.4 

 BC 75.8 76.6 70.6 83.6 

 SD 81.6 85.4 84.2 79.6 

DR CD 79.4 79.2 86.8 75.6 

 BC 83.4 78 72 82.4 

 SD 88.4 87.4 88.2 71.6 

TCR CD 74.4 75.2 79.8 83.8 

 BC 80.8 69.8 78 81 
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Table G9. Number of branches plant
-1

 of mungbean as affected by tillage practices 

and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 6.4 4.8 4.6 5.1 

TC-2 CD 5.8 9.6 6 6.6 

 BC 6.4 6.6 4.6 5.6 

 SD 4.4 5.2 6.2 5.9 

CR CD 8.5 9.2 5.8 3.8 

 BC 6.6 6.6 3.6 5.6 

 SD 6.4 6 6.4 5.2 

MR CD 6.4 7.6 10 9.4 

 BC 7.2 4.8 4 6.4 

 SD 5 5 4.4 4.4 

DR CD 7.6 8.8 10.6 6 

 BC 4.6 5.8 6.2 6.2 

 SD 5.2 4.4 4.6 4.8 

TCR CD 6.2 6 10.6 5.2 

 BC 7 6 5.6 4.8 

 

 

 

 

 

 

Table G10.  Number of branches plant
-1

 of mungbean as affected by tillage practices 

and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 5.4 5.8 5.9 5.8 

TC-2 CD 5.8 6.6 5.8 7.2 

 BC 5.2 6.1 5.2 5.9 

 SD 7.6 7 7.4 7.4 

CR CD 6.4 7.4 6.8 6.6 

 BC 6 6.8 5.8 6.4 

 SD 6.8 7.4 7.6 6.2 

MR CD 6.2 7.6 7.4 7.4 

 BC 5.2 5.2 5 6.6 

 SD 5.8 6.8 7 5.8 

DR CD 6.2 7.2 7.2 6.2 

 BC 5.6 5.4 6.2 6.6 

 SD 7.4 7.6 7 6.4 

TCR CD 7 6.2 7.6 7.4 

 BC 5.6 6.6 5.6 5.2 
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Table G11.  Number of pods plant
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 15.2 14.2 15 16 

TC-2 CD 14 14.8 14 13.4 

 BC 15.4 12.8 15.4 13.4 

 SD 15.2 16.2 16 16 

CR CD 15.6 13.4 15.8 13.5 

 BC 14.2 13.4 13.6 14.2 

 SD 14.6 14.6 14 15 

MR CD 15.4 15 15.4 14.6 

 BC 13.6 14.2 12 14 

 SD 14 14 14.4 12.4 

DR CD 15.2 15 17 15.6 

 BC 14.2 14.3 13 14.6 

 SD 14 13.4 16.2 14 

TCR CD 14 15 13.4 13.4 

 BC 13.6 14.8 12.6 14.2 

 

 

 

 

 

 

Table G12.  Number of pods plant
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 37.4 54.2 30 22 

TC-2 CD 20 28.8 24 32 

 BC 15.2 15.4 30 16.9 

 SD 29.6 21 25.6 17 

CR CD 44.2 48.2 24.4 26 

 BC 31 28.2 19.4 27 

 SD 32.4 30.6 29 28.4 

MR CD 29.6 47.6 52 26 

 BC 16.3 14 14.6 24.8 

 SD 23.2 32.6 28 26.7 

DR CD 23.2 33.9 35.2 27 

 BC 13.4 11.6 12.4 8.2 

 SD 29.8 22.6 25.6 24 

TCR CD 16 37.8 24.4 24.2 

 BC 16.2 15.8 19.4 18 
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Table G13. Pod length of mungbean as affected by tillage practices and sowing 

methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 9.26 9 9.34 9.68 

TC-2 CD 9.32 9.84 9.96 9.5 

 BC 10.04 8.9 9.94 9.42 

 SD 9.52 9.98 9.96 9.8 

CR CD 9.32 9.5 9.34 9.68 

 BC 9.84 9.08 9.38 8.16 

 SD 9.66 9.22 9.48 9.04 

MR CD 9.94 9.9 9.26 9.2 

 BC 9.7 9.4 9.74 9.02 

 SD 9.36 9.98 10 10.44 

DR CD 9.08 9.58 9.74 10.06 

 BC 9.56 10.2 9.26 9.6 

 SD 9.94 10.02 9.34 10.44 

TCR CD 9.23 9.4 9.66 10.06 

 BC 10.02 9.4 9.1 9.96 

 

 

 

 

 

 

Table G14. Pod length of mungbean as affected by tillage practices and sowing 

methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 8.8 9.1 9.4 9.8 

TC-2 CD 9 9.2 8.7 8.1 

 BC 8.6 8.5 8.4 8.4 

 SD 10.5 9.8 9.6 9 

CR CD 11.3 8.7 9.9 9.4 

 BC 9.8 9.1 8 8.5 

 SD 9.1 8.3 8.9 9.5 

MR CD 9 8.6 9.9 9.7 

 BC 8.6 9.6 9.7 8.6 

 SD 9.5 9.6 9.7 10.4 

DR CD 9.5 8.5 9.5 8.6 

 BC 8.8 9.8 9.2 9.1 

 SD 9.5 9.9 9.4 10.1 

TCR CD 9.3 8.9 9.1 9.4 

 BC 8.4 8.9 9.1 8.7 
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Table G15. 100 grains weight of mungbean as affected by tillage practices and sowing 

methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 5 4.7 5 5.9 

TC-2 CD 4.3 4.6 5.5 5.8 

 BC 4.8 4.2 4.6 5.7 

 SD 5.6 5.8 5.7 5.5 

CR CD 5.3 5.9 6.1 5.6 

 BC 5.1 5.6 6.9 4.7 

 SD 5.9 5.9 5.9 5.4 

MR CD 5.8 5.5 5.4 5 

 BC 5.1 5.2 5.1 4.9 

 SD 5.7 5.9 5.8 5.7 

DR CD 6.2 5.6 5.6 5.7 

 BC 5.1 5.7 5.5 5.5 

 SD 5.8 5.9 5.8 5.3 

TCR CD 5.6 5 5.6  

 BC 5.2 5.5 5.4 5.2 

 

 

 

 

 

 

Table G16. 100 grains weight of mungbean as affected by tillage practices and sowing 

methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 4.7 5.4 5 4.3 

TC-2 CD 4.6 4.9 4.2 6 

 BC 3.9 4.7 3.7 4.4 

 SD 5.3 6 4.7 4.7 

CR CD 6.1 4.7 5.2 3.7 

 BC 5.1 4.5 4.5 4 

 SD 4.8 5.2 4.7 5.4 

MR CD 4.5 3.7 5.2 6.6 

 BC 4.3 5.2 5.6 4.8 

 SD 5.7 5.3 5.2 5.5 

DR CD 5 5 7.1 4.6 

 BC 4.4 5.1 4.7 5.1 

 SD 5.6 5.3 5.1 5.6 

TCR CD 5.1 4.8 5.1 4.6 

 BC 4.9 5 3.1 4.6 
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Table G17. Grain yield kg ha
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 495 476 495 463.5 

TC-2 CD 479 466 471 450.7 

 BC 429 447.5 388 408 

 SD 455 516 687 753 

CR CD 536.5 459.5 474 708 

 BC 495 513 460.5 468 

 SD 550.5 552.5 648 485.5 

MR CD 502 538.5 555.5 491.5 

 BC 476.5 458.5 477 469 

 SD 533 591.5 497.5 715 

DR CD 451.5 564.5 764 664 

 BC 432.5 567.5 435.5 695 

 SD 491.5 710 574 462.5 

TCR CD 548.5 489 481 563.5 

 BC 409 439 541 450 

 

 

 

 

 

 

Table G18. Grain yield kg ha
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 885 1010 511 865 

TC-2 CD 718 766 948 999 

 BC 551 524 413 791 

 SD 826 1304 889 976 

CR CD 865 1471 957 852 

 BC 508 569 711 637 

 SD 783 813 1102 1170 

MR CD 1267 1265 764 987 

 BC 543 726 616 450 

 SD 1082 690 1238 1155 

DR CD 685 1222 1261 600 

 BC 719 495 768 758 

 SD 1009 1027 1588 1016 

TCR CD 1009 1455 931 1128 

 BC 445 595 718 577 
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Table G19. Biological yield kg ha
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 3900 2800 3000 3500 

TC-2 CD 3700 4500 3500 4400 

 BC 3400 3300 2650 2900 

 SD 4250 4300 4000 3550 

CR CD 4500 4100 3250 3200 

 BC 2800 3800 3500 3500 

 SD 3850 3600 3250 3500 

MR CD 3350 4000 4300 4500 

 BC 3550 4100 3250 3000 

 SD 4200 3850 4100 3000 

DR CD 3000 3900 3500 4000 

 BC 2750 3450 3800 4100 

 SD 3650 3500 3800 3600 

TCR CD 3600 4500 3750 3250 

 BC 3700 3250 4150 3000 

 

 

 

 

 

 

Table G20.  Biological yield kg ha
-1

 of mungbean as affected by tillage practices and 

sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 5084 4965 5035 5830 

TC-2 CD 3920 4890 4240 5125 

 BC 4655 3600 5270 5315 

 SD 5405 5516 5440 4120 

CR CD 5230 5210 5070 5585 

 BC 4065 3830 5270 5095 

 SD 5850 5860 5185 5895 

MR CD 5225 5265 5300 5415 

 BC 5040 5445 4480 4080 

 SD 5325 5455 5065 5945 

DR CD 5410 5910 5090 5165 

 BC 5115 3800 3890 5135 

 SD 5865 5175 5820 5450 

TCR CD 5230 5895 5270 5485 

 BC 3990 4145 5035 4695 
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Table G21.   Harvest index % of mungbean as affected by tillage practices and sowing 

methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 12.7 17.0 16.5 13.2 

TC-2 CD 12.9 10.4 13.5 10.2 

 BC 12.6 13.6 14.6 14.1 

 SD 10.7 12.0 17.2 21.2 

CR CD 11.9 11.2 14.6 22.1 

 BC 17.7 13.5 13.2 13.4 

 SD 14.3 15.3 19.9 13.9 

MR CD 15.0 13.5 12.9 10.9 

 BC 13.4 11.2 14.7 15.6 

 SD 12.7 15.4 12.1 23.8 

DR CD 15.1 14.5 21.8 16.6 

 BC 15.7 16.4 11.5 17.0 

 SD 13.5 20.3 15.1 12.8 

TCR CD 15.2 10.9 12.8 17.3 

 BC 11.1 13.5 13.0 15.0 

 

 

 

 

 

 

Table G22.   Harvest index % of mungbean as affected by tillage practices and sowing 

methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 17.4 20.3 10.1 14.8 

TC-2 CD 18.3 15.7 22.4 19.5 

 BC 11.8 14.6 7.8 14.9 

 SD 15.3 23.6 16.3 23.7 

CR CD 16.5 28.2 18.9 15.3 

 BC 12.5 14.9 13.5 12.5 

 SD 13.4 13.9 21.3 19.8 

MR CD 24.2 24.0 14.4 18.2 

 BC 10.8 13.3 13.8 11.0 

 SD 20.3 12.6 24.4 19.4 

DR CD 12.7 20.7 24.8 11.6 

 BC 14.1 13.0 19.7 14.8 

 SD 17.2 19.8 27.3 18.6 

TCR CD 19.3 24.7 17.7 20.6 

 BC 11.2 14.4 14.3 12.3 
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APPENDIX H: DATA OF TOTAL N (SOIL AND PLANT) 

 
Table H1. Total nitrogen in soil at 0-20 cm depth after harvest of wheat as affected 

by tillage practices and sowing methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 0.53 0.58 0.47 0.70 

TC-2 CD 0.49 0.49 0.49 0.63 

 BC 0.46 0.54 0.44 0.61 

 SD 0.61 0.74 0.63 0.65 

CR CD 0.58 0.75 0.67 0.70 

 BC 0.54 0.75 0.60 0.54 

 SD 0.44 0.56 0.53 0.61 

MR CD 0.51 0.46 0.54 0.74 

 BC 0.54 0.44 0.49 0.56 

 SD 0.56 0.54 0.54 0.54 

DR CD 0.56 0.49 0.53 0.56 

 BC 0.53 0.51 0.54 0.47 

 SD 0.60 0.51 0.58 0.56 

TCR CD 0.46 0.53 0.56 0.58 

 BC 0.51 0.65 0.49 0.56 

 

 

 

 

 

 

Table H2.  Total nitrogen in soil at o-20 cm depth  after harvest wheat as affected by 

tillage practices and sowing methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 0.60 0.26 0.56 0.53 

TC-2 CD 0.58 0.35 0.54 0.58 

 BC 0.49 0.23 0.51 0.51 

 SD 0.54 0.58 0.40 0.56 

CR CD 0.75 0.79 0.42 0.61 

 BC 0.58 0.40 0.39 0.51 

 SD 0.93 0.54 0.42 0.40 

MR CD 0.58 0.56 0.44 0.44 

 BC 0.32 0.60 0.40 0.23 

 SD 0.79 0.61 0.46 0.47 

DR CD 0.56 0.60 0.47 0.51 

 BC 0.65 0.60 0.40 0.40 

 SD 0.60 0.93 0.74 0.72 

TCR CD 0.84 0.81 0.77 0.77 

 BC 0.42 0.53 0.70 0.68 
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Table H3.  Nitrogen uptake in wheat grain as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 15.89 14.77 16.03 14.91 

TC-2 CD 15.86 15.26 16.10 15.12 

 BC 15.54 14.49 15.82 14.70 

 SD 16.31 14.70 22.40 15.54 

CR CD 16.38 14.49 15.33 15.33 

 BC 16.17 14.56 15.12 15.05 

 SD 15.26 15.40 15.68 15.12 

MR CD 15.40 15.54 15.68 15.05 

 BC 15.54 15.33 15.50 14.70 

 SD 15.89 15.40 16.38 15.68 

DR CD 17.57 15.68 16.45 15.96 

 BC 15.75 15.26 16.17 17.92 

 SD 15.96 14.91 15.82 14.63 

TCR CD 15.82 15.12 16.03 14.98 

 BC 15.54 14.84 15.54 14.28 

 

 

 

 

 

 

Table H4.  Nitrogen uptake in wheat grain as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 16.03 15.75 16.52 16.45 

TC-2 CD 16.10 15.89 16.52 16.55 

 BC 15.54 16.38 16.38 16.03 

 SD 16.03 15.54 16.31 16.73 

CR CD 16.17 16.38 16.17 16.94 

 BC 15.89 16.17 15.96 17.08 

 SD 16.03 16.10 15.96 16.94 

MR CD 16.10 16.03 16.03 17.08 

 BC 15.89 15.75 15.82 16.87 

 SD 15.75 16.45 15.89 16.31 

DR CD 15.96 16.24 16.03 16.38 

 BC 16.80 16.38 15.68 16.45 

 SD 16.45 16.03 15.68 16.17 

TCR CD 16.80 16.03 15.54 16.17 

 BC 15.96 15.89 15.75 16.10 
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Table H5.  Nitrogen uptake in wheat straw as affected by tillage practices and sowing 

methods during 2009-10. 

Treatments R-1 R-2 R-3 R-4 

 SD 3.78 3.15 3.71 3.64 

TC-2 CD 3.64 3.22 3.92 4.62 

 BC 3.71 2.94 3.36 3.78 

 SD 3.50 3.50 3.78 3.43 

CR CD 3.57 3.57 3.99 3.85 

 BC 3.15 3.36 3.64 3.36 

 SD 3.57 3.29 3.50 3.71 

MR CD 3.78 3.22 3.57 3.50 

 BC 3.36 2.94 3.29 3.71 

 SD 3.78 3.15 3.64 3.15 

DR CD 3.71 3.36 3.71 3.36 

 BC 3.43 3.08 3.43 3.29 

 SD 3.36 3.29 3.50 3.85 

TCR CD 3.29 3.36 3.43 4.13 

 BC 3.22 3.15 3.36 3.29 

 

 

 

 

 

 

Table H6.  Nitrogen uptake in wheat straw as affected by tillage practices and sowing 

methods during 2010-11. 

Treatments R-1 R-2 R-3 R-4 

 SD 3.99 3.22 3.22 2.66 

TC-2 CD 4.06 3.36 3.64 2.52 

 BC 3.78 3.15 2.94 2.24 

 SD 3.92 3.50 3.78 3.85 

CR CD 4.06 3.57 3.57 3.92 

 BC 3.71 3.36 3.64 3.50 

 SD 3.57 3.29 3.99 3.15 

MR CD 3.64 3.43 3.92 3.29 

 BC 3.50 2.94 3.64 2.94 

 SD 3.36 3.85 3.36 3.64 

DR CD 3.57 3.64 3.50 3.43 

 BC 3.36 3.50 3.08 3.29 

 SD 3.57 3.08 3.50 3.08 

TCR CD 3.36 3.29 3.36 2.73 

 BC 3.57 3.15 3.08 2.80 
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Table H7.  Total nitrogen in soil at 0-20 cm depth after harvest of mungbean as 

affected by tillage practices and sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 0.60 0.44 0.74 0.56 

TC-2 CD 0.26 0.46 0.70 0.56 

 BC 0.39 0.42 0.67 0.58 

 SD 0.79 0.49 0.53 0.61 

CR CD 0.79 0.49 0.49 0.67 

 BC 0.75 0.46 0.49 0.58 

 SD 0.60 0.54 0.77 0.72 

MR CD 0.68 0.61 0.79 0.74 

 BC 0.74 0.56 0.75 0.74 

 SD 0.65 0.40 0.79 0.35 

DR CD 0.61 0.49 0.81 0.39 

 BC 0.60 0.39 0.75 0.32 

 SD 0.84 0.26 0.37 0.74 

TCR CD 0.91 0.35 0.26 0.75 

 BC 0.74 0.32 0.35 0.75 

 

 

 

 

 

 

Table H8.  Total nitrogen in soil at 0-20 cm depth after harvest of  mungbean as 

affected by tillage practices and sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 0.51 0.54 0.49 0.53 

TC-2 CD 0.49 0.54 0.47 0.54 

 BC 0.46 0.49 0.46 0.49 

 SD 0.56 0.58 0.58 0.54 

CR CD 0.58 0.53 0.47 0.61 

 BC 0.53 0.54 0.49 0.53 

 SD 0.51 0.56 0.58 0.58 

MR CD 0.53 0.56 0.56 0.58 

 BC 0.49 0.51 0.53 0.56 

 SD 0.49 0.54 0.53 0.54 

DR CD 0.53 0.58 0.56 0.54 

 BC 0.46 0.47 0.51 0.51 

 SD 0.53 0.49 0.54 0.67 

TCR CD 0.54 0.54 0.51 0.68 

 BC 0.47 0.51 0.49 0.61 
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Table H9.   Nitrogen uptake in mungbean grain as affected by tillage practices and 

sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 24.99 24.78 24.78 24.99 

TC-2 CD 25.20 24.92 24.92 25.06 

 BC 24.85 24.64 24.71 24.85 

 SD 25.13 25.13 25.13 24.64 

CR CD 25.20 24.92 24.92 24.78 

 BC 24.92 24.92 24.64 24.43 

 SD 24.78 25.06 24.71 24.92 

MR CD 24.92 25.20 24.57 25.06 

 BC 25.13 24.85 24.50 24.99 

 SD 25.06 25.20 24.92 24.78 

DR CD 25.13 25.06 24.99 24.64 

 BC 24.85 24.85 24.78 24.78 

 SD 25.06 25.06 24.85 24.43 

TCR CD 24.64 25.13 24.64 24.64 

 BC 24.78 24.99 24.71 24.57 

 

 

 

 

 

 

Table H10.   Nitrogen uptake in mungbean grain as affected by tillage practices and 

sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 24.64 25.20 24.99 24.43 

TC-2 CD 24.92 24.99 24.78 24.29 

 BC 24.78 24.85 24.71 24.15 

 SD 24.99 25.27 24.71 24.36 

CR CD 25.13 25.13 24.57 24.92 

 BC 25.20 24.99 24.50 24.78 

 SD 23.87 24.71 24.85 24.78 

MR CD 23.94 24.78 24.92 24.92 

 BC 23.45 24.43 24.64 24.78 

 SD 24.15 24.64 24.29 24.85 

DR CD 24.29 24.57 25.20 24.99 

 BC 23.80 24.50 24.43 24.71 

 SD 24.43 24.57 24.92 24.57 

TCR CD 24.29 24.78 24.78 24.71 

 BC 24.15 24.64 24.64 24.29 
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Table H11.  Nitrogen uptake in mungbean straw as affected by tillage practices and 

sowing methods during 2010. 

Treatments R-1 R-2 R-3 R-4 

 SD 11.20 11.20 10.92 11.06 

TC-2 CD 10.92 10.92 11.06 11.20 

 BC 11.20 11.13 10.85 10.78 

 SD 11.06 11.20 11.27 10.64 

CR CD 10.92 11.13 11.13 11.06 

 BC 10.85 10.99 11.20 10.71 

 SD 10.57 11.13 10.99 11.69 

MR CD 10.85 10.78 10.71 11.27 

 BC 10.71 10.92 10.85 11.55 

 SD 10.64 10.99 11.55 11.20 

DR CD 10.78 10.92 11.13 11.34 

 BC 10.50 10.64 11.20 11.06 

 SD 11.13 10.85 11.13 11.13 

TCR CD 10.85 11.13 11.06 10.85 

 BC 10.71 10.71 10.99 10.92 

 

 

 

 

 

 

Table H12.  Nitrogen uptake in mungbean straw as affected by tillage practices and 

sowing methods during 2011. 

Treatments R-1 R-2 R-3 R-4 

 SD 10.43 10.64 10.36 10.29 

TC-2 CD 10.43 10.64 10.64 9.94 

 BC 10.50 10.57 10.50 10.22 

 SD 10.43 10.43 10.71 10.29 

CR CD 10.57 10.50 10.57 10.36 

 BC 10.22 10.36 10.64 10.22 

 SD 10.43 10.57 10.50 10.50 

MR CD 10.36 10.64 10.43 10.29 

 BC 10.29 10.43 10.29 10.43 

 SD 10.50 10.43 10.43 10.78 

DR CD 10.43 10.57 10.57 10.71 

 BC 10.29 10.29 10.29 10.64 

 SD 10.57 10.29 10.64 10.85 

TCR CD 10.43 10.36 10.57 10.57 

 BC 10.29 10.29 10.57 10.64 
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