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swr-AMS 

nrmy dI ipCyqI cuMgweI Aqy Kyq dI iqAwrI iv`c smW Krc hox 

kwrx,  nrmy qo bwAd kxk dI ibjweI Aksr p`CV jWdI hY[ bhuq hI 

G`t ikswn, kxk dI ibjweI KVy nrmy iv`c iC`ty nwl krdy hn[ ies 

FMg nwl bIjI kxk dw jMm G`t huMdw hY Aqy KwdW dI suc`jI vrqoN 

vI nhI huMdI[ ies sm`isAw dy hl leI ie`k trYktr clMq, KVy nrmy 

iv`c kxk ibjweI dI mSIn (irlyA sIfr) iqAwr kIqI geI hY[ ies 

nvIN mSIn dy qzrby 2 nrmy dIAW iksmW (Awr.sI.A`Yc.-776 Aqy 

AY`m.Awr.sI.-7017), 2 iv`QW aupr bIjy nrmy (101 Aqy 67.5 

syNtImItr kqwr qoN kqwr), Aqy 3 pRkwr dy &wly (ibnW vwhI &wlw, 

p`tI vhweI &wlw, dUhrIAW qvIAW vwlw &wlw) nwl kIqy gey[ ies qo 

ielwvw irlyA sIfr Aqy irvwieqI FMg nwl bIjI kxk dy prIKx 5 

ikswnW dy KyqW iv`c vI kIqy gey[ dUhrIAW qvIAW vwly &wly dI 

gqI p`tI vhweI Aqy ibnW vwhI &wly nwlo kRmvwr 9.3 Aqy 16.6% 

vDyry sI[ p`tI vhweI &wly dI fIzl K`pq (12.36 iltr pRqI 

hYktyAr), ibnW vwhI &wly (8.57 iltr pRqI hYktyAr) Aqy dUhrIAW 

qvIAW vwly &wly (9.15 iltr pRqI hYktyAr) nwlo vDyry sI[ irlyA 

sIfr nwl kxk bIjx krky, 101 syNtImItr kqwr qoN kqwr dI iv`Q qy 

bIjy nrmy dw Krwbw 67.5 syNtImItr vwly nrmy nwlo G`t drz kIqw 

igAw[ au`cy trYktr Aqy irlyA sIfr nwl KVy nrmy iv`c c`lx nwl 

nrmy dw ku`l Krwbw 2% qo G`t sI[ KVy nrmy iv`c kxk bIjx nwl 

ie`k v`D cMugweI dw mOkw imldw hY ijs nwl nrmy dw JwV irvwieqI 

FMg nwl bIjy nrmy nwlo 12% v`D sI[ irlyA sIfr nwl vrqy p`tI 

vhweI Aqy dUhrIAW qvIAW vwly &wly nwl bIjI kxk dw jMm Aqy JwV 

ibnW vwhI &wly nwlo vDyry sI[ KVy nrmy iv`c bIjI kxk, irvwieqI 

FMg nwl bIjI kxk nwlo 31 idn pihlW bIjI geI Aqy ies dw JwV 

18.8% vDyry sI[ irlyA qrIky nwl bIjy nrmy-kxk &slI c`kr iv`c 

irvwieqI &slI c`kr nwlo 19,282 qo 26,332 rupey pRqI hYktyAr 

vDyry munwPw hoieAw[ ikswnW dy KyqW iv`c vI irlyA sIfr nwl 

bIjI kxk dw JwV irvwieqI FMg nwl bIjI  kxk nwlo 6.4% vDyry drz 

kIqw igAw[ 
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Chapter 1 

 

 

INTRODUCTION 

 

Cotton (Gossypium hirsutum L.) wheat (Triticum aestivum L.) is a well established 

crop production system of north-western plains of the Indian sub-continent and adjoining 

areas of the Punjab-Sindh provinces of Pakistan. Cotton-wheat (CW) is the second most 

important cropping system after rice-wheat in this region, and is practiced on about 4.02 

million ha (Mayee et al 2008). In India, CW cropping system was followed on an area of 1.6 

million ha during 2012 with contributions of 0.59, 0.48 and 0.52 million ha by different 

states; Haryana, Punjab and Rajasthan respectively (Anon 2015). In addition, there are 

pockets of CW system in Madhya Pradesh, Gujarat and Maharashtra provinces of India. The 

uniqueness of the CW system is the grain and cash cropping, which improves the economy of 

farmers through the cultivation of cotton as an industrial commodity and wheat as a 

component of food security. The system got further impetus with the introduction of dwarf 

wheat cultivars requiring lower temperature for good germination than that for traditional tall 

Indian and Pakistani wheat varieties.  The normal wheat sowing time in the region is last 

week of October to first fortnight of November. Delay in wheat sowing causes marked 

reduction in its productivity (Anon 2014).  

Wheat planting after cotton harvest is often delayed due to late pickings of cotton and 

subsequent tillage and field operations for wheat planting. The sowing of wheat after 20th 

November in this region reduces the productivity at the rate of 1.0-1.5 % per day (Nasrullah 

et al 2010). On an average, productivity of wheat in CW system is about 3.2 t ha-1 against the 

wheat productivity of about 4.7 t ha-1 in rice-wheat system of Indian Punjab (Butter et al 

2013). Late sowing of wheat due to late harvesting of cotton significantly reduced the wheat 

yield in all the genotypes by six per cent (Singh et al 2011). Punjab province is a major 

contributor of wheat in Pakistan where most of the area under wheat comes after cotton and 

rice crops. Wheat sowing under these two cropping systems especially cotton-wheat cropping 

system is delayed which causes significant yield reduction. Usually low yields are obtained 

by conventional methods of wheat planting. For a rapidly growing population of the country, 

the food security seems under threat by yield stagnations. (Nasrullah et al 2010). Khan et al 

(2002) reported that only 20% of wheat is sown at the optimum sowing time, i.e. the first 

fortnight of November, while the remaining sowing is done from late November (30%) to 

December (50%) in the cotton zone of Punjab, Pakistan. Ali et al (2013) reported that there is 

almost 60% yield gap in wheat production that needs to be narrowed. The main factors 
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contributing toward low productivity include late planting of wheat crop due to delayed 

harvesting of Kharif crops such as rice, cotton and sugarcane, as well as shortage of irrigation 

water, and sub optimal management practices. Similarly, in northern China a large proportion 

of the wheat area is planted under the wheat-cotton cropping or the wheat/maize relay 

systems. Late harvesting of the cotton or maize crops may lead to delayed wheat sowing. 

Because of low temperatures in late fall or early winter leading to insufficient temperature 

accumulations, late sown winter wheat does not develop adequately to set a sound foundation 

to enable development sufficient spike numbers at harvest resulting in substantial yield 

reductions. Late sowing leads to small and weak seedlings that develop fewer roots and no, or 

fewer, tillers in the fall (Wang et al 2009). In CW system, early cotton picking for timely 

sowing of wheat seems impossible due to indeterminate nature of the cotton cultivars and low 

temperature during boll opening stage.  As a result, wheat establishment after cotton is 

delayed by about a month.   

Delay in wheat sowing without disturbing the cotton crop can be avoided by timely 

relay planting in standing cotton. The relaying of wheat by surface seeding into standing 

water in cotton was successfully demonstrated by Khan and Khaliq (2005). Relaying wheat 

by surface seeding produced 69.4% higher grain yield than sowing after harvest of cotton. 

Yield, yield components, and quality traits of cotton were not affected significantly by any of 

the relay cropping system. Substantially higher net field benefit was obtained from relay 

cropping system as compared to wheat followed by cotton. Therefore, timely wheat sowing in 

CW system is possible only by relay cropping of wheat into standing cotton using zero tillage 

technique. Preliminary study on relay planting of wheat in standing cotton has shown 

promising results (Anon 1993a).   

However, none of the present planters are capable of seeding wheat in standing cotton 

crop. A 2-wheel self-propelled relay seeder was developed in the year 2008 under the Cereal 

Systems Initiative for South Asia (CSISA) programme of CIMMYT, Ludhiana, India in 

collaboration with a local farm machinery manufacturer, Amar Agro Industries, Ludhiana, 

India. The relay seeder has the capability of opening a narrow strip (25-35 mm) using straight 

steel blades on the rotor in front of zero till (Inverted T-type) furrow opener to facilitate 

placement of seed and fertilizer while moving between the two rows of standing cotton 

(generally 675 mm apart). The yield gains in wheat with relay seeder were higher by 41.2% in 

2009-10 and 11.8 % in 2010-11 than the conventional crop planted after cotton (Butter et al 

2011). The timely sowing of wheat with insignificant damage to cotton was demonstrated 

through engine operated relay planting. However, for popularising the relay planting in CW 
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rotation in South Asia, self propelled small machine is insufficient. High capacity tractor 

operated relay seeders for this purpose are required that can cover an area of 480 thousand 

hectares in just 2-3 weeks time in the state of Punjab under CW system. Early planting of 

wheat in CW system will maximize the crop productivity and income of the growers. 

Development and evaluation of an innovative tractor operated wheat seeder can facilitate 

direct drilling of wheat into standing cotton for timely sowing of wheat, for enhancing wheat 

productivity and profitability of CW system in South Asia. 

Therefore, there is a need of a tractor operated high clearance relay seeder with a 

swath width equal to 3-4 rows of cotton crop. High capacity tractor operated relay seeder can 

improve productivity and profitability of CW system for which no data is available and the 

study being undertaken with following objectives  

 

1.1  Objectives  

i) To design and develop tractor operated high capacity relay seeder for seeding wheat 

in standing cotton crop 

ii) To evaluate the performance of relay seeder for sowing wheat into different cotton 

varieties, geometries of standing cotton using various type of furrow openers 

 

 



  

Chapter II 

 

 

REVIEW OF LITERATURE 

 

 Cotton-Wheat is the second most important cropping system after rice-wheat in South 

Asia. Sowing of wheat after cotton usually gets delayed due to late cotton picking coupled 

with time needed for seed bed preparation resulting in low wheat productivity in CW system.  

Relevant literature is briefed below:  

 

2.1 Status of wheat sowing in cotton wheat rotation  

Khan et al (2002) reported that only 20% of wheat is sown at the optimum sowing 

time, i.e. the first fortnight of November, while the remaining sowing is done from late 

November (30%) to December (50%) in the cotton zone of Punjab, Pakistan. In 

aforementioned cropping systems 70% wheat is sown after the harvest of cotton and rice 

crops, which results in delayed wheat sowing by 45-60 days. Mid November is the optimum 

time for wheat planting; any further delay results in yield reduction by 50 kg ha- 1 per day. 

This reduction in yield is primarily attributed to poor and erratic germination because of low 

ambient temperature that prevail at that time. Moreover, late planted wheat plants have to 

complete all growth and developmental stages in lesser time as starch accumulation process is 

terminated at the same specific temperature irrespective of time of sowing because of 

photosensitive nature of wheat. 

Mayee et al (2008) reported that Cotton-Wheat Production System (CWPS) is 

followed on 1.40 million ha and on 2.62 million ha in India and Pakistan respectively. The 

total area under CWPS comes to about 4.02 million ha in the north-western plains of India 

and Pakistan, Fig. 2.1. CWPS covers about 82 to 93% of the total cotton area but 

encompasses only 22 to 25% of the total wheat area in this belt. In India, only 18 to 20% of 

wheat area is covered by cotton-wheat rotation against around 33% in the Punjab and Sindh 

provinces of Pakistan. On an average, productivity of 18 q ha-1 of seed cotton and 32 q ha-1 of 

wheat grain can be realized. Being a cash (cotton being industrial product) and grain cropping 

system, it ensures food security with financial security. 
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Fig. 2.1: Cotton-wheat production area in the north-western plains of India and 

Pakistan 

 

Ali et al (2013) reported that there is almost 60% yield gap in wheat production that 

needs to be narrowed. In Pakistan, average yield is 21% lower than global average of 3086 kg 

ha-1, 13% lower than 2802 kg ha-1 of India and 49% lower than world best yield of 4762 kg 

ha-1 achieved by China. The main factors contributing toward low productivity include late 

planting of wheat crop due to delayed harvesting of Kharif crops such as rice, cotton and 

sugarcane, as well as shortage of irrigation water, and sub optimal management practices. 

 

2.2 Relay seeding v/s intercropping 

Willey (1979) suggested that the main way to achieve complementarily, or 

cooperation, between crop components is to develop crop growth patterns so that each crop 

exerts its major demands on resource use at different times in the growing season. Therefore, 
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competition can be controlled through adjusting the time when each crop has reached its 

maximum demand for water and nutrients. 

Coolman and Hoyt (1993) defined relay seeding as the practice of relay seeding 

involves planting a second crop after an initial crop has reached maturity, but before it is 

ready for harvest. 

 

2.3 Machinery for relay seeding  

Tisdall and Adem (1990) developed machinery specifically for relay-cropping on 

permanent raised beds (150 mm high and 1.5 m wide) in northern Victoria. This machinery 

enabled maize to be successfully sown at 2, 4 and 5 weeks before harvest, and 1 day after 

harvest (Control), of wheat (Tritimm aestivum). The sowing equipment consisted of a four-

row cultivator, behind which were four precision seeders. The wheels (250 mm in diameter) 

were spaced at 1.5 m to track along the base of the furrows. In one pass on each bed, the 

sowing equipment tilled two strips (each 50 mm wide, 30 mm deep and 50 mm from the outer 

row of wheat) and sowed maize, with little damage to the wheat crop, Fig. 2.2. There were no 

significant differences between treatments in yield (mean 2.9 t ha-1) of dry-land wheat, in final 

emergence percentage (mean 89%) or in early growth of irrigated maize. The maize yielded 

significantly less grain in the treatment sown at 5 weeks (9.6 t ha-1), but not 2 or 4 weeks 

(mean 10.6 t ha-1) before the wheat was harvested, than in the Control (10.8 t ha-1). The wheat 

and maize yielded more grain than those grown traditionally as sole crops in northern 

Victoria.

 

Fig. 2.2: Raised bed machinery for relay planting of maize in wheat 
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Butter et al (2011) developed a self-propelled relay seeder with seed-cum-fertilizer 

attachment.  Trials were conducted to evaluate relay planting vis-à-vis conventional sowing of 

wheat at 4 and 10 locations during 2009-10 and 2010-11, in CW dominated areas of south-

western Punjab, India. The wheat planting methods (zero till seeding in standing cotton using 

self- propelled relay seeder, relay seeding in standing cotton with manual drill without tillage-

not included during 2010-11, relay seeding in standing cotton as broadcast with minimum 

tillage, and conventional sowing of wheat) were evaluated in terms of their effects on yield 

and profitability of wheat in CW rotation. They reported that planting of wheat under 

conventional practice got delayed by 20-44 days compared with relay seeding. Yield of wheat 

sown with self-propelled relay seeder was 41.2% and 11.8% higher compared with 

conventional practice in 2009-10 and 2010-11, respectively. The increase in wheat yield 

under relay seeding of wheat was attributed to higher tiller density, longer spikes and more 

grains per spike. The net returns from the wheat were higher for self-propelled relay-seeder 

than with conventional sowing, Fig. 2.3. 

 

 

 

Fig 2.3: Line sketch of self propelled walk behind type relay seeder for seeding 3 rows of 

wheat in two adjacent rows of cotton 
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2.4 Tractor stability and steering  

Whitaker (1976) studied the steering for adjustable tread width tractors. The increase 

in the tread width of tractor results in some combination of skid by the front wheels during the 

turn. The amount of skid can be substantial as shown graphically in Fig. 2.4. Tractor with a 

track width/wheel base ratio of 0.33 with good steering parameters was selected. When the 

tread width was increased by a quarter and the tractor is driven through a 900  turn with a 250 

turn angle, the wheel with least traction will skid approximately 18 cm. this kind of slippage 

can hardly help but reduce control and increase tire wear. The steering design on adjustable 

tread width tractors can, in most of the cases can be improved. This can be accomplished 

either with an adjustable steering arm angle, the more precise Rey system or some 

combination. 

 

Fig. 2.4: Widening the tread width causes an incorrect turn angle 

Ahmadi (2011) investigated the effects of forward speed, ground slope and wheel–

ground friction coefficient on lateral stability of tractor at the presence of position 

disturbances, a tractor dynamic model was developed. In this model two types of instability 

were considered: instability due to overturn and skid and for each case the stability index was 

determined, Fig 2.5 and 2.6. Different geometries and mass specifications of tractor 
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MITSUBISHI-2501D were used to examine the model. According to the results of this model 

forward speed and ground slope had a reverse effect on all stability indexes. Moreover 

stability of this tractor was more affected by tractor skidding than overturning. Therefore to 

improve the overall stability of this tractor, preference should be on increasing the tractor 

stability index derived from skid dynamics of tractor. 

 

 

 

Fig. 2.5: Tractor wheel axel–obstacle geometry (left: 3D view, right: 2D view) 

 

 

 

 

Fig. 2.6: Tractor subjected to position disturbance (left: geometry, right: free body 

diagram) 
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Ahmadi (2013) examined the effects of different geometries and mass specifications 

of a tractor operating across irregular sloping grounds on the lateral stability of this machine, 

a dynamic model was developed. In the proposed model, overturn and skid instabilities were 

studied and the tractor stability indexes were formulated, Fig. 2.7 (i.e. TSI-overturn and TSI-

skid). Using a modified Excel spreadsheet package employing the parameters of the model, 

the TSIs were then determined. Finally, the effects of variation in the parameters of the model 

on TSIs were evaluated. The results of the analyses indicate that changing the tractor mass 

moment of inertias about the x- and y-axes had no influence on TSI-skid, whereas increasing 

the tractor mass moment of inertias about the x-axis by 71% led to a 2.5% reduction of TSI-

overturn and increasing the tractor mass moment of inertias about the y-axis by 71% led to a 

1.8% reduction of TSI-overturn. However, increasing the wheel–ground coefficient of friction 

from 0.34 to 0.84 improved TSI-skid by up to 27%. Moreover, the effect of tractor wheel 

track width and the height of its centre of gravity on TSI-overturn were greater than the effect 

of the tractor wheel base on this stability index. Therefore, the best strategy for stabilizing a 

tractor against overturn is to lower the tractor’s centre of gravity and increase the tractor’s 

wheel track width simultaneously. 

 

Fig. 2.7: Physical representation of parameters (a) for tractor rolling and (b) pitching 

situations 

 

Kise and Zhang (2006) proposed the use of “sensor-in-the-loop (SIL)” online tractor 

attitude and motion simulation to provide rollover warnings based on estimated look-ahead 

tractor attitude and motion status. A stereovision camera was used as the visual sensor for the 

SIL system to create a three-dimensional virtual terrain map on which a virtual vehicle 

travels. This progressively estimates the tractor attitude and motion on the terrain to provide 

warning of potential rollovers. A series of field tests on various terrains were conducted to 

http://www.sciencedirect.com/science/article/pii/S0168169906000329
http://www.sciencedirect.com/science/article/pii/S0168169906000329
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evaluate the dynamic performance of the SIL tractor motion simulator in an actual field 

environment. The validation test results indicated that the SIL vehicle attitude simulator could 

predict the attitude and motion status of the vehicle approximately 8.0 m ahead of its actual 

position with favourable and consistent accuracy at all test sites. Such information can be 

used as baseline data for a warning signal to prevent rollovers from occurring. 

Hamdeh and Al-Jalil (2004) studied the mechanics of a tractor-trailer system moving 

up and down sloping ground under different operating conditions was theoretically simulated. 

A computer program was developed to analyze the system to predict the effect of both the 

trailer loading weight and the slope angle on the tractor stability, traction ability, and drawbar 

loading. The program was used to analyze a tractor-trailer system moving at uniform motion 

up and downhill. The results of this analysis showed that the tractor becomes unstable when 

towing a 3750 kg trailer uphill at 28° slope angle. Insufficient traction occurred at slope 

angles ranging from 15° to 18° corresponding to trailer weight of 3750 to 750 kg. The parallel 

component of drawbar pull reached a maximum value of 17318 N when the trailer was 

pushing the tractor downhill at 30° slope angle. The normal component (normal to the tractive 

surface) showed similar maximum values for both uphill and downhill motions of the system. 

The use of computer analysis in this study provided a significant improvement in predicting 

the effect of different parameters on stability and control of tractor-trailer combination on 

sloping ground. The following conclusions were drawn for uphill and downhill motions of a 

tractor-trailer system moving at uniform motion and specific operating conditions based on 

the computer analysis results obtained from this study:  

a) Uphill  

1.  The higher the slope angle and trailer weight the lower is the stability. The tractor-

trailer system considered in this study became unstable at a slope angle of 280 for a 

trailer mass of 3750 kg.  

2.  Insufficient rear wheel traction occurred when the maximum traction force developed 

by the tractor rear wheels was less than the required traction force. This situation 

happened at slope angles ranging from 150 to 180 at all trailer mass ranging from 3750 

to 750 kg.  

b) Downhill  

1.  The stability of the tractor decreased as the weight of the trailer increased, and 

increased as the slope angle increased. However, the system is always stable for the 

ranges of trailer loading considered in this work.  
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2.  The maximum traction force decreased as the slope angle increased, and increased as 

the weight on the trailer increased. 

Vera et al (2015) presented an analytical model, formulated for 3D simulation of the 

tractor’s dynamic stability on inclined terrains, Fig. 2.8. Assuming the constant velocity and 

curvilinear trajectory of constant radius, it accounted for the gravity force, but also included 

in analysis the inertial force appeared because of curvilinear motion of the tractor. An 

appropriate computer code was developed on the base of formulated algorithm (Fig. 2.9), and 

applied to estimate the stability ranges of three tractors: Fendt Farmer 312, Fendt 926 and 

John Deer 6400. Tractors were tested for operational velocities in the range between 0 and 50 

km/h, and for turning radiuses of 15 m and 60 m. The model represented a suitable tool for 

prelimminary estimations and comparisons of stability areas of the tractors operating at 

horizontal and especially at sloped terrains at different velocities. Achieved results indicate 

decreasing the range of allowed terrain slope angles with decreasing radius of curvature of 

tractor trajectory and with increasing the tractor velocity. In the analysed test conditions, 

allowed values of longitudinal and transversal angles decrease from about ±400 for static 

conditions to less than about ±200 for the highest tested velocities (50 km h-1). 

 

 

 

 

 

Fig. 2.8: Gravity and centrifugal force of the tractor at uniform curvilinear motion: (a) 

longitudinal slope and (b) transversal slope. Symbols: R-resulting force; G-

weight and FC-centrifugal force 

(a) 
(b) 
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Fig. 2.9: Block diagram of the computer program 
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2.5 Relay seeding of wheat into cotton 

Coolman and Hoyt (1993) studied intercropping for increasing system sustainability 

and have reported that competition occurs when two plants vie for the same nutritional and 

after requirements in the same space. One of the plants usually receives less than it requires. 

Overlapping in space and time, the growth of two or more crops often results in decreased 

yields of both crops due to competition for limited essential resources. Any development of 

intercropping systems must evaluate the effects of competition on crop yields. One way to 

reduce competition for limited water and mineral nutrients is to plant crops at different times 

of the growing season in a relay-intercropping system. The main way to achieve 

complementarily, or cooperation, between crop components is to develop crop growth 

patterns so that each crop exerts its major demands on resource use at different times in the 

growing season. Therefore, competition can be controlled through adjusting the time when 

each crop has reached its maximum demand for water and nutrients. The adoption of 

intercropping systems has a number of potential advantages and disadvantages that are often 

site and crop-specific. Intercropping can be a more-efficient means of exploiting the resources 

required for plant growth. Relay-planting crop components so that resource demands occur 

during different periods of the growing season can be an effective means of minimizing inter 

specific competition.  

Porter and Khalilian (1993) conducted study on wheat response to various row 

spacing in relay intercropping systems. It involved four planting systems with six replications 

in a randomized complete block design. Treatment descriptions are; Treatment A involved 

conventionally planted wheat with row widths equally spaced (15.2 cm). Treatment B utilized 

the Clemson lnter-seeder and the 11-row planting system (33 and 61 cm alternate). 

Treatments C & D utilized the Clemson lnter-seeder and the 14-row planting system. A para-

plow and French Durou-plow was employed for deep tillage prior to wheat planting for 

treatments C and D (61, 30.5, 15.2 -4 rows, and 30.5, 15.2 -4 rows, 30.5 and 61 cm) 

respectively, to compare the effect of these two new conservation tillage implements for 

wheat production in coastal plain soils, Fig. 2.10. Yield of conventionally planted wheat was 

not significantly different from yields of skip-row schemes designed to allow for relay 

intercropping of either soybeans or cotton, Fig. 2.11. For the conventionally planted wheat, 

tractor traffic on top of certain wheat rows reduced yields of those rows as compared to non-

traffic rows. Wheat grown in wider-spaced rows adjacent to the controlled-traffic tire lanes in 

the schemes designed to allow for relay intercropping compensated yield-wise on an area 

basis as compared to narrower-spaced rows. 
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Fig. 2.10: Description of different treatments of the study 

 

 

Fig 2.11: Planting pattern for wheat, cotton (C) and soyabeans for a) the 1.93 m tractor 

wheel spacing, and b) the 2.44 m tractor wheel spacing schemes 
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Muhammad et al (1999) studied agro-economic assessment of different cotton-based 

inter/relay cropping systems in two geometrical patterns. The planting patterns were 60 cm 

spaced single rows and 90 cm spaced double rows strips (30/90cm ) while intercropping 

systems included cotton alone, cotton + sesamum, cotton + mungbean, cotton+ mashbean, 

cotton+ mothbean, cotton+ cowpea, while wheat and lentil were relayed in standing cotton 

(after  the harvest of intercrops) in November. Seed cotton was significantly greater in cotton 

grown in 90 cm spaced double row strips that in 60 cm spaced single rows. All the intercrops 

caused almost equal decrease (20-27%) in seed cotton yield compared to cotton alone. 

Maximum net income of Rs. 48532 per ha was obtained from cotton + mashbean /lentil inter-

relay cropping system followed by cotton + mungbean/lentil (Rs. 47415 per ha) and cotton + 

mungbean/wheat (Rs. 46732 per ha) against Rs. 32348, 32883 and 20552 for cotton/wheat, 

cotton/lentil and cotton-fallow respectively. 

Khan and Khaliq (2005) studied winter cereals as relay crops by surface seeding in 

cotton based cropping system. This study was conducted for two years i.e. during 1998-99 

and 1999-2000. Cotton was sown in 80 cm apart single rows and at the time of relaying each 

plot was further divided into two: one for relaying in standing cotton and second half for 

conventional late sowing after cotton harvest for wheat and barley separately. First half of 

cotton plot pre assigned for relaying was irrigated to the depth of 7.5 cm. Barley (Hordium 

vulgare L.) cv. B.94057 and wheat (Triticum aestivum) cv. Inqilab 91 was sown on 

November, 15 and 18 during 1998 and 1999, respectively on no-tilled soil by a surface 

seeding technique in the standing cotton. Cotton sticks were cut deep and rabi crops relayed 

on no-tilled soil were also sown after preparing a fine seedbed conventionally on 31-12-98 

and 02-01-99. They reported that wheat relayed in cotton gave a significantly higher grain 

yield of 2964 kg per ha against 1750 kg per ha grains harvested for wheat sown after the 

harvest of cotton. Higher grain yield (69.4%) of wheat relayed in cotton was attributed  

primarily to a 6% higher plant density, 21% more fertile tillers per plant, 18.6% grains per 

spike and 13.2% higher 1000-grain weight as compared with the wheat crop sown after the 

harvest of the cotton. The wheat crop relayed into cotton experienced a favourable 

temperature for germination, crown root development and subsequent developmental stages. 

The crop sown after harvest of cotton not only faced an unfavourable temperature regime but 

also a smaller growth duration period of about 1.5 month.  

Gupta et al (2009) Relay cropping of wheat into a standing cotton crop, a practice 

common in Uzbekistan, can potentially reduce winter fallows and also provide some green 

fodder (grazing of winter wheat) for the livestock. Also winter barley and triticale are good 
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candidates for such cropping practices. In Turkmenistan, farmer trials were directed at 

adapting resource conserving technologies and validate them under field conditions. Direct 

drilling was compared to the farmer practices of growing wheat, in areas where cotton and 

wheat are cropped in rotation. The main emphasis was on evaluating the costs of production. 

Significant savings, up to 24% of input costs, were achieved by direct drilling of wheat into 

standing cotton. Furthermore, relay-planting or intercropping systems have shown great 

potential to significantly increase the system’s productivity for various crop combinations 

including cotton + mung beans and maize + legumes, etc. Furthermore, new equipment 

introduced for planting winter wheat into standing cotton resulted in a reduction by 20-25% 

of seed and nitrogen fertilizer application rates. 

 

2.6 Optimum time for wheat sowing 

Inamullah et al (2007) studied the most suitable time of planting and judge their 

performance under late sowing in the central agro-ecological zone of NWFP, Pakistan. Five 

planting dates were used from October 25th to December 5th with 10 days interval in a 

randomized complete block design with split-plot arrangement replicated thrice. Delay in 

sowing decreased values of all the parameters. Decrease in days to maturity of various 

cultivars ranged from 9% (PR-83) to 12% (Saleem-2000), plant height from 10.5% (PR-84) to 

26% (PR-85), grains per spike from 14.6% (PR-87) to 33.4 % (Haider-2000), 1000-grain 

weight from 3.5% (PR-83) to 28.7% (Haider-2000) and rain yield from 45.2% (PR-83) to 

59% (PR-86) when sowing was delayed from October 25th to December 5th. Larger decreases 

in grain yield despite comparatively smaller decreases in grains per spike and 1000-grain 

weight showed the importance of seed germinability and the number of productive tillers per 

unit area in late sowing. 

Anonymous (2014) reported that wheat must be sown at the optimum time, for 

securing the best grain yield. Delayed sowing causes a gradual decline in the yield of wheat. 

A delay of one week in sowing reduces wheat yield by about 150 kg ac-1. Sowing of long 

duration varieties should commence from the fourth week of October to save these from high 

temperature near maturity. 

Singh et al (2011) conducted studies to identify and analyze the physiological aspects 

of cotton-wheat system with 20 cotton and 6 wheat genotypes in relation to the cropping 

system productivity. The duration of different cotton genotypes showed large variation and 

ranged from as early as 130 days to late up to 185 days. Genotypic variations in cotton 
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genotypes for different morphological (shoot length, number of monopods and sympods), 

physiological (LAI and biomass) and yield (boll number and boll weight) parameters were 

significant. Higher vegetative growth (i.e. LAI) at 90 DAS and biomass (175-273 g per plant ) 

at 120 DAS was observed mostly in early genotypes as compared to late genotypes. Many 

early maturing genotypes also possessed significantly higher number of sympodial branches 

(33-37 per plant) and significantly higher seed cotton yield (1.93 to 2.34 t ha-1) than the late 

types (1.81 to 2.04 t ha-1). Variety CNH-36, CNH-120, RS 810, Pusa 8-6, RS- 2013, Vikas, 

LH-1556, Surbhi and hybrids Ankur 651, Omshanker and LHH-144 appeared physiologically 

more efficient in terms of photosynthesis (Pn) and photosynthetic water use efficiency 

(PWUE). In wheat, LAI at 120 DAS and biomass at maturity were significantly reduced in 

late sown wheat. The study revealed that the grain yield of six wheat genotypes after cotton 

ranged from 4.7 to 5.2 t ha-1 and was significantly higher in wheat genotypes UP 2338, HD 

2687 and PBW 343. Late sowing of wheat due to late harvesting of cotton significantly 

reduced the wheat yield in all the genotypes. Photosynthesis, transpiration and photosynthetic 

radiation use efficiency were higher in timely sown wheat genotypes, however photosynthetic 

water use efficiency was less. Yield of cotton-wheat system in terms of wheat equivalent 

yield (WEY) and net returns (NR) of cotton-wheat system were also reduced with the late 

sowing of wheat (8.4 and 6.2%, respectively). Highest WEY (11.1-11.8 t h-1) and NR (45.5-

51.3 x 1000 Rs. ha-1) of cotton-wheat system were observed with early maturing cotton 

genotypes (LRA-5166, LH 1556, Ankur-651, CNH-120, F-1861 and Omshankar) followed by 

UP2338, HD2687 and PBW343 (wheat). These findings reveal that early maturing genotypes 

of cotton along with normal sowing of wheat crop can improve the productivity and NR of 

cotton–wheat system. 

Muhammad et al (2011) studied the effect of low temperature on yield of wheat 

cultivars and reported that due to late harvesting of cotton crop in Southern Punjab, wheat 

sowing is delayed. Consequently, farmers have to face a substantial yield loss. Growers are 

unable to plant wheat at right time in fall and major factor that seems lacking in case of late 

sown crop is decreased exposure of the crop to chilling temperature ultimately leading to 

decrease in crop yield. 

Akmal et al (2011) Wheat has a determinate growth habit and a delay of each day in 

sowing from mid-November onward decreases the number of tillers, leaf area, and total dry 

matter. Moreover, late sowing of wheat also delays anthesis, which ultimately reduces grain 

yield at a rate of 30-40 kg day–1 ha–1  
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Khan et al (2010) reported that late-sown wheat has to complete its life cycle in a 

short duration because starch accumulation terminates at the same time in both normal and 

late-sown plants. Late sowing results in poor germination and delayed emergence due to the 

prevalence of low temperatures at that time. In consequence, a weak crop stand and less 

tillering affect grain yields. Moreover, high temperatures at later growth stages enforce 

shortening of the grain filling period and early maturity. 

McDonald et al (1983) studied the effect of time of sowing on the yield of 15 wheat 

cultivars grown under irrigation was examined at Narrabri, N.S.W. Sowing dates, which 

ranged from mid-April to mid-August, encompassed the period of sowing normally found 

with commercial crops. The length of the pre-anthesis period was affected by both 

temperature and photoperiod. Each day's delay in sowing caused a delay of between 0.48 and 

0.75 days in anthesis; the delays observed for spring wheat were generally greater than those 

reported for dryland wheat in eastern Australia. Winter cultivars generally did not show an 

optimum sowing or anthesis date. For spring cultivars, the optimum time of sowing was early 

June (range of about 3 weeks), while the optimum anthesis date was the last week of 

September (range of 1 week). Grain yields of spring cultivars were reduced by 6 and 16% per 

week's delay in sowing and anthesis respectively. Despite a non-limiting water supply, yields 

at late plantings were low, which was largely the result of hastened crop development and 

high temperatures during grain-filling. The environmental factors which determined the 

optimum sowing and anthesis dates were the incidence of early spring frosts and high spring 

temperatures.  

 

2.7.1 Performance of furrow openers under laboratory conditions 

Baker (1976) investigated the performance of hoe, triple disc and chisel-type furrow 

openers in a laboratory soil bin containing sandy loam soil under zero tillage conditions. The 

emergence of wheat seedlings for the chisel opener (77%) was significantly greater than that 

for the hoe (27%) and triple disc (26%) openers. Measurements of soil cover and the soil 

moisture content in the grooves created by the opener were analysed and results indicated that 

the soil moisture retention properties within the groove was the main factor affecting the 

ability of the seed to emerge. In contrast to triple disc and hoe-type openers, chisel-type 

openers confined most of the ground disturbance to the subsurface zone, resulting in 

increased soil moisture availability. The vertical downward force needed to achieve 

downward penetration was 4 times higher in the case of the triple disc openers as compared to 

hoe and chisel-type openers. 
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Ozmeri (1986) evaluated the performance of Suffolk coulter, hoe, single-disc and 

double-disc furrow openers with respect to seed distribution in the horizontal and vertical 

planes. Experiments were carried out in a laboratory soil bin containing clay loam soil under 

conventional tillage systems. The soil moisture was maintained at 18.04% throughout the 

experiments. The least variation in working depth occurred with the double-disc openers but 

the least variation in sowing depth was obtained by hoe-type openers. Maximum variation in 

working depth and depth of sowing occurred with the single-disc openers. In all cases, sowing 

depth was less than working depth. Variation in the transverse width of the furrow openers 

was found to be least with single-disc openers. The average seed spacing was closest to the 

theoretical spacing in the case of the double-disc openers. For hoe-type openers, it was less 

than the theoretical distance. The seed to seed distances of single-disc and shoe-type openers 

had large variations. Ozmeri concluded that shoe-type openers were suitable for shallow and 

deep sowing, single-disc openers for shallow and medium depth of sowing and hoe-type 

openers for deep sowing only. However, the basis for reaching this conclusion was not clear 

from the work and supporting data was not presented. Ozmeri did not quantify the terms 

&shallow, medium and deep sowing' on the basis of the depth of sowing. However, from 

results obtained, it is clear that the hoe and double-disc furrow openers gave lesser variation 

in depth as compared to shoe-type openers both in the horizontal and vertical planes. 

Baker and Afzal (1986) developed a winged-type furrow opener having a combined 

boot for sowing seed and fertilizer in a seed cum fertilizer drill for metering rapeseed. 

Preliminary experiments carried out in a laboratory soil bin showed that rapeseed was 

sensitive to contact with fertilizer which affected plant emergence. A subsequent experiment 

showed that plant emergence of rapeseed was better when vertical separation was 20 mm as 

compared to 10 mm. A horizontal separation of 20 mm or more gave better plant emergence 

as compared to 20 mm vertical separation under dry soil conditions. However, vertical 

separation was better under wet soil conditions. Baker and Afzal developed a winged opener 

consisting of a disc and two winged side blades to provide a horizontal separation of 20 mm 

and a vertical separation of 75 mm. The opener was evaluated in the laboratory and it was 

found that effective separation of seed and fertilizer was obtained under zero tillage 

conditions but not in tilled soil since the separating wall of soil collapsed. 

Damora and Pandey (1995) evaluated the performance of seven openers which were 

basically of the shoe, shovel and hoe designs in laboratory soil bin with sandy clay loam and 

loamy sand. To evaluate the openers, a performance index was developed which considered 

variation in depth, amount of soil cover, vertical and horizontal separation of seed and 
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fertilizer, transverse variation of seed placement from the centre of the row, and soil 

disturbance as indicated by seed row roughness and specific energy. It was observed that  

 More compaction of the furrow bottom and less seed scatter occurred with shoe-type 

openers as compared to shovel and hoe openers.  

 Hoe-type openers placed the seed at the required depth, whereas shoe and shovel-type 

openers placed the seed shallower than the target depth.  

 Under both soil conditions, the shoe-type opener had a minimum variation in depth. Hoe-

type openers gave significantly greater lateral and vertical separation of seed and 

fertilizer as compared to shoe and shovel-type openers.  

 Soil disturbance was highest for hoe-type openers due to asymmetric shape of the 

opener. 

 Hoe-type openers had significantly less draught as compared to the other two openers.  

 The overall performance index of hoe-type openers was better as compared to the other 

two openers, both in sandy clay loam and loamy sand soil types.  

The above study indicates that although the shoe-type openers had better compaction 

of the furrow bottom and less variation in depth, the advantages of a compact seedbed at the 

point of placement of seed could not be obtained since seed was placed at depths shallower 

than the depth of furrow. Hoe-type openers gave a better performance in sandy clay loam and 

loamy sand soil types due to better horizontal and vertical separation of seed and fertilizer and 

its ability to place seed at the compact furrow bottom. 

 

2.7.2 Performance of furrow openers under field conditions 

Choudhary and Baker (1988) investigated the ability of a prototype drill using an 

inverted T opener developed by Baker et al. (1979) for sowing fodder radish. Experiments 

carried out showed that no difference in plant emergence occurred when seed and fertilizer 

were mixed and sown in comparison to drilling seed and fertilizer separately through the boot 

of the furrow opener. However, the former gave significantly lower yields. For the fodder 

radish crop, however, both plant emergence and yields were reduced by mixing seed and 

fertilizer. The experiments showed that the inverted T opener with a boot section designed for 

20 mm horizontal separation of seed and fertilizer could be successfully used for sowing 

barley and fodder radish crops. Results of this study were in agreement with Baker and Afzal 

(1986) for dry soil conditions. 



22 

 

Wilkins et al (1983) indicated that the effect of variation in soil compaction, soil 

moisture in seed zone and water potential decrease rate affect plant emergence differently 

under different soil conditions even for the same type of soil. The furrow openers which 

brought soil upwards into the seed zone had higher soil moisture around the seed zone, but 

other factors determined the effect of this higher moisture on plant emergence. A higher soil 

water loss was caused by deep furrow openers as compared to disc-type openers but this did 

not affect plant emergence significantly.  

Bahri and Bansal (1993) evaluated different combinations of furrow openers and 

press wheels for zero tillage sowing. They reported that, in relatively moist and loose soils, 

the double-disc furrow opener was the most suitable, whereas the hoe opener was better 

suited for hard and dry soil conditions because of its better penetration.  

Anonymous (1993b) investigated the performance of inverted T, double-disc and 

shoe-type furrow openers for sowing the soya bean crop in black soil at soil moisture contents 

of 16) 89 and 22) 12%. Change in soil cover from the sowing period to the three-leaf stage 

was largest for the shoe-type furrow openers and smallest in the case of the double-disc 

openers. No significant differences in plant emergence and yield were observed among the 

three furrow openers in the first experiment conducted at 16.89% soil moisture content, 

although average values of plant emergence and yield were highest for double-disc openers. 

In the second experiment conducted at 22.14% soil moisture content, values of plant 

emergence were on the whole low but inverted T furrow openers gave significantly higher 

plant emergence. Sticking of soil on furrow openers was considerably less for the double-disc 

furrow openers. 

In another study, Anonymous (1994), investigated the performance of inverted, 

double-disc and shoe-type furrow openers with wheat crop under normal (18.59% dry basis) 

and deficit (14.35% dry basis) soil moisture conditions. Standard deviation of depth of sowing 

was least for the double-disc furrow openers in both the experiments. However, despite higher 

values of plant emergence, differences in crop yield were not significant, although the average 

value of grain yield was highest for the double disc openers. 

Tajudin and Balasubramanium (1995) evaluated hoe, shoe, wedge, single-disc and 

double-disc furrow openers used in bullock drawn seed drills. Field tests were conducted in 

black soil at a soil moisture content range of 15-20%. A power tiller was used to pull a Gorru 

(local seed drill) in which the furrow opener was mounted. Each furrow opener was tested 

with vertical forces of 0, 78.5, 157 and 245 N by adding dead weights. A performance index 
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was developed to compare the furrow openers. Single-disc furrow openers gave the best 

performance index mainly due to lower unit draught, i.e. draught per unit area of furrow. 

Wedge-type openers required the maximum power. Double-disc openers had lower unit 

draught but the performance index of the opener was affected due to poor penetration. In this 

study, however, only aspects of work output, uniformity of depth and power required were 

considered. Crop-related variables such as plant emergence and yield were not taken into 

account. The study therefore does not reflect the actual performance of the furrow openers for 

sowing of crops. 

 

2.8 Optimum depth for seeding for wheat  

Radford (1986) observed the effect of a press wheel and establishment of semi-dwarf 

depth of sowing on the and tall wheat. The factors were cultivars (tall and semi-dwarf) x 

depths of sowing x press wheel pressure. The press wheel was a rubber, pneumatic, over-

centre pressure type (applying pressure directly over the seed row); it measured 560 mm in 

diameter by 70 mm wide and had a total loading of 28 kg. Where press wheel pressure was 

not applied, the seed furrow was closed by dragging a chain harrow behind the opener. The 

press wheel significantly increased mean wheat establishment (P < 0.05) in all sowings except 

II, III and IV at a site with a much lighter soil. Shallow sowing to within 5.5 cm of the soil 

surface gave the highest establishment percentage when no rain fell between sowing and 

emergence. Seed placement at about 3.5 cm appeared too shallow, resulting in significantly 

lower establishment than placement at 5.5 cm (P < 0.05). Sowing at depths below 5.5 cm 

resulted in significant reductions in establishment in all sowings. It is difficult to define the 

optimum sowing depth (or range) from these data owing to the limited number of depths 

tested. However, there was a clearly defined optimum depth of 5.5 cm. The results of this 

study show that press wheels help overcome these difficulties by increasing the generally 

poor establishment of deep and shallow-placed seeds. It can be concluded from the review of 

literature that; 

• The farmers have no option rather to wait for cotton crop to mature as cotton crop is 

of 160 to 170 days duration. 

• Planting of wheat after cotton in CW rotation under conventional practice usually 

gets delayed by 20-44 days as compared to rice wheat rotation. 
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• The delayed sowing of wheat in cotton wheat rotation reduces the wheat yield by 0.5t 

ha-1. Relay seeding is not a new concept, work was carried out on wheat broadcasting 

in standing cotton in early 90’s. 

• It was also reported that relay seeding of wheat into standing cotton is possible with 

surface seeding and use of self propelled 3-row wheat seeder. Also, the relay seeding 

showed significant increase in wheat yield in the studies. 

• Due to lack of suitable tractor operated machine for relay seeding, this technology 

was not adopted. Gupta et al (2009) reported relay cropping of wheat into a standing 

cotton crop, a practice common in Uzbekistan.  

Literature reviewed showed that the relay seeding and broadcasting of wheat in cotton 

has potential to increase the productivity of CW system. Therefore, RS needs to be developed 

on the basis of minimal damage to cotton and optimal wheat establishment.  

 



  

Chapter III 

 

 

MATERIAL AND METHODS 

 

The development of relay seeders for high clearance tractor deals with the design of 

relay seeders suitable for, popular row geometries of cotton in the region, and to the tractor 

track width. Apart from the design parameters, the relay seeders were evaluated for seeding 

wheat in two cotton hybrids. The design parameters, variables studied, equipments and 

instruments used, experimental procedure and statistical design followed have been discussed 

in this chapter as under: 

 

3.1  Development of high clearance platform for tractor 

The traditional four wheel tractors with ground clearance of around 45 to 50 cm 

cannot move in the standing cotton field as the plants are about 100 to 130 cm tall. To address 

this issue, a high clearance platform attachment for a four-wheel tractor was developed in 

collaboration with International Centre of Maize and Wheat Improvement- Borlaug Institute 

for South Asia (CIMMYT-BISA), India, and Punjab Agricultural University, (PAU) 

Ludhiana, India and was got fabricated from a local machinery manufacturer Rajar 

Agricultural works, Mullanpur, Ludhiana (Punjab), India. The conceptual design view of high 

clearance platform is shown in Fig. 3.1. This platform increased the ground clearance of the 

tractor to 115 cm to make the tractor move easily above the standing cotton. The brief 

specifications of the platform for the high clearance tractor are included in Table 3.1.  

Table 3.1: Brief specifications of the normal tractor and tractor mounted on the high 

clearance platform  

Specifications Normal Tractor Tractor mounted on 

high clearance platform 

Ground clearance, mm 450 1100 

Turning radius, mm 2700 3020 

Weight, kg 2005 2550 

Speed reduction (over normal) - 17% 

Track width, mm 1350 2020 
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Fig. 3.1: Conceptual design of high clearance platform of the tractor 

 

 

Fig. 3.2: Tractor (normal) and mounted on high clearance platform 
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The track width of mounted tractor was increased by 1.5 times the standard one (from 

135 cm to 202.5 cm), which enables high clearance tractor to move in both 67.5 and 101.0 cm 

row geometries of cotton and increase the stability of the tractor. Any traditional tractor 

(ground clearance ~45 cm) can be converted to high clearance tractor by mounting on high 

clearance platform in 4 to 6 hours, Fig 3.2.  

 

3.2  Stability of high clearance tractor  

To study the stability of the tractor the CG of the normal and high clearance tractor was 

calculated by standard weighing technique (John et al 1989). The location of CG in 

longitudinal plane (pitching) of normal (G) and high clearance tractor (Gʹ) is shown in Fig. 

3.3. In this analysis, the following simple assumptions are made: 

(i)  Forward motion is uniform; this assumes constant implement forces and no 

acceleration. 

(ii)  Lines of forces on wheels are either tangential or radial or may be resolved as such; 

wheel sinkage and tyre distortion (but not normal tyre deflection) are neglected. 

(iii) The tractor is symmetrical about the longitudinal vertical plane; all the forces and 

moments may be considered to act in this plane. 

(iv) Other forces, such as the change in position of the fuel and oil in the tractor on 

sloping ground, air resistance and other minor forces are neglected. 

W and Wʹ are the respective weights of normal and high clearance tractor (HCT), kg 

 R and Rʹ is the respective soil reaction at front wheel for normal and HCT, kg 

P  and Pʹ is respective implement pull mounted on to normal and HCT, kg 

X1 and X′1 is respective distance of CG from rear wheel soil contact point, A in 

longitudinal direction, m 

X2 is the wheel base of the normal and HCT, m 

𝑙 𝑎𝑛𝑑 𝑙′ is the respective right angle distance between point A and virtual line of pull 

for normal and HCT, m 
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1 and 2 is the respective angle of pull for normal and HCT, degree 

Considering the normal tractor, taking moments at A, we have; 

𝑅1 × 𝑋2 +  𝑃 × 𝑙 = 𝑊 × 𝑋1  (Macmillan 2002) 

Due to effect of weight transfer, the drawbar force P may be large enough to cause R1 

as zero. This gives 

𝑃 =
𝑊× 𝑋1

𝑙
                               ---     3.1 

 

Fig. 3.3: Forces acting on the normal and high clearance tractor while operating on level 

ground (pitching) 

Similarly, for high clearance tractor, taking moments at A, we have; 

𝑃′ =
𝑊′× 𝑋1

𝑙′
                              ---3.2 

3.3  Stability of high clearance tractor while turning 

The location of CG in transverse plane (rolling) of normal (G) and high clearance 

tractor (Gʹ) is shown in Fig. 3.4. 
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Where, v and vʹ is the respective speed of travel of normal and HCT, m s-1 

t and tʹ is respective track width of normal and HCT, m 

r and rʹ is respective radius of turn of normal and HCT, m 

Y1 and Y′1 is respective distance of CG from rear wheel soil contact point, A in 

transverse plane, m 

 

Fig. 3.4: Forces acting on the normal and high clearance tractor while operating on level 

ground (rolling) 

Taking moments about rear wheel contact point, A for normal tractor, we have 

                                 
𝑊 × 𝑉2

𝑟
 ×  𝑌1 =

𝑊 ×𝑡

2
            ----3.3 

  Similarly for high clearance tractor  

   
𝑊′× 𝑉′2

𝑟′  ×  𝑌1
′ =

𝑊′×𝑡′

2
           ----3.4 

Further, the stability of high clearance tractor and mounted relay seeder, against 

overturning in transverse plane (pitch) and longitudinal plane (roll) was studied by graphical 

method and by consideration of static forces acting on the tractor.  
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3.4  Design concept of Relay seeder 

The mechanism was designed on the following consideration: To facilitate the 

movement of Relay Seeder mounted on high clearance tractor, causing minimal damage to 

cotton plants and simultaneously, relay planting wheat by opening furrows in between the 

cotton rows. This can be obtained either placing the RS frame above the plant canopy and 

designing and arranging furrow openers on to the main frame such that interference among 

the high clearance tractor and machine is minimal or by placing the machine frame for 

mounting different furrow openers above the plant canopy (115 cm above ground) for 

minimal hindrance to cotton. Cotton is relatively bushier at top compared to bottom. In light 

of this, the set of furrow openers moving among adjacent cotton rows may be arranged on sub 

frames. These sub frames can be clamped to main frame placed just above the plant canopy 

with a box section. This arrangement utilizes open space at bottom of cotton plants whereas, 

on the top side box section cross section moves among the plant canopy. The conceptual 

design of RS attached to high clearance tractor is shown in Fig. 3.5 and 3.6.  

 

3.4.1  Functional requirements of Relay seeder 

The functional requirements of the relay seeder should be:  

1. Main frame of the relay seeder should have high clearance so that it can move above 

the 115- 120 cm high cotton crop. 

2. It should be able to drill wheat seed and fertilizer directly among two adjacent rows of 

cotton. 

3. It should cause minimal damage to standing cotton in respect of loss of cotton balls. 

4. Its width should be more than the high clearance tractor track width of 202.5 cm. 

5. It should be able to sow into 67.5 cm and 101.0 cm row to row spacing of the cotton, 

which are common among the farmers in the region.  
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Fig. 3.5: Conceptual design of the 12 row relay seeders driven by the high clearance 

tractor 

 

Fig. 3.6: Conceptual design of the 15 row relay seeders driven by the high clearance 

tractor 
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3.4.2  Design of different components of Relay Seeder 

 The design and selection of the various components of Relay Seeder was done on the 

basic fundamentals of machine design. The main components of straw Relay Seeder are: 

a)   Gear box 

b)    V-belt and sheaves 

c)     Shaft for power transmission 

d)     Shafts A and B for chain sprocket assemblies 

e)     High clearance frame  

f) Strip tillage rotor shaft 

 Theoretical design procedure for all the components of RS has been discussed below. 

 

3.4.2.1 Design of gear box 

Power required at PTO (kW) for 1 cm of tilling width = 0.3 (Kepnar et al 1987). 

Power required at shaft A, for 15 row RS having blade width 1 cm = 15 x 1.0 x 0.3 

kW 

Power required at gear box = 4.5 /Sb x Sc= 4.89 kW,  

where Sb = power transmission efficiency of V-belt and Sc = power transmission 

efficiency of chain.  

Design power for gear box = 5.09 x 1.5 = 7.6 kW (Sharma and Aggarwal 2011) 

Rotational speed of the pinion, NP = 540 rpm, 

Rotational speed at gear output, NG = 270 rpm 

Pressure Angle, Φ = 200 

Number of teeth of the pinion, TP = 15   

Number of teeth of the gear, TG = 30 
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Allowable stress for pinion and gear, σal = 103 Mpa                            

Since power is transmitted at a very low pitch line velocity, a gear tooth module m = 

6 mm may be selected. 

 Face width (b) = 10 × m = 60 mm 

mm45
2

156

2

T
r pinion,for  conepitchofradiusOutside P

oP 






m

 

mm90
2

306

2

T
r gear,for  conepitchofradiusOutside G

oG 






m

 

Pitch angle of the pinion,
01 56.26)90/45(tan  

P  

   Pitch radius at midpoint of face, mm58.31
2

sin
0 


 P

PP

b
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
 

 Circular pitch at mid point, P mm84.18
T

rπ2

P

oP 


  

 Number of formulate teeth of the pinion, 76.16
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P
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
 

Tooth form factor for pinion 

    0.0832
684.0

124.0 
EP

P
T

y  

 Bending capacity, N 9688.584.18.0832060103Pybσ Pb bF  

 Velocity, V 1-PP s m54.2
100060

NTπ







m
 

Dynamic tooth load, 

v

st
d

C

CF
F


 , Where Ft = transmitted or horsepower load,  

Cs = Service factor =1.2 and Cv = Dynamic load factor 
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0.689
V20050

50
Cv 


  

db FF  , i.e. Bending strength should be greater than or equal to dynamic load.  

For safe design, bending strength is taken equal to dynamic tooth load. 

 N5.9688FF bd   

 N5565
C

CF
F

s

vd
t 


 , Power transmitted by the bevel gears kW1.14

1000

VFt 


 and 

FOS for the gear box designed = 1.86 

3.4.2.2 Selection of V-belts and sheave 

The power required to till the narrow strips ahead of furrow openers may estimated 

by, Power required at PTO (kW) for 1 cm of tilling width = 0.3 (Kepnar et al 1987). 

Power required at shaft A, for 15 row RS having blade width 1 cm = 15 x 1 x 0.3 kW 

Design power at A Pd = 4.5 x 1.2 (service factor) = 5.4 kW (Sharma and Aggarwal 

2011) 

Diameter of the sheave mounted on shaft A, D1 = 203.2 mm  

Diameter of the sheave mounted on shaft B, D2 = 304 mm   

 Shaft A speed, N1 = 270 rpm     

 Center distance between the shafts A and B, C = 450 mm 

Belt speed:           

  2.87
100060

NDπ
V 11 


  m s-1 

According to rated power chart, the B section V- Belt was selected  

            Contact angle, 021 46.193
)(60

180 



C

DD
s  
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Contact Angle 3.37 radians  > 2.1 radians is safe for power transmission   

            Theoretical length of belt, 7.1703
4

)(
)(

2

1
2

2

21
21 






C

DD
DDCL   mm 

For C-section, nearest belt length is selected from standard V-belt length tables. 

                                  Design power, kW 
1000

)( 21 FFV
Pd


                             ----3.5 

Also, 
)(

2

1  
 ee

F

F
                              ----3.6 

where 
)2/sin(

3.0


 e

and β = 380 and µ = 0.3 for a cast Iron pulley 

By simultaneously solving equation 3.5 and 3.6, we have 

F1 = 940.8 N and F2 = 126.4 N and F = F1 + F2 = 1067.5 N 

Power transmission capacity (Pt) of C-section, V- Belt at faster pulley at 270 rpm is 

3.60 hp. 

 Hence number of V- Belts required, Nb: 

    Nb 1.2
746.0

4.5





tla pkk
 

where, ka = Angle of contact factor = 0.97 and kl  = Belt length correction factor = 1.0 

(Sharma and Aggarwal, 2011).  

Three belts were selected for the drive for 15 row relay seeder. The same procedure 

was followed for 12 row relay seeder was followed and two v-belts with C-section were 

selected. The V-belt combination acts as safety clutch, in case power required by chain 

assembly increases, slippage occurs in V-belts.  

3.4.2.3 Design of shaft ‘A’ (Power transmission) 

 Engine Power at speed of 1400 rpm = 25 hp 
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 Power at PTO = 22.5 hp 

 Power at Gear box (after Universal joint) = 0.92 × 22.5 = 20.7 hp 

 Power at shaft (after gear box) = 20.7 × 0.96 = 19.9 hp 

 Power at V-belt sheave (after two bearing on the shaft) = 19.9 × 0.96 = 19.1 hp 

 Power in kW = 19.1 × 0.746 = 14.84 kW  

 alτ = 50-80 Mpa (for cold drawn mild steel shafts) 

 

 

Fig. 3.7: Forces acting on the power transmission shaft ‘A’ 

            Torque (T) Nm85.524
2

6010000.5

1







N
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3max )T()(
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


 tm kMk
d

 

where km = Combined shock and fatigue factor for bending, Kt = combined shock and 

fatigue factor for torsion, M is moment due to bending of the shaft. V-belt sheave was fixed at 

8 mm from the bearing due to which bending moment for the shaft was negligible as 

compared to torque on the shaft, Fig. 3.7. Hence, max  is calculated only for torque on the 

shaft. 
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dπ
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For safe design of the shaft the value of maxτ should be less than or equal to alτ  

                      2

3
)5248752.1(

16
65 




d
 

Diameter of the shaft (d) = 36.67 mm 

Standard available shaft size of 50 mm was selected. 

3.4.2.4 Selection of chain and sprockets  

3.4.2.4.1 Relay seeder of 15 rows 

The power required rotate 5 strip till blades, Power required at PTO (kW) for 1 cm of 

tilling width = 0.3 (Kepnar et al 1987). 

Power required to rotate 5 row chain assembly = 0.3 x 1 x 5 kW, as thickness of strip 

till blade is 0.5 cm. 

Design power at B, Pd = 1.5 /0.9 = 1.67 kW 

 Shaft B speed, N2 = 180 rpm     

 Centre distance between the shafts B and Strip till rotor shaft, C = 1500 mm 

Design pitch range,
60)  to(30

p
C

 = 25 to 50 mm 

The standard pitch of 25.4 mm was selected, Number of teeth of pinion, Z1 = 25 and 

minimum factor of safety required is 8.2 (Sharma and Aggarwal 2011). 

Chain speed, 1-11 s m 1.9
100060

NZp
V 


  

Total load, F0 = F + Fc + Ff 

Where, F = driving force = N 877.2
1.9

100067.1



 

N 9.95
g

2





Vw

Fc  
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Where w = weight of chain m-1 length of chain, = 27 N m-1 for selected chain 

Ff = kf  w C = 40.5 N 

Minimum braking load of selected chain 43.1 N (Sharma and Aggarwal 2011) 

Factor of safety = 5.46
927.64

10001.43


 , therefore the selected chain in safe for the 

given load. Standard sprockets of p = 25.7 were selected for chain. 

 

3.4.2.4.2 Relay seeder of 12 rows 

The power required rotate 3 strip till blades, Power required at PTO (kW) for 1 cm of 

tilling width = 0.3 (Kepnar et al 1987). 

Power required to rotate 5 row chain assembly = 0.3 x 0.5 x 3 kW, as thickness of 

strip till blade is 0.5 cm. 

Design power at A Pd = 0.45 /0.9 = 0.5 kW 

 Shaft B speed, N2 = 180 rpm     

 Centre distance between the shafts B and Strip till rotor shaft, C = 450 mm 

Design pitch range,
60)  to(30

p
C

 = 25 to 50 mm 

The standard pitch of 25.4 mm was selected, Number of teeth of pinion, Z1 = 25 and 

minimum factor of safety required is 8.2 (Sharma and Aggarwal, 2011) 

Chain speed, 
111  m 1.9

100060

NZp
V 


 s  

Total load, F0 = F + Fc + Ff 

Where, F = driving force = N 263.2
1.9

10005.0



 

N 9.95
g

2





Vw

Fc

 



39 

 

Where w = weight of chain/m length of chain, = 27 N m-1 for selected chain 

Ff = kf  w C = 40.5 N 

Minimum braking load of selected chain 43.1 N (Sharma and Aggarwal 2011) 

F0 = 313.7 N 

Factor of safety = 137
313.7

10001.43



, therefore the selected chain in safe for the 

given load. Standard sprockets of p = 25.7 were selected for chain. 

 

3.4.2.5 Design of main shaft ‘B’ 

3.4.2.5.1 15-row Relay seeder 

 Load on shaft B due to chain assemblies, Fsh = F + 2 kf w C = 519.6 N 

 Also, Power to transmitted by the main shaft in kW = 0.5 x 0.3 x 15/0.9 = 2.5 kW  

 alτ = 50-80 Mpa (for cold drawn mild steel shafts) 

   Torque (T) Nm63.132
2

6010005.2

2







N
   

 Bending moment in shaft ‘B’ 

   22

3max )T()(
16




 tm kMk
d

 

Where km = Combined shock and fatigue factor for bending, Kt = combined shock 

and fatigue factor for torsion, M is moment due to bending of the shaft, Fig. 3.8.  

 
 Load on shaft B due to v-belt pulley Fp= F1+F2 = 1067.2 N 

Load on main shaft due to chain assembly Fsh = F +2 kf w C = 519.6 N 

Taking moments at R1 
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Fig. 3.8: Forces acting on the power transmission shaft ‘B’ used for 15-row relay seeder 

 

        519.6 x 0.21 + 519.6 x 1.22 + 519.6 x 2.03 = R2 x 2.24 + 1067.7 x 0.065, R2 = 771.6 N 

Similarly R1 = 1854.4 N 

The critical section for the shaft is at R1, Moment at this section =  69.4 N m  

For safe design of the shaft the value of maxτ should be less than or equal to alτ  

   22

3
)63.1323.1()4.692.1(

16
65 




d
 

Diameter of the shaft (d) = 24.7 mm 

Standard available shaft size of 35 mm was selected for 15 row relay seeder. 

 

3.4.2.5.2 12-row Relay seeder 

 Load on shaft B due to chain assemblies, Fsh = F + 2 kf w C = 394.6 N 

 Also, Power to transmitted by the main shaft in kW = 0.5 x 0.3 x 12/0.9 = 2 kW  

 alτ = 50-80 M Pa (for cold drawn mild steel shafts) 

   Torque (T) Nm1.106
2

6010002

2







N
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 Bending moment in shaft B 

   22

3max )T()(
16




 tm kMk
d

 

where km = Combined shock and fatigue factor for bending, Kt = combined shock and 

fatigue factor for torsion, M is moment due to bending of the shaft, Fig. 3.9.  

 
 Load on shaft B due to v-belt pulley Fp= F1+F2 = 783 N 

Load on main shaft due to chain assembly Fsh = F +2 kf w C = 394.6 N 

Taking moments at R1 

 

Fig. 3.9: Forces acting on the power transmission shaft ‘B’ used for 12-row relay seeder 

394.6 (0.13 + 0.805 + 1.355 + 2.03) = R2 x 2.24 + 783 x 0.07, R2 = 736.5 N 

Similarly R1 = 1624.9 N 

The critical section for the shaft is at R1, Moment at this section = 54.8 N m  

For safe design of the shaft the value of maxτ should be less than or equal to alτ  

   22

3
)1.1063.1()8.542.1(

16
65 




d
 

Diameter of the shaft (d) = 22.9 mm 

Standard available shaft size of 35 mm was selected for 12 row relay seeder. 
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3.4.2.6 Design of tine for Relay seeder 

Draft of zero till tine = 15 kgf = 147 N (Sharma and Mukesh, 2008, Kepnar et al 

1987) 

Distance of draft application on furrow opener tine, a = h/3, where h is the total 

length of furrow opener and tine. 

Moment arm length = h-a = (200-66.6) = 133.4 mm 

Bending moment in tine, Mb = 147 x133.4 = 19609.9 N mm 

Section modulus of tine (Z) = (Mb/fb,) x FOS, where fb = 65 N mm-2 and FOS = 2 

Z 2
65

9.19609

6

2





bt

, t = 9.1 mm (Assuming b = 20 mm)  

Hence, MS flat section of 20x10 mm was selected for the tine of relay seeder 

 

3.4.2.7 Design of sub frame of Relay seeder 

3.4.2.7.1 15-row Relay seeder 

 Draft force on set of 5 tines = 5 x 147 N = 735 N 

 Torque on the square section due to draft = 735 x 133.4 = 98049 N mm 

 Bending moment in sub frame due to draft = 147 (0.09+0.27+0.45) = 11907 N mm 

  22 )980490.1()119070.1( eqT = 98769.3 N mm 

2
b

eq

fY

Z 
  

Where. Z = section modulus for square section =
12

44 ba 
, 

2

a
Y  , a= other dimension 

of square section and b is inner dimension of section, Also assume a=1.2b, we have  

3.25787
)( 44




a

ba
, b = 30.66, a = 36.79 mm 
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Therefore, box section with a = 45 mm and b = 40 mm was selected  

 

3.4.2.7.2 12-row Relay Seeder 

 Draft force on set of 3 tines = 3 x 147 N = 441 N 

 Torque on the square section due to draft = 441 x 133.4 = 58829.4 N mm 

 Bending moment in sub frame due to draft = 147 (0.18) = 26.46 N mm 

  22 )4.588290.1()46.260.1( eqT = 58829.4 N mm 

2
b

eq

fY

Z 
 

 Where, Z = section modulus for square section =
12

44 ba 
,

2

a
Y  ,  a = other 

dimension of square section and b is inner dimension of section, Also assume a = 1.2b, we 

have  

5.15359
)( 44




a

ba
, b = 25.79, a = 30.96 mm 

Therefore, box section with a = 45 mm and b = 40 mm was selected  

 

3.4.2.8 Design of main frame of Relay seeder 

3.4.2.8.1 15-row Relay seeder 

 Draft force on set of 5 tines = 5 x 147 N = 735 N (as two sub frames will attached to 

one frame and central sub frame of 5 furrow openers be attached with other box section) 

 Torque on the square section due to draft = 735 x 1140 = 0.84 x 106 N mm 

eq = torque on main frame as bending moment on main frame is negligible compared 

to torsion stress = 0.84 x 106 N mm 

Twin square boxes were used to attach the sub-frame to main frame, this reduce the 

equivalent torque by 50%. Also, FOS = 2 
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2
2





b

eq

fY

Z 
 

where Z = section modulus for square section =
12

44 ba 
, 

2

a
Y   a = other dimension 

of square section and b is inner dimension of section, Also assume a = 1.2b, we have  

9.109655
)( 44




a

ba
, b = 46.74, a = 56.1 mm 

Therefore, box section of with a = 60 mm and b = 50 mm was selected  

 

3.4.2.8.2 12-row Relay seeder 

Draft force on set of 3 tines = 3 x 147 N = 441 N (as two sub frames will attached to 

one frame and central sub frame of 5 furrow openers be attached with other box section) 

 Torque on the square section due to draft = 441 x 1140 = 0.503 x 106 N mm 

eq = torque on main frame as bending moment on main frame is negligible compared 

to torsion stress = 0.503 x 106 N mm 

Twin square boxes were used to attach the sub-frame to main frame, this reduce the 

equivalent torque by 50%. Also, FOS = 2 

2
2


b

eq

fY

Z 
 

Where, Z = section modulus for square section =
12

44 ba 
, 

2

a
Y  ,a = other 

dimension of square section and b is inner dimension of section, Also assume a = 1.2b, we 

have,    1.65629
)( 44




a

ba
,  b = 39.4, a = 47.3 mm 

Therefore, box section of with a = 60 mm and b = 50 mm was selected. Standard 

bearings have been selected for the designed sizes for shafts.  
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3.4.3 Fabrication of the Relay seeders 

Relay seeders with 12 and 15 rows for seeding wheat into 67.5 cm and 101.0 cm row 

spacing of cotton were developed in collaboration with BISA CIMMYT India, and 

department of Farm Machinery and Power Engineering, PAU, Ludhiana and was got 

fabricated from M/s Jagajit Industries, Cheema Mandi, Mansa (Punjab), India, based on the 

specification of different components designed in pervious section, Table 3.2. The RS 

attached to high clearance tractor was developed at Borlaug Institute for South Asia (BISA), 

Lodowal, Ludhiana. Testing and field evaluation were conducted on the BISA Farm during 

2013-14. Three types of furrow openers (zero-till inverted T-type furrow opener (ZTT), 

double disc furrow openers (ZTDD) and strip till rotor furrow openers (STR) were fabricated 

and evaluated for seeding of wheat, Fig. 3.10. In strip tillage, furrow openers make a narrow 

strip (2.5–3.5 cm) using steel blades mounted on a rotor in front of each zero till furrow 

opener to facilitate placement of seed and fertilizer. A ZTT opener is a zero till furrow opener 

which opens the furrow and places seed and fertilizer in the soil. The ZTDD furrow opener 

has two spring mounted discs to open furrow, for placement of seed and fertilizer. The depth 

of seeding is controlled by the spring tension whereas, in case of SRT and ZTT openers 

separate depth control wheels were mounted on the frame of RS. The main frame of relay 

seeders has a ground clearance of 120 cm enabling its movement above the standing cotton 

with minimal interference with the plants. Two separate boxes for seed and fertilizer with 

fluted roller seed-metering mechanism were mounted onto the main frame. The 12-row RS 

consists of 4 seeding units (36 cm wide) having 3 metering units mounted on each unit and 

thus covering 4 rows of cotton crop in a single pass, Fig. 3.11.  

Similarly, 15- row RS consists of 3 seeding units (72 cm wide) having 5 metering 

units and it covers 3 rows of cotton crop in a single pass, Fig. 3.11. The seeding units consist 

of tool bar for mounting of furrow openers, strip tillage rotor assembly and crop dividers. The 

tool bar carrying the furrow openers was welded onto two box section of size 5 cm x5 cm x90 

cm. These box sections were clamped to main frame of the RS. Double box section was used 

to reduce the bending moment on the machine frame, as the length of box section was more 

compared to traditional drills. A gear box was mounted on the main frame of both relay 

seeders to transmit the power from the tractor PTO to the different strip tillage rotors of the 

machine. Brief specifications of 12- row and 15-row RSs are included in Table 3.3. 
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Table 3.2: Summary of design considerations and selected specifications for 15-row and 

12-row Relay Seeder  

 

Component of Relay 

Seeder 

Designed specifications  Selected specifications 

12-row RS 15-row RS 12-row RS 15-row RS 

V-belt for power 

transmission from shaft ‘A’ 

to shaft ‘B’ 

 

- 

2.1 belts of C-

section 

3 belts of C-

section 

3 belts of C-

section 

Chain and sprocket 

assembly 

- Chain with 

pitch 25.4 

mm and teeth 

of pinion as 

25 

Chain with pitch 

25.4 mm and 

teeth of pinion 

as 25 

Chain with 

pitch 25.4  mm 

and teeth of 

pinion as 25 

Diameter of shaft 'A’, mm - 36.67 50 50 

Diameter of shaft 'B’, mm 22.9 24.7 35 35 

Tine (MS flat), mm2 - 20x9.1 20x10 20x10 

Sub frame (hollow box 

cross section) 

(a, b), mm 

31.0, 25.8 36.8, 30.7 45, 40 45, 40 

Sub frame (hollow box 

cross section) 

(a, b), mm 

47.3, 39.4 56.1, 46.7 60, 50 60, 50 

RS-Relay seeder, a-outer cross section of hollow box section, b-inner cross section of hollow 

box section 

 

3.4.3.1 Seeding unit for 12- row relay seeder 

It consists of a tool bar for mounting three furrow openers each at 18 cm apart and 

rotary shaft mounted ahead of furrow openers.  Four tool bars containing three furrow openers 

are clamped to the main frame by welding two square box sections of 50x50 mm, Fig. 3.12. A 

chain for transmitting power to strip till rotor shaft is housed inside these box sections to 

avoid the direct contact of chain with the cotton plants.  Since cotton plants are bushy at 

middle and top, compared to its bottom, the seeding units were designed broader at bottom 

and narrow at the top for smooth movement/passage of unit through the cotton crop. The 

width of unit for 12-row RS is 450 mm from the bottom and 50 mm from the top. The main 

frame of relay seeder moves above the cotton plant and seeding assemblies’ moves between  
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Table 3.3: Brief specifications of the 12 rows relay seeder and 15 rows relay seeder  

 

SNO Description or component                     12 row relay seeder  15 row relay seeder  

1 Type of implement  Tractor mounted 

(Three point hitch) 

Tractor mounted (Three 

point hitch) 

2 Power required (horse power) 35 or above   35 or above 

3 Ground clearance of machine 

(mm) 

1100 1100 

4 Working width (mm) 2700 3030 

5 Gear box  Bevel crown wheel and 

pinion 

Bevel crown wheel and 

pinion 

6 Capacity (ha h-1) 0.24 0.27 

7 Weight (kg) 400 450 

8 Fuel consumption (L ha-1) 16.67 14.81 

Strip-till rotor 

9 Type of rotor drive Chain drive Chain drive 

10 Number of blades 4 4 

11 Type of blade Knife Knife 

12 Number of flanges 12 15 

Furrow openers  

13 Number of tool bars and 

mounting on main frame

  

4 ; Alternate on front 

and back bar of main 

frame 

3 ; Alternate on front 

and back bar of main 

frame 

14 Number of furrow openers 12 ; 3 on each tool bar 15; 5 on the each tool 

bar 

15 Type of furrow openers STR, ZTT,ZTDD STR, ZTT,ZTDD  

16 Number of crop dividers  4 3 

17 Row spacing (mm) 18 cm between 3 

openers of tool bar  and 

32 cm between 

adjacent set of openers 

of adjacent tool bar 

18 between 5 openers of 

tool bar and 29 cm 

between adjacent set of 

openers of adjacent tool 

bar 

18 Seed metering device Fluted feed rollers Fluted feed rollers 

19 Fertiliser metering device Fluted feed rollers Fluted feed rollers 
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Fig. 3.10: Different type of furrow openers tested with RS a) STR b) ZTT and c) ZTDD 

 

 

 

Fig. 3.11: Arrangement of tines and STR on seeding assemblies for a) 67.5 cm row to 

row spacing of cotton and b) 101.0 cm row to row spacing of cotton 
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Fig. 3.12: Front and side view of 67.5 cm row spacing relay seeder 

 

 

Fig. 3.13: Staggered placement of four seeding assemblies for 67.5 row to row cotton on 

the main frame of relay seeder 
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the rows of cotton. 4 seeding units were staggered on to main frame of relay seeder (Alternate 

2 on front tool bar and remaining 2 on rear tool bar of the machine) to provide more open 

space to cotton plant during machine operation, Fig 3.13. 

 

3.4.3.2 Seeding units for 15 rows relay seeder 

It has five furrow openers each at 18 cm apart and rotary shaft mounted ahead of 

furrow openers. Three tool bars containing 5 furrow openers are clamped to the main frame 

by welding two square box sections of 50 x 50 mm, Fig. 3.14. Two square box sections were 

attached to tool bar containing furrow openers to check the machine failure against bending 

force acting at bottom of seeding unit assembly.  A chain for transmitting power to strip till 

rotor shaft is housed inside these box sections to avoid the direct contact of chain with the 

cotton plants and to keep the width of seeding assembly minimum at the top.  Since cotton 

plant canopy is bushy at middle and top compared to its bottom section, the seeding units 

were designed broader at bottom and narrow from the top for smooth movement/passage of 

unit through the crop. The bottom width of unit for 15- row RS is 800 mm and top width is 50 

mm. The main frame of relay seeder moves above the cotton plant and seeding assembly’s 

moves between the rows of cotton.  The 3 seeding units (2 on front tool bar and one in centre 

of rear tool bar of the machine) were clamped alternately to the both bars of the main frame of 

relay seeder to provide more open space to cotton plant during machine operation, Fig. 3.15. 

 

3.4.3.3 Power transmission wheel for seed and fertilizer metering unit 

The traditional ground wheel for metering the seed and fertilizer was modified for 

taking power from the tractor rear wheel. The spokes welded on to the circumference of 

ground wheel were replaced with rectangular bars (10x10x100 mm) to mesh with lugs of the 

rear wheel of tractor. The weight of the ground wheel was develops sufficient friction among 

the power wheel and tractor rear wheel, Fig. 3.16. This friction force rotates the power wheel 

and it transmits power to seed and fertilizer metering mechanisms.  The power wheel is 

hinged to main frame of the RS and it engages with rear wheel of tractor. A chain is attached 

with the ground wheel and machine frame and its length is so adjusted that the power wheel 

got disengaged from the rear wheel of tractor as and when the relay seeder is lifted on turns 

by the operator. This arrangement checks the unnecessary dropping seed and fertilizer from 

the relay seeder while sowing in the field. 
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Fig. 3.14: Front and side view of 101.0 cm row spacing relay seeder 

 

Fig. 3.15: Staggered placement of three seeding assemblies for 101.0 cm row to row 

cotton on the main frame of relay seeder 



52 

 

 

Fig. 3.16: Powering of driving wheel for seed and fertilizer metering mechanism from 

the rear tyre of tractor  

 

3.4.3.4  Power Transmission system  

The power transmission system consists of Universal shaft, gear box, power 

transmission shafts and pulleys and V-belts, Fig. 3.17. Universal shaft was used to transmit 

power from tractor PTO to RS gear box. Pulleys and V-belts transmit power to main shaft 

from the gear box. Chain and sprockets system was used to transmit power from main shaft to 

different seeding assemblies. The box section for attaching the seeding assemblies onto main 

frame was used as a housing of chains to avoid the direct contact of moving chains with 

cotton crop during machine operation in the field.  

 

3.4.3.5  Depth wheels 

Two adjustable depth wheels were mounted on the main frame to adjust the working 

depth of machine while seeding wheat into standing cotton, in case of strip and zero tillage 

conditions. The depth of double disc openers is adjusted by the spring tension.  
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Fig. 3.17: Schematic diagram of power transmission system of RS for driving the strip 

till rotors (STR) 

 

3.4.3.6  Crop dividers relay seeder and high clearance tractor 

Crop dividers were attached in front of seeding units and front wheel of tractor to 

avoid damage to cotton plants during relay seeding wheat into standing cotton. Shoe type crop 

divider/lifters were fabricated and placed in front of wheels of the tractor. Crop dividers lift 

the logged branches of cotton and place it above the tractor wheels. This reduces the damage 

caused to the plants by high clearance tractor. Four dividers with 450 mm bottom width were 

fabricated and attached to the 4 seeding units for a 12- row RS. Similarly, 3 dividers with 850 

mm bottom width were fabricated and attached to the 3 seeding units for a 15- row RS. 

 

3.5 Evaluation of Relay Seeders for planting wheat in cotton 

One on-station and five on-farm participatory field experiments were conducted 

during 2013-14 in Punjab India to evaluate and validate the relay seeders, Fig. 3.18 and 3.19. 

 

3.5.1 Experiment-I. On-station evaluation of relay seeder  

 3.5.1.1 Site characteristics 

A replicated field experiment was conducted on a sandy loam soil during 2013–2014 

at the research farm of the Borlaug Institute for South Asia (BISA) at Ladhowal (30° 59' N 

and 75° 44' E), Ludhiana (Punjab), India. The soil in the 0–15 cm layer was non-saline  
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Fig 3.18: First prototype of 12 row relay seeder with ZTDD openers attached with the 

high clearance tractor 

 

 

Fig 3.19: First prototype of 15 row relay seeder with ZTT openers attached with the 

high clearance tractor 

(67.5 cm) 

(101.0 cm) 
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(electrical conductivity 0.26 dS m-1) with pH ranging from 8.07 with 5.7 g kg-1 organic carbon 

(Walkley & Black, 1934), 10.8 mg ha-1 Olsen P and 69.2 mg ha-1 NH4OAc-extractable K. The 

climate of the region is subtropical, semi-arid. Under average climatic conditions, the area 

receives about 699 mm of rainfall during the cotton season (May–November) and 237 mm 

during the wheat season (November– May). Temperature data during May 2013 to April 2014 

were recorded from the automatic weather station installed at the BISA farm  

 

3.5.1.2 Experimental layout and treatments 

Field trial was laid out in a strip-plot design with three replications. Treatments 

included two Bt-cotton genotypes (RCH 776 and MRC 7017) having different canopy cover 

and vigor in the main plots. For ease in the movement of tractor and relay seeders, cotton 

genotypes were planted in vertical strips. The layout of the experimental fields is shown in 

Fig. 3.20. The allocation of the treatments to the various plots was done with suitable random 

number generation technique. The horizontal strips included eight combinations of two types 

of relay seeders (suitable for cotton with either 67.5 cm or 101.0 cm row spacing), four types 

of relay seeding methods (manual broadcast, STR-RS, ZTDD-RS, ZTT-RS) and conventional 

till wheat (CTW). Plot size was 219 and 252 m2 for 67.5 and 101.0 cm row to row spacing in 

cotton, respectively (13 rows for 67.5 cm and 10 rows for 101.0 cm spacing). An alley way of 

10 m was kept between the two replications as well as at head lands to facilitate movement of 

the tractor and implement.   

 

 

Fig. 3.20: Layout of the replicated experiment for evaluation of relay seeders 

STRIP NO. RCH 776 MRC 7017 STRIP NO. RCH 776 MRC 7017 STRIP NO. RCH 776 MRC 7017

9 67.5, C 67.5, C 18 101, M4 101, M4 27 101, M2 101, M2

8 101, M1 101, M1 17 67.5, M3 67.5, M3 26 67.5, M4 67.5, M4

7 67.5, M2 67.5, M2 16 101, M2 101, M2 25 101, M1 101, M1

6 101, M3 101, M3 15 67.5, M1 67.5, M1 24 67.5, M2 67.5, M2

5 67.5, M4 67.5, M4 14 67.5, C 67.5, C 23 67.5, M3 67.5, M3

4 101, M2 101, M2 13 101, M3 101, M3 22 101, M4 101, M4

3 67.5, M1 67.5, M1 12 67.5, M4 67.5, M4 21 67.5, M1 67.5, M1

2 101, M4 101, M4 11 101, M1 101, M1 20 101, M3 101, M3

1 67.5, M3 67.5, M3 10 67.5, M2 67.5, M2 19 67.5, C 67.5, C

M1 ZREO TILL WHEAT (INVERTED T-TYPE)

M2 ZREO TILL WHEAT (DISC OPENER)

M3 STRIP TILL WHEAT

M4 MANUAL BROADCASTING 

C FARMER PRACTICE

REP 2 REP 3

FIELD LAYOUT OF COTTON FOR RELAY SEEDING OF WHEAT INTO STANDING COTTON, DOS 20-22/05/2013

PATH

REP 1
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3.5.1.3 Crop management 

3.5.1.3.1 Cotton 

After the harvest of general crop of well-fertilized wheat in mid-April, two Bt cotton 

genotypes (MRC 7017 and RCH 776) were planted on 22 April, 2013 under two geometries 

(67.5 cm row by 75 cm plant spacing and 101.0 cm row by 50 cm plant spacing). Cotton was 

planted with tractor operated inclined plate cotton planter using a seed rate of 3 kg ha-1. The 

crop management practices except the method of seeding were common for all the treatments. 

A uniform recommended dose of 150 kg N ha-1 as urea, 30 kg ha-1 of P as diammonium 

phosphate (DAP) and 25 kg K ha-1 as muriate of potash (MOP) was applied to the cotton crop. 

While whole of the P and K was applied at seeding, fertilizer N was applied in equal split 

doses; 50 % N top dressed after thinning in the fourth week after sowing and the remaining 50 

% N applied at flowering stage. Two percent solution of potassium nitrate (13:0:45) was 

sprayed four times at weekly interval starting from the initiation of flowering in the cotton. 

The first irrigation to cotton crop was applied at 35 days after sowing and remaining 4 

irrigations were applied at 2-3 weeks interval. 

The sucking pests (aphids) of cotton were controlled by spraying Imidacloprid 200 

SL (100 ml ha-1). Four sprays of Ethion 50 EC (2 L ha-1) were made to protect cotton against 

whitefly attack. After the first picking of cotton on 04 November, 2013, flood irrigation (75-

80 mm) was applied on 07 November, 2013. Wheat was sown into the residual moisture using 

the relay seeder on 15 November, 2013. The third picking of cotton was done at 25 days after 

relay seeding. In the relay seeded plots cotton stalks were manually pulled out after applying  

first post-sowing irrigation at 25 days after planting. In the conventional wheat (T1), pre-

sowing irrigation was applied in standing cotton 4 days before stalk pulling and the wheat was 

sown after conventional tillage using seed-cum-fertilizer drill on 13 December 2013. In relay 

seeding treatments, one additional picking of cotton was made at the time of manual 

uprooting of cotton stalks when majority of immature bolls were fully opened.  

 

3.5.1.3.2 Wheat  

Wheat (HD-2967) was sown using a seed rate of 100 kg ha-1. Crop management 

practices except the method of seeding were similar for all the treatments. A uniform dose of 

fertilizer nutrients (120 kg N, 26 kg P and 25 kg K ha-1) was applied to the wheat. Whole of 

the P and K, and 50% of N was applied at seeding. Remaining 50% of fertilizer N was top 

dressed before the first post-sowing irrigation applied at 3 weeks after sowing. The broad leaf 
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weeds and phalaris minor were controlled by applying Algrip 20 WP (metsulfuron) at 25 g 

ha-1 and clodinafop (15 WP) at 400 g ha-1. Four irrigations of 7.5 cm each were applied to the 

crop. Rogor 30 EC (dimethoate) was sprayed at 375 ml dissolved in 250 L ha-1 water for 

control of aphids. 

 

3.5.1.4 Independent parameters 

3.5.1.4.1 Horizontal strips:  Bt. cotton hybrids 

1) RCH 776  

2) MRC 7017  

 

3.5.1.4.2 Vertical strips: 8 treatment combinations of cotton geometry and 4 method of 

sowing + one farmer practice 

1) Cotton geometries; 67.5 x 75 cm2 and 101.0 x 50 cm2, Fig. 3.21. 

2) Method of sowing wheat; Relay seeder with Strip tillage rotor (STR) openers, 

Relay seeder with Zero till tine (ZTT) openers, Relay seeder with Zero till double 

disc (ZTDD) openers and Relay manual broadcasting (MB). 

3) Farmer practice; Conventional practice of seeding wheat after harvesting the 

cotton stalks. 

The details of the treatments are provided in the Table 3.4.  
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Fig. 3.21: Relay planting of wheat into two geometries of standing cotton (67.5 and 101.0 

cm) row spacing  

 

3.5.1.5 Measurement of dependent parameters  

3.5.1.5.1 Speed of operation 

The speed of operation, field capacity and fuel consumption of RS for different types 

of furrow openers was measured after 25 m run of the tractor while relay seeding wheat into 

standing cotton. The speed of operation was calculated by measuring time taken by relay 

seeder to sow 25 m length of field. 
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Table 3.4: Sub-plot treatment details for experiment-I 

 

Treatment 

no. 

Treatment 

abbreviation 

Treatment details 

T1 12-row STR 

RS  

12-row relay seeding with strip tillage. Relay seeding 

was done after 1st picking of cotton on 14th November, 

2013, using strip tillage with no prior tillage. Three 

rows of wheat at 18-cm apart were sown in 67.5 cm 

row spacing covering 4 rows of cotton. 

T2 12-row ZTT 

RS 

Same as for T1, except zero till tine opener relay seeder 

used for seeding wheat. 

T3 12-row 

ZTDD RS 

Same as for T1, except zero till double disc opener 

relay seeder used for seeding wheat. 

T4 15-row STR 

RS  

15-row relay seeding with strip tillage in 101.0 cm row 

spacing. Five rows of wheat at 18-cm apart were seeded 

in between two rows of cotton and covering three rows 

of cotton. Other details are the same as in T1. 

T5 15-row ZTT 

RS 

Same as for T4, except relay seeder with zero-till tine 

openers  was used for seeding wheat,  

T6 15-row 

ZTDD RS 

Same as for T4, except relay seeder with zero-till 

double disc  openers  was used for seeding wheat, 

T7 MB-67.5 cm Manual broadcast under 67.5 row spacing. Wheat seed 

was manually broadcasted in standing irrigation water 

after 1st picking of cotton with 67.5 cm row spacing.  

T8 MB-101.0 

cm 

Same as in T7, except broadcasted under 101.0 cm row 

spaced cotton   

T9 CTW Conventional till wheat after cotton harvest. Irrigation 

was applied to standing cotton 4 days before stalk 

pulling. Seedbed preparation involved one discing 

followed by two comb harrowings and two plankings. 

Wheat was sown at a row-to-row distance of 20 cm, 

using a conventional four-wheel tractor drawn seed–

cum fertilizer drill. 
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3.5.1.5.2 Fuel Consumption 

Fuel flow meter was installed in the fuel line of the tractor to measure the volume of 

fuel consumed in 25 m length of travel. The unused fuel is not fed back to the tank 

through a separate line, but is fed back into the fuel line after the pump and before the 

fine filter in order to filter out any mechanical impurities, Fig. 3.22. The least count of 

the flow meter was 1 ml. This version of fuel flow meter works satisfactory for -25 0C to +70 

0C ambient temperature with flow pressure in the pipe < 25 bars. Filter mesh size of 0.080 

mm should be attached with Flow meter to guard it against impurities. 

Fuel flow meter reading was noted at the start and end of each test run and the 

difference between the two readings is volume of fuel consumed per test run, Fig. 3.23.  

 

 

 

Fig. 3.22: Installation of fuel flow meter in the fuel line of tractor 
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Fig. 3.23: Fuel flow meter installed in the fuel supply of tractor 

 

3.5.1.5.3 Power required by Relay seeder 

Power required by the different furrow openers and relay seeders was estimated in 

laboratory. A tractor PTO operated alternator was loaded with the help of constant load of 

heating coil of 18 kW for estimation of power consumed by different furrow openers. The 

load was distributed equally on three phases by using 3 coils of 6 kW. The alternator was 

operated at various engine rpm (1000 to 2000 rpm with an increase of 100 rpm each time) and 

the corresponding power consumed by heating elements and fuel consumption of the tractor 

was measured, Fig. 3.24. The actual electric load was measured by digital electronic clamp 

meter (model 3510PHW) and the corresponding fuel consumption was measured with fuel 

flow meter installed in the diesel supply of the tractor. The accuracy, resolution, range and 

procedure for power measurement are given in appendix A 

The power consumed by the RS for various types of furrow openers was predicted 

using simple linear regression analysis using SAS 9.2 software. The actual power produced 

by the tractor at a particular fuel consumption rate was calculated by dividing the power 

produced by alternator efficiency. 
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Fig. 3.24: Setup for measuring obtaining the power curve v/s fuel consumption 

 

3.5.1.5.4 Cotton yield 

The monopods and sympods were counted from 20 randomly selected cotton plants 

within each replication. The height of 20 tagged plants was also measured using steel rule.The 

number of cotton bolls picked of all tag plants were counted at each picking. Seed cotton 

yield was recorded after every picking from 20 randomly selected and tagged plants within 

each plot. The total yield is the sum of the three pickings from conventional CW system (T9) 

and four pickings from the relay-seeded CW (T1-T3, T7 and T4-T6, T8). The cotton with the 

relay seeding remained in the main field for 30 days more than conventional CW system.  

 

3.5.1.5.5 Loss of cotton by RS and high clearance Tractor movement 

The damage to standing cotton while relay seeding of wheat was measured in terms 

of number of cotton bolls and seed cotton yield lost due to the movement of RS and tractor.  
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3.5.1.5.6 Loss of cotton bolls 

The damage to cotton crop was measured by counting the number of broken bolls 

after each pass of relay seeder in the standing cotton. Percent loss of cotton bolls is ratio of 

number of cotton bolls damaged by RS to the total number of bolls in the whole plot before 

operation of RS.  

 

3.5.1.5.7 Loss of seed cotton yield  

Seed cotton was collected and weighed after sun drying the cotton bolls damaged by 

RS and data reported as loss of seed cotton. 

 

3.5.1.5.8 Ease of operation of Relay Seeder 

Clogging of cotton residues and weeds into RS openers was determined to examine 

the ease of RS operation in standing cotton. Grassy weeds usually emerge between the rows 

of cotton crop and which may entangle the sowing tines of RS. The accumulated residues on 

the machine openers were collected after each pass of RS and weighed. 

 

3.5.1.5.9 Wheat emergence count 

Crop emergence count (plants that had emerged through the soil) at 20 days after 

seeding. Emergence count was recorded in three randomly selected locations within each plot 

from 1-m long three adjacent rows in case of 67.5 cm and 1-m long five adjacent rows (101.0 

cm) and 1 m × 1 m area in MB and CTW. The number of wheat plants that had emerged 

through the soil was counted at 20 days after seeding and was converted to number of plants 

per square meter area for all the treatments. 

 

3.5.1.5.10 Harvesting parameters 

Grain yield components (spike density, number of grains per spike and grain weight) 

were measured at harvest. Spike density was measured in three randomly selected locations 

within each plot as in case of emergence count.  The number of grains per spike was recorded 

from 15 randomly selected spikes in each plot at maturity. Grain yield was determined on two 

randomly selected locations within each plot from 5-m long 9 adjacent rows of wheat (10.125 

m2 area) in T1-T3 and 5-m long 10 adjacent rows (10.1 m2) in T4-T6, 2 m x 5 m area in T7-

T9. Wheat was manually harvested and threshed using small plot power thresher and grain 
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yield was reported on air dry weight basis. Average test weight was determined on 1000 

grains. 

 

3.5.2 On-farm evaluation of relay seeder in wheat  

Five on-farm single replicated trials were conducted in 2013-14 to evaluate the 

performance of tractor operated relay seeder with double disc furrow openers for the sowing 

wheat in standing cotton vis-à-vis CTW during 2013-14 in district Bathinda representing CW 

belt of Punjab, India. The locations of the experimental sites along with sowing date of wheat 

are provided in Table 3.5. The climate of the region (district Bathinda) is subtropical, semi-

arid. Under average climatic conditions, the area receives about 460 mm of rainfall during the 

cotton season (April–November) and 75 mm during the wheat season (November– April). 

The 12- row relay seeder with double disc furrow openers was used for seeding wheat into 

standing Bt-cotton (Super 6488) planted at 67.5 row spacing and compared with CT wheat 

establishment. Relay seeding of wheat was done before the third picking of cotton. Relay 

seeding of wheat in on-farm trials was delayed due to non-availability of relay seeder on time 

as only one prototype of relay seeder was available and the machine could only be spared 

after the completion of wheat planting in on-station experiment. Plot size varied from 400 to 

500 m2. All locations were sown with the same variety of wheat (PAU 621) at a rate of 100 kg 

ha-1.  

Table 3.5: Details of on-farm trials conducted at different location in district Bhatinda 

in Punjab (India) during 2013-14 

 

Location Longitude 

(degree) 

Latitude 

(degree) 

DOS 

RS CT 

Machhana 30° 3' N 74° 51' E 25-11-2013 30-11-2013 

SangatMandi 30° 9'  N 74° 58' E 30-11-2013 11-12-2013 

Malwala  30° 3' N 74° 54' E 1-12-2013 10-12-2013 

Bhagwanghar 30° 4' N 74° 55' E 3-12-2013 9-12-2013 

Jodhpur Romana 30° 9' N 74° 54' E 3-12-2013 8-12-2013 

 

Farmers managed their cotton and wheat crops and followed the crop management 

practices as described under on-station experiment, which were the same for both the 

treatments. Wheat yield at maturity was measured by harvesting 4.05 m2 for relay seeded 

wheat and 3 m2 for CT wheat from two random locations within each plot. 
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3.6 Economic analysis 

The variable cost of growing wheat in each treatment was calculated by taking into 

account the costs of inputs (seed, fertilizers and pesticides), tillage (discing, cultivator and 

planking), seeding under different treatments (seed-cum-fertilizer drill, broadcast seeding and 

tractor operated relay seeder), hiring of manual labour, custom hire for machinery operations, 

transport and marketing. Hiring charges for combine harvester and straw chopper/trolley were 

included for calculating harvesting and threshing costs. Electricity for pumping water is 

supplied free of cost to the farmers, the cost of irrigation included the cost of labour involved 

in applying irrigation water. The cost of a 50-kg bag of urea, DAP and muriate of potash was 

taken as Indian Rs. 270, 1210 and 840 (1 Rs = US$ 0.0161), respectively. The charges for 

human labour hiring were taken as Rs. 35 h-1. The cost of labour for fertilizer application, 

pesticide spray and irrigation was included for each of these operations. The charges for 

discing, cultivators and planking were Rs. 1438, 1313 and 500 ha-1 respectively. The cost of 

seeding was considered as Rs. 1438 ha-1 for conventional sowing (T1), Rs. 3386 ha-1 for relay 

seeding and Rs. 560 ha-1 for MB. The cost of relay seeder was taken as Rs. 100,000 and its 

fuel consumption is 4.0 l h-1. The relay seeder can seed wheat at 0.18 ha h-1 with a working 

window period of 20 days in a year and its life was taken as 10 years. The market price of 

wheat grain as fixed by Govt of India was Rs. 14000 t-1 and prevailing market price of straw 

was Rs. 2.25 kg-1. The market price of seed cotton was taken as Rs. 39 kg-1. Straw yield of 

wheat was calculated on the basis of straw–grain ratio of 1:1.The data on variable cost for the 

cultivation of cotton and wheat for the year 2013–2014 were obtained from the Department of 

Economics and Sociology, Punjab Agricultural University, Ludhiana, India. The interest on 

variable cost was considered as 9% for the half crop season. The variable cost used for cotton 

was similar under different relay seeder treatments, except the additional cost for 4th picking 

of cotton under relay planting treatments. The value of increased cotton yield in relay planting 

treatments (T1–T8) was included for calculating gross returns. The gross and net returns were 

calculated by subtracting total variable costs from the gross return. 

 

3.7 Statistical analysis 

Data collected for all the dependent variables were subjected to analysis of variance 

in factorial strip plot design using SAS 9.2 software package. Before analysis, the Levene’s 

test was performed to test the homogeneity of variances using the proc GLM procedure with 

the HOVTEST option in the MEANS statement. Differences between treatment means were 

compared using a LSD test at P < 0.05 (Gomez and Gomez 1984).  Student’s T-test using 
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SAS 9.2 software package was performed for comparing grain yield between two treatments 

in experiment 2. The economic analysis was also done by Student’s T-test using SAS 9.2 

software package.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Chapter IV 

 

 

RESULTS AND DISCUSSION 

 

This chapter includes stability of high clearance tractor, effect of relay seeding 

treatments/cotton spacing on cotton yield, performance of RS for seeding wheat into standing 

cotton and effect of relay seeding on wheat yield and yield contributing parameters.  

The location of CG of normal and tractor mounted on the high clearance platform are 

shown in Table 4.1. As expected the high clearance platform shifts the CG towards the rear 

wheel of tractor and moves away from the ground. Therefore, the stability of tractor in 

pitching and rolling condition was studied.   

 

Table 4.1:  Location of CG of normal and high clearance tractor  

Specifications Normal tractor High clearance 

tractor 

High clearance tractor 

with RS mounted 

Weight with operator, kg 2005 2545 3045 

CG (X, Y, Z), mm 924, 802.5, 675 808.7, 1137, 1001 553, 1076, 1001 

 

4.1 Stability of high clearance tractor while hitching  

Dividing the equation 3.1 by 3.2, we have 

𝑃

𝑃′
=

𝑊 ×  0.924 × 𝑙′ 

𝑊 ′ × 0.809 × 𝑙
 

Where W = 2005 kg and Wʹ = 2550 kg and X1 = 0.924 and X′1 = 0.809 m 

From geometry of Δ ABC and Δ ABCʹ in Figure 3.3, we have, 

𝑠𝑖𝑛𝜃1

𝑆𝑖𝑛 𝜃2
=

𝑙

𝑙′
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As the tractor hitch points were lifted from D to Dʹ which means 2 > 1. The angle 

of pull is generally low, 0 < 1 < 300 Therefore, the value of  
𝑙

𝑙′  is a fraction, Fig. 3.3.  

Case 1: Assuming 2 = 21 and 1 = 150 then we have  𝑃′ = 0.58 𝑃  

Case 2: Assuming 2 = 1.51 and 1 = 150 then we have 𝑃′ = 0.61 𝑃   

Case 3: Assuming 2 = 1, then we have 𝑃′ = 0.90 𝑃  

Therefore, maximum draw bar pull in case of high clearance tractor is reduced 

compared with the normal tractor and it is further dependent on angle of pull. Higher pull can 

be achieved by keeping angle of pull as low as possible.  

 

4.2 Stability of high clearance tractor while turning 

Considering the Figure 3.4 in chapter III and dividing equation 3.3 by 3.4, we have 

    
𝑉′

 𝑉
 = √

𝑌1 ×𝑡′×𝑟′

𝑡× 𝑌1
′  ×𝑟

= 1.03 √
𝑟′

𝑟
  

Where the 𝑡  = 135 cm and 𝑡 ′ = 202.5 𝑐𝑚 and Y1 = 0.803 and Y′1 = 1.137 m 

The steering system was adjusted to increase the turning radius so  𝑟′ > 𝑟 , for critical 

case if 𝑟′ =  𝑟, therefore, the safe turning velocity for the high clearance tractor was higher by 

1.03 as compared to normal tractor. Therefore, the high clearance tractor is safer than the 

normal tractor while taking a turn of similar radius as track width of high clearance tractor is 

increased by 50 percent of the normal tractor. This is consistent with Ahamdi (2013), who has 

developed a computer program on tractor stability concluded that the best strategy for 

stabilizing a tractor against overturn is to lower the tractor’s center of gravity and increase the 

tractor’s wheel track width simultaneously. 

 

4.3 Shift in CG of high clearance tractor while moving up on slope in longitudinal plane 

(graphical method) 

Graphical analysis showed the position of CG (pitching) of the tractor alone and 

tractor with relay seeder while moving on ground slopes of 00, 300 and 450, Fig. 4.1. The 

analysis showed that the tractor alone or with relay seeder mounted at rear, moving on 300 

ground slope was safe against overturn as the weight acting at G and Gʹ was inside of rear 
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wheel reaction and tractor wheel base, Fig. 4.1b. The high clearance tractor (without relay 

seeder) might not overturn while moving on 450 ground slope, as weight of the tractor acting 

at CG (G) was between tractor and the rear wheel reaction (R), Fig. 4.1c. Whereas, the tractor 

with relay seeder moving on a ground slope of 450 might overturn as the combined CG (Gʹ) 

of tractor and machine was shifted rearward, and nearly overlaps with the rear wheel reaction 

(R). Hamdeh and Al-Jalil (2004) reported that the higher the slope angle and implement 

weight the reduced the stability of tractor while moving uphill.  

 

Fig. 4.1: Shift in CG of high clearance tractor while moving on slope with and without 

mounted implement (Pitch) 

 

4.4  Shift in CG of high clearance tractor while moving up on slope in transverse plane 

(graphical method) 

Graphical analysis showed the position of CG (rolling) of the tractor and tractor with 

relay seeder while moving on ground slopes of 00, 300 and 400, Fig. 4.2. The analysis showed 

that the tractor alone or with relay seeder mounted at rear, moving on 300 ground slope was  
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safe against roll as resultant force (F) was inside the rear wheel reaction (R) and tractor track, 

Fig. 4.2b. The analysis showed that the high clearance tractor might roll for tractor moving on 

ground with 400 slope, as resultant force F acting on CG (G) moves outside of tractor and the 

rear wheel reaction (R), Fig 4.2c. However, the tractor with mounted relay seeder moving on 

a ground slope of 400 might not roll as the resultant force F acting on combined CG (Gʹ) of 

tractor and Relay Seeder was inside of rear wheel reaction point and tractor, Fig. 4.2. Relay 

Seeder mounted at tractor lowered the combined CG, and this increased the stability of 

tractor. 

 

 

Fig. 4.2: Shift in CG of high clearance tractor while moving on slope with and without 

mounted implement (Roll) 

 

4.5 Effect of relay seeding treatments and cotton-spacing on cotton 

The mean daily minimum and maximum temperatures during the cotton season 

ranged from 6.0 to 27.40C and 27.9 to 45.90C respectively, and the corresponding values 

during the wheat season were 2.4 to 20.9 0C and 14.5 to 39.00C, Fig. 4.3. 
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Fig. 4.3: Weekly average minimum, maximum temperatures and rainfall recorded in 

the year 2013-2014 

 

4.5.1 Effect of relay seeding treatments and cotton-spacing on cotton growth 

The cotton hybrid, RCH 776 had significantly more number of monopods compared 

to MRC 7017 but the sympods are nearly same for both the hybrids, Table 4.2. The cotton 

geometry did not show any significant effect on the number of monopods and sympods of 

cotton (Table B1 and Table B2 of Appendix-B). RCH 776 had 1 more monopod compared to 

the MRC 7017. More monopods made the plants bushy and plant had wider canopy. 

However, the average height of cotton plant height was similar for the two hybrids, Table 4.2.  

 

4.5.2 Effect of relay seeding treatments and cotton-spacing on seed cotton yield 

Cotton genotypes (MRC 7017 and RCH 776) and row spacing (67.5 cm and 101.0 

cm) showed no significant effect on number of mature bolls in all the four pickings, Table  
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Table 4.2: Effect of geometry and hybrid on mean (± Standard error, SE) plant height, 

number of monopods and sympods for cotton plant 

  

Treatments 
Monopods (plant-1) Sympods (plant-1) 

Plant height, 

cm 

Mean ± SE Mean ± SE Mean ± SE 

 

RCH 776 
3.05 ± 0.2 27.5 ± 0.8 128.6±0.5 

MRC 7017   2.20 ± 0.2 27.3 ±1.5 128.3±0.3 

F-test (p-value) <.0001 0.88 0.89 

Cotton Row spacing 

(67.5) 
2.45 ± 0.2 26.9 ± 1.2 129.6±0.8 

Cotton Row spacing 

101 
2.80 ± 0.1 28.0 ± 1.3 128.5±1.4 

F-test(p-value) 0.07 0.4 0.32 

 

4.3. Average number of mature bolls at fourth picking was 4 per plant in the entire relay 

seeded treatments. Total number of mature bolls/plant was significantly higher (10%) for 

cotton genotypes in relay seeded treatments compared to CTW(T9). Cotton genotypes and 

their interaction with crop establishment methods had no significant effect on seed cotton 

yield. Mean seed cotton yield for 67.5 and 101.0 cm row spacing under relay seeding was 11-

14% higher as compared with conventional crop. Cotton genotypes (MRC l7017 and RCH 

776) and row spacing (67.5 cm and 101.0 cm) showed no significant effect on number of 

mature bolls in all the four pickings, Table 4.3. Average number of mature bolls at fourth 

picking was 4 per plant in all the relay seeded treatments. Total number of mature bolls per 

plant was significantly higher (10%) for cotton genotypes in relay seeded treatments as 

compared to CTW(T9), (Table B3 to B8 of Appendix-B). Cotton genotypes and their 

interaction with crop establishment methods had no significant effect on seed cotton yield. 

Mean seed cotton yield for 67.5 and 101.0 cm row spacing under relay seeding was 11-14% 

higher compared with conventional crop. 

 

4.6 Operational Parameters of Relay Seeders 

Type of furrow opener significantly affected the forward speed of travel and field 

capacity of different relay seeders, Fig. 4.4 and 4.5. Cotton hybrids had no significant effect  
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Table 4.3: Yield attributing characters of cotton and seed yield as influenced by 

different planting methods in cotton–wheat system 

 

Cotton–wheat 

system 

Number  of  mature bolls plant-1 Total 

bolls 

plant-1 

Seed cotton 

yield (t ha-1) 
1st 

picking 

2nd 

picking 

3rd 

picking 

4th 

picking 

A. Cotton Hybrids 

RCH 776 9.8 16.1 8.0 2.5 36.4 2.17 

MRC 7017 9.8 16.1 8.0 2.5 36.4 2.17 

F-test (p-value) 0.98  0.99 0.98 0.74 0.99 0.98 

B. Crop establishment methods 

Cotton at 67.5 cm + 

relay wheat 
9.7 16.0 7.8 3.7a 37.3a 2.23a 

Cotton at 101 cm + 

relay wheat 
9.9 16.4 8.0 3.8a 37.8a 2.29a 

Cotton at 67.5 cm + 

Conventional  

wheat   

9.8 16.0 8.2 0.0b 34.2b 2.01b 

F-test (p-value) 0.59  0.48 0.24 0.0001 0.0008 0.0003 

The values with in a column with different letter are significantly different at P ≤ 0.05 

 

on forward speed and field capacity of RSs, Table 4.4 (Table B9 in Appendix B). The speed 

of operation and field capacity was lowest (1.49-1.53 km h-1 and 0.20-0.23 ha h-1) for the ZTT 

openers due to frequent clogging of the openers with cotton and weed residues. Strip tillage 

rotor furrow opener helps to reduce the clogging of openers by cutting the weeds and plant 

residues ahead of tine openers. Field capacity of RS with ZTDD furrow openers was 

significantly higher compared with both ZTT and STR furrow openers. As expected, field 

capacity was significantly more for 15-row RS than for 12-row RS because of the higher 

swath width 3.03 m in comparison to 2.7 m swath width in case of 12-row machine.   

Fuel consumption was significantly higher for 15-row RS (10.53 L ha-1) compared 

with 12-row RS (9.52 L ha-1) as the average row to row spacing wheat is 20.2 cm for 15-row 

and 22.5 cm for the 15-row RS, respectively (Table B11 in Appendix B). Thus, the 12-row 

RS will have lesser number of seeded rows per unit width as compared with 15-row RS. The 

STR openers had significantly higher fuel consumption (12.36 L ha-1) than ZTT (8.57 L ha-1) 

and ZTDD furrow openers  
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Fig. 4.4: 12-row relay seeder with ZTT openers relay seeding wheat into standing cotton 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.5: 15-row relay seeder with ZTDD openers relay seeding wheat into standing 

cotton 
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Table 4.4: Effect of cotton hybrids and different type of furrow openers on operational 

parameters of relay seeders (RS) for seeding wheat into standing cotton 

 

The values with in a column with different letter are significantly different at p ≤ 0.05 

 

(9.15 L ha-1). The higher fuel consumption in STR openers was due to rotary tilling of narrow 

strip ahead of tine openers for achieving better soil-seed contact.  

 A calibration curve was produced by using the laboratory test data (Table 4.5) for 

predicating the engine power from fuel consumed by the tractor at different engine speeds. As 

expected, the regression model for predicting the power required for the operating relay 

seeder from the fuel consumption of the tractor was highly significant (p < 0.0001), (Table 

B12 in Appendix B). Regression coefficient for predicting the tractor power form fuel 

consumed was significant for the regression equation  

 
 

𝑷𝒐𝒘𝒆𝒓, 𝒉𝒑 = −𝟐. 𝟎𝟏𝟒 + 𝟒. 𝟎𝟏 ∗ (𝐅𝐮𝐞𝐥 𝐜𝐨𝐧𝐬𝐮𝐦𝐞𝐝, 𝐋 𝐡−𝟏) 

The power required for 15-row RS was 31.8 % higher than for 12-row RS, 

irrespective of type of furrow opener used. Power consumption was significantly more for 

STR openers as compared with ZTT and ZTDD furrow openers, (Table B13 in Appendix B).  

Treatments 
Fuel consumption 

(L ha-1) 

Average forward 

speed (km h-1) 

Field capacity 

(ha h-1) 

A. Cotton hybrids 

RCH 776 10.09 1.63 0.23 

MRC 7017 9.96 1.62 0.23 

F-test (p-value) 0.58 0.30 0.29 

B. Crop establishment methods 

T1 (12-row STR RS) 12.00a 1.61b 0.22d 

T2 (12-row ZTT RS) 7.95d 1.49c 0.20e 

T3 (12-row ZTDD RS) 8.62cd 1.78a 0.24bc 

T4 (15-row STR RS) 12.72a 1.61b 0.24b 

T5 (15-row ZTT RS) 9.20bc 1.53c 0.23c 

T6 (15-row ZTDD RS) 9.68b 1.74a 0.26a 

F-test (p-value) <0.0001 <0.0001 <0.0001 

Interaction AxB 0.94 0.49 0.53 
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Table 4.5: Fuel consumption of tractor for different engine RPM of the tractor and 

corresponding power produced by alternator attached at tractor PTO 

 

Engine speed, RPM Average fuel consumption, L h-1 Average power, hp 

1000 1.74 4.25 

1100 2.08 5.83 

1200 2.52 7.78 

1300 2.96 9.83 

1400 3.50 11.97 

1500 4.08 14.29 

1600 4.74 16.51 

1700 5.31 18.37 

1800 5.88 20.19 

1900 6.48 21.34 

2000 6.96 22.39 

 

 

Table 4.6: Effect of cotton hybrids and different type of furrow openers on power 

required for relay seeders (RS)  

 

 

 

 

 

 

 

 

 

The values with in a column with different letter are significantly different at p ≤ 0.05 

Treatments Power required (hp) 

A. Cotton hybrids  

RCH 776 7.49 

MRC 7017 7.25 

F-test (p-value) 0.25 

B. Crop establishment methods  

T1 (12-row STR RS) 8.42b 

T2 (12-row ZTT RS) 4.39d 

T3 (12-row ZTDD RS) 6.25c 

T4 (15-row STR RS) 10.41a 

T5 (15-row ZTT RS) 6.53c 

T6 (15-row ZTDD RS) 8.21b 

F-test (p-value) <0.0001 

Interaction AxB 0.85 
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The Power consumption for STR openers was 72% and 30% higher as compared with 

ZTT and ZTDD furrow openers, respectively. Also, Power consumption for ZTT openers was 

32% lower as compared with ZTDD furrow openers, Table 4.6. Chaudhuri (2001) has 

reported among the different type of furrow openers, disc-type openers are generally popular 

for conventional tillage due to their lower draught, less soil disturbance and lesser variation in 

depth. The forward speed of travel for ZTDD furrow openers was 9.3% and 16.6% higher as 

compared with STR and ZTT openers, respectively. The predicted power requirement on per 

unit time basis was higher for ZTDD openers than for the tine openers. This trend may be 

reversed if power is predicted by fuel consumed per unit area basis. The interaction effects of 

cotton genotypes and crop establishment methods of power requirement was  non-significant.  

The contrast analysis showed that the average operational speed was significantly 

higher (1.76 km h-1) for the ZTDD openers as compared with for STR opener (1.61 km h-1) 

and ZTT furrow openers (1.51 km h-1), respectively, Fig. 4.6. This might be due to better 

cutting of weeds and lesser force required for opening the furrow compared with STR and 

ZTT furrow openers. The fuel consumption was significantly higher for STR openers as 

compared with ZTDD and ZTT openers whereas; fuel consumption was significantly lower 

for 12-row relay seeder as compared with 15-row RS due to lesser machine width, Fig. 4.7. 

Similarly, the power required was significantly higher for STR openers as compared with 

ZTDD and ZTT openers. Therefore, contrast analysis showed that ZTDD openers performed 

better as compared with STR and ZTT openers in terms of high speed of operation, field 

capacity and low fuel consumption.  

 

4.7 Effect of Relay Seeding on Standing Cotton 

4.7.1 Effect of Relay seeding on cotton bolls detached from cotton plants 

Number of cotton  bolls detached per plot from  plants due to the movement of  RS 

and high clearance tractor was significantly lower (112)  for 15-row RS as compared with for 

12-row RS (187), Table 4.7. This was due to 25% reduction in the number of passes of the 

tractor in the field due to wider machine swath of 15-row RS as compared to 12-row RS. 

Furthermore, wider row to row spacing (101.0 cm) for the movement of tractor and the 

seeding units for 15-row as compared to 12-row RS, reduced the contact of machine parts 

with cotton-plant and, thereby, reduced the crop damage.  
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Fig.  4.6: Effect of type of furrow openers on operational parameters 

 

Note: Unit for fuel consumption is L ha-1, Power required is in hp, Speed of 

operation are in km h-1, and field capacity is in ha h-1. STR-strip till rotor, ZTDD-

zero till double disc, ZTT-zero till tine openers. Values with for a dependent 

parameter with different letter are significantly different at p ≤ 0.05 

 

 

Fig.  4.7: Effect of type of Relay seeders on operational parameters 

 

Note: Unit for fuel consumption is L ha-1, Power required is in hp, Speed of 

operation are in km h-1, and field capacity is in ha h-1. Values with for a dependent 

parameter with different letter are significantly different at p ≤ 0.05 
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Table 4.7: Effect of different cotton hybrids, CW systems and different type of furrow 

openers on performance of RS for seeding wheat into standing cotton 

 

The values with in a column with different letter are significantly different at p ≤ 0.05 

* Plot size of 250 m2 

 

There was no significant effect of cotton hybrids on the cotton bolls damaged by 

movement of relay seeder and high clearance tractor (Table B14 in Appendix B). 

 

4.7.2 Effect of Relay seeding on percent cotton bolls lost 

The mean percent number of bolls lost was about 28% lower for ZTDD openers as 

compared with STR and ZTT furrow openers (Table B15 in Appendix B). RS with ZTDD 

openers does not require  depth control wheels for machine as the depth  of seeding is 

maintained by the spring tension, whereas, depth wheels are required  for ZTT openers to 

stabilize the RS. Cotton plants obstruct the movement of depth wheels due to less space 

between cotton plants thus resulting in increase in damage of cotton bolls/plant. Also, the 

ZTDD openers cut the lodged cotton braches and residue that comes in front of the openers 

whereas these branches and residues entangle in the furrow openers (STR and ZTT) and in 

some cases it may even uproot the whole cotton plant. The loss of cotton bolls by the RS and 

Treatments Cotton Bolls 

Damaged 

(Count/plot*) 

Percent Bolls 

Damaged (%) 

Seed Cotton 

Lost (kg ha-1) 

Fresh weight of 

weeds/plant residue 

accumulated (g m-2) 

A. Cotton hybrids 

RCH 776 154 1.22 8.46 21.2 

MRC 7017 146 1.17 9.46 20.0 

F-test (p-value) 0.59 0.62 0.42 0.57 

B. Crop establishment methods 

T1 (12-row STR RS) 214a 1.77a 11.84ab 31.6a 

T2 (12-row ZTT  RS) 192ab 1.56ab 15.56a 28.3ab 

T3 (12-row ZTDD  RS) 156bc 1.28bc 6.72c 23.1bc 

T4 (15-row STR  RS) 116cd 0.88cd 6.84c 14.0cd 

T5 (15-row ZTT  RS) 141bc 1.07c 8.07bc 16.9de 

T6 (15-row ZTDD  

RS) 79d 0.62d 4.72c 9.5e 

F-test (p-value) 0.0003 <0.0001 0.0004 <0.0001 

Interaction AxB 0.42 0.86 0.87 0.86 
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the tractor was less than 2%. This loss in cotton balls was compensated by the 4th picking of 

cotton in the relayed seeded crop. Buttar et al (2013) had recorded 11% higher seed cotton 

yield under relay seeding of wheat as compared with conventional practice. Fourth picking in 

relay seeded plots was made possible as the crop was allowed to grow after the third picking, 

which provided additional seed cotton yield.  

 

4.7.3 Effect of Relay seeding on seed cotton yield 

There was no significant difference between cotton hybrids on seed cotton loss due to 

movement of relay seeder and high clearance tractor (Table B16 in Appendix B). The mean 

loss of seed cotton due to relay seeding was 43% more for 12-row RS (for 67.5 cm row 

spacing of cotton) as compared with for 15-row RS (for 101.0 cm row spacing of cotton), 

Table 4.7. The loss of seed cotton was significantly lower by 63% and 106% for ZTDD 

openers as compared with STR and ZTT openers, respectively.  

The results indicated that the RS for wider row spacing (101.0 cm) of cotton using 

ZTDD openers is causing lesser damage to cotton plants as compared to RS suitable for 

narrow row spacing (67.5 cm) of cotton using ZTT and STR openers, Fig. 4.8. 

 

4.7.4 Effect on Weed/Plant residue accumulation   

RS type (12-row and 15-row) and type of furrow openers showed significant effect on 

the amount of accumulation of weed/cotton residues (Table B17 in Appendix B).  Both cotton 

hybrids had similar effect on residue accumulation, Table 4.7. The residue accumulation was 

significantly lower with ZTDD openers as compared to STR furrow openers for 12-row RS. 

ZTDD openers cut the cotton residues coming in front of it and move over it without dragging 

the residues, ZTT and STR furrow openers drag the fallen branches of cotton and weeds 

causing accumulation of the residues, Fig. 4.9. The residue accumulation was significantly 

lower for RS in 101.0 cm cotton row spacing as compared with RS suitable for 67.5 cm row 

spacing. The contrast analysis showed that the ZTDD openers performs better in terms of 

cotton bolls damaged, wheat establishment and residue/weeds accumulation as compared with 

ZTT and STR openers.  Similarly, the 15-row RS (for 101 cm cotton row spacing) performed 

better in terms of wheat establishment and residue/weeds accumulation as compared with 12-

row RS (for 67.5 cm cotton row spacing), Fig. 4.10. Therefore, 15-row RS with ZTDD 

openers performed better than all other combinations of the furrow openers and the type of 

RS.  



81 

 

 

Figure 4.8: Effect of three types of furrow openers and two row geometries in cotton on 

performance of relay seeders 

Note: Unit for cotton bolls damage is number per plant, wheat establishment is in number of 

plant m-2, Weed/cotton leaves accumulated are in gm-2 (fresh weight basis), and seed cotton 

yield loss is in kg ha-1. STR-strip till rotor, ZTDD-zero till double disc, ZTT-zero till tine 

openers.Values with for a dependent parameter with different letter are significantly different 

at p ≤ 0.05  

 

 

Fig. 4.9: Accumulation of weeds/plant residues on RS furrow openers and uneven 

sowing depth due to accumulation (from left to right) 
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Figure 4.10: Effect of three types of Relay Seeder and two row geometries in cotton on 

performance of relay seeders 

Note: Unit for cotton bolls damage is number per plant, wheat establishment is in number of 

plant m-2, Weed/cotton leaves accumulated are in g m-2 (fresh weight basis), and seed cotton 

yield loss is in kg ha-1. Values with for a dependent parameter with different letter are 

significantly different at p ≤ 0.05  

 

4.8 Effect of relay seeding and cotton-spacing on wheat 

4.8.1 Effect on wheat establishment  

 There was no significant interaction effect of type of cotton genotypes, relay seeders 

(or row spacing) and type of furrow openers on wheat emergence at 20 days, after sowing, 

Fig. 4.11. Relay seeders (for 67.5 cm and 101.0 cm cotton row spacing) and cotton genotypes 

had no significant effect on emergence count of wheat, Table 4.8. Furrow openers (STR, 

ZTT, ZTDD) and MB significantly influenced the emergence count, Fig. 4.12. Wheat seeded 

with STR and ZTDD furrow openers, and CT (T9) resulted in significantly higher emergence 

count as compared with ZTT furrow openers (Table B18 in Appendix B). Emergence count 

was markedly lower for MB as compared to relay seeded wheat due to poor soil-seed contact. 

The lower wheat emergence count in ZTT compared to STR and ZTDD furrow openers was 

mainly due to the uneven depth of seeding caused by significantly higher weeds/plant 
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residues accumulation in front of furrow openers.  Emergence count was higher for the STR 

as compared with ZTT openers because of the better seed-soil contact. The double-disc 

openers gave most evenness of drilling in soils having crop residue as compared to other 

openers (Ozmeri 1986, Wilkins et al 1983). Anon (1994), investigated the performance of 

inverted, double-disc and shoe-type furrow openers with wheat crop under normal (18.59 %) 

and deficit (14.35 %) soil moisture conditions on dry basis and reported that standard 

deviation of depth of sowing was least for the double-disc furrow openers in both the 

experiments.  

 

Fig. 4.11: Establishment of relay wheat in standing cotton on 67.5 and 101 cm row to 

row cotton (from left to right) 

 

Fig. 4.12: Contrast analysis of establishment count for different cotton wheat systems, 

Relay seeders and type of furrow openers used 
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Emergence count in wheat was markedly lower for the MB due to poor soil and seed 

contact as compared with drill sowing with relay seeders, Fig. 12. Better wheat emergence 

under drill sowing as compared to MB has been reported by many researchers (Shaalan et al 

1997, Tanveer et al 2003, Ali et al 2012) due to the placement of seed at optimum and 

uniform depth under drill sowing. However, Fischer et al (1976) found a wide range in 

optimum plant density (80–200 plants m-2, provided that plant density was even) for 

maximum yield for a range of irrigated spring wheat varieties grown under climatic 

conditions fairly similar to those of northwest India, suggesting adequate plant population in 

all crop establishment methods in our experiment. 

 

4.8.2 Time saving under relay planting of wheat  

The crop duration (sowing to maturity) of wheat was 165 days and 134 days for relay 

and conventional sown wheat, respectively. The relay seeding advanced the sowing of wheat 

by 31 days as compared with conventional sowing of wheat after cotton harvest. But wheat 

crop matured at the same time under both of the planting methods. It may be due to the fact 

that higher temperatures near maturity may “force” the late sown crop (conventional) to 

complete the degree-days quickly. Several researchers (Khan and Khaliq 2005, Inamullah et 

al 2007, Subhan et al 2004) have reported a decrease in the days to maturity due to delay in 

sowing of wheat. 

 

4.8.3 Effect on yield contributing parameters in wheat 

Relay seeded treatments had 27.3% more spike density as compared with 

conventional sown wheat and manual broadcast, Table 4.8 and Fig. 4.13 and 4.14. Reduction 

in spike density sown after cotton harvest might be attributed to adverse effect of prevailing 

low temperature coinciding with the tillering stage of wheat. Each stage of development was 

progressively reduced with delay in sowing, which reduced spike density, Buttar et al (2013). 

The poor crop establishment in MB was, however, the main reason for significantly lower 

spike density as compared with the other treatments. Khan and Khaliq (2005), reported a 

similar negative effect of late sowing on spike density in wheat. 

Number of grains/spike was significantly higher in relay seeded as compared to CTW 

wheat, Table 4.8. Fewer number of grains/spike in the conventional sown wheat could be 

attributed to higher temperature at anthesis and grain development stages under late sowing as  
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Fig. 4.13: Wheat establishment in 67.5 and 101.0 cm row spacing of cotton (from left to 

right) 

 

 

Fig. 4.14: Contrast analysis of spike density for different cotton wheat systems, Relay 

seeders and type of furrow openers used 
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Table 4.8: Wheat emergence, grain yield and yield attributing characters as influenced 

by different planting methods in cotton-wheat system 

 

The values with in a column with different letter are significantly different at P ≤ 0.05 

 

compared with relay seeded wheat, Fig. 4.15. Delayed sowing of wheat commonly has a 

negative influence on the number of grains/spike (Jan et al 2000, Buttar et al 2013). 

Mean test weight under conventional tillage was significantly lower (13 %) as 

compared with relay seeding in standing cotton, Fig. 4.16. This can be attributed to a longer 

grain filling period available to the early sown crop. These results are in accordance with 

those of Green et al (1985) and Jan et al (2000) who reported that grain weight decreased 

significantly with delay in sowing. Khan and Khaliq (2005) reported that the relay seeded 

wheat produced 13.2% higher grain weight as compared to conventional sowing. The contrast 

analysis showed that all relay seeding treatments have significantly more spike density, 

number of grains per spike test weight as compared to CTW. Spike density for RS (67.5 cm)  

Treatments Emergence 

(count m-2) 

Spike 

density  

(m-2) 

Number of 

grains 

spike-1 

Test 

weight 

(mg) 

Wheat 

Yield  

(t ha-1) 

A. Cotton hybrids 

RCH 776 146 286.9 51.0 44.7 4.61 

MRC 7017 147 300.7 51.6 44.7 4.60 

F-test (p-value) 0.74 0.12 0.21 0.94 0.97 

B. Cotton wheat system 

T1 (12-row STR RS) 169ab 338.5a 49.9b 44.9bcd 5.16a 

T2 (12-row ZTT RS) 137c 292.9b 51.7ab 45.6abcd 4.65bc 

T3 (12-row ZTDD RS) 174ab 348.9a 52.9a 44.4d 4.93ab 

T4 (15-row STR RS) 167b 354.7a 52.0ab 45.7abc 5.35a 

T5 (15-row ZTT RS) 136c 320.5ab 51.4ab 45.2abcd 5.14a 

T6 (15-row ZTDD RS) 172ab 340.7a 52.8a 44.7cd 5.08ab 

T7 ( MB-67.5 cm) 98d 235.1c 52.1ab 46.0ab 3.50d 

T8 ( MB-101.0 cm) 87d 176.9d 52.3a 46.2a 3.36d 

T9 (CTW) 180a 236.5c 46.7c 39.9e 4.25c 

F-test (p-value) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Interaction AxB 0.58 0.59 0.20 0.70 0.93 
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Fig. 4.15: Contrast analysis of number of grains per spike for different cotton wheat 

systems, Relay seeders and type of furrow openers used 

 

 

Fig. 4.16: Contrast analysis of test weight for different cotton wheat systems, Relay 

seeders and type of furrow openers used 
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and RS (101.0 cm) have statistically similar, whereas; the STR and ZTDD openers have 

significantly higher spike density as compared with ZTT openers.  

 

4.8.4 Effect on wheat yield 

All the relay seeder treatments except ZTT furrow openers (T2) produced 

significantly higher wheat yield as compared with CTW (T9) and MB (T7 and T9), Table 

4.8. The early sowing of wheat by 31 days under relay seeding increased the spike density 

and the number of grains per spikes as compared with T9 leading to higher grain yield. This is 

consistent with the observation made by Buttar et al (2013) who reported 25% higher grain 

yield of wheat sown with relay seeder compared to CT wheat. The short duration of CTW and 

unfavorable temperature regime during grain development phase experienced by the crop 

adversely affected the yield. The low grain yield recorded in T2 (ZTT furrow opener in 67.5 

cm row spacing of cotton) was mainly due to poor crop establishment caused by uneven 

seeding depth. Wheat yield was significantly lower for the MB treatments as compared with 

drill sowing using relay seeder and CTW (Table B22 in Appendix B). The main reason for the 

lower grain yield in MB was due to poor crop establishment because of poor soil-seed contact 

and lack of uniformity in crop establishment. Earlier, Dawelbeit and Babiker (1997) and 

Mann et al (2008) reported that seed broadcasting resulted in significantly lower wheat yields 

than drill sowing and or earth ridging after broadcasting.  Other workers (Shaalan et al 1997, 

Khan et al 2007, Soomro et al 2009) reported that number of grains per spike, grain weight 

and grain yield were higher for drill than broadcast sown wheat.  

The grain yield was statistically similar for ZTDD, STR and ZTT openers, whereas, 

the yield was significantly higher for STR opener as compared with ZTT. The poor crop 

establishment due to uneven depth of seeding in ZTT openers was responsible for lower 

wheat yield. There was no effect of different row spacing in cotton and relay seeding of wheat 

(3 rows in 67.5 row spacing and 5 rows in 101.0 cm row spacing in cotton) on wheat yield.   

Porter and Khalilian (2005) reported that yield of conventional tillage wheat was not 

affected by skip-row geometry designed to allow for relay intercropping of either soybean or 

cotton. The contrast analysis showed that wheat yield is significantly lower for CTW wheat as 

compared to relay seeding of wheat. The different sizes of RS (suitable for 67.5 cm and 101.0 

cm cotton row spacing) had similar wheat yield. ZTT openers had significantly lower wheat 

yield as compared with STR openers, whereas, the grain yield was statistically at par for 

ZTDD and STR openers, Fig. 4.17.   
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Fig. 4.17: Contrast analysis of grain yield for different cotton wheat systems, Relay 

seeders and type of furrow openers used 

 

4.9 Performance of relay seeded wheat on farmers’ fields 

Relay sowing of wheat advanced the sowing of wheat by 5 to 11 days as compared 

with CT wheat cultivation after cotton harvest, Table 4.9. The advancement in relay seeding 

was lower than that recorded in experiment-I, due to non availability of relay seeder at the 

right time as single prototype of relay seeder was available (Fig. 4.18), which could be made 

available only after the completion of seeding of wheat in experiment-I and time involved in 

transport the machine as well as the high clearance tractor to the farmers locations in 

Bathinda, Punjab, India that was about 250 km from BISA site at Ludhiana, where the 

experiment-I was laid. Student’s t-test analysis showed significantly lower yields for CT as 

compared with relay seeding (Table B23 in Appendix B). On average 6.4% higher grain yield 

was recorded for relay seeding as compared with CT wheat. The greater increase in gain yield 

from relay seeding as compared to CT wheat can be expected when relay seeding of wheat is 

accomplished in the first fortnight of November in this region. 
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Fig. 4.18: 12-row Relay seeder with ZTDD furrow openers seeding wheat in cotton at 

Farmers field at Batinda, Punjab 

 

 

Table 4.9: Saving in time of planting and effect on wheat yield from 12 -row tractor 

operated RS with disc openers in on-farm trials conducted in district 

Bhatinda in Punjab (India) in 2013-14 

Location Saving in days Wheat Yield (t ha-1) %  Yield gain 

over CT RS CT 

Machhana 5 4.85 4.53 7.2 

SangatMandi 11 4.43 3.98 11.3 

Malwala  9 4.85 4.75 2.1 

Bhagwanghar 6 4.63 4.50 2.8 

Jodhpur Romana 5 4.03 3.70 8.8 

Mean - 4.56 4.29 6.4 

F-test (p-value) - 0.016 - - 

The values with in a column with different letter are significantly different at P ≤ 0.05 
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4.10 Economic analysis 

The data presented in Table 4.10, revealed lower variable costs for planting wheat 

with relay seeder due to lower cultivation costs as compared with conventional seeding of 

wheat. Gross returns from relay seeding of wheat were higher by Rs. 19,352 to 26,401 per ha 

due to additional yield of seed cotton and increase in grain and straw yields of wheat over CT 

and manual relay seeding of wheat. Similarly, net returns were Rs. 19,282 to 26,332 per ha 

higher  (an increase of 27-37%) under relay seeding of wheat using tractor operated relay 

seeder compared with conventional CW system due to higher gross returns and lower variable 

costs (Table 4.7). Net return from CW system with manual broadcasting of wheat (T7 and T8) 

into standing cotton crop was statistically similar to CT (Table B24 in Appendix B). The 

benefit to cost ratio was also significantly higher for the relay seeded wheat as compared with 

conventional CW system and manual relay broadcasting of wheat. This is consistent with 

Aryal et al (2015) who have reported that shifting from CT to ZT wheat production system 

reduces the farmers total input cost ha-1 by 20% (USD 79 per ha) and increases net revenue 

per ha by 28% (USD 97.5 per ha). Buttar et al (2013) have recorded the higher net return in 

CW system for mechanical relay seeding of wheat into standing cotton as compared with 

conventional CW system.  



  

Table 4.10: Variable costs, gross income and net income (in Indian Rupees per ha) under different crop establishment methods in cotton–wheat 

system 

 Variable cost§ in wheat (Rs. Per ha) 

Treatment cultivation 

cost 

seed and 

seed 

treatment 

Fertilizer 

cost 

Seeding cost pesticides 

cost 

Irrigation 

cost 

Harvesting 

and straw 

collection 

cost 

transportation 

and marketing 

cost 

Interest on 

variable 

costs  

Total 

variable 

cost 

T1 3250 3190 5383 1437.5 2095 195 4500 1750 491 22291 

T2, T3, T4 0 3190 5383 3386 2095 195 4500 1750 461 20960 

T5 0 3190 5383 560 2095 195 4500 1750 398 18070 

T6, T7, T8 0 3190 5383 3386 2095 195 4500 1750 461 20960 

T9 0 3190 5383 560 2095 195 4500 1750 398 18070 

 Variable cost of cotton  Total variable 

cost of CW 

Gross return Net income of the 

CW system  

Benefit cost ratio 

(BCR) of system  Treatment Variable 

cost 

Additional 

cost 

Total  Wheat  Cotton  System  

T1 53828 0 53828 76118 69095 78195 147290 71172 1.94b 

T2, T3, T4 53828 1400 55228 76187 79867 86775 166642 90454 2.19a 

T5 53828 1400 55228 73298 56807 86775 143582 70284 1.96b 

T6, T7, T8 53828 1400 55228 76187 84381 89310 173691 97504 2.28a 

T9 53828 1400 55228 73298 54553 89310 143863 70565 1.96b 

F-test (p-value)  - - - - - - - - 0.0004 

§ = 1 Indian Rs = US $ 0.0161, the values with in a column with different letter are significantly different at P ≤ 0.05 

9
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Chapter V 

 

 

SUMMARY  

 

Cotton–wheat is important cropping system in South Asia and occupies 4.02 million 

ha. Cotton-Wheat Production System is followed on 1.40 million ha and on 2.62 million ha in 

India and Pakistan respectively Wheat planting after cotton is usually delayed due to late 

pickings and time needed for seedbed preparation, resulting in low wheat yield. This 

reduction in yield is primarily attributed to poor and erratic germination because of low 

ambient temperature that prevail at that time. Moreover, late planted wheat plants have to 

complete all growth and developmental stages in lesser time as starch accumulation process is 

terminated at the same specific temperature irrespective of time of sowing because of 

photosensitive nature of wheat. Few farmers sow wheat through broadcasting in standing 

cotton for timely sowing but on a small scale.  This methodology   has also limitations of poor 

germination and low fertilizer use efficiency. A 2-wheel self-propelled relay seeder was 

developed in 2008 and has the capability of opening a narrow strip (25-35 mm) using straight 

steel blades on the rotor in front of zero till furrow opener to facilitate placement of seed and 

fertilizer while moving between the two rows of standing cotton (generally 675 mm apart). 

The timely sowing of wheat with non significant damage to cotton was demonstrated through 

engine operated relay planting. However, for popularising the relay planting in CW rotation in 

South Asia, self propelled small machine is insufficient. Hence, there is a need of a tractor 

operated high clearance relay seeder which in one pass can plant a width equal to 3-4 rows of 

cotton crop.  

Therefore, to study feasibility of relay seeding of wheat in cotton, a prototype of high 

clearance platform (110 cm from ground) for tractor was designed and developed to facilitate 

the movement of tractor in standing cotton. Two innovative relay seeders (RS) (suitable for 

67.5 and 101.0 cm row spacing) with three types of furrow openers (strip till rotor-STR), zero 

till inverted T-type-ZTT and zero till double disc-ZTDD) were developed and evaluated for 

their performance under two cotton genotypes. Replicated on-station field experiments 

included two cotton hybrids having different canopy cover (RCH 776 and MRC 7017), two 

RS for different row spacing and three types of  furrow openers (STR, ZTDD and ZTT).  

Field trial was laid out in a strip-plot design with three replications. Treatments 

included two Bt-cotton genotypes (RCH 776 and MRC 7017) having different canopy cover 

and vigor in the main plots. For ease in the movement of tractor and relay seeders, cotton 
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genotypes were planted in strips. Data collected for all the dependent variables were subjected 

to analysis of variance in factorial strip plot design using SAS 9.2 software package. The RS 

with double disc opener vis-à-vis conventional till wheat (CTW) were also evaluated on five 

farmers’ fields. Student’s T-test using SAS 9.2 software package was performed for 

comparing grain yield between two treatments in experiment 2. The economic analysis was 

also performed to quantify the net returns and benefit cost ratio (BCR) of using RS for 

seeding wheat in cotton as compared with conventional tillage wheat. Student’s T-test using 

SAS 9.2 software package was performed for comparing economics of different cotton-wheat 

systems. Based on the study the following conclusions were drawn: 

• The average speed of travel of ZTDD openers was 9.3 and 16.6 percent higher as 

compared with STR and ZTT openers, respectively.  Therefore, the field capacity of 

RS with ZTDD openers was 8.7 and 13.6 percent higher as compared with RS having 

STR and ZTT openers, respectively.  

• The fuel consumption was 26 and 44.2 percent higher for STR openers as compared 

with ZTDD and ZTT openers. The fuel consumption was at par for ZTT and ZTDD 

openers, irrespective of the size of RS used.  

• The fuel consumption, power required, field capacity of 15-row RS was 10.6, 31.8 

and 13.6 percent higher as compared with 12-row RS, irrespective of the type of 

furrow openers used.  

• Number of cotton bolls detached from cotton plants due to movement of tractor and 

relay seeder with ZTDD was 39.8 and 40.7 percent lower than STR and ZTT furrow 

openers. Number of cotton bolls detached from cotton plants due to movement of 

tractor and relay seeder was lower by 40.1 percent for 15-rows RS as compared with 

12-Row RS. Therefore, the lowest damage was observed for the 15-row RS with 

ZTDD openers as compared with the all other combinations. However, the overall 

loss of cotton bolls was under 2 percent due to RS operation.  

• The weeds and plant residue accumulation was 39.9 and 38.7 percent lesser for the 

ZTDD openers as compared with STR and ZTT openers respectively. Also the weed 

accumulation was 51.3 percent lower for 15-row RS as compared with 12-row RS, 

irrespective of type of furrow openers used.  



95 

 

• Mean cotton yield for 67.5 cm and 101 cm row spacing under relay seeding was 11-14 % 

higher compared with conventional sowing irrespective of cotton genotype used. This 

increase in cotton yield covers for the loss of cotton yield due movement of RS mounted on 

high clearance tractor in the standing cotton.  

• Establishment count of relay seeded wheat with ZTDD and STR-furrow openers was 26.2 and 

22.6 percent higher as compared with ZTT openers. Whereas, the emergence count for MB 

treatment was lowest (-32.1 percent). Also, the establishment was statistically at par for 15-

row RS and 12-row RS.   

• The crop duration (sowing to maturity) of relay seeded wheat was 31 days more as compared 

with conventional sowing of wheat after cotton harvest. 

• The spike density, number of grains per spike and test weight of relay seeded wheat (T1-T6) 

was 40.7, 10.9 and 13.0 percent higher as compared with CTW(T9). The spike density, 

number of grains per spike and test weight was statistically at par for 15-row and 12-row RS.  

• Relay seeding of wheat on an average produced 18.8 percent more yield compared with T9. 

Whereas, the lowest yield was recorded for (T7 and T8) MB of wheat. The RS with ZTDD 

and STR openers produced at par wheat yield, whereas, the STR openers produced 

significantly higher yield compared with ZTT openers.  

• RS with ZTDD openers produced significantly higher (average 6.4 percent) wheat yield on-

farm trials as compared to CT wheat.  

• There was 27-37 percent higher net return (Rs. 19,282 to 26,332 per ha) with relay seeding of 

wheat in north-west India as compared with CTW.  

• The benefit cost ratio is significantly higher for (2.19 and 2.28) for 12-row and 15-row RS as 

compared with for CTW and MB (1.94 and 1.96), respectively.  
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SUGGESTIONS FOR FUTURE WORK 

• Need to develop the mechanism for real time centering (automatic centering) of 

furrow openers in two adjacent cotton rows.  

• Development of sprayers and weeders for increasing the annual usage of high 

clearance tractor in CW rotation 

• Relay seeding of summer moong in wheat for sustainable intensification of RW 

system 
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Appendix A 
 

DETAILS OF THE DIGITAL TONG TESTER USED FOR POWER 

MEASUREMENT 

Name of the Instrument: AC (TRMS) Digital Tong Tester/Clamp meter 

Model: 3510PHW 

Accuracy:  

Range Resolution  Accuracy  Overload protection  

80.0 hp (<100A) 0.01 hp Typically 2% of the reading  600 VAC/1000 ACC 

800.0 hp  (>100A) 0.1 hp Typically 2% of the reading 600 VAC/1000 ACC 

 

Procedure for power measurement: 

1. Set the rotary switch to the “kW/KVA” position refer Fig. A. 

2. Insert the test leads in to the input jack (Black to COM and Red to V) 

3. Connect the black lead COM to the neutral line. 

4. Connect the red lead V to the power line and clamp the same conductor where 

V (red) terminal is connected. 

5. The power clamp will automatically select the appropriate range. 

6. Read the watt and hp values displayed on the LCD 

7. Press range button to display the required parameters 

8. 𝑃𝐹 =  
𝑘𝑊

𝐾𝑉𝐴
= cos  ( = 𝑝ℎ𝑎𝑠𝑒 𝑎𝑛𝑔𝑙𝑒) 

9. KVA (Apparent power): 𝐾𝑉𝐴 =  
𝑉∗𝐴

1000
 

10. KVA (Reactive power): 𝐾𝑉𝐴𝑅 =  √(𝐾𝑉 − 𝐴)2 − (𝑘𝑊)2  = KVA*sin 

11. Hp (horse power) = 0.746 kW 
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Table B1: ANOVA (Number of Monopodial branches plant
-1

) 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 3 8.67500000 2.89166667 8.20 0.0003 

Error 36 12.70000000 0.35277778   

Corrected Total 39 21.37500000    

 
 

R-Square Coeff Var Root MSE MONO Mean 

0.405848 22.62670 0.593951 2.625000 

 
 

Source DF Type I SS Mean Square F Value Pr > F 

SPACING 1 1.22500000 1.22500000 3.47 0.0706 

HYBRID 1 7.22500000 7.22500000 20.48 <.0001 

SPACING*HYBRID 1 0.22500000 0.22500000 0.64 0.4297 

 

 

Means comparison for factor (spacing) using LSD test 
 

 

 

 
 

 

 
 

 

 

 

Means comparison for factor (Hybrid) using LSD test 

 

 
 

 

 
 

 

 
 

 

Alpha 0.05 

Error Degrees of Freedom 36 

Error Mean Square 0.35 

Critical Value of t 2.03 

Least Significant Difference 0.38 

Means with the same letter are not 

significantly different. 

t Grouping Mean N SPACING 

A 2.80 20 101 

A 2.45 20 67.5 

Means with the same letter are not 

significantly different. 

t Grouping Mean N HYBRID 

A 3.05 20 RCH 776 

B 2.20 20 MRC 7017 

Alpha 0.05 

Error Degrees of Freedom 36 

Error Mean Square 0.35 

Critical Value of t 2.03 

Least Significant Difference 0.38 
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Table B2: ANOVA (Number of sympodial branches plant
-1

) 

 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 3 29.4000000 9.8000000 0.59 0.6232 

Error 36 594.2000000 16.5055556   

Corrected Total 39 623.6000000    

 

R-Square Coeff Var Root MSE SYM Mean 

0.047146 14.82738 4.062703 27.40000 

 

Source DF Type I SS Mean Square F Value Pr > F 

SPACING 1 12.10 12.10 0.73 0.3975 

HYBRID 1 0.40 0.40 0.02 0.8772 

SPACING*HYBRID 1 16.90 16.90 1.02 0.3183 

 
 

Means comparison for factor (spacing) using LSD test 

 
 

 

 

 
 

 

 
 

 

 

Means comparison for factor (spacing) using LSD test 

 

 

 

Means with the same letter are not 

significantly different. 

t Grouping Mean N SPACING 

A 27.950 20 101 

A 26.850 20 67.5 

Alpha 0.05 

Error Degrees of Freedom 36 

Error Mean Square 16.5055

6 

Critical Value of t 2.02809 

Least Significant Difference 2.6056 

Alpha 0.05 

Error Degrees of Freedom 36 

Error Mean Square 16.5055

6 

Critical Value of t 2.02809 

Least Significant Difference 2.6056 

Means with the same letter are not 

significantly different. 

t Grouping Mean N HYBRID 

A 27.500 20 RCH 776 

A 27.300 20 MRC 7017 
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Table B3: ANOVA (Number of cotton bolls picked in first picking) 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 5 0.25 0.049 0.32 0.89 

Error 12 1.84 0.153   

Corrected Total 17 2.09    

 
 

R-Square Coeff Var Root MSE FIRSTPICK Mean 

0.12 3.99 0.39 9.81 

 
 

Source DF Type I SS Mean Square F Value Pr > F 

COTTONGEOMETERY 2 0.165 0.082 0.54 0.59 

HYBRID 1 0.000042 0.000042 0.00 0.98 

COTTONGEOMETE*HYBRID 2 0.082 0.041 0.27 0.76 

 

 

Means comparison for factor using LSD test 

 
 

 

Contrast analysis for RS v/s Farmer Practice 

 
 

Means with the same letter are not significantly 

different. 

t Grouping Mean N COTTONGEOMETERY 

A 9.91 6 CW(R)101 

A 9.84 6 CW67.5 

A 9.67 6 CW(R)67.5 

Alpha 0.05 

Error Degrees of Freedom 12 

Error Mean Square 0.153 

Critical Value of t 2.18 

Least Significant Difference 0.49 

Contrast DF Contrast SS Mean Square F Value Pr > F 

COTTONGEOMETERY T1 T2 VS 

T3 (RS VS FARMER PRACTICE) 

1 0.0115 0.0115 0.08 0.7887 
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Table B4: ANOVA (Number of cotton bolls picked in second picking) 

 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 5 0.86870583 0.17374117 0.42 0.8253 

Error 12 4.95018416 0.41251535   

Corrected Total 17 5.81888998    

 

R-Square Coeff Var Root MSE SECONDPICK Mean 

0.149291 3.985160 0.642274 16.11663 

 

Source DF Type I SS Mean Square F Value Pr > F 

COTTONGEOMETERY 2 0.64698725 0.32349363 0.78 0.4785 

HYBRID 1 0.00005054 0.00005054 0.00 0.9914 

COTTONGEOMETE*HYBRID 2 0.22166803 0.11083402 0.27 0.7689 

 

Means comparison for factor using LSD test 

 

 

 

 

Alpha 0.05 

Error Degrees of Freedom 12 

Error Mean Square 0.412 

Critical Value of t 2.18 

Least Significant Difference 0.8079 

Means with the same letter are not significantly 

different. 

t Grouping Mean N COTTONGEOMETERY 

A 16.38 6 CW(R)101 

A 16.01 6 CW(R)67.5 

A 15.95 6 CW67.5 
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Table B5: ANOVA (Number of cotton bolls picked in third picking
 
) 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 5 0.38 0.077 0.75 0.60 

Error 12 1.23 0.10   

Corrected Total 17 1.61    

 
 

R-Square Coeff Var Root MSE THIRDPICK Mean 

0.24 4.00 0.32 7.98 

 
 

Source DF Type I SS Mean Square F Value Pr > F 

COTTONGEOMETERY 2 0.32 0.16 1.61 0.2404 

HYBRID 1 0.000054 0.000054 0.00 0.9820 

COTTONGEOMETE*HYBRID 2 0.055 0.027 0.27 0.7694 

 

 

 

Means comparison for factor using LSD test 

 

 

 

 
 

Contrast analysis for RS v/s Farmer Practice 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

COTTONGEOMETERY T1 T2 VS T3 

(RS VS FARMER PRACTICE) 

1 0.23 0.23 2.24 0.1606 

 

Alpha 0.05 

Error Degrees of Freedom 12 

Error Mean Square 0.10 

Critical Value of t 2.18 

Least Significant Difference 0.40 

Means with the same letter are not significantly 

different. 

t Grouping Mean N COTTONGEOMETERY 

A 8.1488 6 CW67.5 

A 8.0011 6 CW(R)101 

A 7.8181 6 CW(R)67.5 
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Table B6: ANOVA (Number of cotton bolls picked in fourth picking
 
) 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 5 56.78 11.35 893.77 <.0001 

Error 12 0.15 0.013   

Corrected Total 17 56.93    

 

R-Square Coeff Var Root MSE FOURTHPICK Mean 

0.997 4.49 0.11 2.51 

 

Source DF Type I SS Mean Square F Value Pr > F 

COTTONGEOMETERY 2 56.76 28.38 2234.14 <.0001 

HYBRID 1 0.0015 0.0015 0.12 0.7359 

COTTONGEOMETE*HYBRID 2 0.0055 0.0028 0.22 0.8072 

 

 

Means comparison for factor using LSD test 
 

 
 

 

 

 
 

 

 
 

 

 
 

Contrast analysis for RS v/s Farmer Practice 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

COTTONGEOMETERY T1 T2 VS T3 

(RS VS FARMER PRACTICE) 

1 56.74 56.74 4466.50 <.0001 

 

 

Means with the same letter are not 

significantly different. 

t Grouping Mean N 
COTTONGEOM

ETERY 

A 3.81 6 CW(R)101 

A 3.72 6 CW(R)67.5 

B 0.00 6 CW67.5 

Alpha 0.05 

Error Degrees of Freedom 12 

Error Mean Square 0.013 

Critical Value of t 2.18 

Least Significant Difference 0.14 
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Table B7: ANOVA (Total bolls picked) 

 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 5 58.49 11.69 5.64 0.0067 

Error 12 24.89 2.07   

Corrected Total 17 83.38    

 

 

R-Square Coeff Var Root MSE TOTALPICKED Mean 

0.70 3.95 1.44 36.43 

 

 

Source DF Type I SS Mean Square F Value Pr > F 

COTTONGEOMETERY 2 57.37 28.69 13.83 0.0008 

HYBRID 1 0.00032 0.00032 0.00 0.9902 

COTTONGEOMETE*HYBRID 2 1.12 0.56 0.27 0.7682 

 

 

Means comparison for factor using LSD test 
 

 

 
 

 

Contrast analysis for RS v/s Farmer Practice 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

COTTONGEOMETERY T1 T2 VS T3 

(RS VS FARMER PRACTICE) 

1 55.093 55.093 26.56 0.0002 

 
 

 

Alpha 0.05 

Error Degrees of Freedom 12 

Error Mean Square 2.07 

Critical Value of t 2.18 

Least Significant Difference 1.81 

Means with the same letter are not 

significantly different. 

t Grouping Mean N 
COTTONGEO

METERY 

A 38.10 6 CW(R)101 

A 37.23 6 CW(R)67.5 

B 33.95 6 CW67.5 
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Table B8: ANOVA (Cotton Yield) 

 
 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 5 0.26 0.052 6.91 0.0030 

Error 12 0.091 0.0076   

Corrected Total 17 0.35    

 

 

R-Square Coeff Var Root MSE COTTONYIELD Mean 

0.74 4.006 0.087 2.173978 

 

 

Source DF Type I SS Mean Square F Value Pr > F 

COTTONGEOMETERY 2 0.26 0.129 17.01 0.0003 

HYBRID 1 0.0000032 0.0000032 0.00 0.9840 

COTTONGEOMETE*HYBRID 2 0.0042 0.0021 0.27 0.7647 

 
 

Means comparison for factor using LSD test 
 

 

 
 

 

 

Contrast analysis for RS v/s Farmer Practice 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

COTTONGEOMETERY T1 T2 VS T3 

(RS VS FARMER PRACTICE) 

1 0.25 0.25 32.55 <.0001 

 

 

 
 

 

Alpha 0.05 

Error Degrees of Freedom 12 

Error Mean Square 0.007586 

Critical Value of t 2.17881 

Least Significant Difference 0.1096 

Means with the same letter are not 

significantly different. 

t Grouping Mean N 
COTTONGEO

METERY 

A 2.28 6 CW(R)101 

A 2.22 6 CW(R)67.5 

B 2.01 6 CW67.5 
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Table B9: ANOVA (Speed of Operation) 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 13 0.41602285 0.03200176 10.14 <.0001 

Error 22 0.06945146 0.00315688   

Corrected Total 35 0.48547431    

 

R-Square Coeff Var Root MSE SPEED Mean 

0.856941 3.457651 0.056186 1.624981 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 5 0.39148434 0.07829687 24.80 <.0001 

HYBRID 1 0.00348539 0.00348539 1.10 0.3048 

TREAT*HYBRID 5 0.01434759 0.00286952 0.91 0.4931 

REP 2 0.00670553 0.00335277 1.06 0.3628 

 

Contrast analysis for different furrow openers and Relay Seeders used 

 

Contrast  DF 

Contrast 

SS 

Mean 

Square 

F 

Value Pr > F 

TREAT LEVEL T1 T2, T3 VS T4, T5, T6  1 0.00001196 0.00001196 0.00 0.9515 

TREAT LEVEL T1 T4 VS. T2 T5  1 0.06088916 0.06088916 19.29 0.0002 

TREAT LEVEL T1 T4 VS. T3 T6  1 0.13416097 0.13416097 42.50 <.0001 

TREAT LEVEL T2 T5 VS. T3 T6  1 0.37581460 0.37581460 119.05 <.0001 

 

 

Means comparison for factor using LSD test 
 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

Alpha 0.05 

Error Degrees of Freedom 22 

Error Mean Square 0.003 

Critical Value of t 2.07 

Least Significant Difference 0.07 

Means with the same letter are not 

significantly different. 

t Grouping Mean N TREAT 

A 1.78 6 T3 

A 1.74 6 T6 

B 1.61 6 T1 

B 1.61 6 T4 

C 1.53 6 T5 

C 1.49 6 T2 
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Table B10: ANOVA (Field Capacity) 
 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 13 0.01479670 0.00113821 18.07 <.0001 

Error 22 0.00138607 0.00006300   

Corrected Total 35 0.01618277    

 

R-Square Coeff Var Root MSE FIELDCAPACITY Mean 

0.914349 3.409811 0.007937 0.232783 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 5 0.01430864 0.00286173 45.42 <.0001 

HYBRID 1 0.00007440 0.00007440 1.18 0.2889 

TREAT*HYBRID 5 0.00026883 0.00005377 0.85 0.5273 

REP 2 0.00014483 0.00007242 1.15 0.3351 

 

Contrast analysis for different furrow openers and Relay Seeders used 

 

 

 

Means comparison for factor using LSD test 

 

 

 
 

 

 

Contrast DF 

Contrast 

SS 

Mean 

Square 

F 

Value Pr > F 

TREAT LEVEL T1 T2, T3 VS. T4, T5, T6  1 0.00654998 0.00654998 103.96 <.0001 

TREAT LEVEL T1 T4 VS. T2 T5  1 0.00121753 0.00121753 19.32 0.0002 

TREAT LEVEL T1 T4 VS. T3 T6  1 0.00271063 0.00271063 43.02 <.0001 

TREAT LEVEL T2 T5 VS. T3 T6  1 0.00756150 0.00756150 120.02 <.0001 

Means with the same letter are not 

significantly different. 

t Grouping Mean N TREAT 

 A 0.263 6 T6 

 B 0.24 6 T4 

C B 0.24 6 T3 

C  0.23 6 T5 

 D 0.22 6 T1 

 E 0.20 6 T2 

Alpha 0.05 

Error Degrees of Freedom 22 

Error Mean Square 0.000063 

Critical Value of t 2.07387 

Least Significant Difference 0.0095 
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Table B11: ANOVA (Fuel Consumption) 
 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 13 111.59 8.58 17.33 <.0001 

Error 22 10.90 0.49   

Corrected Total 35 122.49    

 

R-Square Coeff Var Root MSE FUELCONSUMPTION Mean 

0.911017 7.019797 0.703887 10.02718 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 5 109.42 21.89 44.17 <.0001 

HYBRID 1 0.15 0.15 0.31 0.58 

TREAT*HYBRID 5 0.61 0.12 0.25 0.94 

REP 2 1.40 0.70 1.42 0.26 

 

Contrast analysis for different furrow openers and Relay Seeders used 

 

 

Means comparison for factor using LSD test 
 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

TREAT LEVEL T1 T2, T3 VS T4, T5, T6  1 9.16 9.16 18.50 0.0003 

TREAT LEVEL T1 T4 VS. T2 T5  1 85.95 85.95 173.48 <.0001 

TREAT LEVEL T1 T4 VS. T3 T6  1 61.80 61.80 124.74 <.0001 

TREAT LEVEL T2 T5 VS. T3 T6  1 1.99 1.99 4.01 0.0577 

Alpha 0.05 

Error Degrees of Freedom 22 

Error Mean Square 0.49 

Critical Value of t 2.07 

Least Significant Difference 0.84 

Means with the same letter are not 

significantly different. 

t Grouping Mean N TREAT 

 A 12.72 6 T4 

 A 12.00 6 T1 

 B 9.68 6 T6 

C B 9.19 6 T5 

C D 8.62 6 T3 

 D 7.95 6 T2 
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Table B12: REGRESSION ANALYSIS (fuel consumption v/s power required) 

 

 
 

Source DF 

Sum of 

Squares Mean Square F Value Pr > F 

Model 1 398.91 398.91 2480.92 <.0001 

Error 9 1.44714 0.16   

Corrected Total 10 400.36    

 

 

 

 

R-Square Coeff Var Root MSE Dependent  Mean 

0.9964 2.6973 0.40099 14.866 

 

 

 

 

Parameter Estimates 

Variable DF Parameter 

Estimate 

Standard 

Error 

t Value Pr > |t| 

Intercept 1 -2.01386 0.359 -5.60 0.0003 

FC 1 4.00869 0.080 49.81 <.0001 
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Table B13: ANOVA (Power Required) 
 

Source DF 
Sum of 

Squares Mean Square F Value Pr > F 

Model 13 134.7720222 10.3670786 26.64 <.0001 

Error 22 8.5628155 0.3892189   

Corrected Total 35 143.3348377    

 

R-Square Coeff Var Root MSE POWER_REQUIRED Mean 

0.940260 8.466549 0.623874 7.368694 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 5 131.0758760 26.2151752 67.35 <.0001 

HYBRID 1 0.5401270 0.5401270 1.39 0.2514 

TREAT*HYBRID 5 0.7700979 0.1540196 0.40 0.8464 

REP 2 2.3859213 1.1929606 3.07 0.0670 

 

Contrast analysis for different furrow openers and Relay Seeders used 
 

Contrast DF Contrast SS Mean Square F Value Pr > F 

TREAT LEVEL T1 T2, T3 VS T4, T5, T6  1 36.96558934 36.96558934 94.97 <.0001 

TREAT LEVEL T1 T4 VS. T2 T5  1 93.70468647 93.70468647 240.75 <.0001 

TREAT LEVEL T1 T4 VS. T3 T6  1 28.63813995 28.63813995 73.58 <.0001 

TREAT LEVEL T2 T5 VS. T3 T6  1 18.73726817 18.73726817 48.14 <.0001 

 

 

Means comparison for factor using LSD test 

 
 
 

 

 

 
 

 

 
 

 

 
 

 

 

 

Alpha 0.05 

Error Degrees of Freedom 22 

Error Mean Square 0.389219 

Critical Value of t 2.07387 

Least Significant Difference 0.747 

Means with the same letter are 

not significantly different. 

t Grouping Mean N TREAT 

A 10.4064 6 T4 

B 8.4221 6 T1 

B 8.2083 6 T6 

C 6.5314 6 T5 

C 6.2507 6 T3 

D 4.3933 6 T2 
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Table B14: ANOVA (Cotton bolls damaged) 
 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 13 80747.4881 6211.3452 3.27 0.0070 

Error 22 41757.3902 1898.0632   

Corrected Total 35 122504.8783    

 

R-Square Coeff Var Root MSE DBOLLS Mean 

0.659137 29.07831 43.56677 149.8257 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 5 72797.22535 14559.44507 7.67 0.0003 

HYBRID 1 557.93311 557.93311 0.29 0.5932 

TREAT*HYBRID 5 3950.81537 790.16307 0.42 0.8323 

REP 2 3441.51430 1720.75715 0.91 0.4185 

 

Contrast analysis for different furrow openers and Relay Seeders used 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

TREAT LEVEL T1 T2, T3 VS T4, T5, T6  1 51055.18351 51055.18351 26.90 <.0001 

TREAT LEVEL T1 T4 VS. T2 T5  1 6.33796 6.33796 0.00 0.9544 

TREAT LEVEL T1 T4 VS. T3 T6  1 13518.56076 13518.56076 7.12 0.0140 

TREAT LEVEL T2 T5 VS. T3 T6  1 14110.32212 14110.32212 7.43 0.0123 

 

 

Means comparison for factor using LSD test 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

Means with the same letter are not 

significantly different. 

t Grouping Mean N TREAT 

 A 214.28 6 T1 

B A 191.83 6 T2 

B C 156.34 6 T3 

B C 140.83 6 T5 

D C 116.33 6 T4 

D  79.33 6 T6 

Alpha 0.05 

Error Degrees of Freedom 22 

Error Mean Square 1898.06
3 

Critical Value of t 2.07387 

Least Significant Difference 52.165 
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Table B15: ANOVA (Percent cotton bolls damaged) 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 13 5.98106882 0.46008222 3.80 0.0029 

Error 22 2.66552640 0.12116029   

Corrected Total 35 8.64659523    

 

R-Square Coeff Var Root MSE PERCENT Mean 

0.691725 29.11005 0.348081 1.195741 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 5 5.47556843 1.09511369 9.04 <.0001 

HYBRID 1 0.02984686 0.02984686 0.25 0.6246 

TREAT*HYBRID 5 0.22998801 0.04599760 0.38 0.8573 

REP 2 0.24566552 0.12283276 1.01 0.3792 

 

Contrast analysis for different furrow openers and Relay Seeders used 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

TREAT LEVEL T1 T2, T3 VS T4, 

T5, T6  

1 4.13387880 4.13387880 34.12 <.0001 

TREAT LEVEL T1 T4 VS. T2 T5  1 0.00062210 0.00062210 0.01 0.9435 

TREAT LEVEL T1 T4 VS. T3 T6  1 0.85668011 0.85668011 7.07 0.0143 

TREAT LEVEL T2 T5 VS. T3 T6  1 0.81113134 0.81113134 6.69 0.0168 

 

Means comparison for factor using LSD test 
 

 
 

 

 

Alpha 0.05 

Error Degrees of Freedom 22 

Error Mean Square 0.12116 

Critical Value of t 2.07387 

Least Significant Difference 0.4168 

Means with the same letter are not 

significantly different. 

t Grouping Mean N TREAT 

 A 1.7654 6 T1 

B A 1.5602 6 T2 

B C 1.2782 6 T3 

 C 1.0696 6 T5 

D C 0.8847 6 T4 

D  0.6163 6 T6 
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Table B16: ANOVA (Seed cotton lost) 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 13 574.35 44.18 3.32 0.0064 

Error 22 292.52 13.29   

Corrected Total 35 866.87    

 

R-Square Coeff Var Root MSE SEEDCOTTON1 Mean 

0.66 40.70 3.64 8.95 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 5 481.29 96.25 7.24 0.0004 

HYBRID 1 9.11 9.11 0.69 0.4166 

TREAT*HYBRID 5 24.13 4.82 0.36 0.8682 

REP 2 59.80 29.90 2.25 0.1292 

 

Contrast analysis for different furrow openers and Relay Seeders used 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

TREAT LEVEL T1 T2, T3 VS T4, T5, T6  1 210.45 210.45 15.83 0.0006 

TREAT LEVEL T1 T4 VS. T2 T5  1 36.77 36.77 2.77 0.1105 

TREAT LEVEL T1 T4 VS. T3 T6  1 78.59 78.59 5.91 0.0237 

TREAT LEVEL T2 T5 VS. T3 T6  1 222.89 222.89 16.76 0.0005 

 

Means comparison for factor using LSD test 
 

 

 
 

 

 
 

 

 
 

Alpha 0.05 

Error Degrees of Freedom 22 

Error Mean Square 13.2966
3 

Critical Value of t 2.07387 

Least Significant Difference 4.3661 

Means with the same letter are not 

significantly different. 

t Grouping Mean N TREAT 

 A 15.564 6 T2 

B A 11.843 6 T1 

B C 8.068 6 T5 

 C 6.838 6 T4 

 C 6.724 6 T3 

 C 4.718 6 T6 
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Table B17: ANOVA (Weeds/plant residues accumulated) 
 
 

Source DF 

Sum of 

Squares Mean Square F Value Pr > F 

Model 13 2379.896354 183.068950 4.89 0.0006 

Error 22 822.987333 37.408515   

Corrected Total 35 3202.883687    

 

R-Square Coeff Var Root MSE WEEDACCUMLATION Mean 

0.743048 29.73202 6.116250 20.57126 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 5 2209.385792 441.877158 11.81 <.0001 

HYBRID 1 12.195694 12.195694 0.33 0.5738 

TREAT*HYBRID 5 70.690004 14.138001 0.38 0.8584 

REP 2 87.624864 43.812432 1.17 0.3286 

 

Contrast analysis for different furrow openers and Relay Seeders used 
 

Contrast DF Contrast SS Mean Square F Value Pr > F 

TREAT LEVEL T1 T2, T3 VS T4, T5, T6  1 1820.518401 1820.518401 48.67 <.0001 

TREAT LEVEL T1 T4 VS. T2 T5  1 0.209795 0.209795 0.01 0.9410 

TREAT LEVEL T1 T4 VS. T3 T6  1 253.267353 253.267353 6.77 0.0163 

TREAT LEVEL T2 T5 VS. T3 T6  1 238.898493 238.898493 6.39 0.0192 

 

 

Means comparison for factor using LSD test 

 
 
 

 

 

 

 

 

 

 

 

 

 

Means with the same letter are 

not significantly different. 

t Grouping Mean N TREAT 

 A 31.639 6 T1 

B A 28.325 6 T2 

B C 23.084 6 T3 

D C 16.900 6 T5 

D E 13.960 6 T4 

 E 9.520 6 T6 

Alpha 0.05 

Error Degrees of Freedom 22 

Error Mean Square 37.40 

Critical Value of t 2.07 

Least Significant Difference 7.32 

 

 



Appendix B 

121 

 

 

Table B18: ANOVA (Establishment count) 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 19 58854.15 3097.58 34.41 <.0001 

Error 34 3060.58 90.017   

Corrected Total 53 61914.73    

 

R-Square Coeff Var Root MSE GERMINATION Mean 

0.950568 6.46 9.48 146.72 

 

Source DF Type I SS Mean Square F Value Pr > F 

CWSYSTEM 8 57199.42 7149.92 79.43 <.0001 

HYBRID 1 10.33 10.33 0.11 0.7368 

CWSYSTEM*HYBRID 8 600.15 75.01 0.83 0.5798 

REP 2 1044.24 522.12 5.80 0.0068 

 

Contrast analysis for different furrow openers and Relay Seeders used 

Contrast DF Contrast SS Mean Square F Value Pr > F 

 FARMER PRACTICE VS ALL  1 3330.67 3330.67 37.00 <.0001 

 FARMER PRACTICE VS RS 1 6182.41 6182.41 68.68 <.0001 

67.5 CM VS 101 CM COTTON SPACING 1 4.01 4.01 0.04 0.8340 

12-ROW RS VS 15-ROW RELAY SEEDER) 1 0.19 0.19 0.00 0.9633 

STR VS ZTT 1 11682.42 11682.42 129.78 <.0001 

STR VS ZTDD 1 8205.72 8205.72 91.16 <.0001 

ZTT VS ZTDD 1 39470.05 39470.05 438.47 <.0001 

 

Means comparison for factor using LSD test 

 

 
 

 

 
 

 

Alpha 0.05 

Error Degrees of Freedom 34 

Error Mean Square 90.017 

Critical Value of t 2.03 

Least Significant Difference 11.13 

Means with the same letter are not significantly 

different. 

t Grouping Mean N CWSYSTEM 

 A 179.767 6 T9 

B A 174.370 6 T4 

B A 171.617 6 T8 

B A 168.938 6 T1 

B  167.492 6 T5 

 C 137.432 6 T2 

 C 135.864 6 T6 

 D 97.656 6 T3 

 D 87.389 6 T7 
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Table B19: ANOVA (Spike density) 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 19 205086.05 10794.00 10.45 <.0001 

Error 34 35112.68 1032.72   

Corrected Total 53 240198.74    

 

R-Square Coeff Var Root MSE SPIKEDENSITY Mean 

0.853 10.93 32.13 293.84 

 

Source DF Type I SS Mean Square F Value Pr > F 

CWSYSTEM 8 192288.52 24036.06 23.27 <.0001 

HYBRID 1 2572.81 2572.81 2.49 0.1237 

CWSYSTEM*HYBRID 8 6752.25 844.03 0.82 0.5927 

REP 2 3472.46 1736.23 1.68 0.2013 

 

Contrast analysis for different furrow openers and Relay Seeders used 

Contrast DF Contrast SS Mean Square F Value Pr > F 

 FARMER PRACTICE VS ALL  1 13458.23 13458.23 13.03 0.0010 

 FARMER PRACTICE VS RS 1 24539.17 24539.17 23.76 <.0001 

67.5 CM VS 101 CM COTTON SPACING 1 18447.71 18447.71 17.86 0.0002 

12-ROW RS VS 15-ROW RELAY SEEDER) 1 22093.35 22093.35 21.39 <.0001 

STR VS ZTT 1 60840.76 60840.76 58.91 <.0001 

STR VS ZTDD 1 743.62 743.62 0.72 0.4021 

ZTT VS ZTDD 1 48131.88 48131.88 46.61 <.0001 

 

Means comparison for factor using LSD test 

 

 

 

 

 

 

 

Means with the same letter are not significantly 

different. 

t Grouping Mean N CWSYSTEM 

 A 354.68 6 T5 

 A 348.89 6 T4 

 A 340.69 6 T8 

 A 338.50 6 T1 

B A 320.54 6 T6 

B  292.85 6 T2 

 C 236.46 6 T9 

 C 235.06 6 T3 

 D 176.94 6 T7 

Alpha 0.05 

Error Degrees of Freedom 34 

Error Mean Square 1032.72 

Critical Value of t 2.032 

Least Significant Difference 37.70 
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Table B20: ANOVA (Number of seeds per spike) 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 19 263.92 13.89 3.95 0.0002 

Error 34 119.56 3.51   

Corrected Total 53 383.49    

 

R-Square Coeff Var Root MSE NUMBER Mean 

0.68 3.65 1.87 51.30 

 

Source DF Type I SS Mean Square F Value Pr > F 

CWSYSTEM 8 179.37 22.42 6.38 <.0001 

HYBRID 1 5.64 5.64 1.60 0.2139 

CWSYSTEM*HYBRID 8 41.92 5.24 1.49 0.1973 

REP 2 36.99 18.49 5.26 0.0102 

 

Contrast analysis for different furrow openers and Relay Seeders used 

Contrast DF Contrast SS Mean Square F Value Pr > F 

 FARMER PRACTICE VS ALL  1 13.083 13.08 3.72 0.0621 

 FARMER PRACTICE VS RS 1 6.4437 6.44 1.83 0.1848 

67.5 CM VS 101 CM COTTON SPACING 1 22.31 22.31 6.35 0.0166 

12-ROW RS VS 15-ROW RELAY SEEDER) 1 28.78 28.78 8.19 0.0072 

STR VS ZTT 1 2.60 2.60 0.74 0.3957 

STR VS ZTDD 1 29.38 29.38 8.36 0.0067 

ZTT VS ZTDD 1 49.47 49.47 14.07 0.0007 

 

Means comparison for factor using LSD test 
 

 
 

 

 
 

 

 

 

Alpha 0.05 

Error Degrees of Freedom 34 

Error Mean Square 3.51 

Critical Value of t 2.03 

Least Significant Difference 2.2 

Means with the same letter are not significantly 

different. 

t Grouping Mean N CWSYSTEM 

 A 52.862 6 T4 

 A 52.772 6 T8 

 A 52.334 6 T7 

B A 52.078 6 T3 

B A 51.958 6 T5 

B A 51.734 6 T2 

B A 51.361 6 T6 

B  49.910 6 T1 

 C 46.711 6 T9 
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Table B21: ANOVA (Test weight) 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 19 186.62 9.82 9.09 <.0001 

Error 34 36.75 1.08   

Corrected Total 53 223.38    

 

R-Square Coeff Var Root MSE TESTWT Mean 

0.83 2.32 1.03 44.72 

 

Source DF Type I SS Mean Square F Value Pr > F 

CWSYSTEM 8 176.70 22.08 20.43 <.0001 

HYBRID 1 0.005 0.005 0.01 0.9429 

CWSYSTEM*HYBRID 8 5.92 0.74 0.68 0.7018 

REP 2 3.99 1.99 1.85 0.1732 

 

Contrast analysis for different furrow openers and Relay Seeders used 

Contrast DF Contrast SS Mean Square F Value Pr > F 

 FARMER PRACTICE VS ALL  1 0.21 0.21 0.20 0.6581 

 FARMER PRACTICE VS RS 1 0.11 0.11 0.10 0.7514 

67.5 CM VS 101 CM COTTON SPACING 1 24.66 24.66 22.82 <.0001 

12-ROW RS VS 15-ROW RELAY SEEDER) 1 35.82 35.82 33.14 <.0001 

STR VS ZTT 1 2.88 2.88 2.67 0.1117 

STR VS ZTDD 1 40.96 40.96 37.89 <.0001 

ZTT VS ZTDD 1 65.57 65.57 60.66 <.0001 

 

Means comparison for factor using LSD test 
 

 

 

 
 

 

 
 

Means with the same letter are not significantly different. 

t Grouping Mean N CWSYSTEM 

  A  46.17 6 T7 

B  A  46.00 6 T3 

B  A C 45.70 6 T5 

B D A C 45.54 6 T2 

B D A C 45.23 6 T6 

B D  C 44.89 6 T1 

 D  C 44.66 6 T8 

 D   44.40 6 T4 

  E  39.85 6 T9 

Alpha 0.05 

Error Degrees of Freedom 34 

Error Mean Square 1.08 

Critical Value of t 2.03 

Least Significant Difference 1.21 
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Table B22: ANOVA (Wheat yield) 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 19 28.32 1.49 9.34 <.0001 

Error 34 5.42 0.16   

Corrected Total 53 33.75    

 

R-Square Coeff Var Root MSE WYIELD Mean 

0.84 8.68 0.39 4.60 

 

Source DF Type I SS Mean Square F Value Pr > F 

CWSYSTEM 8 26.45 3.31 20.72 <.0001 

HYBRID 1 0.0002 0.00023 0.00 0.9698 

CWSYSTEM*HYBRID 8 0.47 0.059 0.37 0.9298 

REP 2 1.40 0.70 4.39 0.0201 

 

Contrast analysis for different furrow openers and Relay Seeders used 

Contrast DF Contrast SS Mean Square F Value Pr > F 

 FARMER PRACTICE VS ALL  1 2.11 2.11 13.25 0.0009 

 FARMER PRACTICE VS RS 1 3.18 3.19 19.98 <.0001 

67.5 CM VS 101 CM COTTON SPACING 1 0.26 0.27 1.68 0.2033 

12-ROW RS VS 15-ROW RELAY SEEDER) 1 0.55 0.56 3.49 0.0703 

STR VS ZTT 1 12.96 12.97 81.26 <.0001 

STR VS ZTDD 1 0.05 0.053 0.33 0.5696 

ZTT VS ZTDD 1 11.36 11.369 71.23 <.0001 

 

Means comparison for factor using LSD test 

 

 

 
 

 

 

 

Alpha 0.05 

Error Degrees of Freedom 34 

Error Mean Square 0.16 

Critical Value of t 2.03 

Least Significant Difference 0.47 

Means with the same letter are not significantly 

different. 

t Grouping Mean N CWSYSTEM 

 A 5.35 6 T5 

 A 5.16 6 T1 

 A 5.14 6 T6 

B A 5.08 6 T8 

B A 4.93 6 T4 

B C 4.64 6 T2 

 C 4.25 6 T9 

 D 3.49 6 T3 

 D 3.35 6 T7 
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Table B23: TTEST (Grain yield at on-farm trials) 
 
 

 

N Mean Std Dev Std Err Minimum Maximum 

5 0.2660 0.1474 0.0659 0.1000 0.4500 

 

 

 

Mean 95% CL Mean Std Dev 95% CL Std Dev 

0.2660 0.0830 0.4490 0.1474 0.0883 0.4236 

 

 

 

 

DF t Value Pr > |t| 

4 4.03 0.0157 
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   Appendix B 

 

Table B24: ANOVA (Economics) 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 4 2031054404 507763601 13.97 0.0004 

Error 10 363385109 36338511   

Corrected Total 14 2394439514    

 

R-Square Coeff Var Root MSE INCOME Mean 

0.848238 7.535568 6028.143 79995.87 

 

Source DF Type I SS Mean Square F Value Pr > F 

TREAT 4 2031054404 507763601 13.97 0.0004 

 

Contrast analysis for different furrow openers and Relay Seeders used 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

TREAT LEVEL T2-T4, V/S T1 RELAY 

SEEDING V/S FARMER PRACTICE 

1 1040319620 1040319620 28.63 0.0003 

TREAT LEVEL T2-T4, V/S T3-T5 

RELAY SEEDING V/S 

BROADCASTING 

1 1664421625 1664421625 45.80 <.0001 

TREAT LEVEL T1, V/S T3-T5 FARMER 

PRACTICE V/S BROADCASTING 

1 1117015 1117015 0.03 0.8643 

 

 

Means comparison for factor using LSD test 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

Means with the same letter are 

not significantly different. 

t Grouping Mean N TREAT 

A 97504 3 T4 

A 90454 3 T2 

B 71172 3 T1 

B 70565 3 T5 

B 70284 3 T3 

Alpha 0.05 

Error Degrees of Freedom 10 

Error Mean Square 3633851
1 

Critical Value of t 2.22814 

Least Significant Difference 10967 
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