DESIGN AND DEVELOPMENT OF TRACTOR
OPERATED SEEDER FOR WHEAT AS RELAY
CROP IN COTTON

Dissertation

Submitted to the Punjab Agricultural University
in partial fulfilment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY
in
FARM POWER AND MACHINERY

(Minor Subject: Mechanical Engineering)

By

Manpreet Singh
(L-2011-AE-84-D)

Department of Farm Machinery & Power Engineering

College of Agricultural Engineering and Technology

© PUNJAB AGRICULTURAL UNIVERSITY
LUDHIANA-141 004

2015



CERTIFICATE I

This is certified that the dissertation entitled, “Design and development of tractor
operated seeder for wheat as relay crop in cotton” submitted for the degree of Ph.D., in the
subject of Farm Power and Machinery (Minor Subject: Mechanical Engineering) of the
Punjab Agricultural University, Ludhiana, is a bonafide research work carried out by
Manpreet Singh (L-2011-AE-84-D) under my supervision and that no part of this
dissertation has been submitted for any other degree.

The assistance and help received during the course of investigation has been fully
acknowledged.

(Dr. Jaskarn Singh Mahal)
Major Advisor

Dean, COAE&T

PAU, Ludhiana



CERTIFICATE Il

This is certified that the dissertation entitled, “Design and development of tractor
operated seeder for wheat as relay crop in cotton” submitted by Manpreet Singh
(L-2011-AE-84-D) to the Punjab Agricultural University, Ludhiana, in partial fulfilment of
the requirements for the degree of Ph.D, in the subject of Farm Power and Machinery
(Minor Subject: Mechanical Engineering) has been approved by Student’s Advisory

Committee after an oral examination on the same.

(Dr. Jaskarn Singh Mabhal) (Dr. Kanchan K. Singh)

External Examiner
Assistant Director General (Engineering)
Indian Council of Agricultural Research
Krishi Anusandhan Bhawan - 11

PUSA, New Delhi - 110 012

Major Advisor

(Dr. Gursahib Singh Manes)
Head

(Dr. (Mrs.) Neelam Grewal)

Dean, Post Graduate Studies



ACKNOWLEDGEMENT

It gives me immense pleasure to express my deep sense of gratitude and feeling of
respect to my Major advisor Dr. Jaskarn Singh Mahal, Sr. Research Engineer cum Dean
College of Agricultural Engineering and Technology, PAU for his incessant help, judicious

guidance and invaluable suggestions during the course of investigation.

I avail this opportunity to express my deep sense of gratitude and heartfelt reverence
to my co-major advisor Dr. H S Sidhu, Sr. Research Engineer, Borlaug Institute for South
Asia (BISA), Ludhiana for his valuable guidance, whole hearted co-operation, enthusiastic
inspiration at every stage of project work, without whose guidance and inspiration the work
could not have taken present shape.

I am sincerely grateful to my advisory committee members, Dr. Gursahib Singh
Manes, Sr. Research Engineer cum Head, Department of FM&PE, Dr. Manjeet Singh,
Research Engineer, Department of FM&PE, Dr. V S Hans, Director, School of Energy
studies in Agriculture, Dr. Amrit Kaur Mahal, Associate Professor, Department of Math, Stat
and Physics, PAU for their keen interest and thoughtful suggestions during entire research

programme.

I am unable to find distinctive words of deep sense of gratitude to Dr. M L Jat, Senior
cropping system Agronomist, International Maize and Wheat Improvement Centre
(CIMMYT), India who helped, encouraged and guided me since formulation to execution of
research work. | will fail in my duty if | forget Dr. Yadvinder Singh, INSA fellow, Department
of Soils, PAU who provided me insightful guidance and constant encouragement throughout

the research programme.

The author acknowledges the financial support of (CIMMYT) under CGIAR Research
Program on WHEAT (CRP 3.1) for development and evaluation of the Relay Seeders. The
Land and other resources provided by BISA are thankfully acknowledged.

I cannot forget to render my heartfelt thanks to Dr. Anoop Kumar Dixit research
Engineer, of Department of FM&PE, PAU for his helping and friendly attitude during the
course of study. |1 am also thankful to Dr. Sashi Kumar Singh, Associate Professor and Dr.
Rohinish Khurana, Associate Professor of Department of FM&PE, PAU, Ludhiana for their

guidance during the course work.



I am also thankful to Er. Chetan Singla, Er. Assem Verma, Dr. Rajesh Goyal, Er.
Arshdeep Singh and Er. Bhupinder pal Singh for always providing me encouragement,

inspiration and moral support.

Special thanks to Mr. Pankaj Sharma, Farm Manager, BISA, for providing all kinds
of help for smooth running of the project. | cannot forget to render my heartfelt thanks to Mr.
Parvinder Singh, Scientist, BISA for his valuable help in execution of experimental work. I am
also thankful to Mr. Rakesh Choudhary, Mr. Opinder Singh for their help in experimental

work.

The author feel, great pleasure to acknowledge Jagajit Industries, Cheema Mandi,
Mansa (Punjab), India for their help in fabrication of Relay Seeders. | am also thankful to Sh.
Varinder Kumar (Pandit Ji) and Mr. Shiva for development and evaluation of Relay Seeder at
BISA, Ludhiana.

Special thanks to Testing centre team, S. Satham Singh, Foreman, S. Gurumukh
Singh, Mechanic, S. Kesar Singh, Mechanic(Retd.), Sh. Swran Singh, Helper, Devi Lal,
Ramdass, Dharminder Singh of Department of FM&PE for providing timely help whenever

needed.

Words are not my command to extend my immense gratitude to my parents, my wife,
and daughters (Ananya and Maanya) whose love and affection had always stood by me and
provided constant encouragement during the course of my research work. | appreciate my

wife, Er. Amina Raheja for her help in making machinery drawings in Autocad interface.

Deep in my heart, | appreciate the help of those whose name | might have missed.

(Manpreet Singh)



Title of Dissertation . Design and development of tractor operated seeder for
wheat as relay crop in cotton

Name of the student and : Manpreet Singh

Admission No. (L-2011-AE-84-D)

Major Subject : Farm Power & Machinery

Minor Subject :  Mechanical Engineering

Name and Designation of : Dr.Jaskarn Singh Mahal

Major Advisor Sr. Research Engineer cum Dean

Degree to be awarded : Ph.D.

Year of award of Degree : 2015

Total pages in Dissertation : 102 + Appendices + Vita

Name of the University :  Punjab Agricultural University, Ludhiana-141004
ABSTRACT

Wheat planting after cotton is usually delayed due to late cotton picking and time
needed for seedbed preparation, resulting in low wheat yield. 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. Therefore, to study
feasibility of relay seeding of wheat in cotton, a prototype of high clearance platform (110 cm
from ground) for tractor was developed to facilitate the movement of tractor in standing
cotton. Experiments were carried out to evaluate the performance of newly developed Relay
Seeders (RS) attached to high clearance four-wheel tractor for seeding wheat in standing
cotton planted at row spacing of 67.5 cm and 101.0 cm. Replicated field experiment 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 (strip till rotor-STR, zero till double
disc-ZTDD and zero till tine-ZTT). The RS with double disc opener vis-a-vis conventional till
wheat (CTW) were also evaluated on five farmers’ fields. The forward speed of travel of
ZTDD openers was 9.3% and 16.6% higher than the speed with STR and ZTT openers
respectively. STR openers consumed more fuel (12.36 L ha?) than ZTT (8.57 L ha?) and
ZTDD openers (9.15 L ha). Number of cotton bolls detached from plants due to operation of
tractor mounted RS was significantly lower in 101.0 cm cotton row spacing compared with
67.5 cm row spacing. Overall loss of cotton balls due to the movement of tractor and RS was
under 2%. Relay planting of wheat using high clearance tractor allowed one additional boll
picking leading to increase in seed cotton yield by about 12% compared with conventional
crop. Cotton genotypes and relay seeders had no effect on wheat emergence and wheat yield.
Relay seeders with STR and ZTDD furrow openers performed better in terms of wheat
emergence and grain yield compared to ZTT openers. Wheat sowing using RS was advanced
by 31 days, which increased grain yield by 18.8% as compared with CTW. Net returns from
CW system with relay seeding of wheat were Indian Rs. 19,282 to 26,332 per ha higher as
compared with conventional CW system. Results from on-farm participatory trials revealed
that wheat yield under relay seeding on average increased by 6.4% compared to CTW.

Keywords: Cotton-wheat system, Furrow openers, High clearance tractor, Relay wheat, Relay

seeder

Signature of Major Advisor Signature of student



Koj dw isrlykK : KVy nrmy iv'c trYktr clMg kxk ibjwel
mSIn dw ifzwien Aqgy ivkws

ividAwrQI dw nW Aqy : mnpRIg isMG (AY 1-201l-ey.el.-84-f1)

dwKlw nMbr

PRmu 'K ivSw : &wrm pwvr Ay mSInrI

sihXogI ivSw : mkY¥inkl ieMjInIAirMg

mu K slwhkwr dw nW Aqy : fw. jskrn 1isMG mwhl

Ahudw sInIAr irsrc ieMjInIAr Aqy fIn

ifgrI : pIl.AY c.fI

ifgrl nwl snmwing krn : 2015

dw swl

Koj p'gqr ivic k’'ul pMny : 102 + AMigkw + vItw

XUnIvristI dw nwm ¢ pMjwb KygIbwVI XUnIvristI, 1luiDAwxw-
141004

pMiwb, Bwrg

swr-AMS

nrmy dI ipCygl cuMgwel Aqy Kyqg dI igAwrI iv ' c smW Krc hox
kwrx, nrmy go bwAd kxk dI ibjwel Aksr p CV jWdI h¥Y[ bhug hI
Gt ikswn, kxk dI ibjwel KVy nrmy iv ' c 1iC ty nwl krdy hn[ ies
FMg nwl bIjI kxk dw jMm G 't huMdw hY Aqy KwdW dI suc jI vrqgoN
vI nhI huMdI[ ies sm isAw dy hl lel ie 'k trYktr clMg, KVy nrmy
iv'c kxk ibjwel dI mSIn (irlyA sIfr) igAwr kIgI gel hY[ ies
nvIN mSIn dy gzrby 2 nrmy dIAW iksmW (Awr.sI.A Yc.-776 AqQy
AY m.Awr.sI.-7017), 2 iv QW aupr bIjy nrmy (101 Aqy 67.5
syNtImItr kgwr goN kqgqwr), Aqgy 3 pRkwr dy &wly (ibnW vwhI &wlw,
p tI vhwel &wlw, dUhrIAW gvIAW vwlw &wlw) nwl kIqgy gey[ ies go
ielwvw irlyA sIfr Aqgqy irvwiegl FMg nwl DbIJjI kxk dy prIKx 5
ikswnW dy KygW iv'c vI kIqy gey[ dUhrIAW gvIAW vwly &wly dI
ggl p tI vhwel Aqy ibnW vwhIl &wly nwlo kRmvwr 9.3 Aqy 16.6%
vDyry sI[ p'tlI vhwel &wly dI fIzl K'pg (12.36 1iltr pRql
hYktyAr), ibnW vwhI &wly (8.57 iltr pRgI hYktyAr) Aqy dUhrIAW
gvIAW vwly &wly (9.15 iltr pRgl hYktyAr) nwlo vDyry sI[ irlyA
sIfr nwl kxk bIjx krky, 101 syNtImItr kgwr goN kgwr dI iv'Q gy
bIjy nrmy dw Krwbw 67.5 syNtImItr vwly nrmy nwlo Gt drz kIgw
igAw[ au'cy trYktr Agy irlyA sIfr nwl KVy nrmy iv'c c’'lx nwl
nrmy dw ku'l Krwbw 2% go G't sI[ KVy nrmy iv'c kxk bIjx nwl
ie'k v'D cMugwel dw mOkw imldw hY ijs nwl nrmy dw JwV irvwieqlI
FMg nwl bIjy nrmy nwlo 12% v'D sI[ irlyA sIfr nwl vrgy p tI
vhwel Aqgqy dUhrIAW gvIAW vwly &wly nwl bIJjI kxk dw JMm Aqy JwV
ibnW vwhI &wly nwlo vDyry sI[ KVy nrmy iv ' c bIjI kxk, irvwieqgl
FMg nwl bIjI kxk nwlo 31 idn pihlW bIjI gel Aqy ies dw JwV
18.8% wvDyry sI[ irlyA grlky nwl bIjy nrmy-kxk &slI c kr iv'c
irvwiegI &slI c kr nwlo 19,282 go 26,332 rupey pRgl hYktyAr
vDyry munwPw hoieAw[ ikswnW dy KygW iv'c vI irlyA sIfr nwl
bIjI kxk dw JwV irvwiegql FMg nwl bIjI kxk nwlo 6.4% vDyry drz
kIgw igAw][



mu 'K Sbd: irlyA sIfr, nrmw-kxk &slI c kr, KVy nrmy iv'c kxk

ibjweI, au'cw trYktr, &wly

mu K slwhkwr dy hsqwKr iv idAwrQI dy
hsgwKr
CONTENTS
Chapter Topic Page
I INTRODUCTION 1
I REVIEW OF LITERATURE 4
i MATERIAL AND METHODS 25
\% RESULTS AND DISCUSSION 67
SUMMARY 93
Vi REFERENCES 97
APPENDICES 103

VITA




LIST OF TABLES

Table Title Page

3.1 Brief specifications of the normal tractor and tractor mounted on the high 25
clearance platform

3.2 Summary of design considerations and selected specifications for 15-row 46
and 12-row Relay Seeder

3.3 Brief specifications of the 12 rows relay seeder and 15 rows relay seeder 47

34 Sub-plot treatment details for experiment-I 59

3.5 Details of on-farm trials conducted at different location in district 64
Bhatinda in Punjab (India) during 2013-14

4.1 Location of CG of normal and high clearance tractor 67

4.2 Effect of geometry and hybrid on mean (x Standard error, SE) plant 72
height, number of monopods and sympods for cotton plant

4.3 Yield attributing characters of cotton and seed vyield as influenced by 73
different planting methods in cotton—wheat system

4.4 Effect of cotton hybrids and different type of furrow openers on 75
operational parameters of relay seeders (RS) for seeding wheat into
standing cotton

4.5 Fuel consumption of tractor for different engine RPM of the tractor and 76
corresponding power produced by alternator attached at tractor PTO

4.6 Effect of cotton hybrids and different type of furrow openers on power 76
required for relay seeders (RS)

4.7 Effect of different cotton hybrids, CW systems and different type of 79
furrow openers on performance of RS for seeding wheat into standing
cotton

4.8 Wheat emergence, grain yield and vyield attributing characters as 86
influenced by different planting methods in cotton-wheat system

4.9 Saving in time of planting and effect on wheat yield from 12 -row tractor 90
operated RS with disc openers in on-farm trials conducted in district
Bhatinda in Punjab (India) in 2013-14

4.10 Variable costs, gross income and net income (in Indian Rupees per ha) 92

under different crop establishment methods in cotton—wheat system




LIST OF FIGURES

ix
Figure Title Page

2.1 Cotton-wheat production area in the north-western plains of India and 5
Pakistan

2.2 Raised bed machinery for relay planting of maize in wheat 6

2.3 Line sketch of self propelled walk behind type relay seeder for seeding 3 7
rows of wheat in two adjacent rows of cotton

24 Widening the tread width causes an incorrect turn angle 8

25 Tractor wheel axel—-obstacle geometry (left: 3D view, right: 2D view) 9

2.6 Tractor subjected to position disturbance (left: geometry, right: free body 9
diagram)

2.7 Physical representation of parameters (a) for tractor rolling and (b) pitching 10
situations

2.8 Gravity and centrifugal force of the tractor at uniform curvilinear motion: 12
(a) longitudinal slope and (b) transversal slope. Symbols: R-resulting force;
G-weight and FC-centrifugal force

2.9 Block diagram of the computer program 13

2.10 Description of different treatments of the study 15

2.11 Planting pattern for wheat, cotton (C) and soyabeans for a) the 1.93 m 15
tractor wheel spacing, and b) the 2.44 m tractor wheel spacing schemes

3.1 Conceptual design of high clearance platform of the tractor 26

3.2 Tractor (normal) and mounted on high clearance platform 26

3.3 Forces acting on the normal and high clearance tractor while operating on 28
level ground (pitching)

3.4 Forces acting on the normal and high clearance tractor while operating on 29
level ground (rolling)

35 Conceptual design of the 12 row relay seeders driven by the high clearance 31
tractor

3.6 Conceptual design of the 15 row relay seeders driven by the high clearance 31
tractor

3.7 Forces acting on the power transmission shaft ‘A’ 36

3.8 Forces acting on the power transmission shaft ‘B’ used for 15-row relay 40
seeder

3.9 Forces acting on the power transmission shaft ‘B’ used for 12-row relay 41
seeder

3.10 Different type of furrow openers tested with RS a) STR b) ZTT and c) 48
ZTDD

3.11  Arrangement of tines and STR on seeding assemblies for a) 67.5 cmrowto 48
row spacing of cotton and b) 101 cm row to row spacing of cotton

3.12 Front and side view of 67.5 cm row spacing relay seeder 49

3.13 Staggered placement of four seeding assemblies for 67.5 row to row cotton 49
on the main frame of relay seeder

3.14 Front and side view of 101 cm row spacing relay seeder 51



3.15

3.16

3.17

3.18

3.19

3.20
3.21

3.22
3.23
3.24
4.1
4.2
4.3
44
4.5
4.6
4.7
4.8
4.9
4.10
411
4.12
4.13
4.14
4.15
4.16
4.17

4.18

Staggered placement of three seeding assemblies for 101 cm row to row
cotton on the main frame of relay seeder

Powering of driving wheel for seed and fertilizer metering mechanism from
the rear tyre of tractor

Schematic diagram of power transmission system of RS for driving the
strip till rotors (STR)

First prototype of 12 row relay seeder with ZTDD openers attached with
the high clearance tractor

First prototype of 15 row relay seeder with ZTT openers attached with the
high clearance tractor

Layout of the replicated experiment fQr evaluation of relay seeders

Relay planting of wheat into two geometries of standing cotton (67.5 and
101 cm row spacing

Installation of fuel flow meter in the fuel line of tractor

Fuel flow meter installed in the fuel supply of tractor

Setup for measuring obtaining the power curve v/s fuel consumption

Shift in CG of high clearance tractor while moving on slope with and
without mounted implement (Pitch)

Shift in CG of high clearance tractor while moving on slope with and
without mounted implement (Roll)

Weekly average minimum, maximum temperatures and rainfall recorded in
the year 2013-2014

12-row relay seeder with ZTT openers relay seeding wheat into standing
cotton

15-row relay seeder with ZTDD openers relay seeding wheat into standing
cotton

Effect of type of furrow openers on operational parameters

Effect of type of Relay seeders on operational parameters

Effect of three types of furrow openers and two row geometries in cotton
on performance of relay seeders

Accumulation of weeds/plant residues on RS furrow openers and uneven
sowing depth due to accumulation (from left to right)

Effect of three types of Relay Seeders and two row geometries in cotton on
performance of relay seeders

Establishment of relay wheat in standing cotton on 67.5 and 101 cm row to
row cotton (from left to right)

Contrast analysis of establishment count for different cotton wheat systems,
Relay seeders and type of furrow openers used

Wheat establishment in 67.5 and 101.0 cm row spacing of cotton (from left
to right)

Contrast analysis of spike density for different cotton wheat systems, Relay
seeders and type of furrow openers used

Contrast analysis of number of grains per spike for different cotton wheat
systems, Relay seeders and type of furrow openers used

Contrast analysis of test weight for different cotton wheat systems, Relay
seeders and type of furrow openers used

Contrast analysis of grain yield for different cotton wheat systems, Relay
seeders and type of furrow openers used

12-row Relay seeder with ZTDD furrow openers seeding wheat in cotton at
Farmers field at Batinda, Punjab

51

52

53

54

54

55
58

60
61
62
69
70
71
74
74
78
78
81
81
82
83
83
85
85
87
87
89

90




o

$

%
BISA
CIMMYT
CG
cm
CT
CTwW
CW
CcVv
DF
FOS
h

ha

hp

J

kg

kg ac?
kW

I

L ha'
LSD
MB
mm
Mpa
MS

N

NS

P
PAU
PTO
rpm
Rs
RS
SAS
SE
STR
ZTDD
ZTT

List of Abbreviations and Symbols

Degree

uUSD

Percent

Borlaug Institute for South Asia
International Centre for Maize and Wheat Improvement
Centre of gravity
Centimeter

Conventional tillage
Conventional tillage wheat
Cotton wheat

Coefficient of variance
Degree of freedom

Factor of safety

Hour

Hectare

Horse power

Journal

Kilogram

Kilogram per acre

Kilo watt

Liters

Liter per hectare

Least square difference
Manual Broadcast
Millimeter

Mega Pascal

Mild steel

Newton

Non significant

Probability value

Punjab Agricultural University
Power take off

Revolutions per minute
Indian Rupee

Relay seeder

Statistical Analysis Software
Standard error

Strip tillage rotor

Zero till double disc

Zero till tine

Xii



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 20%"
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* against the
wheat productivity of about 4.7 t ha 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



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

11 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 1l

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 ! 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™ of seed cotton and 32 g ha* 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?, 13% lower than 2802 kg ha of India and 49% lower than world best yield of 4762 kg
ha? 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,



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) 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 hal), but not 2 or 4 weeks
(mean 10.6 t ha) before the wheat was harvested, than in the Control (10.8 t ha). The wheat

and maize yielded more grain than those grown traditionally as sole crops in northern
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Fig. 2.2: Raised bed machinery for relay planting of maize in wheat



Butter et al (2011) developed a self-propelled relay seeder with seed-cum-fertilizer
attachment. Trials were conducted to evaluate relay planting vis-a-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.

Dog clutch for metering and
forward movement

Seed box

Separator

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 90° turn with a 25°
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.

SLIPPAGE
wilu '2

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.

obstacle h=f(x

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)



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.

wr
Or " ¢ Tractor CG

do wp

a b

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
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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 28° 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 15° to 18° 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 +40° for static

conditions to less than about +20° for the highest tested velocities (50 km h?).

B VS nilN g
Oy |8 — — — .
v . R=G+F¢
(a) (b)

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
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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 Inter-seeder and the 11-row planting system (33 and 61 cm alternate).
Treatments C & D utilized the Clemson Inter-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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Trt A TrtB Tt C D
Harvest year 1992 1993 1992 1993 1992 1993 1992 1993

Plantingdate  No~21 Dec. 14 Nov. 21 Dec. 14 Nov. 21 Dec. 14 Dec. 3 Dec.14
Harvest date June 1 June7 June1 June7 June1 June7 June 1 June7

Number of
wheat rows 16 24 11 14 14
Row width {em| 196 152 33.0&610 152,305 & 610 152 305&61.0
Seeding rate’
kg ha" 112.1 1121 1121 112.1 112.1
seed (linearm)’ 644 50.3 125.6 933 93.3
Planter’ Drill Clemson |, Clemson 1. Clemson 1.
Fall tillage’ Chisel Paraplow Paraplow Durou plow
Tire spacing {cm) 193 193 244 244
Fig. 2.10: Description of different treatments of the study
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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 Khalig (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. Ingilab 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 25" to December 5" 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 25" to December 5. 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™. 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') than the late
types (1.81 to 2.04 t ha!). 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* 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'!) and NR (45.5-
51.3 x 1000 Rs. ha®) 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* ha!
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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

e  More compaction of the furrow bottom and less seed scatter occurred with shoe-type
openers as compared to shovel and hoe openers.

o  Hoe-type openers placed the seed at the required depth, whereas shoe and shovel-type
openers placed the seed shallower than the target depth.

e 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.

e Soil disturbance was highest for hoe-type openers due to asymmetric shape of the
opener.

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

e  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.
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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
I, 1l 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?. 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.
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Chapter 111

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




Chain Drive
(for power transmission)
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rear wheel
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Fig. 3.1: Conceptual design of high clearance platform of the tractor
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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 (G”) 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 W' are the respective weights of normal and high clearance tractor (HCT), kg
Rand R is the respective soil reaction at front wheel for normal and HCT, kg

P and P’ 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
Xz is the wheel base of the normal and HCT, m
[ 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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01 and 0 is the respective angle of pull for normal and HCT, degree
Considering the normal tractor, taking moments at A, we have;
Ry XX, + PXx1l=W x X; (Macmillan 2002)

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

as zero. This gives

G- CG of tractor A - -
G'- CG of tractor with RS ( HIGHCLEARANCE |
W- Weight of tractor

W'- Weight of tractor with RS

WX X,
T

P

NORMAL

-
7

Xz

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

3.3

ground (pitching)
Similarly, for high clearance tractor, taking moments at A, we have;

r WX Xq
==

P ---3.2

Stability of high clearance tractor while turning

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

tractor (G") is shown in Fig. 3.4.
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Where, v and v’ is the respective speed of travel of normal and HCT, m s
tand t” is respective track width of normal and HCT, m
r and r’ is respective radius of turn of normal and HCT, m

Yiand Y'1 is respective distance of CG from rear wheel soil contact point, A in

transverse pIane, m

HIGH CLEARANCE |
NORMAL
Fc' ,-"I II".I
Thide 8 |~
| — - =
' /|Ee G R = Fce+W
/ / G- CG of tractor
fo Ve 1 e .
Ty v. | G'- CG of tractor with RS
R W | W-Weight of tractor
) W L W'- Weight of tractor with RS
T

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

Wwx V2 _ Wxt

x v, =2 33

Similarly for high clearance tractor

W'xv? w'xt!
— X Y = ----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. 3.6: 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)
b)
c)

d)

3421

Gear box

V-belt and sheaves

Shaft for power transmission

Shafts A and B for chain sprocket assemblies
High clearance frame

Strip tillage rotor shaft

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

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 /S, X Sc= 4.89 kW,

where S, = power transmission efficiency of V-belt and S = 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, ® = 20°

Number of teeth of the pinion, Tp=15

Number of teeth of the gear, Tc= 30
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Allowable stress for pinion and gear, 6y = 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 x m = 60 mm

Outside radius of pitch cone for pinion, r, = m ZTP = 6X215 =45 mm
Outside radius of pitch cone for gear, r; = m XZTG _6 X230 =90 mm
Pitch angle of the pinion, oz, = tan " (45/90) = 26.56°
Pitch radius at midpoint of face, r, =r,, — bxsin ap =31.58 mm
Circular pitch at mid point, P = M =18.84 mm
P

Number of formulate teeth of the pinion, T, = LI 16.76

cos ap
Tooth form factor for pinion

Yp =0.124 — 0-684 _ 0832
TEP

Bending capacity, F, =o, xbxy, xP =103x60x0.0832x18.84 = 9688.5 N

TxmxT, xN,
60 x1000

Velocity, V = =254ms?

. F xC .
Dynamic tooth load, F; = s , Where F, = transmitted or horsepower load,

Cs = Service factor =1.2 and C, = Dynamic load factor
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50

C.=——  -0.68
Y 50+4/200x V

F, = F,, 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.
F, =F, =9688.5N

F = Fs %Cy _ 5565 N, Power transmitted by the bevel gears— >V
c 1000

S

=14.1kwand

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).

2011)

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 Py= 4.5 x 1.2 (service factor) = 5.4 kW (Sharma and Aggarwal

Diameter of the sheave mounted on shaft A, D; = 203.2 mm
Diameter of the sheave mounted on shaft B, D, = 304 mm
Shaft A speed, N1 =270 rpm

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

_ DN, _ 2.87 mst
60 <1000
According to rated power chart, the B section V- Belt was selected

60(D1 — Dz)

Contact angle, 6, =180 — =193.46°
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Contact Angle 3.37 radians > 2.1 radians is safe for power transmission

+ (D1 — D2)2

X

Theoretical length of belt, L=2><C+%7r(Dl+ D,) =1703.7 mm

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

Design power, kW p, = V(R-F) 35
1000
F «
Also, —L = e{#>?) ---3.6
FZ
where 4 = — 03 and B =38% and u = 0.3 for a cast Iron pulley
sin( 12)

By simultaneously solving equation 3.5 and 3.6, we have

F1=9408NandF,=126.4Nand F=F, + F,=1067.5N

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, Np,

54

b= =21
k, x0.746 xk, x p,

where, ka= Angle of contact factor = 0.97 and ki = 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 x 22.5 =20.7 hp

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

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

Power in kW = 19.1 x 0.746 = 14.84 kW

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

Fp
98,16 65
Gear B/gx | o : . Shaft A - |
= A ~—176.9 !
R2 R1

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

Torque (T) = 29x1000x60 _ 571 65 Nm
2xmxN
1

T rrex

16
=W\/(km xM)? +(k, xT)?

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

fatigue factor for torsion, M is moment due to bending of the shaft. VV-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, T, is calculated only for torque on the

shaft.

T = 16 (k, xT)* Mpa

max
nxd?
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For safe design of the shaft the value of T, should be less than or equal to

16
rxd?

65 = V(1.2 x524875)?

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, P4=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

C

— < =25to50mm
(30 to 60)

Design pitch range, p =
The standard pitch of 25.4 mm was selected, Number of teeth of pinion, Z; = 25 and
minimum factor of safety required is 8.2 (Sharma and Aggarwal 2011).

PZ, N,
60x1000

Chain speed, v/ = =19ms*

Total load, Fo = F + Fc+ Fs

Where, F = driving force = W: 877.2N

E_ wx\V?

! =9.95N
g
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Where w = weight of chain m length of chain, = 27 N m™ for selected chain
Fi = kaC=40.5N
Minimum braking load of selected chain 43.1 N (Sharma and Aggarwal 2011)

43.1x1000
927.64

Factor of safety = — 46.5, 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 Pq=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

C

2 =25t050 mm
(30t0 60)

Design pitch range, p =

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

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

P2, N, =1.9ms™

Chain speed, V =————
60x1000

Total load, Fo = F + Fc+ F¢

Where, F = driving force = wz 263.2 N
2
F ="V 995N
g
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Where w = weight of chain/m length of chain, = 27 N m™ for selected chain
Fir=kiwC=405N

Minimum braking load of selected chain 43.1 N (Sharma and Aggarwal 2011)
Fo=313.7N

Factor of safety :w

=137, 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, Fsn=F + 2 kew 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

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

Torque (T) = 2:2X1000x60 _, 55 53 Nm

2xmxN,

Bending moment in shaft ‘B’

TITB,X

= 0 ko M)+ (k < T)?
nxd
Where kn = Combined shock and fatigue factor for bending, K: = 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+F, = 1067.2 N
Load on main shaft due to chain assembly Fsn = F +2 kiw C =519.6 N

Taking moments at Ry
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Fsh Fsh Fsh

210 810 1010 210

R2 R1

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, R, = 771.6 N
Similarly Ry = 1854.4 N

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

For safe design of the shaft the value of T, should be less than or equal to T,

65— 10 [(1.2x69.4) 1 (1.3x132.63)’
7 xd

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, Fsn=F + 2 ki 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

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

Torque (T) = M ~106.1 Nm
X

T XN,
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Bending moment in shaft B

1 =i\/(kmx|\/|)2+(|<th)2

max
nxd?

where kn = Combined shock and fatigue factor for bending, K = 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+F, = 783 N
Load on main shaft due to chain assembly Fsn = F +2 kiw C =394.6 N

Taking moments at Ry

Fsh Fsh Fsh Fsh Fp

210 675 550 675 130 _, 70

R2 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) = R, x 2.24 + 783 x 0.07, R, = 736.5 N
Similarly R; = 1624.9 N

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

For safe design of the shaft the value of T, should be less than or equal to T,

16

E J(1.2x54.8)% + (1.3x106.1)>
T X

65 =

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, My = 147 x133.4 = 19609.9 N mm

Section modulus of tine (Z) = (Mu/fs,) x FOS where f, = 65 N mm2 and FOS = 2

7 txb? _19609.9

x2,t=9.1 mm (Assuming b = 20 mm)
6 65

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 5tines =5x 147 N=735N
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

T,, =+/(1.0x11907) + (1.0 98049)° = 98769.3 N mm

E:TﬂXZ
Y

b

4 4
a-b Y =2 a= other dimension

V2

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

Where. Z = section modulus for square section =

4 _ 4
(@ =b") _ 557873, b=3066, a=36.79mm
a
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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

T,, =(1.0x 26.46)? + (1.0 x 58829.4)” = 58829.4 N mm

z =Ly 2
Y b
. . a‘-b’ a
Where, Z = section modulus for square section =——— ,Y =—, a = other
12 V2
dimension of square section and b is inner dimension of section, Also assume a = 1.2b, we
have
4 4
(@ =D _ 153505, b = 25.79, a = 30.96 mm
a

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 10° N mm

Teq = torque on main frame as bending moment on main frame is negligible compared

to torsion stress = 0.84 x 10° 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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2x f,
_ . . a*-pt a . .
where Z = section modulus for square section = , Y =— a = other dimension
12 J2
of square section and b is inner dimension of section, Also assume a = 1.2b, we have
4 4
a’' —b
g =109655.9, b =46.74,a=56.1 mm
a

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

Teq = 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

Z T

Z 8 w2
Y 2f,
a‘—b’ a
Where, Z = section modulus for square section = ———, Y =— ,a = other
12 V2
dimension of square section and b is inner dimension of section, Also assume a = 1.2b, we
(a*-b*)

have, =65629.1, b=39.4,a=47.3mm

a

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

Designed specifications

Selected specifications

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

V-belt for power 2.1 belts of C- 3 belts of C- 3 belts of C-

transmission from shaft ‘A’ - section section section

to shaft ‘B’

Chain and sprocket - Chain with  Chain with pitch Chain with

assembly pitch 25.4 254 mmand  pitch 25.4 mm
mm and teeth  teeth of pinion and teeth of

of pinion as as 25 pinion as 25
25

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

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

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

Sub frame (hollow box

cross section) 31.0, 25.8 36.8, 30.7 45, 40 45, 40

(a, b), mm

Sub frame (hollow box

Ccross section) 47.3,39.4 56.1, 46.7 60, 50 60, 50

(a, b), mm

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 Tractor mounted (Three
(Three point hitch) point hitch)
2 Power required (horse power) 35 or above 35 or above
3 Ground clearance of machine 1100 1100
(mm)
4 Working width (mm) 2700 3030
Gear box Bevel crown wheel and Bevel crown wheel and
pinion pinion
6 Capacity (ha h?) 0.24 0.27
7 Weight (kg) 400 450
8 Fuel consumption (L ha™) 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 4 ; Alternate on front 3 ; Alternate on front
mounting on main frame and back bar of main and back bar of main
frame frame
14 Number of furrow openers 12 ; 3on 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 18 between 5 openers of
openers of tool bar and tool bar and 29 cm
32 cm between between adjacent set of
adjacent set of openers openers of adjacent tool
of adjacent tool bar 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 ¢) 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
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_—Seeding
Assembly

Strip Tillage
Rotor '

e

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

cotton on the main frame of relay seeder
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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.

35 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-1. 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
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Fig 3.19: First prototype of 15 row relay seeder with ZTT openers attached with the

high clearance tractor
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(electrical conductivity 0.26 dS m) with pH ranging from 8.07 with 5.7 g kg organic carbon
(Walkley & Black, 1934), 10.8 mg ha* Olsen P and 69.2 mg ha* NH4sOAc-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 m?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.

FIELD LAYOUT OF COTTON FOR RELAY SEEDING OF WHEAT INTO STANDING COTTON, DOS 20-22/05/2013

REP 1 REP 2 REP 3
STRIP NO. [RCH 776 [MRC 7017 STRIP NO. [RCH 776 [MRC7017|  [STRIP NO.|RCH 776 |MRC 7017
9 67.5,C | 67.5,C 18 | 101, m4 | 101, M4 27
8 101, M1 | 101, M1 17 26 | 67.5,M4 | 67.5, M4
7 16 25 | 101, m1] 101, M1
6 15 | 67.5,M1]67.5, M1 24
5 PATH 14 67.5,C | 67.5,C 23
4 13 22 | 101, m4 | 101, M4
3 67.5, M1 | 67.5, M1 12 | 67.5,M4]67.5 M4 21 | 67.5M1]67.5 M1
2

101, M4 | 101, M4 11 101, M1 | 101, M1 20
1 10 19 67.5, C 67.5, C

M1  ZREO TILL WHEAT (INVERTED T-TYPE)

ZREO TILL WHEAT (DISC OPENER)
STRIP TILL WHEAT
M4 MANUAL BROADCASTING
C FARMER PRACTICE

Fig. 3.20: Layout of the replicated experiment for evaluation of relay seeders
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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™. The
crop management practices except the method of seeding were common for all the treatments.
A uniform recommended dose of 150 kg N ha? as urea, 30 kg ha? of P as diammonium
phosphate (DAP) and 25 kg K ha*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). Four sprays of Ethion 50 EC (2 L ha) 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?. 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) 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? and clodinafop (15 WP) at 400 g ha*. 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® 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 cm? and 101.0 x 50 cm?, 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 Treatment Treatment details

no. abbreviation

T1 12-row STR 12-row relay seeding with strip tillage. Relay seeding

RS was done after 1% picking of cotton on 14" 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 Same as for T1, except zero till tine opener relay seeder

RS used for seeding wheat.

T3 12-row Same as for T1, except zero till double disc opener

ZTDD RS relay seeder used for seeding wheat.

T4 15-row STR 15-row relay seeding with strip tillage in 101.0 cm row

RS 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 Same as for T4, except relay seeder with zero-till tine

RS openers was used for seeding wheat,

T6 15-row Same as for T4, except relay seeder with zero-till

ZTDD RS double disc openers was used for seeding wheat,

T7 MB-67.5cm  Manual broadcast under 67.5 row spacing. Wheat seed
was manually broadcasted in standing irrigation water
after 1% picking of cotton with 67.5 cm row spacing.

T8 MB-101.0 Same as in T7, except broadcasted under 101.0 cm row

cm 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.

59



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 °C to +70

°C 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.

Tank
—
Preliminary Pump
filter

Engine

A
U

acdll|
Mechanical
injection
o . _ pump
T-piece Fine filter
k@J

-

A

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 x 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
m? area) in T1-T3 and 5-m long 10 adjacent rows (10.1 m?) 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

63



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-a-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™.

Table 3.5: Details of on-farm trials conducted at different location in district Bhatinda
in Punjab (India) during 2013-14

Location Longitude Latitude DOS

(degree) (degree) 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 m? for relay seeded
wheat and 3 m? 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™. 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 respectively. The cost of
seeding was considered as Rs. 1438 ha* for conventional sowing (T1), Rs. 3386 ha™* for relay
seeding and Rs. 560 ha™ for MB. The cost of relay seeder was taken as Rs. 100,000 and its
fuel consumption is 4.0 | h*. The relay seeder can seed wheat at 0.18 ha h** 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* and prevailing market price of straw
was Rs. 2.25 kg™. The market price of seed cotton was taken as Rs. 39 kg*. 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 4™ 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.
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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 High clearance tractor
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_Wxa%4x[
P W' x0.809 x I

Where W = 2005 kg and W’ = 2550 kg and X;=0.924 and X' = 0.809 m
From geometry of A ABC and A ABC’ in Figure 3.3, we have,

sinf; 1

Sing, U



As the tractor hitch points were lifted from D to D" which means 6, > 6:. The angle

of pull is generally low, 0 < 0; < 30° Therefore, the value of li is a fraction, Fig. 3.3.

Case 1: Assuming 0, = 20; and 0; = 15° then we have P' = 0.58 P
Case 2: Assuming 0, = 1.50; and 0 = 15° then we have P’ = 0.61 P
Case 3: Assuming 6, = 01, 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 111 and dividing equation 3.3 by 3.4, we have

K’ ¥y xt'xr' — 103 I
\%4 tXx Y1 X1
Where the t =135cmandt = 202.5 cm and Y1=0.803 and Y» = 1.137m

The steering system was adjusted to increase the turning radius so r’ > r, for critical
case if v’ = 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 0° 30° and 45°, Fig. 4.1. The
analysis showed that the tractor alone or with relay seeder mounted at rear, moving on 30°

ground slope was safe against overturn as the weight acting at G and G” 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 45° 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 45° might overturn as the combined CG (G")
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.

H_// /\\
SN

R- Soil Reaction at Rear wheel
G- CG of tractor

G'- CG of tractor with RS

W- Weight of tractor

W'- Weight of tractor with RS

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 0°, 30° and 40°, Fig. 4.2. The analysis showed

that the tractor alone or with relay seeder mounted at rear, moving on 30° 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 40° 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 40° might not roll as the resultant force F acting on combined CG (G") 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.

AT Gy T
G'
W
W
(a)
R
R=Fc+W

R- Soil Reaction at Rear wheel

G- CG of tractor

G'- CG of tractor with RS

W- Weight of tractor alone

W'- Weight of tractor with RS

Fe- Centrifugal Force on tractor

Fc¢'- Centrifugal force on tractor with RS
F- Resultant Force on tractor

F'- Resultant Force on tractor with RS

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 27.4°C and 27.9 to 45.9°C respectively, and the corresponding values
during the wheat season were 2.4 to 20.9 °C and 14.5 to 39.0°C, 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

Plant height,
Monopods (plant®)  Sympods (plant?)
Treatments cm
Mean + SE Mean + SE Mean + SE
3.05+0.2 275%0.8 128.6+0.5
RCH 776
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
2.45+0.2 26.9+1.2 129.6+0.8
(67.5)
Cotton Row spacing
2.80£0.1 28.0+1.3 128.5+1.4
101
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 17017 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

Number of mature bolls plant™ Total
Cotton-wheat Seed cotton
1% 2nd 3rd 4t bolls )
system o o o o yield (t ha?)
picking picking picking picking plant?
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 67.5cm +
16.0 7.8 3.7a 37.3a 2.23a
relay wheat
Cotton at 101 cm +
9.9 16.4 8.0 3.8a 37.8a 2.29%
relay wheat
Cotton at 67.5cm +
Conventional 9.8 16.0 8.2 0.0b 34.2b 2.01b
wheat
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* and 0.20-0.23 ha h*?) 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) compared
with 12-row RS (9.52 L ha) 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?) than ZTT (8.57 L ha?)

and ZTDD furrow openers
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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

Fuel consumption Average forward Field capacity

Treatments

(L ha) speed (km h) (hah?)
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 1.49¢c 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

The values with in a column with different letter are significantly different at p <0.05

(9.15 L hal). 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).
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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*  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)

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) 6.25¢c
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

The values with in a column with different letter are significantly different at p <0.05
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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) for the ZTDD openers as compared with for STR opener (1.61 km h)
and ZTT furrow openers (1.51 km h), 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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® Fuel consumption ®Power required u Average speed ® Field capacity
12.36a

STR ZTDD ZTT
Furrow openers

Fig. 4.6: Effect of type of furrow openers on operational parameters

Note: Unit for fuel consumption is L ha?, Power required is in hp, Speed of
operation are in km h, and field capacity is in ha ht. 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

® Fuel consumption ®Power required i Average speed H Field capacity
10.53a

12

10 - 9.52b

10.22b

RS (12-row) RS (15-row)
Relay seeders

Fig. 4.7: Effect of type of Relay seeders on operational parameters
Note: Unit for fuel consumption is L ha?, Power required is in hp, Speed of
operation are in km h?, and field capacity is in ha h™. 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

Treatments Cotton  Bolls Percent Bolls Seed Cotton Fresh  weight of
Damaged Damaged (%) Lost (kg ha!)  weeds/plant residue
(Count/plot*) accumulated (g m?)

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) 116¢d 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 4.72¢c 9.5e

F-test (p-value) 0.0003 <0.0001 0.0004 <0.0001

Interaction AxB 0.42 0.86 0.87 0.86

The values with in a column with different letter are significantly different at p < 0.05
* Plot size of 250 m?

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
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the tractor was less than 2%. This loss in cotton balls was compensated by the 4" 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.
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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 m2, Weed/cotton leaves accumulated are in gm2 (fresh weight basis), and seed cotton
yield loss is in kg ha?. 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
atp<0.05
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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 m2, Weed/cotton leaves accumulated are in g m? (fresh weight basis), and seed cotton
yield loss is in kg ha. 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.
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Fig. 4.11: Establishment of relay wheat in standing cotton on 67.5 and 101 cm row to

row cotton (from left to right)
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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?, provided that plant density was even) for
maximum vyield 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 Khalig (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)
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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

Treatments Emergence Spike Number of Test Wheat
(count m?)  density grains weight Yield
(m?) spike™ (mg) (tha?)
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) 136¢ 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 236.5¢ 46.7c 39.9¢ 4.25¢
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

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 Khalig (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)
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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
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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-1 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-1 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) % Yield gain
RS CT over 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* 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.
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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)

c6

Treatment cultivation  seed and Fertilizer ~ Seeding cost pesticides Irrigation  Harvesting transportation Interest on Total

cost seed cost cost cost and straw and marketing variable variable
treatment collection cost costs cost
cost

T1 3250 3190 5383 1437.5 2095 195 4500 1750 491 22291

T2, T3, Ts 0 3190 5383 3386 2095 195 4500 1750 461 20960

Ts 0 3190 5383 560 2095 195 4500 1750 398 18070

Te, T7, Ts 0 3190 5383 3386 2095 195 4500 1750 461 20960

To 0 3190 5383 560 2095 195 4500 1750 398 18070
Variable cost of cotton Total variable Gross return Net income of the Benefit cost ratio

Treatment Variable Additional  Total cost of CW Wheat Cotton System CW system (BCR) of system
cost cost

T1 53828 0 53828 76118 69095 78195 147290 71172 1.94b

T2, T3, Ts 53828 1400 55228 76187 79867 86775 166642 90454 2.19a

Ts 53828 1400 55228 73298 56807 86775 143582 70284 1.96b

Te, T7, Te 53828 1400 55228 76187 84381 89310 173691 97504 2.28a

To 53828 1400 55228 73298 54553 89310 143863 70565 1.96b

F-test (p-value) - - - - - - - - 0.0004

§=1 IndianRs = US $ 0.0161, the values with in a column with different letter are significantly different at P < 0.05



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



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-a-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.
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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
2
3.
4
5
6.
;
8

9.

10.
11.

Set the rotary switch to the “kW/KVA” position refer Fig. A.

Insert the test leads in to the input jack (Black to COM and Red to V)
Connect the black lead COM to the neutral line.

Connect the red lead V to the power line and clamp the same conductor where

V (red) terminal is connected.

. The power clamp will automatically select the appropriate range.

Read the watt and hp values displayed on the LCD

Press range button to display the required parameters
kw

PF = ——— = cos 6 (0 = phase angle)

VA

1000

KVA (Apparent power): KVA =

KVA (Reactive power): KVAR = /(KV — A)2 — (kW)2 = KVA*sin0
Hp (horse power) = 0.746 kKW
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Appendix B

Table B1: ANOVA (Number of Monopodial branches plant™)

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 | 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

Alpha 0.05

Error Degrees of Freedom 36
Error Mean Square 0.35
Critical Value of t 2.03

Least Significant Difference 0.38

signif

Means with the same letter are not

icantly different.

t Grouping| Mean

N| SPACING

Al 280

20 101

Al 245

20 67.5

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
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Means with the same letter are not

significantly different.

t Grouping| Mean| N HYBRID
Al 305 20 RCH 776

Bl 220] 20| MRC 7017




Table B2: ANOVA (Number of sympodial branches plant™)

Appendix B

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 | 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

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|SPACING
A 27.950| 20101
A 26.850| 20|67.5

Means comparison for factor (spacing) using LSD test

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

on

an
1U




Table B3: ANOVA (Number of cotton bolls picked in first picking)

Appendix B

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 | SS| Mean Square | F Value | Pr > F
COTTONGEOMETERY 2 0.165 0.082 054/ 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

Alpha

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference

0.05 Means with the same letter are not significantly
different.
12
0153/ |tGrouping Mean N|COTTONGEOMETERY
o1g| |A 991/ 6/CW(R)101
0.49 A 9.84| 6|CW67.5
A 0.67 6|CW(R)67.5

Contrast analysis for RS v/s Farmer Practice

Contrast

DF

Contrast SS

Mean Square

F Value

Pr>F

COTTONGEOMETERY T1T2 VS 1
T3 (RS VS FARMER PRACTICE)

0.0115

0.0115

0.08

0.7887
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Appendix B

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 | 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.
tGrouping| 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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Appendix B

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| Typel 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

Alpha

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference

Contrast analysis for RS v/s Farmer Practice

0.05 Means with the same letter are not significantly
different.
12
0.10 t Grouping| Mean| N|COTTONGEOMETERY
218 A 8.1488| 6|CW67.5
0.40 A 8.0011| 6|CW(R)101
A 7.8181| 6|CW(R)67.5

Contrast

DF

Contrast SS

Mean Square

F Value| Pr>F

COTTONGEOMETERY T1T2VS T3 1

(RS VS FARMER PRACTICE)

0.23

0.23 2.24| 0.1606
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Appendix B

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 | 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

Alpha 0.05 Means with the same letter are not
significantly different.
Error Degrees of Freedom 12
COTTONGEOM
Critical Value of t 2.18 A 3.81| 6/CW(R)101
Least Significant Difference 0.14 A 3.72| 6|/CW(R)67.5
B 0.00| 6/CW67.5
Contrast analysis for RS v/s Farmer Practice

Contrast DF| Contrast SS| Mean Square | F Value | Pr > F
COTTONGEOMETERY T1T2VS T3 1 56.74 56.74| 4466.50| <.0001
(RS VS FARMER PRACTICE)
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Table B7: ANOVA (Total bolls picked)

Appendix B

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 | 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

Alpha 0.05 Means with the same letter are not
Error Degrees of Freedom 12 significantly different.
COTTONGEO
Error Mean Square 2.07 t Grouping Mean| N|METERY
Critical Value of t 2.18 A 38.10] 6|CW(R)101
Least Significant Difference 1.81 A 37.23| 6|CW(R)67.5
B 33.95| 6/CW67.5
Contrast analysis for RS v/s Farmer Practice
Contrast DF| Contrast SS| Mean Square | F Value| Pr > F
COTTONGEOMETERY T1T2VS T3 1 55.093 55.093| 26.56| 0.0002
(RS VS FARMER PRACTICE)
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Table B8: ANOVA (Cotton Yield)

Appendix B

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 |l 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

Alpha 0.05 Means with the same letter are not
Error Degrees of Freedom 12 significantly different.
Error Mean Square 0.007586 t Grouping Mean| N I(\:/IOETI'-II;(F)QﬁGEO
Critical Value of t 2.17881 A 228 6| CW(R)101
Least Significant Difference 0.1096 A 222| 6|CW(R)67S5
B 201 6|CwWe67.5

Contrast analysis for RS v/s Farmer Practice
Contrast DF | Contrast SS| Mean Square | F Value | Pr > F
COTTONGEOMETERY T1T2VS T3 1 0.25 0.25| 32.55|<.0001
(RS VS FARMER PRACTICE)
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Table B9: ANOVA (Speed of Operation)

Appendix B

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 |l 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 Mean F
Contrast DF SS Square| Value| Pr>F
TREAT LEVEL T1T2, T3VST4,T5,T6 1| 0.00001196| 0.00001196| 0.00| 0.9515
TREAT LEVEL T1T4VS. T2T5 1| 0.06088916| 0.06088916| 19.29| 0.0002
TREAT LEVEL T1T4VS. T3T6 1| 0.13416097| 0.13416097| 42.50| <.0001
TREAT LEVEL T2 T5VS. T3T6 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 Tl
B 1.61 6 T4
C 1.53 6 T5
C 1.49 6 T2
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Table B10: ANOVA (Field Capacity)

Appendix B

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| Typel 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

Contrast Mean F
Contrast DF SS Square| Value| Pr>F
TREAT LEVEL T1T2, T3VS. T4, T5, T6 1| 0.00654998| 0.00654998| 103.96|<.0001
TREAT LEVEL T1T4VS. T2T5 1] 0.00121753| 0.00121753| 19.32|0.0002
TREAT LEVEL T1T4VS. T3T6 1| 0.00271063| 0.00271063| 43.02|<.0001
TREAT LEVEL T2 T5VS. T3T6 1| 0.00756150| 0.00756150| 120.02|<.0001

Means comparison for factor using LSD test

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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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
0.22| 6|T1
E 0.20| 6|T2




Table B11: ANOVA (Fuel Consumption)

Appendix B

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 | 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

Contrast DF |Contrast SS |Mean Square |FValue |Pr>F
TREAT LEVEL T1T2, T3VS T4, 75,76 |1 916 9.16 18.50  10.0003
TREAT LEVEL T1 T4 VS. T2 T5 1 189 85.95 173.48 |<.0001
TREAT LEVEL T1T4VS.T3T6 1 61.80 61.80 124,74 |<.0001
TREAT LEVEL T2 T5VS. T3T6 11199 1.99 4.01 0.0577

Means comparison for factor using LSD test

Alpha

0.05

Error Degrees of Freedom

22

Error Mean Square

0.49

Critical Value of t

2.07

Least Significant Difference

0.84
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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 795 6/T2




Appendix B

Table B12: REGRESSION ANALYSIS (fuel consumption v/s power required)

Sum of
Source DF | 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 Standard t Value | Pr>|t|
Estimate Error
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)

Sum of

Source DF 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 | SS| Mean Square| F Value| Pr > F
TREAT 51 131.0758760 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

Appendix B

Contrast DF| Contrast SS| Mean Square | F Value| Pr>F
TREAT LEVEL T1 T2, T3VS T4, T5 T6 1| 36.96558934| 36.96558934 94.97| <.0001
TREAT LEVEL T1T4VS. T2T5 1| 93.70468647| 93.70468647| 240.75| <.0001
TREAT LEVEL T1T4VS. T3 T6 1| 28.63813995| 28.63813995 73.58| <.0001
TREAT LEVEL T2 T5VS. T3 T6 1| 18.73726817| 18.73726817 48.14| <.0001

Means comparison for factor using LSD test

Alpha 0.05 Means with the same letter are
Error Degrees of Freedom 29 not significantly different.
Error Mean Square 0.389219 tGrouping | Mean| N TREAT

A 10.4064| 6|T4
Critical Value of t 2.07387

L . B 8.4221| 6|T1

Least Significant Difference 0.747

B 8.2083| 6|T6

C 6.5314| 6|T5

C 6.2507| 6|T3

D 43933 6|T2
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Table B14: ANOVA (Cotton bolls damaged)

Appendix B

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 | 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| FValue| Pr>F
TREAT LEVEL T1T2, T3VS T4, T5,T6 1| 51055.18351 51055.18351 26.90| <.0001
TREAT LEVEL T1T4VS. T2 T5 1 6.33796 6.33796 0.00| 0.9544
TREAT LEVEL T1T4VS. T3 T6 1 13518.56076 13518.56076 7.12| 0.0140
TREAT LEVEL T2 T5VS. T3 T6 1 14110.32212 14110.32212 7.43| 0.0123

Means comparison for factor using LSD test

Alpha 0.05 Means with the same letter are not
Error Degrees of Freedom 22 significantly different.
Error Mean Square 1898.06 t Grouping Mean| N) TREAT
3 A 214.28| 6|T1
Critical Value of t 2.07387 B A 191.83| 6|T2
Least Significant Difference | 52.165 B C 156.34| 6| T3
B C 140.83| 6|T5
D C 116.33| 6|T4
D 79.33| 6|T6
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Table B15: ANOVA (Percent cotton bolls damaged)

Appendix B

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| Typel 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| ContrastSS| Mean Square| FValue| Pr>F
TREAT LEVEL T1 T2, T3VS T4, 1 4.13387880 4.13387880 34.12| <.0001
T5, T6

TREAT LEVEL T1 T4VS. T2 T5 1 0.00062210 0.00062210 0.01| 0.9435
TREAT LEVEL T1 T4VS. T3T6 1 0.85668011 0.85668011 7.07| 0.0143
TREAT LEVEL T2 T5VS. T3T6 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
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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




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 | SS| Mean Square | F Value | Pr> F
TREAT 5 481.29 96.25 7.2410.0004
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

Appendix B

Contrast DF| Contrast SS| Mean Square| FValue| Pr>F
TREAT LEVEL T1T2, T3VS T4, T5,T6 1 210.45 210.45 15.83| 0.0006
TREAT LEVEL T1T4VS. T2T5 1 36.77 36.77 2.77| 0.1105
TREAT LEVEL T1T4VS. T3 T6 1 78.59 78.59 5.91| 0.0237
TREAT LEVEL T2 T5VS. T3 T6 1 222.89 222.89 16.76| 0.0005

Means comparison for factor using LSD test

Alpna 005 e fanifcantly diffrent
Error Degrees of Freedom 22  Grouping Mean| NITREAT
Error Mean Square 13.2962 A 15564] 6112
Critical Value of t 2.07387 B |A 11.843| 6|T1
Least Significant Difference | 4.3661 B c 8.068| 6|T5

C 6.838| 6|T4

C 6.724| 6|T3

C 4718 6|T6
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Table B17: ANOVA (Weeds/plant residues accumulated)

Sum of
Source DF 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 |l SS| Mean Square | F Value| Pr>F
TREAT 512209.385792 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

Appendix B

Contrast DF| Contrast SS| Mean Square| F Value| Pr>F
TREAT LEVEL T1T2, T3VS T4, T5,T6 1| 1820.518401| 1820.518401 48.67| <.0001
TREAT LEVEL T1T4VS. T2T5 1 0.209795 0.209795 0.01| 0.9410
TREAT LEVEL T1T4VS. T3 T6 1| 253.267353 253.267353 6.77| 0.0163
TREAT LEVEL T2T5VS. T3 T6 1| 238.898493 238.898493 6.39| 0.0192

Means comparison for factor using LSD test

Alpha 0.05
Error Degrees of Freedom 22
Error Mean Square 37.40
Critical Value of t 2.07
Least Significant Difference 7.32

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
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Table B18: ANOVA (Establishment count)

Appendix B

Source DF| Sum of Squares | Mean Square | F VValue | 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 | 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| FValue| 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
67.5CM 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
STRVS 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
AIpha 0.05 Means with the sarr&eiflfeet:s;tére not significantly
Error Degrees of Freedom 34 t Grouping Mean| N|CWSYSTEM

Error Mean Square 90.017 A 179.767 | 6|T9

Critical Value of t 2.03 B A 174.370| 6] T4

Least Significant Difference 11.13 B A 171017 6|78

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)

Appendix B

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 | 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| ContrastSS| 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
67.5CM 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
STRVS 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
Alpha 0.05 Means with the san:jeiflfitrt:rl]'tére not significantly
Error Degrees of Freedom 34 t Grouping Mean| N|CWSYSTEM

Error Mean Square 1032.72 A 354.68| 6 T5

Critical Value of t 2.032 A 889 6T

— - A 34069| 6|T8

Least Significant Difference 37.70 A s3850] 811

B A 32054| 6|76

B 292.85| 6|T2

c 236.46| 6|T9

c 235.06| 6|T3

D 176.94 6|T7
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Table B20: ANOVA (Number of seeds per spike)

Appendix B

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| TypelSS| 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| ContrastSS| Mean Square| FValue| 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
67.5CM 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
STRVS 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
Means with the same letter are not significantl
Alpha 0.05 " different. o
Error Degrees of Freedom 34 t Grouping Mean| N|CWSYSTEM
Error Mean Square 3.51 A 52862 6)T4
Critical Value of t 2.03 A b2772) 6|T8
— - A 52.334| 6|77
Least Significant Difference 2.2 5 A 52078| 6|73
B A 51.958| 6|75
B A 51.734| 6 T2
B A 51.361| 676
B 49.910| 6|T1
o 46.711| 6(T9
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Table B21: ANOVA (Test weight)

Appendix B

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 | 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| ContrastSS| 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
67.5CM 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
STRVS 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
Alpha 0.05 A PP g g
Error Degrees of Freedom 34 B A 2600| 6| T3
Error Mean Square 1.08 B A |C 4570| 6|T5
Critical Value of t 2.03 B _|D |~ |€ 4554| 6| T2
Least Significant Difference 121 S e ol 1523) 5116
B |D c 4489| 6|T1
D c 4466| 6|T8
D 4440| 6| T4
E 39.85| 6|T9
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Table B22: ANOVA (Wheat yield)

Appendix B

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 | 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 1 211 211 13.25| 0.0009
FARMER PRACTICE VS RS 1 3.18 3.19 19.98| <.0001
67.5CM 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
STRVS 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 Means with the same letter are not significantly
different.
Error Degrees of Freedom 34 t Grouping Mean| N|cwsysTEM
Error Mean Square 0.16 A 535| 6|T5
Critical Value of t 2.03 A °>16) 6|1
Least Significant Difference 0.47 A it M
B A 508| 6|T8
B A 493| 6|74
B c 464| 6|72
c 425 6|79
D 349| 6|T3
D 335| 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 > ||
4 4.03| 0.0157
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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 | 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

Appendix B

Contrast DF| ContrastSS| Mean Square| F Value| Pr>F
TREAT LEVEL T2-T4, VIS T1 RELAY 1| 1040319620 1040319620 28.63| 0.0003
SEEDING V/S FARMER PRACTICE

TREAT LEVEL T2-T4, VIS T3-T5 1| 1664421625 1664421625 45.80| <.0001
RELAY SEEDING V/S

BROADCASTING

TREAT LEVEL T1, V/S T3-T5 FARMER 1 1117015 1117015 0.03| 0.8643
PRACTICE V/S BROADCASTING

Means comparison for factor using LSD test

Alpha 0.05
Error Degrees of Freedom 10
Error Mean Square 3633851

1
Critical Value of t 2.22814
Least Significant Difference 10967

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
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No | Paper Journal Rating | Status
1 Development and | Manpreet Singh, | Applied 6.49 | Submitted
feasibility of | Jaskarn Mahal, Engineering in
innovative relay Harminder Sidhu, | Agriculture
seeders for seeding | Gursahib Manes,
wheat into standing | M L Jat,
cotton Yadvinder Singh
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tractor in cotton-
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system
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DEVELOPMENT AND FEASIBILITY OF INNOVATIVE RELAY
SEEDERS FOR SEEDING WHEAT INTO STANDING COTTON
USING HIGH CLEARANCE TRACTOR IN COTTON-WHEAT
SYSTEM

Journal: | American Sodiety of Agricultuval and Biologicai Engneers
Manuscrict 1ID: |MS-11251-2015.R1
Joumal Name: | Apclied Enaineering in Aoriculture

Manuscript Type: | Fut-length artice
' Date Submitted by the Author: | rvs

Complete List of Authors: | Singh, Manpreet; Punaib Agricultural University, Farm Machinery & Power
Engineering

Mahal, Jasiam; Pungad Agricultural University, Farm Machinery & Power
Enaineerina

Sidhu. Harminder: Borua Institute for South Al (OMMYT-BISAL.
Manes, Gursahid; Pungad Agricultural University, Farm Machinery & Power
Engineering

Jat, M.; International centre for Malze and Wheat Improvement (CIMMYT),
Globa! Conservation Agriculture Program

Singh, Yadvinder; Borfaug Institute for South As (CIMMYT-BISA),

High dearance tractor, Relay seeder, Relay wheat, Cotton-wheat system,
furrow ooeners

Cotton-wheat is important cropping system in South Asid and ocoupies
4.19 M ha. Wheat planting after cotton i usually delayed due to late
pickings and time needed for seedbed preparation, resuing in low wheat
yicld. For timely sowing of wheat seed in standing cotton is adopted on a
smad scale, however, it has limitations of poor gemination and low
fertilizer use effidency. Therefore, to stucdy feasility of relay seeding of
wheat in cotton, a prototype of high cicarance piatform (115 cm from
arcund) for tractor was developed to faciitate the movement of tractor in
standina cotton. Two (nnovative relav seaders (RS) (suitable for 67.5 and
101 cm row spacing) with three types of furrow cpeners (strip till rotor -
STR), 2ero thl inverted T-type - ZTT and 2ero til doudle disc - ZTDD) were
developed and evaluated for their performance under two Bt cotton
genotypes. The forward speed of travel of ZTOD cpeners was 9.3 and 16.6
% more compared with STR and ZTT cpeners respectively. STR openers
consumed more fuel (12,36 | ha-1) than ZTT (8.57 | ha-1) and ZTDD
openers (9.15 | ha-1). The field capacity for 12 rows and 15 rows RS was
0.22 and 0.25 ha h-1, respectively. The average power corsumption for
ooerating the three tvoes of furrow coeners was 6.4 ho and 8.4 ho for 12-
row and 15-row RS, respectively. Number of cotton bolls detached from
plants due to operation of tractor mounted RS was significantly lower in

Thank you for reviewing for ASABE Publications
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101 om codhon rosw soscing comoansd wikh 675 om o soacdng. Oreerall
loss of cotton balls due bo the movement of tractor and rely seeders was
wnder 2%. The average numbsr of bolls detaded from the plant was about
9% lesser for ZTDD furmow openers comipansd wikh STR and ZTT opensrs.
Germination count of rely seeded wheat with STR and ZTOD furrow
openers was 23 and 26% more companad with ZTT opsemers, respactively.
This study demonstrabes that seading of wheat in slnding cotion i
feasible with 4-wheel high clearanoe brechor driven innwative RS

Thank you for reviewing for ASABE Publlications
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DEVELOPMENT AND FEASIBILITY OF INNOVATIVE RELAY

SEEDERS FOR SEEDING WHEAT INTO STANDING COTTON

USING HIGH CLEARANCE TRACTOR IN COTTON-WHEAT
SYSTEM

Mangpeost-Singh, J. 5. Mahal H. S. Sidkm G. 5. Manes, M. L. Jat, Yadvinder-Singh

The sathors are MaspreerSlagh, T wadent, 1 S Mabhal Sonor Rosarch fagosercon-Owe, Calege of Agnadmal Nagosersg
md Tecknokgy, Maged Agnoatand Usiversty, Ladien, Mapd, béa IL S S8 Soror Agnclund Fagiaecr, Norkeg bt S
South Ase (CIMMYT-205A ), Lodowad, Panged, ladis, G X Manwe, Senice Rascarch Pagnesr-con-had, Dopetmne of Som iy

wd Tower Dnglseoning, Manpad Agncoinnd Usrendty, Ladbiwa, Popd, inda, M. L Jat, Sesor Crppeg Sysess Agpanomint,
brtornascaal Centow for Maioe sad 'Wiheat Improversat (CIMMYT), NANC Complex, Pas, New Dolt, lndia sad Yadviader-Sangh,

DNNA, follow, Deparmaent of Sols, Punged Agricudtand Ularvenary, Ladhass, Pajeh, nda Carreponding sster: Maspesot-Siagt, D
madare, Mapb Agraubsnd Usiversty, Ladbasa, Paad, ledx phose V1418001102 caxl ndkanzpu o

ABSTRACT.

Coton-wheat is Important cropying ystese b South Ao amd occuples 419 M b Wheat planting affer cotion
s asnally defyed de 1o Late pictings and Bme meeded for scedbed preparation, reslting b low wheat yekd
Fior timely sowing of wheat seed In standing cofon i adapied on o small scale. however, it has Imitations of
poar germination wed low fertilizer use efficlency. Thergfore, w study feasiibty of relay seeding of wheat in
cotmon, @ pratotype of kigh dearance platforss (110 cm from grownd) for tractor was dewelaped 1o focilifase the
mument of ractor i tamding cotton. Two Ismovative relay seeders (RS] (sulioble for 67.5 and 101 co row
spacing) with twee s of frrow openers (1trip 0l rtor - STR), 2ero 1l laverted T-hpe - ZTT and 2ero nill
doadle disc - ZTDD) were developed and evaluated for thelr performance ander two cotion pemotypes. The
forward speed of travel of ZIDD opencrs was 9.3 and 166 % more compand with STR and ZIT apenrs
respectively. STR openers commmed move fuel (1236 1 ha’ ) than ZIT (857 L ha') and ZTDD apeners (9.15 1
ha') The fleld capacity fur 12-row and [5-rrw RS was 0022 and 0.25 ha b°, respectively. The average powcr

Contamepion for aperaing the throe Dipes of furrow opmers was 6.4 Ap and B4 Jp for 12- row and I5-row RS,
nespectively. Number of comton bolls detached froee plants due 10 aperation of racsor sounted RS was
significantly lower i 101 cm coton row spacing compared with 67.5 o row spacing. Overall ks of cotion
Dalls dve 10 the mowment of tractir and R85 was anler 296 The average mumder of bolls detacked froe: the

plhant was about 29% lesser for ZITHD furrow openers compared with STR amd ZTT openers. (rermination cosnt

of relay seeded whear with STR and ZTTH) farrow apencrs was 23 and 26% more comparced with ZTT openers,

Thank you for reviewing for ASABE Publications
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e
]

mipectivel)y. This sy devdnilraes that savding of wheal 1o Sianding colfor & feaible with dwhédd high
clidrancd [nacky drivin insdvative BY

Empwardy. Colon-whia syitem, Furns opemers, High slaanmce trocior, Reley wineat, Reloay seeder
INTEODUCTION

Comen | {adsppiwnirsise L wheal { Trboumodtvees L (CW ) o o well ctabhahed crop produchon svilem
of nith-wesizm (HW) plaing of the lulim sub-continest end adpaing sess of he Pojab-Sisth provesses of
Faluslan. The collin-wheal svitem covera 4,19 M ha in South Adis Ssauninl sn WNW Indoe-Umasges: Plan m
Falistan asl western lshia (Y alvader-Siagh ot ol D014). Abow 50% of e mbon ea in Funjsh, Haryana,

ind Maorth Ruapeathan in Inds asd 0% of the soflen ares in Palsien is eder collon-whhaal sroppmyg sysiem

E B B 4 B B ¥ u M

ey et al MHE) The narmal me of wheal sowang m e fepon & last week af October 1 Gl Grteghl of

A=
-

Movemba, Deliy 10 wheal sowmg aller e sorsal aremg wedos s agailizml radedon m ol
productrvity (Bajwa, 2011). The sowing of wheat sflier 207 Novenber in (ho region reduses the praductivily st
the e of 1.0-1.5 % day' (Musrobah ot al 2000, On an aversge, productivity of wheat in OW svilem o shoul

32 tha tagaieet 4 7 tha o8 nieeowhenl ivilem in budisn Panjsh (Buise o ol 2003 When planting ailer sollon

hervest 13 allen debined dus Lo lae pekmgs of anl sulseguen] bllige operabims equesd lo wheal
plantigy. Thei i @ svelem mbeldl probles and Gumers kad 0 sl e neld koas of athar off he cops m
the svaters and ooilon bexeg o commercial coop, the losses are o be bome By whest The pesctsce ol eelay
sevding myahes plinling @ socmd cop aller i inilisl cop has reached matwily, Bul bele £ o ready T

harvest §{Ceslmim asd Hayt, 193], Delay 1 whesl serming wilhoul doudng 1he colion tfop S be avemlal

g & & 5 & & E & B

by relay seeding ol wheal by samal brosleaiieg in dashng comon (Kb md Kkalig, 2005 Hawever, mimual

i
-

bmadeasnng of wheat seal w olon miy ks o poor Sop clablshmenl dus o por seod-sal contact
Frosenth mime of the avalible baliaonal planiers are capable of sodng wheat = smding comon crop &
Hree- row sell-propelied wal behind tvpe relay seodes [RS) win developed For sweding 3 nows of wheal in lwe
adjscrnt collon mows (Bule ot al 2013) The yield g m wheat with B5 werel2-41% hagher than the

corvenlonal ciop plinisd afler colton. However, adoplion of the leee-row BN i wheal plistmy by the

g R £ 0 B

ielatvely large belding farmers of aonbi-weilisn (P of Sooth A s very bmibed, beiamie af s low capacdy

i
o

(06 ha day ') and Sredgery. Hence, thive i & need of o S-whee] ractor eperuied high clearmes RS whach con

pilant wheat Between in G oolon rows in 0 single pas For s purpiss sludy wii mdertsken 1o develap, (a)

i

philfizm i & high clesmance Fatar nd (b) E5 of bygh chesrancs wadar for sstnfictory ssediag of whesl =

B0  sendmp oslen with sunimal demage b the crop. This paper descrbes the developmeni and evalwabion o b

Thank you for reviewing for ASABE Publlcations
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e ol eelay soading mackmicy Tor lagh cledrancs Fatar suilshle for fo planbiag geomeins md by colloa
pommeiypes wih suilalle Dyt of seed now openers in lerms of e oporational parameter, crop damape aml

wheat citabhdimenl

MATERIAL AND METHODS

DevELis T oF Hic CLE R PLATMEES 08 TIEE THACTN

The radwsonil lowr wheel racior with gromd clessinee of arcusd 45 @ 30 cm casnol move m e slmdieg
collon Mzl w e plnl are aboot 100 e 130 ce Gl Te saddeds dus coue, & bgh clearance platfomm
itackmienl for o four-whesl rastor wad developal thioogh ool labgmive feesarch of letematonal Ceatre of
Mlaiee md Wheal |lmpeovemical (CIMMYT) Borliug lotae for Soulh Aans (BISA), leha, wd Pojeb
Agrazelural Univesity, (FALT} Ludhima, [ndia asd wes pot Glwicated Gom o local machinery masalsiurne,
Fajsr Agrasulural works, Mullamjer, Lz (Pusjas), ldis This plalfcm s the gl s ol
the mactor W U110 &ém b make the Eactor move somaly above e slamding comon.. The rack width of momiad
racior witd mcetieed byl 5 s the itandesd ons (om 135 @ o 20 ), wheeh emble high chearmes
traciod b move in bath 67 5 aml 10] cm qow peemetres of collon ad increass the tabdety of the raciorn Ay
traduizsngl bracl {grousd cleawmee ~4% cm) o b conveited o gh dleanns: Fatar by mombng o8 high
dearmc: platfionm n 4 0o & bours. To delermne e slabahity of e acies, sentre of granaly (O] ol the permal

ind high dearance aslor wad caliulaied by stanlaed weighmyg lechnigque, (Joha el al. [985),

Dhirvicrawmsimsr or RELAY SEEHR

The Tusclional requirements &f Be BS ave; (1) mim frame of the B dhéuld have high clearancs so that o ¢m
mdrve above the 113 100 cm high cotlea arop, (2} o shoukd be abks 1o dnll wheal sead md fenshesr dsecily in
batween e two ows ol osiog |, (3) shoald case mimmal damge o Sanlang colon = reaped of ke of
sl Balk, (4] 18 width shoukl be more tan the high desrinss rador Fack welth of 207em, and (5) & dhouk]
Iz ahde i day 1wl 673 o amad 10 2 Fow o o apecing ol the caion, wihich see common smeng e leemen
in the Egion.

D=y CORs] DERATHEY FIHE INFFERENT CUMITISENTS oF RS

The lillowing desgn losd contidermsons o Sflerenl components of BES such @ opener s, sub-lrmmes,
chuns 1 drive 5TH openérs, power Fmsmcion shalls “A°, ‘B mmd "0 asl sslecson of Vel were wlen,

faguare: 3,

I Mﬂ'mﬂlﬂ:_lilr—!-ﬂ'ﬂ (Kepeer el sl 19T, Sharma & Mukesh 100},

Thiank yod fior reviewing for A% ABE Publications
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&
ad

Foreedrall actirg on sub-leame of | 3-new RS having 3 tines momlol on @, 0, = 50 d, N

i
=
Lad

Pewer reguiesd ot FTO Tor | cm of sllieg width = 0.3 KW (Kepner ef al. [9ET)

Demgn porest for V-bell selectson, KW = 0 33 nember of 5TH peneri x width of 5TR blads.

4 Desmga power for cham mnd sprockel weembly foe opesating 5 STR openers = 03x ausbes of STR
irpeners @ wodth ol STH Blade

Lo om alall ‘B dus 1o cham asembles, Fy = F & 2hw0, where F = wmain on Sghier side of
cham (M), by = Load fastor for clain, w = weight of cham m* lesgth of chain, s Centee thitance
betwoen shafls ‘B el STR shall, Losd on skall B dos ta vBell pullsy Fp= F,+F;, whene Fmd F;, e

bell emacnd o Both ided, Figurs | (Sheme £ Aggarwal D011 Shal "B wis Ssgoed o the

d B 9 8 B £ @8 8

bendmyg anl lofionl s Similer procedure was followed to design shall A md &fferent

-

componsnl of 12 now RS

111
iz P L Ieslgn Forces sooneg o the ot dus no v -belt pulley snad chusdra for driving sxip gl rosd spesrs

102 Fammcarios oF RELAY SKimres

104 RS with 12 md 15 pows for scoding wheat inlo 675 co and 101 cm row spacing of colin wese developed
105 theowgh collaborasne reeanch of CIMMYT-BISA i Department of Fiarm Mackmery and Powe Esginsering,
106 PALL Ludhisma anl wad gol Gsbncaied Teom MBS ligapl Indemines, Cheema Mand, Manss (Ponjal], Indu. The
107 675 cm i the slandand recommended collim tow goametry G e negaon. Wider fow spacmgs of 90 cm anl
108 100 em i dilfesenl Bcolion hybadi are alse bang evalunal mder All lndha (ICAR) Condingied Collen
olu ] Improvemenl Ressireh Progect, (AKTCIF, 10041 The 10] cm collin s poomclry wis selocisd i i smti i the
110 rack with (20T cm of hugh chearancs Eactar, Thice Ivpes af Tumew opesen {axo-oll invisial Tavpe - ZTT,
111 mwo ull double dise - LTOD i sinp ol otee- STE) were (hncaisd and evaluiied For seading of wheat, (G5
112 I 5TR opesers mike & navow sing (2.3-3.5 ¢m)) wan g stes] blades mounted on a folor i [l of cach sene ull
112 fwow epensr ko Dacililele plicemienl of sead aml fertilizes. The ETT openst 18 o kevo bl fevow openes which
112 opens the frrow (walth 2-3 o) asd places Both seed el fertilizer in e il The ZTDD Mevow opener has
115 vwo speing momlad discs o apen Turow Tor placement of sead md femtiliaz. The depth of ssaling is controllad

116 by the spring esion wheres, m e of SET and ZTT lureew openiry sepirate depth conteal whoels wese

Thank you for reviewing for A5 ABE Publications
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ich

Pigure 2 DNFoowant typee of furrow opensn setnd with 15, (3) STR, (W ZT7T sad () ZIDO
mounied un the frame of RS The mua Game of RS bas & grousd clesrsnce of 114 cn ensbling ity movemnent

shove the sandang coton with eismal ssterfercece with the plaats The 12¢0w RS consists of & seading ety

(36 cm wide) having 3 ssclering unats mountod oo cach unit s thas coverneg 4 rows of colon arop in & suagle

pess. The seoliag wul of 1240w RS convis of & toolhar with 3 ferrow openers mousted ol 18 co apan.

Stmilarly, 15 row RS consises of 3 seoding unils (72 cn wade) havieg § metering wits sd it covers 3 rows of

cotlon crop = o senge pass The sceding unit of 15w RS conmts of 2 elbar with § ferrow openars mouatod

18 con apart. Beiel specaficationns of 12- row and [5-ow RS4 are incladed =t Table |

Table | Dot speciScanionn of fa 12 —ow sad | mm suday seaders (L)

RO Decameor 13- cow RS 1% oW kS
] Typs of icaplemwct Tracxe mouesd (Thae podat ack)  Toscior mauated (Thowe potst hisk )
3 Powr (horw power) 1% or showe 3 o howe
1 Cramd of machis (o) (A0 L)
4 Workeg widt (cm) m w3
b Chons ben Bevd crows wheel sad poave Berd cronn whal md peasw

1l Lat
L) Type of maoe dave Chan 2w Oham e
? Number of blades 4 ‘
1 Type of binde Kaie Krate
9 Mdg 13 13
Parmow apesen
o Namber of wol bans s mumatog oo mas 4 Adumas os Sost dbeck bar ) Aberma ae foet sed back ber of
N of mam taewe rans Yane
n Number of Sevow opaners 12:5 o ench ol bar 15; £ o0 the sach tool hee
12 Type of fuvow apensrs STR ZT7T, 2100 STR, 27T, 2700
n Nuzber of crop dvidens 4 3}
" Row g (am) 1§ cm betwamn 3 opasens of ook 18 o berwase & openens of 1odk e
bt wad 52 co berwoen ad et d 29 coe herwees adjcme we of
it of opesen of adacent 1ol bar openens of adjecens xd b

15 Send maareg devce Mutad bed milen Puted foed rollens
13 Tortdiws paeceg dene Nuted foed mikn Pisted feod rollers

*STH- 2p oF, ZTT0ero 48 e, ZTOD- 2000 311 Soudle dac opasers

Thank you for reviewing for ASABE Publications
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I8 The wilth ol ol Gor 1T asd 13 -rerw RS 8 3 and 30 cin 6l Bollom and 5 ém al e lop. The s frase of K5
120 meves above the cotten pling end sosding weemblics move batween e fows of colon. Fow scodey usts N
121 1w seeds wers slaggersd on o mam frene of RY (akemate 1 on Eonl (ol his end remanisg 2 on rear iosl
132 bhar ol the machas) 0 proveds mane opon Gpace b coldn plial dunng sachiee operaion. Jeulsly, 3 aocdieg
IE3 s (2 om fronl el b asd om: @ ceater ol rear ol bar) were climiped allermalely ta he bath hars of he man

I3 (e ol e BS (g3

L -
.

125

125 Figurs 1. Frona sd side vk of 13- ros relay sseder with simip o] reier fames spasan

137 The wadiliml ground whael G melerng the seod and Tetiliner was modfind G Labisg poresr from e bl
I3 resr whesl This srmmgemenl win deageed i checl chitnacieen of sollim plinis with BS componsnis. The
139 woaghl ol the ground wheed develops sufacient (rclion aming the piwer wheel and bk rear whoel b ot
140 the power wheel, whach Bamsmats power b seed and fertilisr metering mechasmens.  The power wheel s
141  hmged o man frase of e BS ol f engages with eeor wheee] of racior, A chamn s ansched with the grouss]
142 wheel and machme frame end o legth is sdjused s that the pawer wheel got disengaged from the res wheel
143 of waetin as and when the RS s lifted durng lumisg by the opraser This srengemest chacks the umecsamy
142 dnpang seed and fevtiloeer from the RS while sowing in the ficld Twa adjslable &pth wheeh wers momlsl
125 om the man frame 16 aljudl the workmg deplh of machine wiok eoling whedt e samding coon, n e of
145 st and sene Lllige contblicns. The depth of deuble dise opners o adpsind by he spring emicn,

147 Craowr Devioins rom RELAY SEEDES AnND THACTOR

148 Shew nvpe coop divelarulillens were (ahricaisd ol smsched m ot of sedng mics md fronl wheel of rsctor o
149 inend Sumage b collin pliss derisg seeding wheat inlo simding colion Crop Sviders B the logged cotkn
150 brmches asd plice e above e ke wheels b mduce the dimage 16 the crop by high clarme et

&
Thank you for reviewing for ASABE Publlications
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151 Four divdess with 45 e bomoen wadth mad three  divadens with 35 cm bomoms wadlh were (dbrcatol and
152 aracked wo the seading umts of 12-cow asd 15-row RS, respectively

153 Frasmmnrmy ANALYSIS OF ReLay Sexnass

158 Replicasod fichd experiment wis condactod on 4 sandy loss sail (with pH 807 with 57 g ke copanic carboa
155 (Walliey and Black, 1934) dunag the yesr 2013-2014 ot the rescarch fum of the Borlsug Bstitute fox Sowth
155 Asia (BISA) o Lodowal, (307 99 N and 75" 44" E), Ludleasa (Penjob), lodis  Afer harvest of well-fertiliznd
157 (120 kg N + 26 kg P+25 ky K ha') wheat i Aprd 2013, experimental fisld was irvigated snd seod bed for
158 cotton was prepared using one Socisg sad two tae coltnaton followed by plasking  Experiment was lad out
159 inasnp plot design with dhree replicaions. Trestments tacluded two cotton bybeids (RCH 776 ad MRC 7017)
160 havag Gfferent camopy cover and vigoe in the mam plots. The sab-plot testments ncduded 6 combastons of
161 whest sows with wo types of RSs (for 67.% and 101 cre concn sow spacing) with these types of relay seeding
162 furow opesers (STR, ZTT sd ZTDO) wao stamdieg cotion crop. For case of movessent of wacke and RSs, two
163 cotion hybrads were plantod o wrips The detsils of sub-plt trestments sre peovided = Tadle 2 The sub-plot
168 sire w219’ and 292 w7 for 675 and 101 ¢ row spacing of comon, revpectively.  An alley of 10 m w

165 hepet betweest the two replications & well 25 o head Jands in oeder 0 facdante fee movemnent of the tractorn and
166 implesests Comon wis planiad oo 23 Apnil, 2013,

167  _Tablel Sub-gicr sonmvens Sctale S coaupaeative oxaluason of 13-xrw wad 15w sy weders (RS

Treaznant *Tressaant Treazsas Janl

0 abbowvatas

n 120w 5TR RS 12-row RS with a3ty Slage romcr Scnow opener ey sodiag was Joos after 1° priiag of cooan o
4* November, 2011 Throe rows of wheat a1 18- apae wers 3o i 47 4 con mow spaciag covessg
4 roma of aexn

2 1200w ZTT Ba Same wa e 11, 2ers till verned T Smow BS cand for mat

2] 1200w ZTUD RS Saxe s htl.“w-ulhﬂ.hn q-cq.;s.-nu.-a.“n‘-

™ 5o STR 25 50w LS wid extp ullage o 201 an row qpaciag. Fivesows of whaat st 18-cm apast wess seded la
Detwean o rows of comon sad covenag tawe roms of conan . Ot detalls s e sxe w0 T1

™ 15com ZIT RS Saxe w S T4 wxoepe RS wit xeo-ul tfl mvened T-hpe Savow cpmens wen swd B wadeg

whes
1% 1500w ITIN RS Same s e 14, RS wih double dic Bamow opaen ware eed kx wedag whest
168 "ﬂl‘m!:m%ﬂm

169 Foa-wheel tracior (Joha Desre S038) was mosiad on the high clesrance platfores sd the working clearance of

170 the eracior was 110 an. The RSs (vetable for 67.5 and 101 cee row spaciag of collon) wese soustod os (he
171 deee poist Imkage xstem of e Eactor, Figure & Tractr wis opersod af 1% Jow g ot 13001400 cegine
172 pm

173 Oroe MANAGEMENT

174 Two comon kybrads (MRC 7017 asd RCH 776) were planted under two crop goometrssy (67 5 cm row by 75 cm
175 plast spacag sad 101 e row By 50 cm plast spacing)  Cotion was plasiad using & tracioe operaied mclned
176 plie plaster uieng 2 wed eate of 3 kg ha'. All e crop management practices excepl the method of seeding

Thank you for reviewing for ASABE Publications
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were stmiler for all the treateents. Afler the faewt packing of cotios on 4% November, 2013, Mood srgason (7.5
8.0 com) wa spplied 10 o0 7" Novessber, 2013 aad the whet (HD 2967) variety was sovwn wing & sood e of
100 kg ka " with the sewly developed RS ca 15* November 2013 Other agrenomic practices for raising whest
were simsaly for all he reatments as secommendad by the Puyjad Agracoltural University, Ludhises {Bajws,
2013} A uniform Sose of fertilizer nutnicats (120 kg N, 26 kg P and 25 by K ha') was applaad 1o the wheat
Whele of the P and K, and 0% of N was spplied o seeding Remainisg $0% of fernlizee N was top &resed

before the fint post-sowing ngation applicd & 3 woeks afler sowiag

(675 cm)

Piguire & Roluy seders stmachied with the bigh dearance T acwe

MEASUREMENT OF DEFENDENT PARAMETERS

The spoed of cperation, fickd capacity md fuel consumplaon of RS for differest types of fasrow openers win
messured after 25 m run of the tracior whale el scoding wheat mwo standing cotion. The speed of operatioa
md feed conmenptica woee messerad @ duplicate foe all expausental plots. The spead of operstion wes
calcuduted by memiursey Gine Lkes by RS o sow 25 m length of field. Foel fow mcter (Aqua Metro) with least
coent of | e, was sstaliod = the fued Lae of the tractor (o sessiee the volume of foe] consureed ia 25 m lengh
of emvel Tractor FTO operated alomator was losdad weh the belp of conue load of heatmg clement of 13
kW for ctsnatson of power conmmed by different furrow openess. The load wan dustnbuted oqually on three
phesecs by uving 3 cotks of 6 AW, The sliernator was opersial 8 vanous engae rpes (1000 10 2000 rpen with =
meresse of 100 rpm cach tme) and the correspondag power comumod by hosug cements and foel
cossumpion of Bie racior was messured The acteal clocene load was memurad by digisl clectrosse clamp-
meler (MECO Maodd 3510 PFHW) having least coumt of 001 hp, with accuracy of 2% of realag The
corsespondisg luel comsumpton was scasseed with fecl Dow mcter mstadlod = the dicsed sepply of the tractor.
The sl power roduced by the (rscior 2 & particuls fusl comsumplion rale was calcalated by Sviding the

Thank you for reviewing for ASABE Publications
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porwer presluced by alemator eilicsency. The pormer comsamed by the ESs for verious gypes of fumew opemsen
wins pedazied using amphe hnce rgresem mnalyes using SA% 9 2 sllwis

The mimspeads il sy mpsds were counted from 30 rrdoely sekatad sollon plats widun sach replicasn The
haght o 20 mgged plmis wes alio meéuned using el fule The dasage 1o sendsng oollon while relay
eetding of whisl was mcscurcd in lErmsd of ausber of collim bl amd woed Soflon veeld los due W the
marvemenl af RS imd mactor The damige 1o the érop wis messwrad by counling the sumber of beoliin bolla
allier cach pass off RY m the slsmding collon. Peroeal ke af collon Bolli wis caleolaied a8 the rali of number of
oflon bolls denaged by BS W dhe wetal ausber of boella per plime Seed coton was smamally collecied aml
wiaghal afler om drvieg e sotkon bells damaped by RS md dats are reported o loss o soed cattion viekl
Cleggung off ollin resides and weeds wilo BS apendrs win determimnsd 1o sxeming The exe of BS oparabion ia
slindmig solin. (raiiy wosdi uiually cmerge betwoen the sow off collon crop aml which may eatangle the

serwing Imek of RS The seemulaied residess on the maching operen were callecied afler cach pass of RS aml

weighad The emergence counl (nusber of plints thet hal emerged direugh the sail] in reley sedad wheat was
recandad for each type of Temow apenerll divd aller seeding Fom dhires rasdosdy selovial ke willia
cich plil. Thice, I-@ kng admecal iows 675 cm ollon mow spacmy and five, 1-m bong sabscinl rows m 101
i Pow Epacing wees selecial for collecting dala on whedl emcpencs counl in cach westmenl. The dila wene
then converted b nember of plinis o

STATISTICAL ANALY S

Dt collecied N all he depenmdent vimables were subjecied w mmalyiis of varuascs in Destonal srip plin Sesiga
usmig 34K 97 solbware package The dilferenees befwomn Ireaimiinl meims wers comadessd sgnilicml when p

=003
RESULTS AND DISCTUSSIONS
The perlormiamee o RS54 wid evalesisd oo levmi of damiage i collon ind calalihsbmient af wheal

STAILITY OF IGH CLEAFRLSCE THACTOH

The DU ol hugh clesmos wastor (07} was (305, 1137, D0k ) cm companad 1o sormal raeior (0rp (524, 303,
675} cm 1a ngehne, verlical and raniveres pling (o e conled poml of aghl rear whed with ground,

Tkl 3,

Theamk wral fowr rendesdnn for 4% ARF Pubillcabinns
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Tadile & Dol of the sormal racior sad towcior peousted on tw charwas
Specidiasons Normsd Tacwe raassed 00 bl Chaswee
Tracus plactorn
Urosnd clanece cm 4 10
Tuming radua, am m M2
Welghe, by 2003 %0
Spead radecace (over normal) - ™
Trck widty cm 138 212
el bARANL
’
’ ré nnreese

&4 ‘.-.{l‘- —

Pigurs & Farces acting @ G trvaal and high dearance ractor whille Nuhiag
. mm'dh@mmtﬁmhqu-m“umﬁmnw

P Wx 9236 xI
P W x9034x|
Where W = 2005 kg and W < 2550 kg, P = maxisesm pull for sormal tractor smd P = mavmen pall for high

dearmce ackoe. Also, froe figure 5 we bave,

[ sinG,
T-—

sinB,
As e Eactor hitch pomt was Bfied froe D 1o £ which mems 6, > 6,and asgle of pall is 0 < 8,< 30° 50, the
valee of =1
Case | Asasiing ©; = 26, sad 6, = 150 we bave P = 038P
Case 2 Asseming ;= | £6, and 8, = 150 wehave P < 051 P
Case 3 Asvemming O, » 8, we have PP <« 090 P
Therefore, smavenum &sw bar pull in case of high clesrance tractor s roduced compared with the noessal tracior
md = dependest on angle of pull, for obeaismg bagher pull, e angle of pull sbowdd be kept = how as possidle

*  The stalaliey of high clearasce tractor while turing (= was calcubeed using stasc foroes as wader

10
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Where ¥ = mavisum velocity o wming for pormal rastr ssd 1F's mavimen velosity o8 wming for high
dearmis ety The sleenng fvilem wis sdusisd L inrsae e hening ealiusg s, 5° 2 F, Do critial case ol
F' =, this gves the salfe leming velocity fior e high dearance ractor, which wall be higher compared

normal racior a8 track width ol high desrance iracior 18 increased By 30% of the mormal i

(IPERATIAL PARAMETEES OF RELAY SITDEEsS

Comen kyvbrals showed ao sgnilecanl Sl on fusl omd powes odumplaen, forwand sjpocd amd Geld cipaaty of
Fhs. The comen hybrds x REs saleradion cllecs on s dependent pansncen wae aon-agnilicast. Typs of
Barrirw apensr sigaaficantly alfected the forwand speal of wavel end Geld capacity of SfTerest BSs (Table &)
The gpeed of operson ol fiek] coparaty win lowest (149 - 153 ket b and 020 - 033 ba b') fior the ZTT
openess Jus o frequent clogging of the openers with colon and wesd ssidoss. STH Qerow opener helps o
reduce the doggmp ol cpensra by aulling the weeds mnd pliml resluss abesd of me opesen. The Tuel
cmmplin [ S5TE openas was 35 and 40% sors comiparad W ZTDD @md ZTT epensra, mspadavely. The
rmard spoad of trved fof ZTDD frmow opensrd wad 93 amd 165% more compasd with 5TR and ZTT
ojEsce, repectively. Ad expeciad, the eamsion mode] B pralicisg the power fequired F the operatig RS
Gromi e feel comampbon of the FEeter wis highly sigaifizsal (e 00001} Regresesn coslicesl N
prtadicisg i Eraclos power Tomm el coniumed wi ssgnilsanl fof the fegieino cquilion

Power, kp = =3.014 + 401 » [Peel mruumd,lh"'_:l

Toabdie & 1Pt o oo Sybanda arad J i Bl Typss of FaTow Ot o ofsrad o | peinrsin of reley seder (B od mdng whest wia
P

Treazs s Faal Farvrd spmad Fbd capscary PFossr g i paog
ik e by b ki
Comea brybnds
RCHTT il 143 01 148
MRCTOIT L 142 02l i
LED i sabmat} HE R B HE
Halay seadars (H%a}
T1 {1 14mw STR RE) 11is L0 0Ia 143
T2 (1142w ITT RE T 148 0Xa 4354
TE U T ETIND B} Baled 1.78s k2 £ 4.3
TH {1 d4mw ITR RE) 1.7 LN ikt C Bl 4ls
T {1 d4mw ITT RE) ER 153 0l%: 400
TE {1 S TTIHD B} T A 1. Ms 02ds L2k
LEDp wadma} =0kl =] O] +{] 0] =L |
bvierscriaa A e B LH] B{E BE LH]

‘wilhaia Wi @ 8 colurms ol Sifleren ear e sgnifceely S e o pe 004
The power requined fee 13- fow RS was 31.E % more e B 11- fow B, imespecinee al e af laow o

uied Pows comumplssn was sigailicamly moes for 5TE cpensra compared with ITT imd ZTDD Garrow

openess. The Power coniemplion fof STE openers was 72 and 307 more compared ZTT amd ZTOD Garrow

11
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267 opencny, respectively. Alsa, Power consemption for ZTT openesy wan 32% lower comparad wih ZTDD furrow
268  opences. The prediciad power requircmscnl o per usd tisse basis was sore for ZTDD openers than foe the tne
269 openers. This wead may be reversed i power s pradicted by fuel consamed per uss ares bane

270 The contrast malvnis of furow opesers showed that feel consumpticn was ngnficsdy highe for 15 sow RS
271 (10.53 Iha') compared with 12 row RS (9.92 1 ha ') as the average sow 10 row spacing whest is 202 ¢m for 15-
272 row md 225 cm for the 1Sqow RS, respecenvedy, figee 6 Thus, the 12- ow RS will kave leser sumber of
273 wodad rows per @it widh compaod with 15- sow RS The STR cpeneny kad sgnificastly more foel
274 comumption (1236 | ba') compared 10 ZTT (857 1ha') and ZTDO furrow openers (915 1 ha ') The higher
275 fudd comunpton = STR opesers was dec W tllng of narsow atrip shead of une opencn for achacvag better
276wl seed contset Chandlars, (2001 b eporiod snong e Sflerent type of Turrow openens, dc-lype opeseny
277 me geacedly popsdar for convestsosl tillsge doe 1o Gy lower drasght, ke sl duturhance md lewer
278 yaration = depth. The average operatonsl speed wan signaficatly higher (176 kee b') for the ZTDD opesers
279 compared with for STR opener (161 kin k') and ZTT fumow opences (1.51 ks & '), eespectivedy. This sight be
280 due 1o bemer cutting of weods md lesser foece required for opening e fuerow compered with STR asd ZTT
281 furrow openess. Semdady, the field capacity of RS wih ZTDD fuerow openers wah sgnificaaly higher
282 compered with both ZTT and STR furow openers. As expoctad, Hield capacity was sigaificasthy more for 15-
283 row RS than for 1 2-row RS & the lngher operstional width (303 vi 27 ) of machine

: R gl Sk s

"

5

3

.

2

o

s ZTon e RSETH RS0

284 ' o A, N
285 Pigars & Effect of thowe types of Burmow openens 5ad two row gansetrivs In cottn ss sperational parssmsens of relay sedees
285 Mot Uz for foul conmenpton & | e, Power neguied is i by, Speed of opetstion we s tm 3, 9 feld capecity ia iz 4 )

287  STR- erip vl rose, ZTTNO-zom thl double duc, JTT-nero tl tae apeners. Vidoos with for & dependant peasseter with A ffurcat letter w0
288 wpmdctly ddorent a pr 005
283 Errecy oF RELAY SERDING On STaspenG Carron

290 RCH 776 has spmificantly more aumber of moaopods comparad 1o MRC 7017 bul the sympods sre acarly same
291 for Both the bybeads. The cotton goometry kas oo sipnificat effect on the sumber of mosopods sad sympads of

cotton. RCH 776 hao | moee mosoped comparad o the MRC 7017, more monopods make the plants bushy and

B N

plant has wider cancpy, However, the sverage hoght of cotton plasts heght was senilar for the two hybeids

12
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Table % There was s sigeaficml eflfzet of collon hybrids on te ol boll demaged by movesent of BS and
high desrance Eacter. The mean sumber of ball kal was about 1% kower Tor ZTDD epeners com pared with
STR nd ZTT Fuvow opences. However, fhe loss of cotion balli by the RS mnd the tractor was lews than 2%
This keas in cofien Bulls wis compenatad by the 4% ek of collon i the relinod woedad crop. Bulle ¢
(2013) had recorded 1% higher seed cotion vacld under reliy seoding of wheal companed with convenonal
prictice. Fonrth pecharg i relay sceded plals was made possible i he oop was dbowed b gow afler the thind

prckang, which peevided sddisonal soed cotlon yuekl

Takda 5. Fiecy af arad e on e i Semsdard] amor, 520 b palir ol & and Fa comem
| Monopods iplwwe 1) | Svwoociiplas 1y | Mevibsghicm |

v Maa & 5L baan & 5L TS

R H T 108 & 02 N3a0l 110l 3

KELC TOIT p3r. L IR 3ald 118500 3

L (T35} ]| WS [

ot Bk ol g (47 2 RF LT MFall 125l B

Coara Bors pacEg M1 2 MDD 0 20Da 13 118 5604

Lad (T3S} HE HE hS

The conirasi el yin shoved o auber of cofon bolls detschad per plol Gom planis due b ihe mowment of
Eh and high clesranse rasor was sagmiEeenlly bewer [112) far 15- rovm RS compared with lor 12- roew B5 (137)
(fgars 7). This wis des i 2% radechon i e sumber of pesses of e racior o e Geld Sue 5 mars
imiching wulth & 15- sow RS compassd 10 12- row RS, Fumtbermere, waler row 16 fosw spacsag (10 em) for the
mérvemenl af actor and ke seahng unils T 13-fow compangd B 13- row RS, mdused the conlad of maching
parts with coilon and therely mdused the crop damage. The aumber af llls detached was signbicmily lowes
fize TTIY pemers iom parad with he 5T amd ZTT openers, Ggure 7. RS walh ST opemers does mol ioguare
depth conteol wheehi Ner macheme 5 the depth of seading 16 siaslamiad by 6e spang ieneon, whessn, Jeplh
wheek are roguired fof ZTT opseers b flafhes e BS. Cotlen plinis obarusl the movenent of depih wheels
doe b less dpate betwisn oolon plists s feulnng 18 wereass n dimigs of sobon plaviaells Alsa, the
LT opemer cull e leslped collon Braches md femlus thal comes n Gl of e openerd whereas hess
branches anl resducs cotmgle m e fommes openers (STH and ZTT) and m s Socesd il may even oprol the
whals colien plani

Thess wik ao sy mlezen) Sflercac: bolwon oallon bybads on sead calon ik dus 1o movement of RS bl lagh
clearmcs iracin. The méan ke ol wead collin dus 1o rebiy seeding was 42% more i 12- s BS (Tort7 3 cm
i spadmy of dellon ) cemparal wilh fae 13 e RS (har 10] cm fow spacmy o coliia). The aentrcl anahaas
undecaied thal e RS [ weder row spacayg | 101 cm) of eollon wang CTIHD openers o cammny lewer dismage b

oollon plimis i compared to RS sauable for namow fow spacing (67.5 ém) of colion wimg ZTT and 5TR

13
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opences, figure 7. The loss of sced cotlon was significastly 63 md 106 % lower foe ZTDD openers comsparad
with STR aad ZTT opesen, respectively, Talde 6
" . e — I
R cads aoctrdmed - Soed comon vekd
= 15T
1M
LB 1tha
P45 tshe 160 1588
” 9
- b3 3
o " "
-
“
kel
el
L
.
Pigwre 7. Effect of thawe typos of farmos apeasers and two row prammwtries i cotion oo performance of rday seders
Note: Ui for comton boll damage o semidear per plat, whes axtblidmant i i pomber of plast = Wisdconan kaves sccersdlned arv
np'lmwmxuumwlﬂ.-kh'm-wmmmewkm-nlu-
operers Vihes wit ke o Sopendint peramscnr with d%orea Jetser arv w g oy £1ferat w pe 009
Table & Flect of &fferent comon Nybode, sad Sfkrast fype of fenow opesen o8 perforsasce of RS e wediag whee oo axdng
Lonoa
Treasseon Coton bols Cotion bl Swed comoe Jous | Pmead welghe of W et
Lazaged Aarmged e gha™) weedy' plae Jeedce el @zt
(Nucaber ploe')  of seal) soossted Gat)  (Mmua’)
Cosve
RCHTG 14 2 L) FTE ] 190
NIRC 7017 14e (3] can w0 1%
_isoom NS NS NS NS N
Saty wades —
TI (1290w STR RS) I 170 11 b 5lta [
2 12eaw ZTTES) 192 1.5 12 % 20 b 137
T3 (1 2<wow ZTDOD RS) 136 128 T pal 1T
T4 (M Sow STR RY) 1ited ONscd (S S 14 fed T
TS (1 %aw ITT BS) ik 10% L0 16 e 13ed
T6 () Sow ZTDD RS) ™ 084 47X 95 1T2a
LEDp) 0.000% «0 0001 C.o00s -0 (0] “0 0001
NS NS NS NS NS
) T L)
1 Poe s of 250 w2

Ermmcy o8 Win/PLANT RESIDUE ACCUMLLATION

RS oype (12- row smd 15- sow) and type of fursow openers showad sigaaflicast offect oo e smomtl of
woemulston of weollootton mudues (lgwee 7)  Both cotton hybods had smilar offect oo resadoe
woemulatson The contrmt anslyias showed that the restdoe accusalatica wis agmficastly lower with ZTDD
openers compared 10 STR ferow opesens for 12- row RS ZTDD opesers cut the coon renducs comiag o
Bont of it =d move over i without dragging the residecs, ZTT and STR furow opesers drag the faliea
braches of comon and weads casng sccumulation of the resaduss. The sesidee sccumulation wis sgsdficetly

lower for RS in 101 ce catton row spacing compared with RS sustable for 67 5 cn row spacing,

14
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ErmcT o8 WHEAT ESTANLISUMENT

Interacson effocts of type of mackiee, coton genotypes and type of fumow opencrs on whedt esergence coml
were moo-significast, Tgure & RS type (12- row and 15- row) md comon hybeids (MRC 7017 sed RCH 776)
had o sgoificant effedt 08 anergence oot of whes (G 7) But type of feerow opener signaficandy
uflusnced cmergence count Establisheent coust of relay seadad whest with STR mad ZTDD furrow opescrns
war 23 and 26% meoee comparsd with ZTT openans, respoctively (Talde 6) The lesser cablisheent count of
wheat tn ZTT larrow opencrs was dus o unsven depth of seolang camed by siglicastly higher plast resdue
wenulaton compared wilh the oficr furrow opencrs Emengence coust wak also lewer for the ZTT furrow
openers compaed with STR furow openars bocause of sdvense effect of uncven depik oo gormmation = cae
of STR opencrs wis compensated by betier sl seod costact The dowble-dae opesers gave most evensews of
drlling = sodke having crop residue m comparad 10 other openars (Oanens, 1986, Willoss ¢ ol 1985)
Cracdhun, (1994) mvestigatad Be pafomance of inveriad, double-dise md doe-type lerow opesen with
wheat crop under noemnal (18 55 %) and deficat {1435 %) soil mostare condiboss cn dey basis mnd reporiad that

standand devaation of depth of sowing was bemt for the doobic-dise furrow opencey o both the experancals

Pigas 5. Datablichanwnr of whwat i stsnding cottan with €75 am (eft) and 101 con row spacing (rghe)

CONCLUSIONS

Hased on the sudy, of smay be concluded that the RSs mowiad oo & high clearsnce Leactie <an be used for selay
plastieg of wheal m cotiom wath mince damage 10 colim crop (< 2%) RS for 101 cm collon spacieg has
sgihcamtly leser dansge 10 colton bolls, seod comon yidd los and weod sccumulstion compaesd 10 675 cn
row spacsng RS i wider colon geometry has sore opes space for movement teogh of RS ad tractor. Also,
RS with ZTDD furrow opences comparad 10 STR and ZTT cpencrs showed betier performance i lorss of fidd
capacily, cave of opersbion, dammss 10 sandag comon and cvtabliknent of whest

15
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EVALUATION OF FURROW OFENEES FOR RELAY SEEDING WHEAT IN
COTTON UNDERE TWO PLANT GEOMETEIES: WHEAT EMERCGENCE,
FRODUCTIVITY AND FROFITABILITY OF COTTON-WHEAT S5YSTEMIN
NORTH-WEST INDIA
By MANFREET-SINGH™, HS SIDHLP, TS MAHAL®, GSMANES' MLJAT' AR

MAHAL' PARVINDER-SINGH® AND YADVINDER.-SINGH'

! Punyjab Agriculnral Unversiyy, Ludhione, Punjab, India, “Borlang Isinse for South Asia
(CIMMTT-BIS4), Lodowal, Punjab Indic, ‘Trenational cemrre for Mobe and Wihear
Enprovement (CIMMYT), NASC Compiex. Puca, New Deili, India and * Coresponding
Aurhar: Mmpreer-Smeh, Awinmer dericuitural Engineer, Depn. Of Farm Mochmery &
pover Engmearing, Puyad Asricwineral University, Ludhiana, Puwyab, Ihdia Emami:
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SUMMARY

Cotton—wheat (CW) is the ssoond most impontant qopping system after ice—whear (W) in
Sonrth Asia. Wheat yields umder conventonal O sysiem are ssnerally lower compared to
BW symtem due to delayed sesding Felay seeding of wheat can help timely sowing,
capiuring residual soil moishore of last imizaton o cotion, and morease pmdlrumh and
profitability of CW system On-station and on-farm participatory experiments were carried
ot 0 evaluate the performance of newly developed relay seeders (RS) attached to hizh
dlearance fmr-whesl wactor for seeding wheat In standing cotton planfesd at row spacings of
67.5 cm and 101 cm Replicated on-stabon field experiment inchaded two cofton g=noiypes
having different canepy cover (F.CH 776 and MEC 7017, two fypes of S (12-tow W 5 rows
of cotten af 67.5 cm and 15-row m 2 rows of cotton at 101 om) thres types of furmow opensers
(strip till rotor-STE, zero till double disc-ZTDD and zero till tine-ZTT). The RS with ZTDD
furow opener vis-a-vis conventional fill wheat (CTW) were also evaloated oo five farmer™s
feld:. Bslay planting of wheat allowed on= additonal boll picking leading to inmease in se=d
cotion yield by about 12% compared with CTW . Cotion g=notypes and RS had oo efect on
wheai emergence and wheat yield Felay sesders with STE and ZTDD fimmow opensrs
performed better in terms of wheat emergencs and grain vield compared to ZTT opensrs.
Wheat sowing using BS was advanced by 31 days, which increased gprain yisld by 185832
mw:ﬁnﬁﬂﬁ.ﬂﬂﬂmfm[ﬁﬂmnﬁr&hyauﬂﬂgnfnﬂmmmm
Fs. 19, 282 to 26, 332 ha™' higher compared with conventional CW svstem Results from on-
farm participatory trials revealed that wheat vield under relay seeding on average increased
by 64% compared fo CTW. Chr stody suggests that high clearance 3§ four-wheel tractor
driven inmovative relay seeder with ZTDDVSTE. firrow openers can be efficiently used for
tmely seeding of wheat in cotbon for higher producivity and profitabilit of CW sysiem.
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INTRODUCTION

Cotton ({rasgypium hizunom L. }-wheat (Trgcum aestivaom L) system is the second imporant
svstem after nce-wheat (BEW) o f=mms of arsa coverins 4.19 M ba in South Asia (Yadvinder
simgh e al., 2014, Aboat B0-80%; of the area umder cotion in MNorth-TWest (W) India and
East Pakistan is under cotton—wheat (CW) system (Mayee or ai, 20E). The optimmum tms of
wheat sowing in MW India is last week of October to first fortmizht of MNovember (Bajwa,
2011, Wheat planfing affer cofton harvest is offen gets delayved doe to late pickings in cotton
and the tme mwalved in s seed bed preparation. The sowing of wheat after 20th November
mmcgimwu-irﬁthmdlemeafll}-li o day! of dalay (Wastullah er ai., 2010; Subhan
ar i, 2004). Therefors, p'u:-ftlrtn.':r'fnt"a']leatml:'ili. systam is lowver (abonat 3.2 t har
jcm;]aredt-:nﬂlepmmrmrm;ufnbmn-’l tha' in W system of Indian Punjab (Buttar ar
al, 2013 Delay in wheat sowing m CW system can be avosded by relay seeding by mamaal
broadeast (ME) ar direct sowing of wheat using self propelled walk behind type relay seader
(R5) in standing cotton (Ehan and Fhalig, 2005, Buttar & al, 2013). The wheat yield gains
with self —propelled walk behind rype ES were 12 to 41%: compared with comventional il
wheat (CTW) after cotton harvest. However, farmers’ adoption of this 3-row walk behind
type RS for planting wheat in CW system is very limited due its low capacity (< 0.5 ha day™)
and dradsery. Hence, there is a nead for a 2-whesl ractor operated RS, which can sow wheat
in standing cofton crop with different row seometries A hiph capacity 4-wheel high
clearance actor dmven BS: with different types of fumow opensrs were developed for
seeding of three or five rows of wheat m to adjacent rows of cotton planted at two row
spadings causing minimal damage o the cop (Maopreet-singh o al, (2015). This paper
focuses oo the feld evaluation of the two types of BS5s and three types of fimmow opensrs
(zero-tll time, zero il double disc and sinp Gl rodor) donven by hish clearance 4-wheel hizh
clearance fractor in two cofton genotypes for relay seeding of wheat I cofton i CW system
of W India.

MATERIAL AND METHCODS
Deveiopment af kieh clearance S-wheel macior operated 5

A foar-wheel mactor was mounted oo high cearance platform which mereased the groond
clearance from 45 cm o 115 cm and faciliated sasy movement of the macior above the
standing cotton crop (Manpreet-singh er o, (submitted)). The working clearance (from
pround) of the wactor was 110 on. Two FS5: (sutable for §7 5 and 101 cotton row spacing)
frted with thres types of fumew openers (zero-Gll inverted T-type-ZTT, Zero dll double disc-
ZTDD and strip 1l rotor-5TE) were used for relay sseding of wheat in cotton. The 12-row
BS comsisted of £ seading units each having 3 furow openers (36 cm wide) and does covering
4 rows of cotton crop in a single pass, Figure 1. Similarty, 15- row BS consisted of 3 seeding
umits each having 5 fiarow openers {72 cm wide) thus covenng three rows of cotton crop m a
singzle pass, Figure 1. The BS5s were moumted on the three pomt Imkage system of the wactor.
Tractor was operated at 1st low gear at 1300-1400 engme rpm and delivered ~400 pm at
PTO for powering the smrip fillage notor of BS. The forward of travel was 1.75 km k'
and the field capacity of 12 and 15 row F5s 15 1.8- 2. 0 ha day™

Evaivation of Relqy Seedars for planing wheat? in sianding coiton

Co= oo-station and five oo-Srm participatory Seld experiments were condocted during 201 3-
14 in Pumab India to evaloate and validate the BS5s. The onstaton Deld expenments were




52

R

oo
ict
iz
ic3
i
i3
e
ioe
ioe
ios
110
114
112
i13
it4
113
ite
i1y
11=
115
120
121
122
iz23
124
i23
iz
iz
iz
iz5
130
131
i3z
133
134
133
i3e
137
13=
135
140
131

Appendix C

concducted on a sandy loam soil during 2013-2004 at the ressarch farm of the Barlaug
Instinute for Seath Asia (BISA) at Ladhowal (307 59" N and 75% 44" E), Ludhinnammiabj
India. The soil in the 0-15 om layer was non-saline (electrical conductivity 0.28 45 m™") with
pH ranzing from 307 with 3.7 e k' arganic carbon (Walkley and Black. 19347, 10.8 me ha
' Qlsen P and 6% 2 mg ha' NHA0Ac-exiractabls . The climate of the region is subiropical,
semi-and Under averaze climatc condiions, the area receives abouf 599 mm of rainfall
furing the comon season (Mav-Nowvember) and 137 mm during the wheat season
(Movember— May). Temperatare data dormg May 2013 to Apnl 2014 were recorded from the
aubomatic weather station installed af the BISA farm (Figure 3). The mean daily pominmim
and maximm temperanmes during the cotton season raneed from 6.0 to 27.4°C and 27.9 o
43 0 °C respectively, and the comesponding vakes during the wheat season were 2.4-20.0°C
and 14 5-39.0°C

Erperiment 1. On-station evaluztion g relay seeder

Field trial was laid out m a sirip-plot design with three replications. Treatments inchided two
Bi-cotton penotypes (RCH 778 and MRC 7017) hawving different canopy cover and vigor m
the mam plofs. For ease m the movement of tractor and B.5:, cofton g=metypes were planted
in strips. The sub-plot treatments mcloded 8 combinations of two types of B5:s (sustable for
cotion with etther 67.5 cm or 101 cm row spacing), four types of relay seeding methods
(mamal broadcast-MEB, STR-BS. ZTDD-BS. ZTT-BS) and cooventional Gll wheat (CTW).
The details of reafments are given in Table 1. Plot size was 219 and 252 m? for 67.5 and 101
mmwm“-@adngm:nttcnmspa:ﬁmF(Hmiﬁur-ﬁ?.Snnnndllilmmﬁ:al{ll|:|11
spacing). An alley way of 10 m was kept between the two replications as well as af head
lands to facilitate movement of the tacior and implement.

Claitom crap mangsenen

Aﬂaﬂl&hmatnfgammlmpufm&ll—fm‘h]uaﬂnﬂmmd—@u] two Bt cofton
genotypes (MEC 7017 and RCH 776) were planted on 22 April, 2013 umder two geometries
(57.5 cm row by 75 cm plant spacmg and 101 cm row by 50 cm plant spacing). Cetton was
planted with tractor operated inclmed plate cofton planfer wsmg a seed rafe of 3 kg ba!. The
gop management practices except the method of sesding were common for all the
E&ﬂm&m..ﬂumtﬁmmm:mmfedm;&nflfﬂkgﬂhr'ﬁmmkgha" of P as
diammonium phosphate (DAP) and 25 kg K ha™' as puriate of potash (MOP) was applied to
the cotton crop. While whole of the P and E was applied af seeding, fertilizer M was appliad
in equal sphit doses; 50 % N top dressed after thinning in the fourth week after sowing and the
rmainms 50 % N applied at fowermg stage Two percent solshon of potassim nitrate
(13:0:45) was sprayved four times at weekly mierval starting from the mitatton of fowennz
in the cotton. The first fmization to cofton crop was applied at 35 days after sowing and
mEmainins 4 irigations were appled at 2-3 week:s interval The sucking pests (aphids) of
cotion were controllsd by spraying Inndacloprid 200 SL {100 md ha'). Four sprays of Ethion
S0 EC (2 1 har™) were made to profect cotton against whitefly attack. After the first picking of
cotion on 04 Nowvember, 2013, fliood imizaton (73-B0 mmy) was applied on 07 November,
2013, Wheat was sown mto the residual medstare using the relay seeding on 15 November,
2013. The third picking of cotton was done at 15 days after relay seeding In the relay seeded
plots :mgﬂlﬁmmmuﬂvpuﬂaimtaﬁ&rm&mEﬁmPH :::mrmgmlgmnnatiﬁ
dayvs after planting. In the comventoral wheat (T1), pre-sowing imezaton was applied m
standing cotton 4 davs before stalk pulling and the wheat was sown after cooventional dllage
using seed-oum-fertilizer drll oo 13 December 2013, In relay seedns reatments, one
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additional pecking of cotton was made at the tme of mamual uprooting of cotton stalks when
nuajority of immahure bolls wers fully opened

Fheat crop managament

Wheat (HD-2967) was sown using a seed rate of 100 kg ba'. Crop management prachces
except the method of seeding were similar for all the treatments. A uniform dose of fertilizer
mutrients (120kg N, 26 kg P and 25 kg K ha™") was applied to the wheat. Whale of the P and
E and 50% of N was appliad at seeding Femainine 50%: of fertilizer N was top dressad
before the first post-sowins omzation applied at 3 weeks affer sowing. The broad leaf weeds
and phalorrs mmor were controlled by applying Alerip 20 WP (mersulfioron) at 25 gha' and
ciodingfop (13 W) at 400 g ha'. Four imigatons of 7.5 cm each were applied fo the crop.
Rogor 30 EC (dimethoars) was spraved at 375 ml dissolved in 250 | ba™" water for comfrol of
aphids.

Plawr phzervanons
Ciaron

Seed cofton yield was recorded after ewery picking from 20 randomly selected and tagzsd
plants withim each plot. The iotal yield is the sum of the three pickings from T1 and four
puckings from the relav-sesded treatments (T2-T%) The cofton with the relay sseding
remained in the main field for 30 davs maore than conventional CW system.

Whear

Crop emergence count (plants that had emerged through the sodd) at 20 days after seeding,
and grain vield and wield components (spiks demsity, mumber of grains per spiks and gram
weighi) were measurad af harvest. Emerpence count was recordad in three mndomly selectad
locations within each plot from 1-m long three adjacent rows m case of §7.5 cm cotton row
spacing and 1-m long five adjacent rows (101 cm row spacing) and 1 m = | m arsa m MB
and CTW. Spike density was measurad i three randomly selected locations within sach plot
A in case of emerpence coumt. The mumber of grains per spike was recorded from 13
rndomiy selected spikes m each plot at matmty. Graim vield was defermined on two
rndomly selected locations within sach plot from an area of 10 o, varving slighey due to
change in row geomeiry In cotbon. Wheat was mamally barvested and threshed using small
plot power thresher and grain yield was reported on aw dry waight basis. Average gram
weizhi was deternined on 1000 zrains.

Erpertment 2. On-firm evaiuation of relqy seader in whaar

Five on-farm single replicated tmals were condocted m 2013-14 to evaluacs the performance
of tractor operated ES with double disc furrow openers for the sowing wheat In standing
cotton vis-a-vis CTW during 2013-14 in district Bathinds representing CW belt of Pumnjab,
India. The locations of the experimental sites along with sewing date of wheat are provided m
Table 1. The climate of the region (district Bathinda) is submopical, semi-anid Under average
clmatic conditions, the area recerves about 260 pm of ranfall durmg the cofton season
[April-Movember) and 75 mm during the wheat season (M<ovember— Aprl). The 12- row RS
with double disc furrow openers was used for seeding wheat nfo standing Bi-cotton (Super
6488) planted at §7_5 row spacmg and conmpared with CT wheat establishment. Falay seeding
of wheat was done before the third pickinz of cotton. Relay seeding of wheat in on-famm tmials
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was delayed due to non-avadability of BS on time as only one prototype of BS was avatlable
and the pachine could only be spared after the conpletion of wheat planting in experiment 1.
Plot size vaned from 400 to 300 m2. All locations were sown with the same vanety of wheat
(PALT §21) af a rade of 100 kg ha”'. Farmers mamapged their cotton and wheat crops and
followed the crop managsment practices as desaibed under expenment 1, which were the
same for boch the meaments. Wheat vield ar pannty was measured by harvesting 2.05 m?
for relay seadad wheat and 3 m® for CT wheat from two random locations within sach plot.

Ecomomic anaysis

The variable cost of srowing wheat in each treatment was caloulated by taking indo account
the costs of inpurs (seed, fertilizers and pesticides), fllage (discing, coltivator and planking],
seeding under diffsrent treafments (seed-cum-fertilizer dnll, broadcast seeding and Tacior
operated BS5), hinng of mamual bbour, custom hire for machmery operations, transport and
marketing. Hirmg charges for combine harvester and straw chopperiralley were mciuded for

harvesting and threshing costs. Elecimicity for pumping water is supplisd free of
cost 1o the fammers, the cost of imigaten mcloded the cost of labour mwolved in apphving
umgation water. The cost of a 30-kg bag of urea, DAP and nwnate of potash was taken as
Indian Bs (INE) 270, 1210 and 840 |:I Bs = US3 0.0161). respectively. The charges for
human Iabour hiring were taken as Bs. 35 br'. The cost of babour for fertilizer application,
pesticide spray and imigaton was mchaded for each of thess operations. The charges for
discing cultivators m:lplanhnsmes 1438, 1313 and 500 ha® respectively. The cost of
seedins was considered as Bs. 1438 ba™ for conventional sowing (T1), Bs. 3385 ha' for relay
seeding and Bs 560 ha'' for MB. The cost of BS was taken as Bs. 100,000 and its fisl
consumpon is 4.0 1 ', The RS cam seed wheat at 018 ha br* with a working window period
of X days in a year and its lkife was @ken as 10 years. Mmaiﬁyi:enfnﬂatglmﬁ
fixed by Gowt of India was Bs. 14000 ¢ and prevailing market price of straw was Fs. 2.2
kz'. The market price of seed cotion was taken as Fs 39 kp'. Smaw "_FE].Iﬂ-Df'H‘l'.‘EﬂTi!E
calculated on the basis of soaw—grain rate of 1:1.The data oo vanable cost for the cultivation
of cotton and wheat for the vear 2013-2014 were obtained from the Department of
Econemics and Sociology, Pumjab Asricultural University, Ludhiana India. The interest on
variable cost was considersd as 0% for the half oop season. The variable cost usad for cofton
was similar under different BS meaments, except the additional cost for 4% picking of cotton
under relay planting weamments. The value of increased comon yisld mn relay plandng
treatments (T2-T9) was mchuded for caloulating pross refums. The pross and net refums were
calculated by subgracting total variable costs from the pross retum.

Strtishical amalysis

Data collected for all the dependent variables were subjected 0 amalvsis of varance in
Bctonal soip plot desion using SAS 9.0 soffwars package. Before analvsis, the Levens's test
was performed to test the homogensity of varances using the proc GLM procedure with the
HOVTEST option in the MEANS statement Differences between ireatment means were
compared using a L5D test at P < (.05 (Gomez and Gomez, 1964). Stadent”s T-test using
SAS5 9.1 software package was performed for comparing grain yizld between two Teatments
in experiment 2. The economic analysis was alse done by Smdent's T-test using 5A5 9.0
sofrware packazs.
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RESULTS
Effect on sead corfon yield

Cotton genotypes (MR.C 7017 and R.CH 775) and row spacmg (67.5 on and 101 cm) showed
no sipmificant effect on mumber of marure bolls in all the four pickings (Table 3). Average
mmber of matare bolls at fourth picking was 4/plant io all the =lay seedad treatments. Total
mmmber of matme bollsplant was sipmificantly more (10%) for cofton penotypes in melay
seeded frextments compared to CTW (T1). Cotton genotvpes and their interaction with crop
establishment methods had po significant effect on seed cotton vield Mean seed cotton vield
for 7.5 and 101 om row spacnes under relay sesding was 11-14%: hogher compared with
cooventional crop.

Effect an whe! establishmand

There was oo significant interaction effect of type of cotton genotypes, relay seaders (or row
spacing) and type of furrow openers on wheat emergence at 20 days after sowmz. Felay
seeders (for §7.5 cmand 101 om cotton row spacing) and cotton genolypes had no significant
effect on emerpence count of wheat (Table J). Purmow openers (STR., ZTT, ZTDD) and ME
sipnificantly influenced the emerpence count (Figare 4 and 33 Wheat seeded with STE and
ZIDD fumow openers, and CT (T1) resulted in significamtly bigher emerpence count
compared with ZTT furow openers. Emerpence counf was markedly lower for MB
compared to relay seedad wheat due to poor soil-s2=d confact.

Iime savime under relay planime of whaat

The relay seeding advanced the sowing of wheat by 31 days compared to CTW Wheat crop,
however matured at the same tme under both of the planting methods. The crop duraton
(sowing to martority] was tws 165 days and 154 days for relay seeded amd CTW,

respectively.
Effect an yield and yield contribuiimeg parametars M wihear

Pelay seeded treatments had about 27.3% maore spike density compared with comventsoral

sown wheat and MB (Table 4). Number of praims/spike was sipnificantly hisher in relay
seedied as compared fo CTW. Mean zrain weight of CTW was sigmfcanthy lower (13%)
compared to that for relay se=ded In sandng cotion.

There was no significant effect of cotton penotypes and row gecmetry (3 rows I 675 an
row spacing and 5 rows inl01 cm row spacing) of relay seeders on whear yield (Table 2). All
the relay seeded weamments, except ZTT furmow openers (13) produced =1 bisher
wheat vield compared to CTW (Table 4). Wheat vield was sipnificantly Jower for the MB
compared with drilling sowing uwsing relay seeders and CTW. The prmin yield was
sipnificanthy higher for STE. compared with ZTT formow openers.

Performance of reiqy seeded whaeat on firrmers ” fields

Fzlay sowing of wheat advanced the sowing of wheat by 5 to 11 days conmpared with CT
wheat cultivation after cotton harvest (Table ¥). Stodent™s t-test analvsis showed sisnificanthy
lower yiedds for CTW comparsd with relay s=eding. Ouo averze §.4% higher zrain viald was
recarded for relay seeding compared with CTW.
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Ecomomic amalysis

The data presented i table 6 revealsad lower varable costs for planting wheat with relay
seeder due to less cultvation costs compared with CTW (T1). Gross retums from relay
seeding of wheat were higher by IME 18, 352 - 24, 401ha'. Similarly, net retums were
INR19, 282 - 26, 331 ha! more (an mcrease of 27— 37%) under relay seeding of wheat using
hizh clearance tractor compared with conventional CW system due o higher gross refurms
and lower varable costs (Table 7). Net retums from CW system with MB (T3 and T9) in
standing cotton were statistically similar to CTW. The gross retum of cotton in conventional
CW system was sigmificantly lower comparsd with relay seedins and MB treatments. The
benefit to cost rato was also sipnificantly hipher for the mlay seeded conpared with
cooventional and relay MEB of wheat m cotton. All the economic indicators were statically
similar fior row spacing of cotton i.e. 7.5 om and 101 cm.

DISCUSSION
Effect an cottom yald

Pelay seading of wheat increased cotton yield by ceating opportunity for ooe addibonal
picking. which was made possible due to the extended prowing period of the cotton for about
30 days. This extra srowing period belped in fully opening of the majority of the mmanre
bolls at the time of pulling out of cotton stalks leading to 11-14%: morease in seed cofton
yield over CTW. Consistent with our study, Buitar &f a/., (2013) recorded sipnificantly hizher
seed cotton vield under relay seedimz of wheat compared with cotton followed by CTW.

Effect an whear estabiishmens and yield contribuiing parameiers

The lower wheat emergence count m ZTT compared to STR and ZTDD furow openers was
mainly doe to the uneven depih of seeding caused by significantly higher weedsplant
residues acounmation n fronf of furow openers (Manprest-Smgh of @, 2015). Emergence
coumt was higher for the STE compared with ZTT openers because of the better sead-sod
contact Emergence count in wheat was markedly kower for the MB due to poor soil and seed
contact compared with dnll sowing with relay sesders. Better wheat emerpence undsr drill
sowing compared to MEB has been reported by many researchers (Shaalan er ail, 1997;
Tanveer er al, 2003; AN er al.. 2012) due to the placement of seed at optiom and wniform
depth under dnll sowing However, Fischer or al, (1975) found a wide range in optinmmm
plant density (20200 plants nr?, provided that plant density was even) for maxirmum yvield
for a range of origated spring wheat varieties grown under climafic :undlumsﬁn'h-ﬂmlu:
to those of northwest India, sugpesting adequate plant population in all crop establishment
methods in our experiment.

The lower spike demsify in CTW pught be attnbuted fo adverse effect of prevailing low
tempematire coinciding with the tllenng stage of wheat. The poor aop establishment in MB
was however, the mam reason for sipnificanthy lower spike densifty comparsd with the other
treatments. Khan and Fhalig, (2005) reported a similar negative effect of late sowing on
spike demsify in wheat. Fewer mumber of praims/spike in the CTW could be atributed to
higher temperatures experenced by the crop at anthesis and grain development stazes due to
late sowing compared with tmely sown elay seeded wheat (Table <), Delayed sowing of
whaat commonly has a negative influence on the mmmber of grains/spike (Tan er o, 2000).
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Appendix C

Higher mean grain weight for relay wheat compared with CTW is attribated to a longsr prain
Allmg peniod available to the early sown crop. Thesa resulis are in accerdance with those of
Green & al, (1985) and Jam & al, (2000) who reported that prain wedght decreased
sipnificanthy with delay in sowing

The contrast amalysis of establishment count and yield coptmiuring parameters of wheat
showed that the all the four parameters such as; effective tllers; grains spike' and test weight
were more for relay CW system conpared with cooventional CW systam i spite of havine
more establishment count of CTW, (Figme §). Contrast analysis among the different cotton
peometries (Telay sesders) showed that all the four parameters were statcally simlar;
therefore, the relyy seedars are vematile enouzh for different peometries popular in the
reman Among the three fomow openers used the ZTDD and STE. openers performed betfer
commpared with ZTT openers for all parameters.

Effect an whaerr Yaold

Grain vield of wheat is a prodoct of spike density, oumber of sraims’spike and zram weight.
Eary sowing of relay wheat by 31 dayvs compared to CTW mereased all the thoes yield
pammeters therehy increasing grain vield by 1655, Khan and Ehalig (2005) reparted that the
Elay seeded wheat produced 13.2%; hisher erain weight as compared w CTW. This is
consistent with the observation made by Buttar er al, (2013) who reported 25%; higher prain
yield of wheat sown with mamal walk behind salf propelled relay seeder compared to CTW.
The short duration of CTW and unfavourabls temperyture regime dunng sram development
pase experienced by the dop adversely affacied the vield of CTW. The lower prain yislds
recarded in ZTT finrow opener (T3) in 675 am- row spacing of cotton and MB were dus to
poar op establishment cansed by upeven seeding depth and'or poor soill-seed comfact.
Dawelbest and Babiker (1997) and Fhan &t ai’, (2007) have also reported lower pram yields
from seed breadcasting compared to drill sowms of wheat. There was po siznificant effect of
oW Feomeiries m cotton (3 rows m 67.5 on row spacing and 5 rows i 10] cm row spacing)
oo wiheat yield The performance of relay seeders as well as forrow openers was similar in
both the cobion genotypes. Porter and Fhalilian (2005) have reparted that vield of CTW was
not affectad by skip-row geometry designed to allow for relay infercroppins of sither sovbean
or cotian.

The conrast analysis of wheat yield showed that zram vield was sisnificantly mare for relay
CW system compared with conventional W system, (Fipure 7). Contrast analysis among the
different cotion geometnes (relay seeders) showed no sizmfcant effect on wheat vield
Among the three fumow openers used the ZTDD and STE openers prodoced sipnificanddy
higher yield of wheat comparsd with ZTT openers. ST openers Iequirss power Tansmission
svstem fo dnve the simp tllage rofor and depth control wheels whersas, the ZTDD openers
moumiing &5 simple and robust and depth of seading 15 mantamesd by the springs mounted on
the twin disc openers. Therefore, the ZTDD openers are better compared with STE. in context
of mackine simpliaty (Jesser mumber of moving parts).

The advantage of early sowing by relay seading was lower oo farmers” fields compared to
that recorded in experiment 1 doe to delay in tmely availability of relay seeder. The single
profodype of relay seeder could be made available only after the completion of seadmz wheat
io experiment 1. Morsover, two days were needed to transport the machine as well as the
hish-clearance tractor to the fammers” locations, about 230 km away from the expenment site
at Ludhiana The greater increase in zam vield from relay seeding compared to CTW can be
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expecied when seeding of wheat is accomplished m the first fortnight of November in this
I=Ean

Economic anasis

Gross retumns from relay sesding of wheat were hisher dus to lower dllage costs and higher
yields af seed cofton and gram and straw of wheat over CTW and MB of wheat. Net retums
were INE19, 282 - 24, 332 ha'" mare (an increase of 27— 37%5) under rlay seading of wheat
using bigh cleamnce tractor compared with conventional CW system. The relay seedmg of
wheat wsing diffrent forrow openers inchided single operation, while CTW needsd 3-6
fllage operations. This is comsistent with ARYAL er af, (2015) who have reportad that
Iﬂﬁ]ﬂEﬁEﬂﬁ[ﬂHﬂEﬂIpﬂﬂﬂtﬂMﬁMI&hﬂEﬁEﬁfﬂﬂ‘Wﬂ?ﬂtm[h{'
2% (USD 79 ha ") and mcreases pet revenue per ha by 28% (USD 97.5 ha ). Buitar of i,
(2013) have also recordad hjgimrenehmfrmnmemm:alrela}'medmgnfwtalmm
standing cotton compared with conventional CW system.

CONCLUSIONS

Char study demonstrates that wheat can be soccessfully (in terms seed amergence and damage
to standing cofton) relay seeded in cofton with etther §7.5 cm or 101 cm row spacing, using
specifically desismed relay seedars attached to a high clearance 3-wheel mactor. Boch double
desc and strip @il rodor forow openers for relay seeders resulted in 13-2§% higher emerpence
count of wheat compared with ZTT openers, imespective of cotton cultivar. The relay seeding
increased wheat vield by about 19 % and provided 27-37 % higher net retums in CW system
compared to conventional sowing. Considering the case of Punjab only this intervention may
increase the wheat prodoction by 0.29 millon tons withouat any adverse effect of cothon vield
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Fizure lesend:

Figmre | Belay seaders seading wheat in cotton with 675 and 101 om row spacing driven by
high clearance tracior

Figmre 2 Belay seeders seedmgz wheat in cotton with 101 cm row spacing drven by hogh
clearance tractor

Figare 3 Weskly average mmimum  maxinnmm temperanmre:s and rainfall recorded m 2013-
014

Fizure 4 Wheat establishments in §7.5 cm row spacing of cofton
Figure 5 Wheat establishments in 101 cm row spacing of cotton

Fizmre § Effect of Cotton wheat systems, Cotton row geometmiss and relay seeder furmow
openears on harvesting parameters of wheat

Wate: Unit for establishment count &5 mamber ni™, Effective tillers are in mumber p°, Grains
per spike are m Number spike’. and Test weight isin g

STR- sirip dll reter, ZTDD-zero till double disc, ZTT-zero tll fne openers.

Valoes with for a dependent parameter (in a conmrast proup) with different letter are
sipnificantly different at p< 005 and dependent paramefers with same and no lefter are
statically same for each contrast sroup

Fizmre 7 Effect of Cotton wheat systems, Cotton row geometries and relay seeder famow
openers on wheat yield

Note: STR- sirip 6l roter, ZT0D-zero till double disc, ZTT-zero il tme openers.

Valoes with for a dependent parameter (in a conmrast proup) with different letter are
sipnificantly different at p< 005 and dependent paramefers with same and no lefter are
statically same in each conirast group.




o]

ok horn b dossmibond Table: | oblos doo

Appendix C

Tabie 1. Sub-pior mrearment detarls for egparinet 1.

Treatment Treatment Treatment details
0. abbreviation
Tl CTW Ceoventional till wheat afier cotion barvest. Imigation was
applied to standmg cotton 4 days before stalk pulling. Seedbed
invelved one discing followed by two comb
and twoe plankings. Wheat was sown at a row-fo-row
dJﬂﬂEEﬁf‘Dmmgacmvmmulfmu -wheel tractor
drawn seed- cum fertilizer drill
T2 L-row 5TE.  12-row relay seeding with strip tillage. Relay seeding was done
RS aﬁerl“pmhngnfcﬂmnnnlﬂﬂmanbﬂ J013, using smip
tillape with oo prior tliage. Three rows of wheat at 18-cm apart
were somm m 675 cm row spacing covering 4 rows of comon
I3 Ploow ZTT  Same s for T2, except zeno Gl tine openst relay sesder used for
RS ssadine wheat
T4 1rom Same as for T2, except zerg dll doubls disc opener relay seadsr
ZIDD BS used for seeding wheat
TS MB-675om  Mamml broadcast undsr 7.5 row spacinz. Wheat seed was
mamally broadcasted in sanding briaton water afisr 1*
picking of cotton with §7.5 om row spacing.
Th 13qow STE.  15-mow relay sesding with simip tllage m 101 oo row spadine.
RS Five rows of wheat at 15-cm apart were se=ded in betwesn twio
rows of cotton and covering thres rows of cotton. Cher details
are the same a5 in T2.
T7 lirow ZTT  Same as for T8, except relyy seeder with zero-till tne openers
RS was used for sseding wheat,
T8 15row Same as for T4, except relyy sepder with zero-till double disc
ZTDD RS openers was used for seeding wheat,
T8 MB-10lon SameazinT3
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Tabie 2. Details of om-florm frials condvcted ar different location in district Bharinda in
Punjab (India) during 2013-14.

Locanon Lonzihage Lanirage DLy

I K [ a1 h= a =1 1=
Sanpath{and YN ™ 58'E 30-11-2013 11-12-2013
Malwala P3N 4 34'E 1-12-2013 10-12-2013
Bhagwanghar 4N ™ 55'E 3-12-2013 2-12-2013
Jodhpur Fomana YN 74 32'E 3-12-2013 B-12-2013
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Tabie 3. Growth and yield atribusng characters of coimon and seed yield as iyluenced by
different planiing mathods M cotfon—whear syriem

i_otton—whaat Hlant Number of mature bolls plani Total 32 potton
sysiem height = ™ * 45 balls vield (t ba™)
pickine  picking  picking  picking plant”
A Cotion Hyonds
MRC 7017 1286 28 161 8.0 25 364 217
(0.51) (0.14) (0.24) (0.12) (0.63) (025 (0.08)
RCH 7746 1280 2.8 161 3.0 25 364 217
(0.43) {0.04) (0.15) (0.09) (0.63) (058) (0.0
L5D (p value) ok NS N5 N5 N5 N5 NS
B. Crop establishment methods
Cotton at 67 5cm 1285 2.7 164 1.8 37a T3 213
+ relay wheat (0.27) (0.11) (0.18) (0.09) (0.04) (041)  (0.02)
Cotton at 101 aom 1201 2.9 164 3.0 3% L 21X
+ relay wheat (0.74) (0.18) (0.25) (0.06) (0.08) (0.5) (0.04)
Cotton at 67 5cm 1288 28 164 g1 00 34 2.01b
+ Conventional  (0U56) (0.17) (0.7 (0.14) (0.58)  (0.03)
wheat
L5D (P 0.05) ok NS N5 N5 00001 Q0003  0.0001

1he vakes with m a column with different letter are siemfcantly dirterent af F < 005,

standard error In parentheses
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Tabig 4. Whoat emergence, gram yield and yield arributing characsers o inpluenced by
different planting matheds It corfon—whaar TyIiem.

Freargemce Spiks density  Mumsber of Craimawight Wheat Tild

(commtes) (¥ geims spds’ (5] (i b}
Comun bybods
MERC 017 T ) 10 7 T8l
(654 (124) (0.44) [0.41) [0.14)
RCHTT 147 3007 516 447 4.60
(674 (13.6) 0.5 (0.39) [0.17)
LED (p vahus) NS NS NS N N5
Cotion wheat syeiuzm
T1(CTW) T80a T TR 355 T35
(4.4 5.4 .59 (0.28) [@.11]
T2 (120w STRES) 16328 1385 495 44 5bed 5162
(4.3 (1L.5) (1.13) (0.68) [@.11]
. 137c 192 o 51.7ab 43 faked 4655
T3 (120w ZTTRS) (3.6) (17.1) (0.5%) (0.1 (0.21)
. 17428 40 725 .4 453ah
T2(llrowZIIDDRE) g (12.0) (0.54) (0.28) (0.08)
; 584 13l 52 1ab 46.0ab 3.50d
T35 {MEB-47.3 cm ) (5.1) (104) 0.59) [0.34) [@.11]
167h i 52 0ab 43 Take 3%
%
T6 {1 ¥wow STRES) (4.0) (104) (0.8) (0.2%) (0.21)
136¢c 3050k 51.4ab 43 Zahed il4
T7 (13ow ITTRS) (2.6) (189) [0.87) 0.40) [0.1%)
17228 0T 282 #47cd 5.08ah
3 n
TE(l*row ZIDDRS} g (14.1) (12 (0.53) (0.2
74 176 54 EN 422 3364
T3 {MEB-101 cm) 63 (109) (1.08) 0.53) (0.18]
LED (p valus) 00001 00001 <0001 =0.0001 <10.0001
Intaraction AxH NS NS NS NS N5

The vake: within a :n}umnrtﬂldﬂa'em]-m are sipmificanthy different at P < 0.05,
standard error in parentheses
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Tabie 5. Saving in omwe of planting and ¢ffect on whaa! yield from 12 -row fractor aperaied
5 with dizc openers in onstom trials conducted m disoict Bhaiinda in Purjad (Tndia) m
20013-14.

Location Saving in days Wheat Yield (t ba™) % Yield zain
RS CT over CT

Machhana 5 4 85 453 1.2
Sanpathiandl 11 443 398 I1 .:I-
Malwala ] 4 83 475 2l
Bhagwanghar ] 453 450 2B
Jadhpur Ronana 5 403 3.70 B2
Mean - 4 56 420 -ﬁ 4
LSD {p value) - 0016

Ihe valnes with In 3 column wiil difterent lefier are sIFMINCARTTY dISrent aIP <005




Tabie 6. Fariable costs (tn Indian Rupees ha') under different crop estabiishment method: i cofon—-wheat sysiem

Appendix C

Treatment Varable cost’ m wheat (Bs. ha') Total
CUfivaton seadand  Ferfilzer Geeding  pesticides lmpal Harvestngand tamsportadon Inferest lotal | vanable
cost sead cost cost cost ion  staw and on variable costof

wearment cost  collection cost marketing variable cost coton”
cost Costs (Fs. ha™)

I 3150 £ 1] 3383 14375 2093 185 3500 150 401 0] 5381

. T T DO 3180 3383 3384 2003 185 4500 1750 461 oS0 55218

T. 0 3180 5383 560 2095 185 4500 1750 3tE 18070 55218

T.T:. T, O 3180 3383 3384 2003 185 4500 1750 461 oS0 55218

Te 0 3180 5383 560 2005 185 4500 1750 303 18070 55228

=1 Inman Bs = U5 5 Dolal
The values with in a column with different letter are simnificanthy different at P < .05

“Variahle cost for the cotton is similar for all the treatments except the cost of one additional manual picking @ Rs. 1400
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Tabie 7. Fariabie costs, grosz ncome and nel mcome (Tn Indian Rupees ha') under differant
(rop erirhiishmer methods in cofan—whear [ysiem

Treatment Total vanable (Gross retum, Bs. ha! Netincome of — Benefif cost
costof CW. ~ Wheat Comon CW System e CWsystem, matio (BCR) of
__ Bsha' _ _ _ Bs. ha'! __ symem
T, 60005h  TE1DSc 1471000 71175 1850
T6118 (2800 (338) (2788) (2788) (0.037)
T:. T. T, 70867ab B6TTH  166542a SRR ] 210
T6187 (2858) (113) (28509 (XB34) (0.038)
T. 36807c B6TTSh 143581 T0285h 1.84b
73108 (1804 (113) (1903) (1903) (0.026)
Te. T2. T, £438la 89310a 173801a 07504a 228a
T6187 (3832) (450 (2020 (4 (0.0:53)
T 3353c  89310a 1438630 T05650 1.8k
73X08 (3144) (4500 (5154) (3234) (0.072)
L5D - 10067 10204 11234 11235 0.15

The vakoes with in a columnn with different letter are sipnificantly different at P < 0.05,
siandard ermor I parentheses
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Figure
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Figuae
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Figre
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Figro
Click hero to downlond Figure: figure 4 18
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Figre
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Fgure
Click hero to downlond Figure: figure 6384
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Figro
Click hern to download Figure: figure 7 184
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THEQRETICAT: ANATYSES OF STABILITY OF HIGH CLEARANCE TRACTOR FOR MOVING Y
INCLINFD TERREATN

MsmpreetSingh, Jazkaras Singk Makal snd Gursahib Simgh Mane:
Absirast

A bEgh dearancs pltform attachment Sor a four-nhes] tactor was deamloped for mlny seading of
wisat in shanding rtion orop. The sability of S high cleamece tacthr wes apaiysed o whils the frector at
mform stability comditions. A conputer progam was dessloped o malyre the system 1o predict the afect of
bioth tho inplement wrgight and the slope angls on the tactor shility 2nd taction shility, and deobar loading
The progzem wes used to 2nalyze 2 Tacior sywkm moving at mmifors moticn wp 2nd dommhbill. The resulis of
this amabysis chemed that e norpa] trector veafe to v ot uphill groesd slopes of 27 and 307 with 2
mwnimied fmplarent of S00ke. The neatly demcloped high clearmcs Tactor with implemant hanisg weight of
@00 kg & safo xzainst piicking while moving uphdll at gound slope of 24°. The limsitmg mound sdope for
climhbing by HOT withoet insplamest is alse 24 {doe o F =Fmax Tharstor it can be conchded that the HOT
with or withone fmpleznent can mweve uphill at a slope of 24 degree. The norzmll trecior with sz Implesnant
waight can clinsh at highar slope as compared to HCT. Alko, The norzml acter with ingplument i wafs fr
pitching while moving dowakell slope of 30 degree. However, the HCT may overten 2t 47 doges dowaidll
slopa.

Eeywords: Tracior stability, Eigh Clearancs tractor, Pitch, Skid.

Izireduction

The taditonal for wheal taciors with ground clearancs of 2oumd 4% o 5 oz canmet mowe in S
sianding cotioa Sald as the plant 2w sbout 100 to 13 oo =]l To address this fwee, a high dearmoe platfors
atechmant for a Sour-wieal tacter wes deweloped & collsherabion with Ieematiceal Comire of Maing and
Wheat Irpervemeont- Horlaeg Instotess for Sowth Asis (CIMBIYT-BISA), India and Pemiab Agricniural
Unheerzity, (PALN Lodhizss, India and was pot Bbrcated from a local machinery mesn@ctimar Eajar
Apricultuml works, hinllangrer, Ladhiona (Pumjab), India This platform increased the grommd cleamance of the
ractor to 110 o to make the racter pwee sasily sbote the seading cotton. The tack addth of memmized mmactor
was incrased by 1.7 tinwes the standand one (from 137 cp to 200,75 cma). which eeables high clearance tacior
(HECT) to mores in both 675 and 1010 cm rowr geomstrics of cotten. Any taditicnal tector (Eound clearancs
=4} om) can be commred o high charance tactor by moenting on high clearancs: platform in 4 1o € bours, Fig
L.

The moreased gromnd clesramcs of this igh clerancs mchor can be 2 major soercs of iz and serioes.
S work imumies. Clobally, the death toll of tmcior rollewer accidents is mome than 400, and appromicadely
L&, peopls 2re mjured sach year (Abubakar of al 2010). Tharedore, tracior stzhility and the reducton of
mjries malated to actor milovers ane ameas addressed by pamy ressarchers (Yoder and hderphy 20000 Kiso and
Zheng (20HM) declamed, “The use of ‘wescr rthe-loop (EIL)" coling fracior affmde and moticn sizmelibem
providas rollover wamings based on estirated Iook-shead tractor atgmde and motion sorms. The valdation best
reculry mdicated thart the STT. wekdrcls artitude wirmalator coeld predict the artimds and motion states of the vehicls
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spproxinmtely § mabcad of i achz] poadticn with Svourshls azd comsirtent accuracy at all tast sits.” Anothor
uiftet o preweal tAcior overtEms s designing a chasss talamcng ssmm In this megerd, Mackodi and
HMaarnbbiJ00) designod an awomatic confrel wyeem (ACS) for 2 modified tocor to maintain in bdlity
ring woek on skep wide-slops Lands. In this wysiem, ackor sahility was ackiered oy koeping the chassis af &
borizental Jevel wiing bydmnlic jacks, which received commends fmm ACE. Spancer (197E) developed 2
theometical mode] for predicting the condifioms of overmming and controlling the ietabiliny of 2-wheel i
tractars with towed implameets. The eenintem safa cpamating, dops of a loaded silage tmilar s 27%, at a path
amle of 13 degress fom the seaighe bing wp the slopizng pound. Abeesdi (2011) ruported, “Thmee pordhilitas
st aboe & actor that works on sloping lands whils being subjected to position disorrhances: 1- Sabiliny 2-
Intahility dsa to cvertem 3- Enthility dm fo shkid ™ Ho dnsloped 2 dynamic owrteming modi] for fraciom
opeqAtng acrons Teglar sloping groends. The meckanics and dymaes=cal bekenvionr of 2 acior—tmiler neka
moving up and down oo sloping mromd mdar differet operating conditons wers theorstically sipmixtd by
Abm-Fansdoh and Al-Fali] (20040

The poposs of this smdy wes io ambve and compars the sahbilify and taction sbility of nomal (Enomd
clearamce 47 o) and high clearnog factor with Balay Sesdr mowsded at rear. whiks moving 1o or down ana
spmg gomd

Mlaterials amd Alechods

Suskilty of kiph clearance irastor

To stady the sability of the tacor the OfF of the normal and ligh cleammcs tmoior was calculated by sandand
weighing chnique (Tobn or af 1969}, In this anahyxis, the following smsple sempdions were mada:

(i Forard motion is umiform; this assumes consamt insplament firces and no accelemtion.

B o & I ar ar ™ as sach; :
i) Lings of forces on whesl ey ial or mdial or oy be msohved as sach; wheal dniage and
tyre distortion (et not nomal tyre deflecton] are noglectd.

(it} The wachar is symmettical abost the longrtadmal wwrtical plazms; all the foroes 2md moments w2y be
considored to act in this plans.

() Crhar forces, mch a e chempe i position of the el and ol in the Tactor on sloping ground, ar
Tesistancy and other mimor forces am negleced.

MNorafers
Syvmbal Description Symbel  Descripdon
w Waight of mormal factor {alena) R Sodl reaction against the rear whadls of the
Tacior
Wi Weight of Iesplamant Re Rolling mesisiance of the mar wheels of the
w Woaight of HCT {(2lons) K Rolling resdszoce of te ot whesls of
the tacior
Ru Soil macton agamst the foot wheals of Angle of & (uphill or downidll) made
the tractor rebifie o horieomial
F Totz] of net toction force required af mar ¢ Coafficient of rolling resistanca, 0.0
wiseh of ractor
Frmx Foquied tachom foros for mactor W Traction coefScent for dry ploughed soil,
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moverent 0.53

i distmce of 0L fom mar wheel weid 3D divance of hitch point rearasmd of the mar
oniact point (pormal acer) axl of the normal mractor

X distmce of 0L fom mar wheel o X% divance of hitch point rearasmd of the mar
contact podnt (FICT) axde of the FICT

X whie] base of the normal] and HC ¥y hwight of CC fiom pound for norml

acior
LN haight of Cl Eoo groend for BCT

Considoring the cass of umitoam foreerd moton whith e accaleation, the martia fiocs andeouplos are omited
Somotion of forms parallel to S direction of motion in Fig X, we hns

F-R1-E2W sinf=0 — ) (Abu-Elamdch azd Al-Fali] 2004)

Semmrotion of formes i the dizeciion nommal o the active mriecs., w bevs

R+R1-Weosf-W, =0 —

Taling pomonts about the contact point of rear wheal of macior and soil serfce, we hae

W () + RL (30 + W sinB (Vi) - Wl cos () =0 —(3)

Furthar, sobring thoss eqeation for B, B, F and Fmax

Rl =[ (W. X1 - Wriljkosh - (WY1 + Wr¥2)sinb |/ 33

R2= (W + W)oosh - (R1)

Frox =m R2

F = ol + B2) + (W + Wejsizh

The slope angle e vared opwm =51° (r opeard sdope md dows dops) with a sep of | demmee. The

corresponding wakees of By, Ko, F and Fman weee calcelated neing & vivml basdc program. The specification data
fior walidated for TOFIN DEERE 038 tractor, Table 1.

EFesult: amd discws@on
The affect of slope and implkewet wsight oo e difexot depandent parmmemrsF,. B, F and Fmax & thovan in
the Fgre 3 to 10,

Tha shdlity of the facor & determined bry the value of & soil maction oo the Eomt wheals B, which
predict whathor the tactar ix vishls (B~ 0) or meizblk (Bl = 0) and tead to fom over badoaends. As axcpecizd,
the wodl reaction o foot whesls was meduced with moease of slops mngie, dm o the phenomencs of weight
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transfar. The tractor with implement load of S04 kg is safe o mowe wphill slope of 35 wharsas, the same trackr
without pounied mmplensent is safer to move on ground slope of 487, Fig. 3.

Tha traction firce reqeired for normeal tacior vamed froms 100 kg to 2100 kg for Sifrent ground slopes
amd implemant ardght As sxpected, the net Tacbon forme required o meve up hill Ty the tacior moeaws with
inouase in slope axgle of groumd and implerecnt weight Fmax is Emited by the tacton ability of mcter, &
miTeases with shope 2ngls 2nd implement. The Eround sbope at which the tacior sters dindding ranges batwsan
18 amd 24 degress forcormsponding implement weight of 0 and 00 kg mespectivaly, Fip 4 Thamiom, the
normml acor wid nplemeat baving weight of 600 kg & safu agains: pinching ot groend slope of 35° but can
never mwove on i slope dne o techr ear wheal skidding. Theredoms, the limiting ground slope fir norzml
tractor with 600 kg insplamess is 247,

Sanbilty af kiph clearamer iracior moving aphil

Tha tracior with msplament load of 600 kg is safe o move uphill slope of 24" whareas, the same tractor
without mounied implanent is wfer to movs oo ground slope of 36° Fiz. 5 and Fig 6 The ground slope at
wiich the tracter wiarts tkidding ampes betawan 24 and 30 degmes for comesponding Implemnant weight of 0
and S0 kg, mespacttruly. Thaméiom, the tactor with implemant honing wwight of S00 kg i w@fe against pitching
ot ground slope of 4%t the wame fiew with no dad of mar wheel {upte 147 Alve, the bmitng grousd dops: for
climhing by tractor without implement ix 24°. Tharufors it can be conchided that #e HCT with or without
implement cam pwere wphilll at & slops of 14 degres. The norpml] tracior with same implemant ardghe can climb
at highar slops as compamed o HCT.

Suphilny af mermal iracier mentreg downhil

Ao expecied, the soil reaction at Eont wheals wes increased with monease of dowakdll slopa, doe to the
phezomoncn of weight tansfer towards front wheals. Thersfome, Sod meacton at font wheals, Ei= O for all
goend slopes and % agminet piiching The met aciom force meguined o move doanhil]l deoneses with
inowass o slope angle and implemers wedght 16 at seapar slopes the: Tacor moves dowm by i own waight,
Fiz. T and Fig. 8.

Similar trend of w0d maction ant Eont wheal and tacton forte was obsereed for FECT. The HET wihile
mwoving dowakill may pitch on front wheels 25 maction om mear whesls becomes maro at ground slope of 457, Fig.
o amd Fig 10.

Conchozioes

Tha results of this analysis showsd that the normal mactor is safe to mowe at uphill ground slopes of 25
amd 3 with 2 mowmed implement of $X0kg The nemly developed high cleamncs tactor with implemant
hoving waight of 600 kg & s against piching while moving wphdll &t groemd clope of 24 Tho limiting
ground slope for climbing by HCT withont mplment i alse 24° (e to F ~Foax Themforw & cam be
comchided that the FCT wth or without inplement cin mwowe wphill at a slope of 24 degrea. The normal facior
with same irplemend wraight can climb af bdghar slope as companed to FICT. The normal sachar with irgplement
5 safe for pitching whils moving dowmbill slope of 30 degres. However, the HCT moy overtomn 2t 47 degres
diowwmitdll slope.
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Table 1: Specificacens of ike nommal tracior and iracter mounced om the hizh cdearazce pladorm

Spacificatiomns Normal Trcter Tacir momied on kgh
charamcs phitfinrm

Ground clearamca, mm 043 110

Spacd redniction (over normal) - |

Track width, mm 1350 2020

Waight with oparator, kg 1003 2343

Wiee! bass L57 197

CEE Y, I), mmm S24, BO2.5, 673 BDE.7, 1137, 1041

Hatght of hitch podnt from ground 04 110

Dtistomcs of hitch podnt from rear axle 078 .76
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Fig. I Forces acimg on the mormal and hish cleasramce racior while operating on nphdll slope (pisching)
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i [ ] [FOF TRACTOR ALOME == R]1 WITH 200 K5 BS
gl B 1 WITH 400 KG RS il 1. WITH GBI KG RS

i — —i= -I-—i—-q-—..._...__‘h
e s B ol B B od I =

2

:

o 3 & & 12 I5 1B F 24 FF 30 33 36 FH= 42 45 £ 51
Grourd slops [degres]

Fig. 3 Sail reaccens st different srousd lope at fromt asd rear wheel of normal rractor while meving
upkill
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i Frrizx FOR TRACTOR ALOME
iy FrrvE WITH 400 KIG RS
—{ :F FOR TRACOR ALOME
== = FWITH 200 KG RS

SOIL REACTION, kg

SEENEREER

P
& =
e _'7";":—)‘

15 iz z1

Ground slope |degres)

) Far ) =0 3 3b

Fig. 4 Tructiom force required af resr wheds () apd mamimem iraction force developed by the normsl

tracior (Fmax).
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s i FOR TRACTOR ALONE =l R4 WITH 2040 K5 RS
=iy F:L WITH 400 K RS et R4 WITH G000 KIS RS
== F2 FOR TRACOR ALONE R2 WITH 00 KIS RS
3500.0 —4= = F2 WITH 200 K RS A2 WITH 400 KI5 RS

30040.0
2300.0
20040.0
1300.0
1p00.0

SO0 RERCTION, by

-1000.0

g 3 & 9 41r 13 418 2 24 I 2 33 3 35 4 43 48 M
Ground siope | degres]

Fig. 5 Soil reacoons at different srousd slope at front azd rear wheel of normal tracoer whils HCT npkall
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i Fmax FOR TRACTOIR ALOHE ——fl— Frrax WITH 200 K5 RS
e FTIAX. WTTH 2000 KIG RS e FrTX WTTH 500 K5 RS
= -F FOR TRACOR ALONE FWITH 600 KG RS
=4 -F WAITH 200 KG RS FWITH 300 KG RS
2000.0
'
’ L ad i—h_—:‘_
¥ 13000 *_—*’—*—"’——*—*_ i - FFF.
X W
1000.0
E *__FH_‘—-;H
¥
300.0 =
S
o
0.0

" il
Q 3 & - iz i3 iz 1 4 g = 33 36
iSround skope [degree]

Fig. 6 Traction Sorce required at rear wheel: (F) and mazimum traction force developed by HCT (Fmaz).
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e {1 FOR TRALCTOR ALOMNE el L WITTH 34D KXE RS
e B WNTTH 3K EXS RS o B4 WITTH SO0 KIZ RS
w= = I FOR TRACCE ALONE R2'&/TTH SO0 K= RS

2000 E T “FIWITH 200 ES EE A2 'WITH 400 KE RS

SOnL B,

¢ 3 & = 412 15 1B X1 24 I? 30 3 35 3/ 4T 23 48 51
Ground slope [degree]
Fig. 7 Soil reaccons at different grousd zlope st fromt amd rear wheel of normal racror while meving
downhill
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i (F i (RO TRACTOR BLONE e P WOTH 200 KS S
gl (F i W [TH 800 BG FS e Fiimniie WAITH SO0 KG RS

-2000.0 Ground slope |degres]
o 3 & 5 i 13 1= 1 4 7 £ iz 1]

Fig. ¥ Tractiom force requred at rear wheels (F) and msaomum iracton force developed by ike normal
iracior (Fmaz)
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g F1 FOR TRACTOR ALONHE == R1WITH 200 KG RS g L WITH 400 KS RS

i R WHTTH B00) G RS w == B2 FOR TRACDE AL GKE R2 WITH el K= RS
=== = B2 WITTH 300 K& RS A2 'WITH 400 EG RS
2304.0

g 3 & & 12 13 1B I 24 27 3 z= I 3IF 42 43 48 M

Grownd siope |degres)

Fig. ¥ Soil reacdens st different grousd zlope ai fromt amd resr wheel of normal rachr while meving
downhill
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s P PO TRACTOR ALDME il Frrie WITH 2040 Ki5 RS
s Frrie WITH 3000 KI5 RS i Frrie WITH G000 KI5 RS
000 =8 +F FOR TRACOR ALOME FWITH 600 B RS
2000.0
300.0
ir
i.' )
5 o =
-\.1---H
= -300.0 -‘“"'-Ha.:
) B -
* -1000.0 =9
-1300.0 "::-l
-2000.0
0 3 5 3 1z 413 18 H 24 27 3 33 I
Ground slope |degrnes]

Fig. 10 Tracoeon force required st rear wheels (F) and mariomm tractios force developed by the normsl
tractor (Fmax)
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