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Foreword

It has been argued frequently that technologies
recommended by research stations have not been adopted widely by
small farmers often because they are not consistent with their
circumstances. Organized along disciplinary or commodity lines,
the research has been conducted on research stations under
conditions which are not representative of farmers' fields. To
overcome this problem, a new approach; Oq-farm Research with
Farming Systems Per1pective, has been developed with the
following characteris~ics:

•

a) It aims to generate technology to
productivity of an identified
farmers.

increase
group of

b) Conceptually, it is
systems perspective.

based on a farming

c) It uses on-farm research methods, and •
d) It is multi-disciplinary in nature.

Using this approach, the present study, "Wheat in the
Cotton- Wheat Farming Systems of the Punjab: Implications for
Research and Extension" has been developed. It gives an in-depth
inalysis of ~conomics of wheat production in a predominantly
cotton area of the Punjab.

I am sure that both biological and social scientists,
having interest in agric~ltural d~velopment, will find it useful
in defining new researchable problems with special references to
technology design and adoption by farmers.

I commend AERU, Avub Agricultural Research Institute,
Faisalabad, and other members of the research team for completing
this piece of scientific work.

August, 1986

Dr. Amir Muhammed,
Chairman,

Pakistan Agricultural Kesearch Council,
Islamabad.
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Preface

In 1985, the Pakistan Agricultural Research Council,'
Islamabad, established an Agricultural Economics Research'
Unit (AERU) at Ayub Agricultural Research Institute,
Faisalabad, with the following objectives:

i) To conduct farm level research in collaboration
with biological scientists of Ayub Agricultural
Research Institute, Faisalabad, to understand
specific farming systems, diagnose factors
limiting' productivity and evaluate technological
alternatives for overcoming these problems.

ii) To feed back information from this research to
help establish priorities for research on
experiment stations.

"Wheat in the Cotton-Wheat Farming Systems ••••••• " is
the first in a series of studies being conducted by the unit
in close collaboration with agronomists at AARI, Faisalabad
and NARC, Islamabad. This study is based on extensive farm
level surveys and crop cuts by a multi-disciplinary team.
The data were analysed in detail to address special problems
of planting wheat after cotton in southern Punjab.

In addition to describing priorities for future
research and extension work in the cotton-wheat areas, it
also provides a valuable set of. data on the natural and
socio-economic environments, the cropping patterns, wheat
production practices, yield and profitability~ It also
identifies the factors limiting wheat productivity in the
context of the cotton-wheat farming system of the southern
Punjab. It is hoped that it will prove useful for the
researchers, extension workers, policy makers and also
provide a sound basis for carrying out similar work on
c~opping systems in different agro-ecological zones of
Pakistan.

•

I appreciate the efforts of the
bringing out this publication.

research staff in

Dr. Manzur Ahmed Bajwa,
Director,

Ayub Agric. Research Institute,
Faisalabad, Pakistan.

(i)
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Summary

The cotton-wheat area constitutes the most important
cropping system in Pakistan. Taking those districts qn
which cotton is grown on at least half of the Kharif
irrigated area, 2.2 million ha of wheat are grown in the
cotton-wheat cropping system. However, current research
and extension recommendations do not differentiate
between wheat sown after cotton and wheat sown in other
rotations.

A dia'gnostic survey of wheat was conducted -i11~he

dlStrict of Multan l:.~..!!,!:_I!.B~crop cycle. The major
objectives of this survey were to delineate major
sources of variation in the area, identify factors
limiting productivity and plan an on-farm
experimentation/extension programme. An informal survey
~ a team of agricultural economists a~ agronomists was
conducted in March ~. This was followed by a formal
survey of wheat proouction practices and yields at
harvest time in 150 randomly selected fields.
Production practices were recorded in the short
interview with farmers in their fields and yields were
measured by harfesting and threshing three to five p10t~

of dimension 1m located randomly in the field.

Wheat after cotton was a major crop rotation in the
area. About 50 percent of wheat fields were planted
after cotton, and 30 percent planted after fallow.
Average cropping inte~sity was about 130 percent.

The prolonged harvesting of cotton is the major conflict
in the cotton-wheat cropping system, resulting in late
planting of wheat. Wheat after cotton was planted on an
average 19 days later than wheat after other Kharif
crops or fallow. Indeed, nearly 70 percent of wheat
following cotton was planted after December 15th
reducing potential yields substantially.

The farmers appear to rationally weigh up the benefits
of an additional cotton picking with the loss from later
wheat planting. The results show that even taking into
account high picking cost for the late picking, benefits
of extra cotton pickings are likely to outweigh the
loss in wheat yields due to late planting.

(ix)



6. The majority of farmers (60%) used non-recommended wheat
varieties. Variety WL-711 which is banned because of
susceptibility to leaf rust is the most common variety
(39% of fields) in the area. Only 15 percent of farme~s

planted new recommended varieties (Punjab 81, Pak 81,
Bahawalpur 79 etc). The rest (24%) used
Sonalika/Bluesilver. The problem of slow uptake of new
varieties reflects an inadequate distribution system for~

certified seed as well as fa~mers' lack of awareness of
the danger of a rust epidemic from using banned
varieties.

"''I

7 • Chemical ferti~izer was used by 95 percent of the
sa~pled farmers. Most farmers are aware of the need to
apply both nitrogenous and phosphatic fertilizers,
although fert;lizer application rates are well below
recommended r tes. The most important nutrient
explaining var ation in wheat yields was phosphorous.
Farmers on a' erage applied 95-46 kg. N-~~~LhA. Crop
rotations, size of farm, access to irrigation and use of
farm yard manure all influenced the quantity of
fertilizer applied by farmers.

8. Weeds were not a major problem in the area. Broadleaf
and wild oats were a problem in some fields but did not
significantly affect wheat yields. To some extent weeds
were controlled by crop rotations (after berseem). None
of the farmers used herbicide to control weeds in wheat.

•
9 • Salinity

Fifteen
patches
salinity
yields of
was found

is becoming a bigger problem in the area.
percent of fields were rated as having a few
of salinity and five percent had a substantial

problem resulting in an average reduction in
about 17 percent in those fields. No farmer
who applied gypsum.

10. Irrigation is provided by perennial (57 percent) and
seasonal (43 percent) canals, supplemented by tubewells.
Because of lack of electricity in many villages, diesel
tubewells are much more widely used despite the fact
that they are more costly to operate. About 21 percent
of the farmers reported saline tubewell water. High
cost of diesel, load-shedding and canal closure were the
major irrigation problems in the area.

11. Delayed harvesting well beyond maturity was a common
practice, especially among large farmers who depend on
hired labour for harvesting. The harvest index declined
from 30.2 percent in early harvested fields to 27.4
percent in late harvested fields. Thi·s, in part,
reflects the fact that late harvested fields were also
late planted and hence subject to more heat stress.-_.........._-

(x)
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Farmers pay about one th. ird of their wheat production or 1 'f.,NJ. t~
13.2 kg per 40 k&o tor 9arvesting, threshing and {' ~r..
marketing costs. Th, _~t value o'f the wheat standing in (,..
the field that sho'u1d be used in calculating the
profitability of an innovation was Rs. 42.5 per 40 kg of
wheat after subtracting harvesting and post harvest
costs.

~3./The average measured wheat yields from the 150 samp1~s
~l /were 2.3 t/ha. One third of fields yielded less than

. ~~ 2.0 t/ha and only 13 percent yielded above 3.0 t/ha. The
characteristics of the high yielding fields were a)

t:'>.?''";}
~ wheat after _ fallow, b) access to tubewe11 water and

perennial canal system, c) better land preparation, d)
use of new recommended varieties e) planted before
November 30th and harves~ed before April 26th f) more
irrigations and g) application of 40 percent more
phosphorous. Conversely,' low yielding fields had
usually been planted after cotton, used banned varieties
and were planted after November 30th. Multiple
regression analysis of yields confirmed most of these
factors as significantly affecting yields.

14. The net returns of low «1.84 t/ha) and average (2.29
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Introduction

The purpose of this study was to describe and
analyse the special problems of planting wheat after cotton
1n the southern Punjab. Wheat yields in cotton growing
areas are lower than in neighbouring irrigated areas of the
Punjab. For example, average yields in Multan district in
1982-83 were only 1.90 t/ha compared to 2.46 t/ha in
neighbouring Toba Tek Singh District (Government of
Pakistan, 1983). The reason for low yields are not fully
understood and, in particular relatively little resear~h
has been conducted on wheat in this cotton-wheat cropping
system. Current ~esearch and extension recommendations for
this area do not differentiate between wheat sown after
cotton and wheat sown in other rotations.

The cotton-wheat area constitutes the most
important cropping system in Pakistan in which wheat is
grown. Taking those districts in which cotton area is equal
to at least half of the irrigated wheat area, 1.36 million
ha. of wheat are grown in the Punjab wheat-cotton cropping
system (Figure 1~1 To this can be added another 0.8
million ha in ~~~ Sind where wheat is also grown following
cotton. >~

... ~~\ .
The wheat program at NARC, in collaboration with

provincial research institutes, has initiated a number of
on-farm research projects in selected areas of Pakistan
representing different cropping systems in which wheat is
grown. The purpose of these studies is to develop and
verify technolgical recommendations that are appropriate to
the natural and socio-economic circumstances of the farmers
of these areas. A process of on-farm research is used
consisting of several stages. Firstly, researchers conduct
a diagnostic survey to better understand farmer
circumstances, identify factors limiting productivity and
screen for appropriate technological alternatives. On the
basis of this survey, experiments are conducted in farmers'
fields in order to test promising technologies. Finally,
proven technologies are demonstrated to farmers. This report
is concerned with the first part of this research process
that is the diagnostic survey. The specific objectives of

1 Average wheat yields in the Punjab cotton-wheat area
during 1981-83 were 2 t/ha which is slightly above the
average for irrigated wheat in the Punjab. However,
over the period 1971-83, yields in the cotton wheat
area increased more slowly (2.2% per year) compared
to the Punjab a·s a whole (2.9% per year).
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this survey were as follows:

to describe major factors influencing farm~rs'

choice of cropping patterns and management
practices in the cotton-wheat areas of the
Punjab.

ii)

iii)

iv)

v)

to delineate homogeneous groups of farmers
or recommendation domains for organizing
research priorities arid recommendations for
wheat.

to diagnose major agronomic and socio-economic
constraints limiting productivity in cotton
wheat areas with specific reference to wheat.

On the basis of the above, to design a set ,of
experiments/demonstrations to test promising
technological alternatives in farmers' fields.

to determine factors related to policy and
problems in policy implementation which impede
farmers' adoption of improved technologies.

Research Methods

,,,
. ~

The research methods used in this diagnostic survey
followed procedures developed and used in a number of·
countries (CIMMYT Economics, 1984; Byerlee, et al. 1984).
The basic steps included 1) review of secondary data, 2) an
informal survey and 3) a formal survey.

1. Collection and Compilation of Secondary Data

Data on agro-climatic variables' (temperature,
rainfall, soils, etc.), irrigation infra-structure, cropping
patterns, area, yields and the input distribution system
were collected from relevant authorities and from a review
of previous studies in the area (e.g. Cheema and Haque,
1983).

2. Informal Survey

An informal survey was conducted' by a multi
disciplinary team of wheat agronomists (NARC, ARS,
Bahawalpur), and agricultural economists (PARC, AARI) in
March 1985. Three teams were formed each day for a period
of a week to work in pre-selected areas. These areas
included villages near main roads as well as more remote
villages. Interviews were conducted informally without the
use of a questionnaire but guided by a checklist of
important issues to be covered. Interviews ranged from a
few minutes to over an hour in length depending on the time
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and i n t ere s t 0 f the fa r mer. An e f for twa smad e toe rea tea
relaxed atmosphere in which farmers would feel free to
express themselves and provide researchers a deeper
understanding of the complexities of farmers' management.
Special efforts were also made ~o observe problems in
farmers' fields such as weeds, stand establishment and soil
salinity. Other persons knowledgeable of agriculture, such
as wheat traders, input dealers, irrigation authorities and.
extension workers were also interviewed. At the end of each
day of work, the team met in order to exchange findings,
analyse data and plan the "following day's activities.

•

The Formal Survey3.
I~

At harvest time (April 14 to 30), 150 farmers were
interviewed on wheat production practices in a specific
field and on general characteristics of the farm, such as
farm size, tenure, irrigation system, credit and machinery
ownersh~p. In addition, in fields where wheat was planted
after - cotton, a number ofquestio~s were asked about key
practices in the production of cotton in that field in the
previous cycle (e.g. variety, planting data and number of
pickings) in order to analyse interactions between cotton
and wheat. The sample consisted of farmers who were met
harvesting the crop along main roads (35 per cent) and
secondary roads and tracks in the area (65 per cent). The
major survey areas are shown in Figure 2. A short but
comprehensive questionnaire was used to collect information
on the most important variables that had been previously
indentified in the informal survey. (A copy of the
questionnaire is given in Appendix A).

In addition to the interview, a number of
observations were made in the sampled fields. Weed problems
for three categories of weeds - broad leaf, wild oats and
phalaris minor - were scored in each sampled field using the
following scale.

a :0:: No weeds
1 = Weeds present but economic loss not

significant.
2 = Weeds present in significant quantities.
3 = More weeds than wheat in the fields.

Soil salinity problems for sampled fields were also recorded
by a similar scoring method. At the same time, a sample of
three to five plots (depending upon the variability in the
field) of dimension 1m x 1m were located randomly in the
field and harvested, weighed and threshed to estimate
yields following methods described in Catling, Hobbs, Islam
and Aslam, 1983. One to two kilograms of seed of a new
cotton variety was given to each sampled farmer free of cost
before-hand, in order to compensate for wheat grain taken by
the researchers, and to gain the farmer's confidence.
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Keeping in view the results of the previous studies
conducted in Multan district the sample seems to be
representative. For example, average farm size of the
sample was 8.2 ha. which compares with 7.9 ha. estimated by
Cheema and Haque (1983) for a random sample of farmers in
Multan District. Farm size distribution in the two surveys
is also similar.

4. Data Analysis

The data was analysed on an Apple lIe micro
computer using the package, Apple Interactive Data Analysis
(AIDA). The first round of the data analysis focused on the
farmers' natural and socio-economic environment, and the
cropping system. The second part described the inter
relationships between specifi< wheat production practices
(such as between variety and 'i t e of planting) and between
the cropping system and prodll~tion practices in wheat (e.g.
between previous crop and data of planting). Finally, we
di-ag-nosed the major factors limiting productivity and drew
implications for research and extension.

The Natural- Environment

Soils

The soils of the sur~eyed area have formed in
alluvial deposits of the Sutlej, Bees and Chenab .rivers and
are moderately calcareous with pH values ranging from 8.2 to
8.4. There are patches of saline and alkali soils scattered
in the area. Soil organic matter is low, usually less than
0.25%. A variety of soil textures ranging from silty-clay
to silty-clay-loam and clay-loams have been recognized in
the area.

In our formal survey, soil types were recorded
according to farmers' own local terminology. For example,
loamy and clay-loamy soils ~ere described generally as
'Mera' but sandy loams were described as 'Halki mera' and
cIa y loamas 'B h a r i m.e.r..a '. t 0 .3 how ami x t u r e • S 1 n c e m0 s t
sub - cia sse s prov ide d-;n ins u f f i ~ ,...-: n. t sampie s i z e for fur the r
analysis, we have grouped soils .-~:o three types as shown in
Table 1. The distribution of f_ ds between categories one
and two closely follows the propo~tion given by the Soil
Fertility Section, AARI. Faisalabad.

6
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Table 1. Classification of soil types in the sampled
fields, cotton-wheat areas, 1985.

Soil type Local Terms
.

Percent of fields

1. Clays Pacci, Pacci mera 4

2. Clay loam, Mera, Bhari mera 77
loams, sandy Halki mera.
loams.

3. Saline patches Kalar 19

Some farmers also practice the mixing of new silt
and sand for increasing fertility and thereby improving soil
productivity. They also mix clay in sandy soils to save
water. This practice was used by only 9% of the sample
farmers but is' important enough to warrant further
investigation. •

Climate

The survey area lies in an arid sub-tropical
continental climate.. Average annual rainfall is only 180
mm, two third of which is -received during the monsoon season
(mid-June to mid-September). The rest is received as low
intensity showers in Rabi cycle (Figure 3) but with
substantial year to year variation. Natural rainfall is
generally unimportant in wheat production in this District.

Temperatures during March and April in the
flowering and grain filling stages of wheat are an import~nt

determinant of wheat yields. There is substantial variation
in temperature in those months (Table 2). When hot weather
arrives early, the effect on yields is particularly
important ~or late sown wheat. Over 60 per cent of wheat is
planted late in this area due t~ the cotton-wheat rotation.

---'------'-----_.~_."._-------------~
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Table 2: Mean maximum temperature and their variation
in March and April, Multan, 1970-84.

March April

0
C

Mean maximum temperature, 1970-84 29.8 37.1

Mean ,maximum temperature {coolest
year, 1972 24.5 34.6

Maximum temperature (warmest
year, 1984). 39.0 41.7

Mean maximum temperature, 1985. 31.0 35.0

Irrigation

Irrigation is provided by perennial and seasonal
canals, supplemented by tubewells. The Malsi and Haveli
canals irrigate the whole of this area. Originally these'
canals were designed to supply water for a cropping
intensity of 66%. The current cropping intensity is now
almost double this figure, resulting in severe water
shortage in both canal systems. Seasonal canals were closed
for six months (October 15 - April 15) and perennial canals
were closed on an ave~age for about 45 days in 1985.
Seasonal canals were opened for a few days ~uring the 'Rabi'
cycle, and a few farmers were able to· apply one or two canal
irrigations from these canals. Perennial and seasonal
canals covered 43 and 57 per cent of sampled fields,
respectively.

Table 3 reveals the sources of irrigation of
sampled farmers during 'Rabi' cycle, 1984-85. It is clear
that tubewells are essential in supplying water to most
fields in the area. Canals were the main source of
irrigation water for only 19% of farmers as measured by the
numbers of irrigations from canals and tubewells. Nearly
half of the farmers (those on seasonal canals) depended
entirely on tubewell water. Even in the perennial canal
areas, only 2.4 canal irrigations were available to farmers
and about half of farmers in this system depended primarily
on tubewell water.
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Table 3: Source of irrigatIon water for wheat,
cotton-wheat areas, 1985.

Source of water

Canal only

Tubewell only

Both.canal and tubewell

All

Percent of fields

7

45

48

100

--------,---------------'-------------------

Because of lack of electricity in many villages,
diesel tubewells are much more wide~y used despite the fact
that they are more costly to operate (Table 4). Generally
water charges for electric tubewells range from 15 to 20
Rupees per hour compared to Rs.25 to 35 per hour for
diesel. About two hours are required to irrigate one acre.
These rates vary according to quality of water and also size
of tubewell. By contrast the cost of canal irrigation for
wheat for the whole cycle is Rs.55/ha.

There were. areas, such as near Dunyapur, where the
quality of ground water was not good. About 21 per cent of
the sample farmers reported saline tubewell water.

•

Table 4: Type of tubewells used by sample farmers,
cotton-wheat areas, 1985.

Type of Tubewell

Electric

-Owned
-Hired

Diesel

-Owned
-Hired

All

10

Per cent of Farmers.

18.7

5.3
13.4

74.0

39.3
34.7

100.0



In addition to the type of tubewell (diesel 'or
electric), the ownership of a tubewell is important in
timely provision of irrigation water. Tubewell ownbership
is highly correlated with farm size (Table 5). Most farmers
with big holdings (> 10 ha) have their own tubewells.
However, tubewell water is usually purchased by small
farmers.

Table 5:

Souroe

Own

Rented

Tubewell ownership by farm size, cotton
wheat areas, 1985.

Farm size

< 10 ha > 10 ha All farmers

(p e r c e n t )

29 85 48

71 15 52

100 100 100

Chi Square = 30.26 Prob. = .000

•

The Socio-Economic Environment

Input Distribution and Extension

Chemical fertilizers are readily available in all
villages mostly sold by private dealers but also supplied by
commercial banks and cooperative societies on credit
(although access by ordinary farmers to the latter is
limited). A few farmers complained .bout the quality and
underweight of fertilizer bags.

An adequate distribution system for certified wheat
seed does not exist in this area. Even when farmers are
aware of improved varieties, they expressed difficulty in
obtaining the seed. The survey results revealed that only
10% of sample farmers used certified seed compared to 75%
who used their own seed and 15% who obtained seed from
fellow farmers. In addition, farmers are unable to buy
small quantities of seed, due to unavailability of small
bags of less than 90 kg.
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Extension services are provided by the Punjab
Agriculture Extension Department and the Cotton Maximization
Program under Pakistan Central Cotton Committee. Their
duties are to visit farmers in their fields, introduce new
technologies and to conduct demonstration plots. Few
farmers were found to have any contact with extension
agents. As a result farmers often lack knowledge of
improved varieties, proper doses of fertilizer and use of
pesticides. Only a few demonstration plots by the
Agriculture Extension Department were seen along main
roads. "Many farmers complained that extension workers only
visited ~ig landlords.

Marketing

Main market towns in the area were Multan,
Dunyapur, Lodhran and Shujabad. Almost all villages are
cohnected by 'katcha' and 'pacca' roads to main roads.
Both wheat and cotton can be sold to private and public
agents. Most farmers prefer to sell wheat to private agents
(beoparies) at the farm gate at ~lightly less than the
support price. Some farmers complained about underweighing
and untimely payments by government market agents.

Land and Land Markets

Av era g e f a r·m s i z e 0 f the sam pIe far mer s was 8. 2 h a
but with substantial variation as shown in Figure 4. About
58% of the sample farmers had less than 5 hectares. The
most common form of land tenure is owner operation, although
tenancy is also common in the area accounting for over one
third of fields surveyed. Interestingly, the percentage of
tenant fields is almost the same regardless of farm size
(Table 6).

Table 6 : Land tenancy of sample wheat fields by
farm size, cotton-wheat areas, 1985.

Farm Size Owned Share Lease Total

(p e r c e n t )

Small (< 5 hal 63 25 11 100

Medium (5-10 hal 59 26 15 100

Large (> 10 hal 67 22 11 100

•

All farms 63 25 12 100

----------------------------------------------------

12



50

40

30

PERCENT
OF

FARMERJo

10

o

<2he

•
37 I.

2-6 he

FARM SIZE lh.)

5-10 ...

•

Figure 4: Distribution of farm size cotton-wheat areas 1985

13.



The following two systems of tenancy are common in
this area:

1) Owners and tenants share equally in the output
and cost of inputs such as fertilizer and
seed. This is the most common practice. In
some cases where the owners provide all
inputs, tenants receive only 1/3 or 1/5 of the
total produce.

2) The land owner receives a cash rent ranging
from Rs. 500 to Rs. 1500 per acre per year
depending on land quality and location.

Labour

There is no obvious shortage of labour in this
area. Labour (mostly females) is generally hired for cotton
picking and for harvesting and threshing of wheat. Payment
for cotton picking is usually made in kind at the rate of
l/l6th of the produce. However, for the last picking the
payment is 1/2 to 1/4 of the produce. Payment for wheat
harvesting and threshing is also made in kind. Wages for
harvesting ranged from two to three md/acre (100 to 150
kg/ha) depending on the yield.

April and May are the busiest months of the year.
Family labour in this period is supplemented by hired labour
from local ~ources for harvesting and threshing of wheat.
Another busy period is November and December when labour is
needed for cotton harvesting and wheat sowing. Ex~hange

labour for different operations is also practiced especially
by small farmers.

Credit

It became very clear from this survey that bank
credit is not easily available to ordinary farmers because
of difficulties and procedural complexities. Farmers
complained about the high real cost of credit. Only four
farmers in our sample used bank credit for purchasing
fertilizer. Non-institutional credit is often used; this is
mainly taken from friends, relatives and commission agents
(" ar this"). In the case of loans from commission agents,
farmers have to sell their produce to the agents at reduced
prices. There are cooperative societies at the village
level but again access by ordinary farmers is limited.

14
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from Rs. 500 to Rs. 1500 per acre per year
depending on land quality and location.

Labour

There is no obvious shortage of labour . in this
area. Labour (mostly females) is generally hired for cotton
picking and for harvesting and threshing of wheat. Payment
for cotton picking is usually made in kind at the rate of
1/16th of the produce. However, for the last picking the
payment is 1/2 to 1/4 of the produce. Payment for wheat
harvesting and threshing is also made in kind. Wages for
harvesting ranged from two to three md/acre (100 to 150
kg/ha) depending on the yield.

April and May are the busiest months of the year.
Family labour in this period is supplemented by hired labour
from local ~ources for harvesting and threshing of wheat.
Another busy period is November and December when labour is
needed for cotton harvesting and wheat sowing. Exchange
labour for different operations is also practiced especially
by small farmers.

Credit

It became very clear from this survey that bank
credit is not easily available to ordinary farmers because
of difficulties and procedural complexities. Farmers
complained about the high real cost of credit. Only four
farmers in our sample used bank credit for purchasing
fertilizer. Non-institutional credit is often used; this is
mainly taken from friends, relatives and commission agents
(" ar this"). In the case of loans from commission agents,
farmers have to sell their produce to the agents at reduced
prices. There are cooperative societies at the village
level but again access by ordinary farmers is limited.
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Machinery

Farm power is closely correlated to farm size. The
use of tractors is mainly confined to large farmers (Table
7). Only eight percent of sample farmers with less than 10
hectares, owned a tractor compared to 69 percent of farmers
with over 10 hectares of land. Most small farmers used
animals or hired a tractor for land preparation to avoi~

delays in planting.

table 7: Power source and farm size, cotton-wheat
areas, 1985.

Farm Size

Power Source

Owned animals

Rented tractor

Owned tractor

Animal and
tractor

All farms

< 10 ha > 10 ha All farms

TP e r c e n tJ

55 6 43

29 11 24

8 69 23

9 14 10
•

----------------------------------100 100 100

The Cropping System

Overview of Land Use and Cropping Patterns

. Wheat and cotton are the major crops of Multan
District accounting for 96 and 76 percent of annual cropped

,area in 'Rabi' and 'Kharif' cycle, respectively (see Table
g-y:--"-"A.rea--an-if}ri e Id s "o"f cot ton-a~d whea tin Mu 1 tan Dis t ric t
have been almost stagnant from 1970-71 to 1983-84 (see
Figure 5 and 6). The Co-efficients of Variation of wheat
area and yield from 1976-77 to 1984-85 were 6 and 7%
respectively, whereas, in the case of cotton, the Co
efficients of Variation in area and yield were 15 and 30
percent, respectively. It seems that there were no major
breakthroughs in wheat yields in Multan District from 1970
71 to 1984-85. However, since cropping intensity dur{ri* this
period has increased some gains may be confounded by the
losses due to increased late planting of wheat.
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Table 8: . Area under crops in aabi and ~harif sea.oa.
in Hultan District, 1982-83.

Crop.

Kharif .£~.P..!

Sugarcane
Cotton
Rice
Maize
Bajra
Jowar
Other crops (pulses,

vegetables etc.)

Total Kharif

Wheat
Barley
Peas
Rapeseed & mustard
Other (Pulses &

vegetables)

Total Rabi

* Excludes area under fodder.

Area*

(000 hal

36.0
, 346 • 0

17. 7
24.1
5.2
5.2

18.5

452.7

461.8
1.6
2.0

11. 9

3.4

480.7

Percent

8.0
76.4

3.9
5.3
1.1
1.1

4.1

100.0

96.1
• 3
.4
.5

• 7
•

Commonly followed crop rotations and the planting
and harvesting periods are shown in Figure 7. Specific crop
rotations are also shown in Table 9. About 50 per cent of
sample wheat fields were sown after cotton and another 30
per cent after fallow. The remaining 21 per cent were
planted after Kharif fodder, maize or rice.
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Table 9: Frequency of crop rotations, cotton-wheat
areas, 1985.

Cropping pattern in
Kharif-Ra~i, 1984-85

C.otton-wheat

Fallow-wheat

Maize or Kharif
fodder-wheat

Rice-whea'

All

The Cotton-Wheat System

Percent of wheat
fields

49

30

15

6

-------100

The major conflict in the cotton-wheat cropping
system is the prolonged harvesting of cotton resulting in
late planting of wheat. The optimum planting period for
wheat in Multan is in the fast three weeKs·-·---of---Nove~ber.

This allows whe-;tto--t i lfer---dur iii'r- fne--cooI--W-ftiTe-r- mo~th s
and reduces the risk of exposure to hot weather in t~e

critical period of early grain filling. Wheat. after cotton
was planted on average 19 days later than wheat after other
Kharif crops or fallow (Figure 8). Indeed, ~!E!l IQ
£ e r c e n t £!whe!.! .!!~ .££E.!£E. ~!!.~ £!.!!! ted ~!!.!E ~~~!!!E.~
15th when the risks of yield losses are very high. In other
crop rotations (e.g. wheat after maize), only 18 percent.of
wheat was planted after this date (Table 10).

Table 10. Effect of crop rotation on planting date
for wheat, cotton-wheat areas, 1985.

Per cent of fields planted

Before Dec 15th. After Dec 15th. All

Previous .£!.££-----
Cotton 34 66 100

Fallow 82 18 100

All 59 41 100

Chi squared = 58.9 Probability = .0000
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The major factors influencing cotton harvesting and
hence planting time for wheat are shown in Figure 9. They
include: a) the time of planting of cotton, b) the variety
of cot·ton, c) the yield of cotton and d) the turnaround
time from cotton to wheat.

Planting date for cotton: Cotton planting begins in
mid May and continues through June. Early planting of
cotton leads to earlier maturity. About half of the cotton
preceding wheat was planted in May. However, there was
little evidence of early cotton planting leading to earlier
wheat planting although late planted cotton did tend to
result in wheat planted in "January. Early planting of
cotton is also not recommended since a significant
reduction in yields has been recorded in date of planting
experiments because the cotton tends to mature in the
monsoon per od.

Cotton variety: Two varieties of cotton are
commonly grown in fields where wheat follows cotton - NIAB78
(56% of fields) and MNH93 (40% of fields). NIAB78 is a
somewhat earlier maturing variety where harvesting can be
terminated about two weekI" earlier than normal v~rieties

without much loss in yield.1 Because NIAB78 provides lower
quality fibre, it commands a lower price in the market.
However, small farmers prefer this variety in the cotton
wheat rotation. MNH93 gives a higher quality staple and is
generally planted by larger farmers.

The yield of cotton: The late pl~nting of wheat is
significantly and positively correlated with the ,ield of
cotton. Higher yields of cotton significantly increase the
number of cotton pickings (r = .21). Cotton pickings ranged
from two to five with a mean of 3.6. Each additional
picking adds about 15 days to the cotton production cycle.

Farmers appear to rationally weigh up the benefits
of an additional cotton picking with the costs in terms of
late wheat planting. Farmers estimated that the last
picking averaged about 200 kg/ha. Table 11 shows that even
taking into account high picking costs for the last picking,
benefits are likely to outweigh the loss in wheat yields due
to late planting.

INIAB-78 apparently requires the same period to reach full
maturity as other varieties. However, its production curve
is such that earlier pickings give a larger proportion of
the yield.
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Table 11: Comparison of the economics of one additional
cotton picking versus loss in wheat yield due
to late planting, cotton-wheat area, 1985.

Farmers' estimate of yield of
last picking of cotton

Net cotton yield (less harvesting
cos t, 2 5 % - 5 0 %)a

Value of net cotton yield
(Rs. 4.75/kg)

Loss in wheat yield due to
late planting - 15 days at
30kg/day b

Net »~~at yield loss (less 33%
harv~~ing, threshing
t ran s"jfor t cos t s M-:c"

Value of wheat yield lost
(Rs. 67/40kg)C

200 kg/ha

100-150 kg/ha

Rs. 475-713/ha

450 kg/ha

300 kg/ha

Rs. SOO/ha

a/ Cost of cotton picking varies with the stage of
harvest. The proportion received by harvest
labour is highest for the last picking.

b/ Two thirds of loss for wheat grown under optimal
conditions.

c/ Based on estimates in Table 19.

The impact of high cotton yields has a number of
implications. First, the conflict between higher cotton
yields and wheat yields is greatest for large farmers.
Management practices of large farmers, especially additional
insecticide sprayings, lead to higher yields and hence a
greater incentive to delay wheat planting or not plant wheat
at all, following cotton.! In 1984, large farmers (> 10
ha) achieved yields 40 per cent above small farmers. This
difference is probably lower than in other years due to an
intensive extension campaign to protect the cotton crop in
1984 following the poor crop of 1983. If this campaign
continues, we can expect small farmers to experience a
greater conflict in the cotton-wheat system. Second,
good years for cotton with generally high yields will

rLarge--farmers--T> 10 ha) applied one additional
spraying. Cotton yields were highly significantly
correlated with the number of sprayings (r = .46)
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lead to late planting of wheat". For this reason, wheat was
planted later in 1984/85 than in 1983/84 (a poor cotton
year). Finally, high cotton prices relative to wheat favour
the continued picking of cotton. Cotton prices were
relatively high in 1984 but even at an average price of
cotton relative to wheat it is still quite profitable to
take the last picking.

Turnaround time cotton to wheat: The average turn
around time from the last picking of cotton to the planting
of wheat is about 10 days. This period is required to clear
cotton residues and prepare the land (see later section).
Farmers sometimes have to wait for water and appropriate
moisture condition of the field before planting of wheat.
Figure 10 shows little variation in the turnaround time from
cotton to wheat and these differences do not seem to be
important in explaining differences in planting dates for
wheat.

Fallow

In the Rabi cycle of 1984-85, an average of 36% of
farm area was left fallow. Likewise about 30% of wheat
fields were planted after fallow in the previous Kharif
cycle. These figures indicate the importance of the
rotations wheat-fallow-wheat and fallow-cot ton-fallow.
Overall cropping intensity is about 130%.

The major.reasons for leaving land fallow are; a)
shortage of water and. b) conflicts in the cotton-wheat
system discussed above. The regression analysis of Table 12
shows the importance of access to tubewells (especially the
lower cost electric tubewells) or perennial canal water in
reducing Rabi fallow. At the same time the're is a highly
significant positive relationship between the percentage
area in fallow and farm size. Large farmers generally
prefer the cotton-fallow-cotton rotation because; a) wheat
is often uneconomic when planted late after cotton and b)
cotton yields are generally higher in cotton following
fallow because of better land preparation and higher
fertility. As we will show in a later section, farmers who
depend on diesel tubewells require a yield of close to 2
t/ha to cover only variable costs. At the same time,
experiments by the Cotton Research Centre in Multan have
documented yield losses of the order of 250 kg/ha in cotton
following wheat compared to cotton after fallow (Cotton
Research Centre, personal communication).
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Table 12: Regression analysis of factors affecting
percent area allocated to fallow in Rabi
cycle, cotton-wheat areas, 1985.

PCTFALLOW = 36.33 - 11.314 PERCAN - 5.85 ELECT-TW
(3.27)*** (1.39)

+ 17.45 NO-TW + .564 FARMSZ

Where:

R2 = 0.19 n = 150

PCTFALLOW = Percent of cropped area
fallow in Rabi cycle.

PERCAN = Dummy variable = 1 if farm
served by perennial canal

ELECT-TW = Dummy variable = 1 if farm
served by electric tubewell

NO-TW = Dummy variable = 1 if farm
has no access to tubewell

FARMSZ = Farm size in ha

t values are given in parenthesis

*** = significant at 1 percent level
•

Despite these problems of producing cotton and
wheat in the same year, most small farmers follow this
rotation. In doing so they are demonstrating a priority
toward food production through increasing wheat area at the
expense of lower cotton yields and reduced cash generation.
It is also likely that at the level of technology
traditionally employed by small farmers there is only a
small trade-off between cotton and wheat yields in the
cotton-wheat cropping pattern.

Other Rabi Crops: Wheat Versus Fodder and Oil Seeds

Rabi fodder (berseem) is the major competitor to
wheat for land in this area. The sample farmers allocated
6% of farm area to berseem. However, the proportion varies
among different categories of farmers. Ten per cent of
farmers had no berseem reflecting water shortage and land
scarcity. The rotation of wheat with berseem is an
important management practice to control weeds and maintain
fertility levels, especially by small farmers. The berseem
is mostly planted near the village.
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Rapeseed and mustard are also planted
farmers for home consumption. These crops were
12,000 ha. in Multan District during 1982-83.

by small
sown on

The area under sunflowers in rabi cycle is
increasing in Multan District and in some cases is
replacing wheat due to higher net returns. Mostly, big
farmers are growing sunflowers. With current varieties
harvesting of sunflowers delays planting of cotton. If a
suitable early variety becomes available a large scale
switch of fallow and wheat land to sunflowers is possible.

Wheat Production Practices

Land Preparation

Land preparation for wheat is generally performed
by tractors equipped with a tyned cultivator and followed by
a planking. About 43% of the farmers (mostly small
farmers) prepared land by draught animals. Another 26%
owned a tractor and the remaining 31% (mostly small
farmers) hired a tractor. Usually two ploughings were
followed by one planking. The number of ploughings varied
from two to ten with an average 'of five. Tractor rental
charges were Rs.35/acre for ploughing and Rs.15/acre fo, •
planking resulting in an average total cost of about
Rs.220/acre for land preparation.

The cropping pattern partly determines the number
of tillage operations. In the case of wheat following
cotton, only four ploughings were done. This is due to a
number of factors especially the reduced time for tillage.
In comparison, an average of five ploughings were done after
fodder or fallow where land preparations begin in October.

About half of the land was prepared under
"wadwatter" condit'ion. Farmers ir,rigate for the following
wheat crop when cotton is still in the field. After the
last picking ,and the removal of cotton sticks, the residues
of the cot:,on crop m~st also be removed or incorporated to
obtain a good seed bed for wheat. Most farmers manually
remove th~se 'residues.! A few large farmers have a
rotavator and chop up the sticks as well as residues. Deep
ploughing was also practiced by some large farmers.

TThe cotton sticks are valued as a fuel source.
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Planting Method and Seed Rate

'Broadcasting of wheat seed is the usual method of
wheat planting in the area. Only two farmers used a drill
and one sowed by the "Kera" method behind the animals'.
Forty seven per cent of farmers covered the seed using a
bullock drawn implement called a "sohaga". Farmers are
reluctant to use the Kera line sowing method because it•requires three times more labour than broadcasting.

The seed rate ranged from 80 kg to 148 kg/ha with
an average of 110 kg/ha. Farmers who sowed late used about
5 kg/ha more seed than those who planted earlier in order to
compensate for reduced opportunities for tillering.

Variety

The survey recorded 13 varieties of wheat, planted
in the area. WL711 w~s by far the most common variety grown
and was planted by ~:;;per cent of all farmers. Initially
this variety was obtained from India and introduced into
Pakistan in 1978. It was later banned in 1982 due to
susceptibility to both leaf and stripe rust. It was grown
by farmers for both normal and late planting. An additional
22% -'of farmers used other non-recommended varieties such as
Yecora, Chenab 70, Mexi Pak, and Desi types. Sonalika/Blue
Silver was grown by 24% of farmers. This is an older
variety and is still recommended for late planting despite.
its susceptibility to rust. Other new recommended varieties
such as Punjab Bl, Bahawalpur 79, Pak 81, LU 26, Faisalabad
83, and Kohinoor 83 were used by only 15% of farmers.

The problem of slow uptake of new varieties in the
area is serious. It reflects the poor distribution system
for certified seed as well as farmers' lack of awareness of
the dangers of a rust epidemic from using banned varieties.
This is compounded by farmers' preference for WL 711 due to
several perceived favourable characteristics; good bhusa
quality, good eating quality, suitability for lat~ plantink,
drought resistance, resistance to shattering and high
yields.

Only a few farmers recognized the names of new
recommended varieties, indicating a lack of extension
services to farmers in the area. Only 10% of the farmers
used certified seed. Farmers generally keep seed from one
year to the next and overtime the seed b~comes a mixture of
many varieties. More research on variety adoption and
constraints in the seed distribution system is needed.
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A further important issue is the wide range of
planting dates in the area and the extent to which farmers
adjust varietal choice to different planting periods.
Individual farmers generally stagger planting depending
largely on crop rotation. Dividing the planting period into
15 day intervals. Table 13 shows that even small farmers
often plant in more than one period. Large farmers may
plant ,over three planting periods. Nearly one third of
farmers spread planting of wheat over a period of four or
more weeks.

Table 13: Number of planting periods for wheat for
individual farmers, cotton-wheat areas, 1985.

Number of planting periods a

Farm Size Gr~

Less than 5 ha

Over 5 ha

All

. 'One

48

19

36

Two

50

65

56

Three

2.

16

12

All

100

100

100
•

Chi-squared = 23.8. Probability = .0001

aPlanting periods defined in 15 day intervals - upto
Nov. 30, Dec 1 - Dec. 15, Dec 16-Dec. 31, after Jan. 1st.

Many farmers use more than one variety to
accomodate these different planting dates (Table 14). Over
half of large farmers planted more than one variety.
Farmers also tended to rubstitute the earlier variety
Sonalika for WL-71l for late planting (Table 15).
Nonetheless, there were many farmers (over one third) who
planted the same variety over several planting periods.
These data suggest that farmers will accept multiple
varieties to fit different planting periods but it would be
a distinct advantage to have a variety that can be used
successfully at all planting dates. In fact recent evidence
(Hobbs, 1985) suggests that some varieties developed for
normal planting such as Pak 81, Punjab 81 and WL 711,
perform better than early varieties such as Sonalika, when
planted late:- If this is the case, farmers are quite
rationally using a variety such as WL 711 for several
planting dates.
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Table 14: Number of varieties planted by farmers in
different farm size group, cotton-wheat
areas, 1985.

Percent farmers plantinga
Average

One Two More than . All no.
Variety Varieties two varieties plante4

Farm Size Group

Less than
5 ha 77 21 2 100 1.3

5 to 10 ha 70 22 8 100 1.4

Over 10 ha 40 39 16 100 L8

All 68 25 7 100 1.4

Chi-squared = 23.8 Probability .. .0024

Table 15: Variety by planting date, cotton-wheat
areas, 1985.

Percent fields planted with variety •

Non- New b Sonalika Alla
Recommended Recommended

Planting Date

November 78 11 11 UfO

Dec. 1st to Dec.15th 72 15 13 100

Dec.15th to Dec.31st 50 14 44 100

January 32 21 47 100

All 63 14 23 100

Chi-squared = 20.5

al WL-711
bl Punjab 81, Pak 81.
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Intercropp1ng

Three-per cent of farmers intercropped rapeseed and
mustard with wheat and five per cent sowed on the borders of
the wheat crop. In 13% of the fields, rapeseed and mustard
grew voluntarily in the wheat crop. Seventy three per cent
of farmers who planted rapeseed/mustard used its grain for
home consumption and harvested in Harch. Another 27% used
it as fodder and harvested in February. There was no
significant effect of rapeseed/mustard intercropping on.
wheat yields.

Fertilizer

Chemical fertilizer was used by 95% of sample
farmers. The most common dose of fertilizer was one
bag/acre of DA~ at sowing time and one bag/acre of urea with
the first or ,econd irrigation. Most farmers are aware of
the need to apply both nitrogenous and phosphatic
fertilizers, although fertilizer application rates are well
below recommended rates (Table l6)~ Thirty six per cent of
the farmers applied 75% ~r more of the recommended level of
nitrogen. Only 9% of the farmers used phosphorous at or
near the recommended dose (Table 17). However, we believe
that recommended phosphorous levels are far too high to be
economically sound.

Table 16: Average dose of nitrogen and phosphorous in
relation to recommendations, cotton-wheat
areas, 1985.

•

Fertilizer
type

Average dose
fertilizer applied

(kg/ha)

Recommended
dose1

(kg/ha)

Phosphorous 46

Nitrogen - Basal application 29
- Top dress 66

Total nutrients 141

III

70
66

247

tSo~rce: Bajwa, M.A. et. al., 1984.
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Table 17. Classification of farmers according to the level
of nitrogen and phosphorous applied to wheat in
relation to the recommended dose, cotton-wheat
areas, 1985.

Nitrogen Phosphorous

(Percent of ~ll farmers)

Percent applied nutrient 95 83

Applied less than 25%
of recommended dose. 8 3~

Applied 25 to 75% of
recommended dose 56 53

Applied over 75%
recommended dose. 36 9

Total 100 100

Most farmers applied nitrogen as urea at the timet
of first irrigation. Only 22 per cent applied nitrogen in
split doses and these farmers applied fertilizer at close to
the rec~~mended dose.

Important factors which explain the variation in
the quantity of fertilizer applied are summarized in the
regressions in Table 18. Fertilizer application is
positively and significantly related. to use of other
management practices such as number of irrigations and
number of tillage operations. These practices determine the
response curve for fertilizer. ·Bothnitrogen and
phosphorous use were significantly higher for wheat after
cotton than for wheat after fallow and after kharif fodder
or maize. This may partly compensate· for other negative
aspects of wheat after cot ion (e.g. l~te planting, poor seed
bed preparation and lower fertility).

Large farmers (over 10 ha). used significantly m~~e

nitrogen and phosphorous than small farmers (less than 5 hal
reflecting their better capital . situation and .possibly
better extension contacts. In addition, .the credit program.
for facilitating fertilizer purchaie was not reac~ing small
farmers.
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Table 18: Regression analysis of factors determining
farmers' fertilizer doses in wheat field.,
eot~on-wheat area., 1985.

NIT • 19.01 + 11.04 WH-COT + 15.08 LARGE FARM
(1.58) (1.85)*

+ 32.27 NEWVAR - 8.61FYM + 5.86 NUMIRRIG
(3.25)*** (1.16) (1.63)*

+ 4.16 NUMTILL
(2.9}***

n = 150 R2 = 0.21

PROS = 30.29 + 7.89 WH-COT + 14.40 LARGE FARM
(1.61) (2.52)***

+ 8.82 NEWVAR - 10.76 FYM + 1.33 NUMIRRI
(1.26) (2.07}*** (0.53)

+ 0.387 NUMTILL
(0.38)

n = 150 R2 = 0.13

TFERT = 60.565 + 23.62 WH-COT + 29.51 LARGEFARM
(2.63)*** (2.81)***

+ 19.29 NEWVAR - 17.03 FYM + 5.32 NUMIRRI
(1.51) (1.78)* (1.15)

+ 3.94 NUMTILL
(2.13)***

•

n= 150

Where:

R2 = 0.18

NIT
PHOS
TFERT
WR-COT

LARGEFARM

NEWVAR

FYM

NUMIRRIG
NUMTILL:

t

* ** ***,

= Nitrogen use (kg/ha)
= Phosphorous use (kg/ha)
= Total fertilizer nutrients (kg/ha)
= Dummy variable = 1 for wheat following

cotton, zero otherwise.
= Dummy variable = I for large farmer

(>10 ha), zero otherwise.
= Dummy variable = 1 for new recommended

wheat variety, zero otherwise.
= dummy variable = 1 for farm yard manure

application, zero otherwise.
= Number of irrigations.
= Number of tillage operations.
= statistics are given in brackets.
= equal significance at 10, 5 and 1%

level, respectively.
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Both nitrogen and especially phosphorous use is
also negatively related to farm yard manure application in
wheat fields indicating that 'farmers consciously balance
organic and chemical sources of fertilizer. Thirty four per
~ t 0 f the sam p ~!!l!..eE1.,,_._!Jl ~tS tty _s lI!~J}_.f a .!J!!iU:.!..h_..,_.h.~,d
appTied farm yaramanure during the preceding three years.
()nI y --rl;f'""ca-Ta'rge' fa: rm'e i's had a pI> I i'ed ''fa~~-ya~ci '-';'~-n~~'~-""in
the same period. In addition, among small farmers, it was
more frequently applied by owner rather than tenant farmers.

Phosphorous applied to the previous crop is likely
to have a carry-over or residual effect on the wheat crop.
In the cotton-wheat rotation, 83% of farmers applied
phosphorous to wheat but only 45% had applied phosphorous to
the preceding cotton crop. As in wheat, phosphorous use in
cotton is cQ~related to farm size. Only 9 percent of farmers
failed to apply phosphorous to either cotton or wheat.
However, the quantity of phosphorous applied in wheat
£~~!!iV~l~ correlated with phosphorous use in cotton. The
substantial degree of variability' in fertilizer practices,
especially for phosphorous, suggests that more research is
needed to efficiently manage phosphorous use in a cotton
wheat rotation.

Weed Control

Weeds are not a major problem in wheat in this.
area. Broadleaf weeds, especially Convolvulusarvensis and
Chenopodium album and murale, are the most common weeds.
Only 13% of wheat fields were rated as having a substantial
to serious broadleaf weed problem,. compared to only 3% with
a wild oat problem and 1% with a phalaris problem.

Only 17% of the sample farmers performed hand
weeding. Mostly family labour is used for hand weeding in
wheat and weeds were used to feed animals. All the farmers
who did hand weeding were small farmers with less than 5 ha
of land. Herbicides were not used by any of the sample
farmers.

The most common method used by farmers to control
weeds was crop rotation. Generally wheat after fallow or
berseem has proved effective in controlling grassy weeds.
There were no weed problems in fields which had been rotated
with berseem, compared to 13 per cent of continuously sown
wheat fields that had a weed problem.
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Saj,1n1ty

Salinity is an increasing problem in the sample
fields. Table 19 shows that 15% of the fields were rated as
having a few patches of salinity and 5% had a substantial
salinity problem. The salinity problem also correlates with
yields. Fields without a salinity problem produced .2321
kgs/ha compared to 1921 kg/ha in fields with substantial
problems of salinity. No farmer was found who· applied
gypsum.

Table 19: Frequency of wheat fields with salinity
score and their relationship to yield,
cotton-wheat areas, 1985

Salinity Percent of Average wheat
s core- fields yield

1. None 80 2321

2. Few Patches 15 2218

3. Substantial 5 1922

------------------r-;-1.5-8------------ProbabIlIty-~-O:2T---

Irrigation Scheduling

The total number of irrigations given t6 wheat
varied from four to eight with an average of six irrigations
(Figure 11). The number of irrigations depended on farmers'
access to irrigation water and on rainfall during the crop
cycle.

In wheat following cotton, farmers normally planted
on "wadwatter" condition because of lack of time after
cotton. However, after fallow, Kharif fodder~ maize and
other crops, farmers always preirrigated ("Rauni" method)
prior to planting (Table 20). "Rauni" is important to
incorporate and decompose crop residues and also to control
weeds. Fields planted on "wadwatter" (residual moisture)
received one less irrigation than pre-irrigated (rauni)
fields.

Figure 12 shows the expected relationship between
yields and the number of irrigations, but the relationship
is not statistically significant. The response of wheat to
irrigation scheduling depends on many factors such as
rainfall, timing of irrigation, soil type and quantity of
~ater given.

36

•



•

PERCENT
OF

FIELDS

50

40

30

20

10

o

40.0

•

4 5 6 7 8

Number of Irrigations

Figure 11: Distribution of number of irrigations to wheat, cotton- wheat
ar88s1986

37



2.50

2.45

2.40

2.35

2.30

2.25

2.20

2.15

2.10

o

2.49

•

4 5 6

Number of Irrigations

7 B

Figure 12: Average wheat yields -..for different number of irrigations,
cotton· wheat areas, 1985

38



Table 20: Relationship between planting irrigation
and previous crop, cotton-wheat areas,
1985.

Previous Crop

Cotton

Fallow

Kharif Fodder
or Maize

Others

All field

Percent fields
" wa dwatter"

(residual moistur~)

89

11

45

Percent fields
pre-irrigated

(Rauni)

11

100

100

89

55

Harvesting, Threshing and Disposal

Wheat is harvested manually starting from April 1j

and continuing upto the first week of May, with a peak
harvesting period from April 21 to April 28. Harvesting of
wheat is done by family and hired labour. Harvesting
charges varied from two to three md/acre (200-300 kg/hal
depending on the condition of the crop in a particular
field. Harvesting is done by both male and female labour.
Four to five male labourers can harvest one acre in one day.

In the course of doing the survey it became clear
that many farmers delayed harvesting well beyond maturity.
This practice was most widespread among large farmers who
depend on hired labour for harvesting. The southern Punjab
generally escapes the severe wind and rain storms that
damage mature wheat fields in northern Punjab. Nonetheless
there is some evidence that there was a loss in grain due to
shattering in late harvested fields. The harvest index
declined from 30.2% in early harvested fields to 27.4% in
late harvested fields. This in part reflects the fact that
late harvested fields were also late planted and hence
subject to more heat stress but we believe that losses due
to shattering were also important. Further research on this
issue is needed in order to establish priorities for
mechanization of harvesting and for breeding of varieties
resistant to shattering.
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Threshing of wheat was done by tractor operated
mechanical threshers. Threshing charges varied from four to
six kg/md with an average of 5 kg/md (125 kg/t). Usually
labour for threshing was provided by the farmers but if it
is provided by the owner of the thresher the charges
incr~ase by one kg/md. Mostly farmers use exchange labour
for threshing.

In addition to harvesting and threshing, farmers
also pay for marketing and transportation services. These
costs are listed in Table 21. Effectively, farmers pay one
third or 13. 2 ,k_~r. 40 kg of th-e p~0(~_c_t~.~n__~()I._h~I:YJLs..!.lJ.fg7
threshi;tg and marketTng~'--·'Farmers received a net price of
Rs -:'-r3' . 25' _.. per 40 kg -and the net val u e 0 f the whe a t s tandin g
in the field was Rs.42.50 per 40 kg of yield after
substracting harvesting and transport costs. The price of
'bhusa' (wheat straw) varied from Rs. 3 to 8/md of wheat
grain during May and June and may rise to Rs.15/md of grain
afterwards. On average, farmers sold bhusa in the field for
Rs.4 per maund of wheat grain threshed, resulting in a net
price of wheat grain and straw combined of Rs.46.5 per 40
kg.

Yields and Profits

Average Yields of Grain and Straw

The average measured wheat yields for the sampled
fields was 2287 kg/ha. The official wheat yield for Multan
District for the year 1983-84 was 1713 kg/ha. '

The average harvest index of the sample farmers was
28.85% which is considerably below the harvest index
reported in previous farm level surveys (Byerlee et.al.
1985, Hobbs et. a1. 1983). To some extent this may reflect
the widespread planting of the relatively tall variety, WL
711. However, the serious climatic stress imposed by
d r 0 ugh tand s h 0 r tag e 0 fir rig a t ion wa t eran d by hot w'e a the r
in February/March (flowering stage) was undoubtedly a major
factor. The lowest harvest index (27.4%) was recorded for
fields. planted in January. Moreover, harvest index was
significantly and negatively related to the quantity of
nitrogen applied (r = -.16, significant at 5% level),
indicating that well fertilized fields were least able to
withstand drought and heat stress. Grain size was also
influenced by some of these factors. One thousand grain
weight which averaged 37 g. was lowest for fields planted in
January. With tillering and 1000 grain weight being almost
normal, the number of grain/spike must have been reduced
significantly by drought stress during flowering.
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Table 21: Calculations of the net price of wheat,
cotton-wheat area, 1985.

Activity

Harvesting and
transport to
threshin,g floor

Threshing

~abour for threshing

Representative
cost

2.5 md/acre for
average yield of
20 md/acre.

5 kg/md

1 kg/md

Remarks

Varies from
2-3 md/acre
depending on
condition of
the crot>.

Varies from
4-6 kg/md.

Often provided
by farmer.

Transportation from
threshing floor to
market including
unloading charges

Transport of empty
bags

"Tip" to agent

Usher

Wheat receival price

2.5 kg/95 kg bag

Rs. l.O/bag •
Rs. 1.0/bag

Rs. 0.75/md

Rs. 66/md.

Net quantity sold = 26.9 kg per 40 kg harvested
Net price (wheat price- cash costs) = 66-2.75-Rs.63.25

per 40 kg.
Net effective price of wheat = 63.25 x (26.9/40) = Rs.42.5

per 40 kg.'
Net effective price of wheat + bhusa = 42.50 + 4.00 •

Rs.46.5 per 40 kg.

Source: Interview with local grain buyer or "arthis"
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Variation in Wheat Yields

Wheat yields of the sample fields ranged from 600
to 4300 kg/ha with a coefficient of variation of .27%. One
third of fields yielded less than 2000 kg/ha and only 13%
yielded above 3000 kg/ha (Figure 13).

Table 22 illustrates the factors responsible for
differences between low yielding and high yielding fields.
Low yielding fields were defined as yielding less than 1840
kg/ha (21% fields) and high yielding fields as greater than
2640 kg/ha (21% fields). Major differences between low and
high yielding fields are summarized below; these are useful
in providing interesting hypotheses about reasons for
variation in yields.

1. To some extent high yielding fields were found
among larger farmers having their own tractor
and with access to the perennial canal system.

2. Low yielding fields generally followed cotton
(highly significant) while high yielding
fields followed fallow.

•

3. Higher yielding farmers had about 20 per cent
greater fallow area during Rabi season as
compared to low yielding farmers.

•

4. The high yielding fields received one
ploughing for land preparation and
irrigations than low yielding fields.

more
more

5. Low yielding fields more often used home saved
seed and non-recommended varieties.

6. High yielding fields
before November 30th
April 26th.

tended to be
and harvested

planted
before

7.' High yielding fields received 40% more
phosphorous but the same quantity of nitrogen
as low yielding fields.
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Table 22: Summary of major differences in farming systems,_
production practices and weed problems in low
and high yielding fields, cotton-wheat areas, 1'85.

Low yielding
fields

«1840 kg/ha)

High yielding
fields

(> 2640 kg/ha)

Signifi
cance
level.

Percent of wheat fields 21. 3 21.3

Average wheat yield (kg/ha)1517 3149

General

Average farm size (ha) 5.9 9.5 .29

Percent perennial canal 38 53 .31

Percent used certified seed 6

Average number of irrigations 6.0

Percent planted new recom-
mended wheat varieties 16

Percent· planted after
Dec.lst 72

.12

.74

.002

•

0.09

.99

• 15

.50

.30

.57

.57

.06

.26

.000

6.6

4.24

8.0

6

22

22

19

31. 4

59

44

30

6~ :j~

53 IL,
- ..-..

1.03

26.6

53

63

29 '/

79--- 4"

68

Average fallow area (ha)

Average number of plough-
ings and plankings 7.0

Average dose of P (kg/ha)

Production Practices

Percent continuous
wheat 3 + years

Percent wheat after cotton

Average harvest
index 0:)

Average dose of N (kg/ha)
Basal dose
Top dress

Percent fields with broad leaf
weed problem (score 2 or 3) 19
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The positive response to phosphorous but apparently
negative response to nitrogen merits further explanation.
With late planting and high temperatures with drought stress
due to scarcity of irrigation water and load shedding in
February/March, high rates of nitrogen application lead to
vigorous vegetative growth, which under stress may reduce
grain yields. This hypothesis is supported by the fact that
bhusa yields are ~i!i~~ and significantly correlated
with nitrogen. 1 Likewise harvest index is negativ~ly
related to nitrogen application. Bhusa yields, of course,
reflect only vegetative growth and are not affected by high
temperatures. The results need to be substantiated in
fertiliser trials, which unfortunately are usually not
planted late and under water stress conditions.
Nonetheless, these data are indicative of the potential
risks in high nitrogen fertilizer applications in this area.

Despite the widespread belief that "progressive"
(i.e. large) farmers obtain double or more the yields of
small farmers, the data indicate that this was not the case
in Multan(Table 23). Wheat yields of large farmers, even
those with over 20ha (i.e. 50 acres) were identical to.
yields of small farmers « 5 ha). Likewise yields of tenant
fields were the same as for owned fields. To some extent
the poor weather of 1985 may have affected these results •.
Large farmers did use more fertilizer but as we discussed
below, high doses of nitrogen in 1985 may have negatively
affected yields. In contrast, cotton yields are highly
significantly correlated with farm size with large farmers
harvesting 40% higher yields than small farmers (see'
Appendix B).

Table 23. Wheat yields by farm size and tenancy,
cotton-wheat areas, 1985.

Farm size Percent Grain Tenancy Percent Grain
farmers yield of field fields yield

(t/ha)a (t/ha)b

Under 5 ha 58 2.26 Owned 63 2.27

5 to 10 ha 18 2.40 Share tenant 25 2.26

Over 10 ha 24 2. 27 Leased 12 2.42

Over 20 ha 7 2.29

al pro b a b iIi t Y = .59 b probability = .91

y ---------------------------------------------------------High temperatures apparently affected only the number of
grains. Cool temperatures during grain filling apparently
allowed normal grain development a~ indicated by one
thousand grain weight.
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· .
Regression Analysis of Factors Affecting Yields

Multiple regression analysis of variation in yield
in farmers' fields shows similar results to the comparison
of high and low yielding fields (Table 24). The largest
single factor affecting yields is the planting of wheat
after cotton. This reflects not only late planting but also
the effects on soil fertility and land preparation. Farmers
using certified se~d also ~btained higher yields, although
this may also represent the effects of other factors
associated with use of improved seed. Nitrogen had a
significant negative effect on yields, probably because of
the adverse climatic conditions in 1985 discussed above.
Phosphorous did affect yields with the expected diminishing
returns. The economic 0ftimum for phosphorous implied by
this equation is 65 kg/ha. The only other variable that was
significant in the equation was broadleaf weed infestation,
although this was a problem in only 13 per cent of fields.

Table 24: Regression analysis of variation in wheat
yields, cotton-wheat areas, 1985.

YIELD = 1996.38 + 10.38 PHOS
(2.38)***

-1.78 NIT 
(2.33)***

0.04 PHOSSQR +
(.98)

46.91 IRRIG - 235.46 PREVCROP + 430.61 CERSEED - 282.03 WEEDBL
(0.93) (2.50)*** (2.43)*** (2.03)**.

N = 150 R2 = 0.19

YIELD =
PHOS =
NIT =
PHOSQR =
IRRIG =
PREVCROP=

CERSEED =

WEEDBL =

grain yield (kg/ha)
phosphorous applied (kg/ha)
nitrogen applied (kg/ha)
phosphorous squared (kg/ha)
number of irrigations
dummy variable if previous crop cotton, zero

otherwise
dummy variable if certified seed used, zero

otherwise
dummy variable if broadleaf weed problem'

(score 2 or 3 = 1) zero otherwise.

t values of coefficients given in brackets.
*** significant at 1 percent level

** significant at 5 percent level
* significant at 10 percent level.

1 Assuming a net price of wheat of Rs. 1.15/kg
(Table 21) and a Marginal Return on Capital of 1.0.
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Overall, the regression explained only 19% of the
variation in wheat yields between fields. This reflects in
part the relative uniformity of yields (coefficient of
variation of 27%) as well as the fact that unfavourable
weather in 1985 appeared to mask the effect of many
management variables.

The data clearly show that the most important ne~d

in delineating recommendation domains in the area is to
consider wheat after cotton as a distinct production
enterprise to wheat after fallow or fodder, the other major
rotations. These rotations have important implications for
type of variety recommended, land preparation and fertilizer
response.

Profitability of Wheat Production

The costs and returns in wheat production are
portrayed in Table 25 for three levels of yields; a) low
yielding fields «1840 kg/ha), b) averege of all fields
in the area (2287 kg/ha), and c) high yielding fields()
2640 kg/ha).

The major variable costs are land preparation,
fertilizer, water, harvesting and threshing. The costs and"
net returns showed a wide variation among the three yield
levels. The net returns of low and average yielding fields
only barely covered variable costs but were not high enough
to cover land rent and-gT~;-a reasonable return on capital
to farmers.

As expected, the high yielding fields received
higher levels of inputs and better land preparation and were
generally planted after fallow. The net returns in high
yielding fields were positive but not high enough to give a
reasonable return on capital to farmers. These results show
the importance of cost reducing technologies if wheat is to
compete with alternative crops such as sunflowers.

Implications

The cotton-wheat area represents the most important
cropping system for irrigated wheat in Pakistan. This
justifies the allocation of substantial resources to
research an~ extension in this system. At the same time,
the yield gap between farmers' current yields and feasible
economic yield from applying known technology is not very
large. Farmers in Multan District probably obtain average
yields of 2.5t/ha (2.2t/ha in 1985, a poor year), while
feasible economic yi~lds, given the large area planted/after
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Table 25: Enterprise budget for low, average and high
yielding fields, cotton-wheat areas, 1985.

Activity Rate
Rs.

Low yield
fields

(1840kg/ha

Average yield
fields

2287 kg/ha

High yield
fields

)2640kg/ha

Qty/
ha

Cost Qty/
Rs/ha ha

Cost
Rs/ha

Qty/
ha

Cost
R's/ha

Plough

Plank

Seed
-owned
-Certf.

75/ha 4

38/ha 3

70/40kg llOkg
100/40kg

300

114

192

5

3

110kg

375

114

192

5

3

110kg

375

114

275

Fertilizer
- N
- P

Irrigation
- Canal
- Tubewell

S.7/kg 99kg 564 ~5kg

4.8/kg 38kg 182 46kg

of C",,+oW fn~'r
~~;~ '\ S»2- f?-iulN .le--F ~'lil
~ - 55 -

25/hr' 15 hr 375 20hr

542
221

55
500

94
57

20hr

535
274

55
500

Miscellaneous
labour 20/day

--------
Total variable

costs

4 days 80

1862

5 days 100

2099

6 days 120

2248

Land rent

Total costs

Gross Return
Grain
Straw

1900/ha

42.5/md*
4/mds

46 md
92 md

950

2812

1955
368

57 md
114 md

950

3049

2422
456

66 md
132 md

950

3198

2805
528

Net return/ha
including land rent

Net returns/ha
excluding land rent

Return on capital (%)

-489

461

-17.4

-171

773

-5.6'

135

1089

4.2

*-Net-Prlce per 40 kg as calculated 1n Table 18
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cotton and with less than optimal water supplies, are
probably around 3.St/ha. That is, there is a "yield gap" of
about 30% to be filled by application of known technology.

·However, longer term research, especially.to alleviate the
problem of late planting, has the potential to significantly
raise the feasible yields. .

Multan and Bahawalpur are excellent bases for
beginning integrated research on the cotton-wheat cropping
system. Cotton and wheat research sub-stations are located
in the area and new agronomy sectipns under the Agronomy
Research Institute, Faisalabad, have also been established
at these centers. Close collaboration among these various
research centers is needed to realize the potential for
increasing productivity in the area.

The research programs of these institutes must
consider three major dimensions; a). defining recommendation
domains or relatively homogeneous groups of farmers, b)
clear definition of researchable problems and c)
establishment of short and long term research priorities to
address these problems. Each of these dimensions is
addressed below.

Defining Recommendation Domains

Recommendation domains are relatively homogeneous
groups of farmers for whom we can make more or less the same
recommendations. Major variation observed in the cotton
wheat area related to ~rop rotation, access to irrigation
water, farm size and to some extent, soil type. Of these,
clearly the dominant criteria for stratification should be
cropping pattern- wheat after cotton and wheat after fallow.
Table 26 summarizes important production practices and
yields for wheat in each of these cropping ·patterns. Of
these, late planting of wheat after cotton represents the
most important effect of cropping pattern.

•

also
those
have
wheat

As the research program develops, researchers might
consider stratifying by access to irrigation water
farmers along perennial canals or owning" tubewells who
adequate and timely water supplies, and those where
is frequently subject to moisture stress.

49



Table 26: Summary of major differences in production
practice. in different cropping patterns in
cotton-wheat area., 1985.

Practices Wheat Wheat Significance,
after after level
cotton fa I10w

Percent planted before
November 30th. 5 51

Percent planted during
December I-15th 27 31 .000

Percent planted afte'
December 15th 68 18

Number of ploughings
and plankings 6.9 8.0 .09

Average fertilizer use
(kg/ha)

N 98 86 .09
P 50 40 .08

•
Number of irrigations 6.0 5.9 .69

Average wheat yield
(kg/ha) 2178 2401 .04

Major Problems and Potential Solutions

Late planting of wheat: Clearly the dominant
problem in wheat is late planting. Late planting is largely
due to the planting of wheat after cotton but in some cases

~

reflects scarcity of water or fear of bird damage to early
ripening fields.

The solution to -the problem of late planting of
wheat will not be easy. Two short run possibilities for
alleviating the problem are:
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1. Reduced turnaround from cotton to wheat
through direct drilling with zero tillage.
This might allow wheat to be sown one week
earlier with an increase in yields of
150 to 300 kg/ha on average. In addition,
land preparation costs of Rs. 200 to 300/ha
would be substantilly reduced. Direct
drilling has been successfully tried in the
rice/wheat area. In the cotton/wheat area,
testing of the drill is needed to establish
whether it will be effective without removal
of cotton sticks (which could be removed after
wheat planting) and also to assess the
implications for weed populations in
the wheat crop.

2. Use of wheat varieties that perform well under
late planting. At present, only Sonalika/
Bluesilver and Bahawalpur 79 are recommended
for late planting although there is now
convincing evidence that newer longer season
varieties, such as Punjab 81 and Pak 81
perform better then Sonalika under late
planting (Hobbs 19.85).

Over the longer term,
merit research:

several other alternatives

1 • Development of cotton and wheat varieties that
maximize productivity of the cotton-wheat
cropping pattern.Wheat and cotton breeders
should explicitly recognize the' interactions
between these crops in selecting for
maturity. However, given foreseeable prices
for wheat and cotton, we believe most
adjustments will come through late planting of
wheat. This is especially true since Pakistan
must compete in a world market where long
staple cotton varieties which are generally
later maturing, are preferred. This implies
priority on developing varieties for l~te

planting. Since most farmers plant only one
variety over a range of planting dates, this
also implies screening for varieties that do
well for both early and late planting.

•

2. Relay cropping. Resolution of conflicts
between wheat and cotton have been resolved in
China by relay cropping wheat into cotton
fields where spacing of cotton rows has been
adjusted to allow planting of strips of wheat.
We believe this system may' require more
ravourable prices for wheat relative to
cotton, and lower labour prices than in
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Pakistan, but the Chinese method should be
studied and tested under local conditions.

3. Substitution of late planted wheat by other
crops. This is addressed below under the issue
of increasing cropping intensity.

Use of Rust Susceptible Varieties: Eighty percent
of the wheat area is planted to rust susceptible varieties,
especially WL711. Three strategies are suggested for
addressing this problem:

1. Increased testing, demonstration and promotion
of newer rust resistant varieties such as
Punjab 81 and Pak 81.

•

2 • Research on farmers'
wheat varieties and
perceptions about new
incidence.

criteria for choosing
their krowledge and
varieties and rust

3 • Research on constraints in the
multiplication and distribution system.

seed

Fertilizer Efficiency: The survey data indicates
that many farmers apply insufficient phosphate and that high
nitrogen response may be risky. This suggests the need for
careful measurement of fertilizer response under farmers'
conditions by a) planting wheat after cotton and after.
fallow at two planting dates and b) planting wheat with
adequate irrigation water and wheat with inadequate
irrigation water supplies.

Over the longer term~ additional
fertilizer efficiency should include:

research on

1 • Evaluation of response
carryover effects in
cropping pattern.

to phosphorous and
the cotton-wheat

2 • Checking of potassium or
deficiencies in intensively
(e.g. cotton-wheat each ~ear).

micro-nutrient
cropped fields

Irrigation Water Efficiency: For farmers who have
inadequate supplies of water or who depend on high priced
water from diesel tubewells, there are few guidelines for
optimizing water use on wheat. Irrigation experiments are
needed to establish water response curves and determine
economic optimum rates an~ timing of irigation.
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In addition, low quality tubewell water mai~ be
contributing to salinity build up in some areas. Only
visual observation of salinity problems were made in this
survey. More in depth research to assess the extent and
yield effects of salinity is needed.

Broadleaf Weeds: Broadleaf weeds are a problem.in
about 13 percent of fields, causing an estimated average
yield loss of 177 kg/ha in these fields. Simple herbicide
trials are needed to test and demonstrate the use and method
of application of one or two herbicides for broadleaf weeds.

Harvesting Costs: Harvesting costs account for 33
percent of wheat production costs. In addition, there was
some evidence that delayed harvesting caused shattering and
yield losses. This issue needs to be analysed by more
careful measurement of losses and by an assessment of the
existing labopr market situation for wheat harvesting. This
could serve as a basis for establishing policy regarding
mechanical ha~vestin~.

Cropping Intensity and Crop Rotation Effects:
Cropping intensity in the area is about 130 percent with
about one third of the land left fallow each season. In
some cases, low cropping intensity reflects scarcity of
water, but in other cases land is left fallow after late
harvested cotton because of l~ck of suitable crops or
because of resource conflicts in irrigation water, labour
and capital. These results suggest short and long ter~

"research on cropping pattern and crop rotations:

1. Research on crops to utilize fallow land after
cotton and substitute for late planted wheat.
The best possibilites are sunflowers and
soyabeans. However, current varieties of
sunflowers do not mature early enough for the
following cotton crop. Likewise both of these
crops might substitute for fallow in the
kharif season following wheat. Availability
of good quality seed and reliable markets will
be major factors in popularizing these crops.

2. Research to adapt crops to better fit the
cotton based rotation. These would include
earlier varieties of sunflowers as well as
early maize (or sorghum) with some cold
tolerance to enable it to be sown in early
February and to mature in May before planting
cotton.

3. Re~earch to assess alte~native cropping
patterns in terms' of farmers' availability of
water, labour and capital at different seasons
of the year.
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An Onfarm Experimental Prolram

On the basis of the above analysis, several onfarm
experiments are sUlsested for immediate implementation in
the cotton-wheat area.

1. Zero Tillage/Direct Drilling

Objective: To test direct drilling of wheat planted
after cotton

Treatments: Tl Direct drill immediately after the
finish of the' cotton harvest.

Note:

T2 Same as Tl but including application
of 3-4 It/ha of Gramoxone at planting.

!J Conventional land peeparation and
broadcast planting.

T4 After emergence, apply herbicide
T5 to half of Tl,T2 and T3 plots
T6 using 1.41t/ha. of Buctril M.

If it is found that cotton sticks
prevent direit drilling, then sticks
should be removed prior to drilling.

Non-experimental variables:

N

P20S
Variety:
Seed rate:
Irrigatton:

120 kg/ha
75 kg/ha
Pak81 or Punjab8l
110 kg/ha
Farmer's method

•

Plot size:

Sites:

About 500m 2 for main plots. No
replication.

Five sites of wheat after cotton.
Cotton harvest should finish'in
the first week of December.

Observations: Observe plant emergence and weed
populations in each plot.

2. Farmer-managed Variety Verification
for Late Planting

Objective: To test improved varieties una~'r

farmer management.

Treatments: Tl
T2

= Pak 81
= Faisalabad 83.
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Non-experimental variables: Farmer's normal practice 
only seed of Pak 81 and Faisalabad 83
will be provided.

Plot size: No replication.

Sites: 10 to 15 sites of wheat after cotton
planted 15-30 Dec.

Selected farmers should be planning to
plant WL7l1 or Sonalika. Sites should
be clustered in 2-4 villages.

Observations: Monitor farmers' practices closely and
record yield of the farmers' variety.
After harvest interview cooperators about
their opinions of Pak 81 and Faisalabad
83 in relation to their own variety.

3. Farmer-managed Fertilizer Levels

Objective:

Treatment:

Note:

To measure fertilizer response in
different crop rotations.

P205 N - levels kg/ha
level/.ha 0 75 150 225

0 x x •
40 x
80 x x x x

120 x

All fertilizer to be applied at planting.

Non-experimental variables: Farmer's normal
practices. Seed of Pak 81 or Punjab 81
will be provided.

Plot size:

Sites:

100m 2 ,. no replication

10-15 sites of wheat after fallow,
planted 15-30 Nov.

10-15 sites of wheat after cotton,
planted 10-30 Dec.

Observa~ions: Conduct soil tests before planting.
Record cropping and fertilizer history,
including farm yard manure, for last four
cycles. Monitor farmer's practices
closely especially irrigation and also
record farmers' yield and fertilizer use.
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4 •. Broadleaf Weed Control Verification·

•

Qbjective: To determine if broad leaf weed control
by herbicide is economic.

Treatment: TI
T2
T3

""
•
"'"

Buctril M
Envoy
Broadcast herbicide application.

Nonexperimental variable: Superimposed on farmers
fields after planting by farmers'
practices

Plot size:

Sites

3m x 20m strips. Two replications

10-15 fields with identified weed problem.

Observations: Monitor farmers' practices over the
season. Record weed problems. Harvest
sample of farmers' fields.

Note: Some plots from the fertilizer studies
can be split and half sprayed with
herbicide to obtain a measure of
the fertilizer by weed control
interaction.

5. Cropping Pattern •
Objective: To estimate resource use and profit

ability of different crops planted
after later harvested cotton.

Treatments: T1
T2
T3
T4

•
"'"
•
•

Wheat planted Dec. 30th
Soyabean
Early sunflower variety
Early maize variety with
tolerance to cold in seedling
s-.:age.

Plot size: As large as possible.

Observations: Record all planting and harvesting dates
and operations. Obtain farmers'
opinion.
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6. Carry~ of fertilizer from cotton to wheat

Q£iective:

Treatments:

Plot size:

to estimate the residual affect of
fertilizer application to cotton on the
next'wheat crop.

Same as in the fertilizer management
experiment but applied to cotton.
Grow wheat on same plots but with 80
SOkg N-P20S/ha as fertilizer
dose across all plots.

As in fertilizer efficiency study above.

All these experiments can be done co11aborative1y
with research (both cotton and wheat scientists), extension
and farmers in the cotton area to provide valuable
information for making meaningful recommendations to farmers
in the major irrigated wheat growing areas of Pakis~an.

Concluding Comments

While it seems that the potential for rapid gains
in wheat productivity in the cotton areas in the short run
are not as high as in other irrigated areas, the cotton
wheat cropping system represents the largest area in which
wheat is grown in Pakistan. This justifies a major research
effort to increase overall productivity in this system with
particular emphasis on cotton, wheat and oi1seeds.
Following the methods used in this report, more research is
needed to document the co~straints in the cotton-wheat
system in the Sind where it appears that cotton harvesting
is completed ear1i~r and conflicts with wheat p1an~ing are
less severe.

In the Mu1tan area where this study was completed,
a number of research institutes could collaborate in
undertaking the recommended research program - Agricultural
Research Institute, Bahawa1pur, newly established Agron~my

Research Institutes and the Adaptive Research Units in
Vehari and Rahim Yar Khan. In addition, two major cotton
research institutes are located in Mu1tan and provide the
opportunity to develop joint research programs between
cotton and wheat scientists. We recommend that a small
workshop be convened between cotton, wheat and oilseed
scientists to identify research priorities which cut across
commodities and to design appropriate cropping pattern and
long term rotation experiments.
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Appendix A

SURVEY OF WHEAT PRODUCTION PRACTICES AND YIELDS

(Southern Multan)

Variable Codes

Sampled # ---------------- RoadlZone ---------

Date Harvest -------------

Plot Size -------------

Plot Tenure: Owner -----
Tenant (%Share) ----- lease( Rs./Yr) ----------

Variety of Wheat -----------

Seed Rate --------------

Planting Date: Month -------- Week 1 2 3 4

Seeding Method: B/C An. B/C Tract. ------- Kera -----
Drill --------

Seed Source: Own ------- Neighbour -----
Certified ------- Other --------

Sarsoon: Intercropped -------- Border --------
Volunteer ---------- None ---------------

Use of Sarsoon: .Fodder -------- Seed --------

Previous Crop*: Kharif 1984 ------- Rabi 1983-84

Years Continuous Wheat in this Field. One ------- Two ----
Three +----------

Next Crop* (Kharif 1985) -----------

land Preparation: Animal - Own/Others Tractor - Own/Rent

No. of Ploughings : ---------------

No. of Plankings: --------'--------

Basal Fert. (Bags/---): OAP --- AS --- AN --- NP --

Second Fert. (Bags/--): Urea --- AS --- AN --- NP ---

59

1. ---- 2. ----

3. -----------

4. -----------

5. ---- 6. -----

7. -----------

8. ---------

9. -----------

10. ----------'-

•
11. ----------

12. ----------

13. ----------

14. ----------

15. ----------

16. ----------

17. ----------

18. ----------

19. ----------

20. ---- 21. ----

22. -----------



Third Fert. (Bags/--):Urea --- AS -- AN --- NP ---

Source of Credit for Fertilizer --------------

Farm Yard Manure Applied: Year and Crop Cycle ------. '

Soil Mixed: Yes --- No ---- Year -----

Irrigation for Wheat: (Canal- Seas./Perm.) ----------

Canal Closure': From ----- To -------

Tubewell Water: Sweet/Saline ---------

Prepianting Irrigation: Wadwatter --- Rani -----

No. of Irrigations after Planting: Canal ---- Tubewell -------

Weed Control: None ---- Manual ---- Herbicide ---....-

Area Farm ---- Wheat ---- Rabi Fallow -----

Weed Score (0-3): 81---- Oats ---- Phal----

Soil Type -----------

Salinity Problem: (Score O~)

Percent Lodging: ----------

Interviewers Estimate of Yields: ---------

Number of Samples: -----------

Weight of Unthreshed Bundles (kg) -----------

Weight of Threshed Grain (kg) -----------

Other Wheat Field

Area Completed Harvest --------------

Field Variety Planting Date Area (acre)

2. ------ -----
3. ------ -----
4. ------ -----
5. ------ -----
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23. ---------

24.-------

25. .,..--------

26. --------

27. --:--- 28. ----

29. ---------

30. ----------

31. ----------

32. ---- 33. -----

34. -----------

35. -- 36. -- 37. -

38. -- 39. -- 40. --

41. --------

42.-------

43. ---------

44.

45. --------

46. --------

47. ---------

48. ----------

49. --------

50. -----------

51. ---------...:-

52. -----------

•



If Cotton is Previous Crop in the Field

Cotton Variety -----------

Cotton Planting Date: Month ------ Week: 1 2 3 4

53. --------

54.--------

55. ---'----.P205 Applied to Cotton: Yes/No --------

Removal of Cotton Sticks: Manual --- Rotavator --~-". '
56. ---,------

Number of Sprayings -----'-----

Number of Pickings ----------

Yield of Cotton ----:..-------

Yield of Last Picking ---------

Turn Around Cotton Last Picking to Wheat Planting -------- days

Reason for Delay (if>7 days) -------------

Farmer's Name --------- Village ---------

Interviewer's Name ---------------

Comments: (e.g. special problems in this field such as irrigation)

*C=Cotton, Fa=Fallow, W=Wheat, Fd=Fodder.
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57.------

58.-----,-

59. ----'----

60. ---------

61.-------

62. ------.:..--
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Appendix B

Summary of Cotton Production
Practices

Data from the cotton crop preceding wheat have been
presented in various sections of this report. This Appendix
provides a summary of that data based on 72 fields where
wheat followed cotton. Respondents are divided into small
farmers (less 5 ha) and large farmers (more 10 ha). A
comparison of differences and similarities b€tween these two
groups is shown in Table B~l along with a correlation matrix
of cotton production practices and yields in Table B-2.

There was little difference between small and large
farmers with' respect to cotton variety with most farmers
growing the varieties, MNH 93 (35.4% ) and MIAB 78 (55-60%).
However, large farmers planted earlier than small farmers
reflecti~g the larger land area left fallow in the rabi
season. Large farmers used more phosphorous and insecticide
(one extra spraying) and obtained almost 600kg higher cotton
yields. There was no difference in number of pickinrs or
the turnaround time from cotton to wheat by farm size.

•

Cotton yields were significantly correlated
phosphorous use, number of insecticide sprays, number
pickings and the yield of the last picking.
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Table B-1. Comparison of cotton production practices
between small and large farmers, cotton
wheat areas, 1985.

Practices Small Large All Sign.
farmers farmers of
«5ha) <)10ha) Level

1 • Percent planted

MNH93 35 44 37
NIAB 78 60 56 60
Others 5 a 3

All 100 -TOo -Too

2. Percent planted cotton

May 37 63 44
I-15th June 49 31 44
16-30th June 14 6 12

All -TOo 100 100 .21

3. Percent apply P205
to cotton 39 56 43 .36 •

4. Average no. of sprayings 2.9 3.8 3.1 .03

5. Average no. of pickings 3.7 3.6 3.6 .78

6. Average cotton yield
(kg/ha) 1487 2087 1650 .001

7 • Average cotton yield last
picking (kg/ha) 163 296 199 .001

8. Average turnaround time
cotton to wheat (days) 10.8 10. 7 10.8 .93

-------------------------------------------
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Table B-2. Correlation matrix of cotton production
practices and yields , cotton-wheat areas,
1985.

MNH93

MNH93

P205 Planting
in May

No. of
sprays

No. of Yield
pickings

P205

Planting
in May

No. of
sprayings

.11
(.63)

.04
(.74 )

-.09
(.52 )

" 15
(.20)

.23 .10
( .05) ** (.62)

Yield of last
picking -.01

(.95)

.46 .20
(.0001)*** (.08)*

No. of
pickings

Yield

-.10
(.57 )

-.04
( • 72)

-.01
( .96)

.19
(.10)*

• 19
(.10)*

.03
(.78 )

.04
( .74)

-.04
( .76)

.30
( .01) ***

.24
(.04)**

-.20 .61
(.08) (.oool)

Note: Figures in parenthesis are significance level.
of correlations co-efficients *, **, ***
significance at 10%, 5% and 1% level,
respectively.
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