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Forewo-rd

Irrigated wheat pt~duction provides the staple food for
the majority of the Pakistani's rural and urban population. With
population currently increasing by 3.1 percent per year, the slow
down in bringing newland under irrigation, and shrinking land
and water resource~, it is clear that wheat yields will have to
increase rapidly in the future if Pakistan is to maintain self
sufficiency. At present there is a serious lack of good micro
level information on farm lev~l constraints - both agronomic and
economic - on which to base policy, research and extension
decisions for increasing wheat yields.

I a~ pleased that wheat scientists and social
scientists have combined forces to produce the present study. The
methodology they employ has three important characteristics.

1. Wheat is recognized an integral part of a cropping
system rice/wheat, cotton/wheat and maize or
sugarcane/wheat - with important implications for
priorities for increasing productivity in each system.

2. The research has been conducted by a multi-disciplinary
team involving both agronomists and social scientists
in the collection, analysis and interpretation of data.

3. The research has been farmer-focussed, combining data,
from informal and for~al farm level surveys and
onfa~m experiments to better understand constr~ints at
the farm-level and opportunities for alleviating those
constraints".

The combination of these different perspectives
provide. a rich set of data for researchers, extension workers
and policy makers. I encourage the" authors to summarize ongoing
work in the barani areas in a similar way. I also hope that the
work can be extended to o'her irrigated cropping systems.

Augus"t., 198p.

Dr. Amir Muhammed;
'Chairman,

Pakistan Agricultural Research Council,
Islamabad.
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Summary

1. Over 85 per~ent of wheat area in Pakistan is now sown
to high yielding v'arieties and the ria tional average
fertilizer application for wheat is nearly 90kg/ha 'of
nutrients. Further increases in wheat yields will come
about largely through improved cultural practices which
e~ploit the genetic potential of available varieties.
This will have to be done within an economic
environment tending to reduce price incentives in wheat
production.

2. This report summarizes findings from three years of
research on wheat production in farmer~f fields in
three irrigated cropping systems the Punjab
rice/wheat area and cotton/wheat area and the NWFP
maiz~-sugarcane/wheat area. A farming systems research
approach has been used in which a) wheat has been
viewed as an integral part of a cropping system and
changes have been evaluated in terms of the
productivity of the system, b) constraints on wheat
production and opportunities for change have been
analysed at the farm level._._for well defined groups of
farmers and c) a multidisciplinary team of wheat
scientists and social scientists have collaborated in
analysing farmers' problems. A diagnostic survey has
been conducted in each area using informal and formal
survey techniques,to provide an understanding of the
system and farmers' production practices. This has
been followed by experiments in farmers' fields to test
promising opportuni ties for impr.oving producti vi ty.
The results reported are based on interviews with
nearly 1000 farmers and the· outcome of nearly 200
on farm experiments.

3. In each of the three areas a dominant crop rotation
prevails with wheat sown after rice, cotton or maize
(according to the area) in half or more of the fields
surveyed. These sequential ·double cropping patterns
have led to widespread late planting of wheat (70% of
fields were planted after December 1st in the
cotton/wheat area) •. Lat~ .planting leads to an average
decline in yields of 30-40kg for every day's'delay in
planting. Bre~ding emphas±s needs to shift to
developing varieties which perform well over all
planting dates, and particularly for late planting,
which represents the "norm" in many areas. Recent
evidence indicates ihat newly released "full season"
varieties, especially Pak8I, perform better in late
planting than the early variety, Sonalika, which is
currently recommended. The t~end toward double

( i~)



cropping is continuing and will place greater pressure
on th~ wheat crop.

4. ~any fields, especially in th~ rice/wheat area, ~re
sown to a single cropping pattern year-after-year.· The
continuous sowing of wheat in Rabi cycle has led to an
increase fn weed and probably other pest problems and a
decline in yields. Research is needed to esta~lish

more productive long te~m rotations in this area.

5. In 1984, 80 percent of farmers planted banned or other.
rust susceptible wheat ~ariet~es such as Sonalika, and
the Pakistan wheat harvest is again at risk of a rust
epidemic. Less than 20 percent of farmers planted
newly released varietie~ such as Pak8l and Punjab 81.
The adoption of these newer varieties has accelerated
over the last ~wo seasons but the pace of change is too
slow to prevent a rust epidemic. Pa·k 81, in
particular, has consistently 6utyielded 6ther varieties
by 20% or more in onfarm tri~ls and greater efforts are
needed in extension and seed distribution to speed up
the adoption of this variety, especially in stripe rust
areas.

•

6. Farmers in the three areas commonly used one bag/acre
each Gf Urea and DAP. This is well below the
recommended levels but evidence is presented that
fertilizer recommendations need to be tailored to
farmers' needs by a) adapting recommendations to
particular crop rotations, soil types, irrigation
access etc. and b) basing recommendations on sound
economic analysis of response curves and taking into
account farmers' costs and scarcity of capital •.

7. The major issue in land preparation and planting is ·the
difficulty experienced in obtaining a good seed bed for
wheat after rice. The use of a specially designed
drill f·or direct drilling with zero tillage has shown
pr~mise of a breakthrough in this a~ea. birect
drilling has produced a good st~nd of. wheat, reduced
turnaround time from rice to wheat and eliminated land
preparat~on costs.

8. The major weed control method used by farmers,
especially for grassy weeds is crop rotat~on. However,
significant yield losses occur due to grassy weeds in
the rice/wheat area and broadleaf weeds in the
maize/wheat area. Herbicide control of broadleaf weeds
is highly profitable in the NWFP maize/wheat area but
more woik is needed to find economic mean~ for
controlling grassy weeds in the rice/wheat· and
practical area.

(x)



9. trrigation practices are very variable depending on
crop rotation, soil type and· acc~ss to water. Little
research is available to guide farmers to utilize water
efficiently under their particular circumstances.

10. Wheat yields varied from 1.8t/ha in the rice/wheat area
to 2.8t/ha in the NWFP maize/wheat area. Off~cial

yield statistics are grossly in error for NWFP. At
current ,prices, wheat production provides negative
~conomic returns in all areas except the maize/wheat
area.

;11. Multiple regression analysis. of farmers yields' shows
,that the main factors r~sponsible for differences in
yields are - vari~~y, ~trogen or phosphorous depending
on the area, irrigation and especially crop rotation.
Weed p.~oblems are also a significant yield reducing
foetor in each area. Ho~ever, the yield gap between
farmers' yields and an economic potential yield is only
30-40%, much low~r than widely reported. In additio~,

yield differences between small and large farmers are
not significant except in the rice/wheat area.

12. Opportunities for technology transfer ~nd research to
sustain future increases in wheat production are
identified. Technology' transfer should focus on
dissemination of newly released varieties in all areas,
use of direct drilling in the rice/wheat area, and
broad leaf weed control. by herbicides in the maize/wheat
area. Many of the issues analysed in the report are
identified for further o~farm research ~ especially
fertilizer and water use efficiency. In addition, long
term research on rotations is needed. Finally, the
data base generated can serve as a ~aluable starting
point for analysis .of key poli~y issues such as
fertilizer subsidies or the comparative advantage of
wheat and oilseeds.

13. The report concludes with implications for organizing
research to sustain increased wheat productiori. These
emphasise a multidisciplinary approach to solving
farmers' pro~uction problems with priority on o~farm

research. Decentralization of production research to
sp'ecific locations representing major cropping systems
and reorientation of extension priorities are also
recommended.

(xi)



Introduction

Developments in Pakistan's wheat economy over the
last two years give cause for concern about the ability of
the country to maintain self-sufficiency in wheat. Yet
encouraged by the rapid increases in wheat production in the
late 1960's and again in the late 1970's, the Sixth ~ive

Year Plan envisages an exportable surplus of 2.5 million
tons of wheat by 1987/88. In 1985/86, the country will,
however, import about 2.0 million tons.

The main reason for this concern is an apparent
plateau in wheat yields since 1980-81 (Figure 1). Some of
the levelling off in yields undoubtedly relates to
unfavourable weather in 1984 and 1985 (Hashmi, 1985).
However, aside from this there are longer run trends that
have potential implications for the future. Fertilizer use
in the rabi cycle, a key input in wheat production, grew at
a rate of 15% in the last Five Year Plan but has increased
little on a per hectare basis since 1979-80 (Figure 1).
Likewis~, water availability and distribution of improved
wheat seed have grown at only modest rates in recent years.

140
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Yield

Figure 1. Indices of wheat yield and fertilizer
off-take/ha, 1971 to 1984.
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Finally, cropping intensity in all irrigated areas is
increasing and placing downward pressures on wheat yields
due to late planting, nutrient extraction and pest build-up.

We shall return to each of these issues in more
detail later in the paper. However, it should be noted that
the outlook for increased use of these inputs is not
favourable for two reasons. First, one factor in the
levelling off in fertilizer use is the increase in the price
of fertilizer relative to wheat due to phasing out of the
fertilizer subsidy. The current plans call for removal of
all the subsidy by 1987-88 leading to further increases in
prices, especially for phosphatic fertilizer. At the same
time we cannot expect large increases in wheat prices.
World wheat prices are likely to remain depressed for the
remainder of this decade and if Pakistan has pretensions as
a wheat exporter, it will not be able to raise domeitic
wheat prices and at the same time compete in world wheat
markets.

Second, wheat production in Pakistan has now moved
into the "post-green revolution phase". Over 85 percent of
the wheat area is planted to improved varieties (although
many of these varieties are no longer recommended) and
nearly all farmers using improved varieties, also apply
fertilizer to wheat. The national average fertilizer dose
for wheat is now approaching 90 kg/ha of nutrients
(Chenomics, 1985). This means that opportunities for
increases in wheat production as a result of switching from
traditional to semi-dwarf varieties have largely been
exhausted, while at the same time there will be diminishing
returns to increased fertilizer use.

These observations do not mean thac there is no
potential for rapid increases in wheat productivity. We
know that there are substantial opportunities for increasing
wheat yields in all areas of Pakistan. Rather, they imply a
new approach to research, extension and policy to
accommodate these new realities.

In this paper, we depart from the conventional
macro-level view of wheat production issues that dominates
most discussions and draw on our extensive experience in
farmers' fields over the last three years. In this period,
the PARC/CIMMYT Collaborative Wheat Project has worked with
provincial research institutes to conduct integrated
research in farmers' fields in areas representing dominant
cropping systems in which wheat is grown in Pakistan.

This research program departs from research methods

2



traditionally applied in
respects.

Pakistan in three important

1. The research has viewed wheat as an integral part
of a cropping system and analysed technological,
issues in wheat production in relation to the
total productivity of the cropping system. A
fundamental premise of the approach is that
research and extension priorities are specific to
each cropping system.

2. The research has been multi-disciplinary in
character involving both agronomists and
economists in the definition of problems, design
of research and formulation of technological
recommendations. This represents one of the few
projects in Pakistan where social scientists have
actively participated with biological scientists
in this type of research.

3. The research has been farmer focussed. Major
efforts have been made by researchers themselves'
to understand first-hand the farmers' situation
and observe their problems. At the same time
promising technological alternatives have been
tested under farmer conditions.

The report is structured as follows. We briefly
review the methodology emplayed and then provide an
overview of major cropping patterns and an analysis of
wheat production practices within the context of the
cropping systems in which wheat is produced. This leads to
recommendations on major issues that need to be addressed
by research and extension in order to increase wheat
productivity. Finally, we review the implications for
organizing and implementing an effective problem-oriented
wheat research program to obtain sustained increases in
productivity in the future.

To maintain a better focus on the issues, we draw
on research in the irrigated cropping systems of a) the
rice-wheat system of Gujranwala and Sheikhupura Districts,
b) the cotton-wheat system of Multan and Bahawalpur
Districts 2and c) the maize-sugarcane/wheat system of Mardan
District. For detailed reports on this research, see
Byerlee et. a1. (1985), Hussain et. a1. (1985), Akhtar et.
al. ('1986), Khan et. a1. (forthcoming) and Majid et. a1.
(forthcoming). A similar report on research in the Barani
systems of the Punjab is also under preparation.
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The Research Methodology; Onfarm Research
with a System's Perspective

The research program has used a farming systems
approach that incorporates two key elements; a) a systems
perspective that considers interactions between components
of the system in evaluating changes in wheat technology and
b) research in farmers' fields with farmer participation
i.e. on farm research.

System Interactions and the Development
of Crop Technologies

In Pakistan, wheat is produced as only one crop in
an often complex farming system (Figure 2). Interactions
between wheat and other crop and livestock activities have
important influences on farmers' management of the wheat
crop. These interactions can be classified into those which
represent; a) biological interactions between crops, b)
biological interactions between crops and livestock and c)
co~petition and complementarity in resource use between'
enterprises in meeting farmers' multiple objectives (see
Table 1).

The importance of these different interactions
depends on the type of farming system operated. In
irrigated areas of Pakistan where farmers are able to
produce two or more crops in a year, with wheat as a
dominant crop in the Rabi season, biological interactions
overtime in the crop rotation tend to dominate (Category
1(b) in'Table 1). These can be generally classified into
time conflicts in the harvesting of the preceeding crop and
the planting of wheat, and interactions due to carry-over or
residual effects of one crop on succeeding crops. These
latter interactions may last for several seasons in a crop
rotation, although usually with diminishing effect.

While wheat is the dominant rabi crop in these
irrigated cropping systems, the Kharif crop varies according
to climate, soils, access to markets'and the availability of
irrigation water. Figure 3 maps Pakistan's irrigated
districts according to dominant cropping patterns. The area
of wheat in each cropping pattern is shown in Table 2. It
is clear that each of these systems represents a large area
that justifies a major research effort focussed on problems
of wheat in that cropping system.

4



Figure 2.'Wheat productivity in a farming systems context.

The Onfarm Research Process

Onfarm research is a systematic approach tq
~dentifyingand solving priority farmer problems. A
sequential pr6ce~s is used in which researchers first -seek'
to understand the existing farming system and factors
limiting productivity of that system (Byerlee. Harrington
and Winkelmann. 1982). This information is then translated
into research priorities which form the basis of an on farm
experimental program. This process can be viewed in five
distinct stages shown in Figure 4.

The diagnostic survey: The objective of this stage
was to describe and understand the agro-climatic and
socio-economic conditions under which farmers in a given
location make decisions. in order to develop an appropriate
experimental program to meet the priority problems of
farmers.



Table 1: Classi~ication of Farming System Interactions

Type of Interaction

1. Biological interaction
between crops

a) Biological interactions
in space

b) Biological interactions
overtime.

2. Biological interactions
between crops and live
stock

3. Resource competition
and complementarity

4. Meeting multiple
objectives of farm
househ~Hds.

6

Examples

i) Intercropping

i) Conflicts in planting a
crop in relation to
harvest of previous crop

ii) Carry-over of soil
s t r u c t u rea n d· c r 0 p
residues from preceding
crop

_iii) Carry-over fertility.
from previous crops.

iv) Carry-over and build-up
of weed seeds and other
pest populations from
previous crops.

i) Use of crops and crop
residues for fodder.

ii) Use of fa~m yard
manure as crop nutrient
source.

iii) Use of animals for
draught power.

i) Conflicts in labour
use between enter
prises.

ii) Competition for irriga
tion water between
enterprises.

i) Choice of multiple
crops and production
practices to manage
risk.

ii' Planting and storage of
food crops to balance
seasonal food needs.



First, a target area representing the major
cropping system of interest was selected after discussion
with research administrators. The criteria used in this
selection were; a) general representativeness with respect
to soils and availability of irrigation water, b) proximity
to a researc~ station, and c) accessibility to a regional
town or city .

III Punjab rice/wheat

[:}] Sind rice/wheat

~ Cotton/wheat

[ill Diversified Kharjf crop/wheat

t·:·:·:·:·3 Maize/wheat

E~~3 Low cropping intensity

Baluchistan

Figure'3. Irrigated districts of Pakistan classified by
major cropping pattern.
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Table 2: Area, Production and Yield of Wheat in
Different Irrigated Cropping Systems
in Pakistan, 1982-83. .

Area Production Yield
(000 ha) (OOOt) (t/ha}

Irrigated System

Rice/wheat 1313 2318 1. 77

- Punjab (Basmati rice) 1010 1843 1. 83

- Sind (IR6 rice) 303 475 1. 57

Cotton/wheat 2559 5067 1. 98

Maize/wheat 129 227 1. 76

Diversified kharif
a 1062 2131 2.00crop/wheat

Low cropping intensity 420 660 1. 57

All: 5483 10403 1. 90

Source: Irrigated Districts (i.e. districts with over
50% of wheat irrigated) were classified as rice/
wheat, cotton/wheat, maize/wheat or sugarcane/wheat
if more than 50% of the major kharif crops were
in rice, cotton, maize or sugarcane, respectively.
(Based on official statistics).

a/ Diversified cropping where rice, cotton, sugarcane and
maize are each grown on less than 50% of the Kharif
area under these crops.

The key step in the diagnostic phase was an
informal or exploratory survey. In this survey, a
multi-disciplinary team of agronomists and social scientists
spent a week or more in the target area in February/March
observing farmers' fields and informally talking with
farmers, merchants and others about practices and problems.
(No questionnaire was used). The essential task was to
arrive at an understanding of the farming system and
practices employed in wheat production. Each day
researchers met to pool and discuss findings and to focus
further efforts on problems in wheat production. Efforts
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Choice of target
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_----...., and farmers
Policy
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Selection of priorities
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of on·farm experiments.

3. Experimentation
Conduct experiments in
farmers' fields to
formulate improved -.
technologies under
farmers' conditions.

~'
4. Analysis

Agronomic, statistical
and economic analysis
of experimental results
in order to derive
recommendations.•5. Recommendation
Demonstrate improved +-
technologies.
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Follow-up farmers'
experiences with
recommended tech,nology.

New components~ "'I

for on-farm Experiment Station
research Develops and screens
... new technological

components

Identification
of problems
for station
research

t·

9



were also made to describe and understand variation in
cropping patterns and production practices across farmers in
the target area.

This informal survey process has been found to be a
powerful tool for bringing researchers of different
disciplines together and establishing direct contact with
farmers and their problems. At the end of the survey
researchers, including experienced researchers, had a new
perspective on farmers' problems and opportunities for
solving those problems.

The informal survey was followed by a formal survey
which collected key information on a specific field,
including information on preceding crops. Some important
variables describing the whole farming system were also
included (e.g. cropping pattern, power source). The formal
survey aimed to quantify key information and test hypotheses
developed in the informal survey. A random sample of farmers
and a questionnaire were used. The design of the
questionnaire was based on the understanding of the system
gained in the informal survey (see example in .Appendix A).
Farmer interviews were conducted at harvest time in the
selected field in order to ensure that farmers related
information only to that field and to enable agronomic
observations including a yield sample to be taken. The
differ~ni categori~s of information collected are shown in
Table 3.

Since .the formal survey required considerable
skill, especially in taking agronomic observations,
agronomists and social science researchers conducted all
interviews and field observations. Hence, we have
considerable faith in the quality of data obtained.

Survey data were analysed with the aid of a
micro-computer to look at several different types of
inter-relationships shown in Figure 5, using two-way and
three-way frequency tables, analysis of variance and
multiple regression analysis. Data analysis and preliminary
reports were completed within a few weeks after conducting
the survey in order to be available for the planning of
experiments for the next season.

Follow-up surveys have been conducted or are
planned in each target area. Small surveys in 1985 in the
rice/wheat and maize/wheat areas were made to verify key
information, monitor change (e.g. varietal adoption) and to
provide information on year-to-year variation in farmers
practices (e.g. planting time) and yields due to climatic

10



circumstances. Results of these smaller follow~up" surveys
have largely supported the results of the indepth initial
surveys (e.g. Heisey et. al. 1986). Special purpose surveys
are planned for 1986 to analyse farmers' knowledge and
perceptions on particular, technological improvements such as
new varieties and fertilizer use. The total survey program
is shown in Table 4.

Table 3: Categories of Information Collected in the
Formal Survey, Irrigated Wheat Cropping
Systems.

Field Specific Infor~ation.

1. Production practices for
wheat.

2. Cropping history.

3. Agronomic observations.

4. Field characteristics

5. Wheat grain and straw
yield

Operations performed.
Timing of operation.
Inputs applied.
Meth~d of application.

Cropping pattern for
previous two years.
Practices in previous
crop affecting wheat
crop (e.g." variety,
planting date).
Fertilizer history.

Plant stand
Weeds
Salinity
Lodging

Soil type
Tenancy
Proximity to village

Random sample of
2
three

to five plots 1m
weighed and threshed.

1. Resource base

Farm Level Information

Power source
Irrigation system
Farm size

2. Cropping pattern Rabi crops grown.

11



System /
Variables!.

(farm size. power .
source, water
source, etc.)

Field. /
Cheracterlstlcs!.

(1011 type,
tenancy, location

etc.'

!.f Considered as exogenous variables.

Figure 5. Schematic representation of interrelationships
analysed using data collected in the formal survey.

The experimental stage: Information from the
diagnostic stage and previous year's experiments was
synthesised to screen potential solutions to problems in
terms of profitability, risk and compatibility with the
farming system. This led to the design of a set of on farm
experiments to test the most promising solutions to farmers'
problems.

Experiments were usually conducted in farmers'
fields in order to represenb actual conditions under which
the technology will be used and also to elicit farmer

participation and gain additional insights into farmers'
circumstances.

were made
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Table 4: Swaaary, of Survey Program for Onfarla
Wb:ea,t Research, Irrigated Areas.

Punjab
Rice/
Wheat

Informal survey Feb.1984

Main formal survey Harvest,
1984

Sample size formal survey 152

Punjab
Cotton/
Wheat

Feb.1985

Harvest,
1985"

155

NWFP
Maize/
Wheat

Feb.1984

Harvest,
1984

150

Supplementary survey

Sample size supplementary
survey

aSpecial purpose survey

Harvest,
1985

60

Feb.1986 Feb.1986

Harvest,
1985

70

Feb.1986

a/ Focussed on farmers knowledge and perceptions
of recommended practices.

crop rotations ,in the area. In the past, many onfarm
experimental programs have biased field selection toward
minor rotations which allowed, seeding at the "recommended"
time or avoided "troublesome" crop residues.

Careful selection of fields and analysis of crop
response in relation to fi.ld cha~.cteristics, then enabled. ' " '

the derivation of recommendations for wheat in terms of crop
rotation (e. 8 .previou~~·,c~op, 'or fertilizer use in the
previous crop). ' "

The onfarm experiments concentrated on only three
to four prio~ity factOrs in each area. These are shown in
Table 5. This program is continuing in 1985/86.
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Table 5: Summary of Onfarm Experimental Program
for Irrigated Wheat Areas, Pakistan

Type of experiment

1. Variety - especially for
late planting.

2. Fertilizer response by
crop rotation and
planting date.

3. Alternative combinations
of tillage, planting
method and reduced turn
around time.

4. W~ed control

broad leaf weed control
grassy weed control

Punjab
Ricel
Wheat

**

**

**

**

Punjab
Cottonl
Wheat

**

**

**

*

NWFP
Maizel
Wheat

*

**

*

**
*

5. Irrigation scheduling *
Number of experiments
planted.

1983/84
1984/85

** First priority
* Second priority

14

10
39

58
66



General Overview of Irrigated Wheat
Cropping Systems

Resource Base

Almost all farmers in Pakistan are wheat farmers so
a profile of wheat farms closely resembles an average farm
in irrigated areas. Most farmers are small farmers
operating less than five hectares and tenancy, usually share
tenancy but also some cash leasing, is common (Table 6).
These characteristics of small farms are. most pronounced in
the maize/wheat areas of NWFP where average farm size is
only 2.7ha. Given their small size, the proportion of
farmers who use a tractor for at least some land preparation
operations is surprisingly high. Ownership of bullocks has
decreased steadily overtime as most small farmers have found
it economic to use hired tractors from private contract
operators.

Tubewells are an important supplement to
irrigation water except in the maize/wheat areas of

canal
NWFP.

Table 6: Resource Base of Farmers in Irrigated
Areas of Pakistan.

Punjab Punjab NWFP
Rice/ Cotton/ Maize/
Wheat Wheat Wheat

Average farm size (ha) 8.4 8.2 2.7

Percent farms less
than 5 ha. 56 58 85

Percent fields tenant
operated 41 37 59

Percent use a tractor in
wheat production 82 57 81

Percent use a tubewell 81 93 13
in wheat production
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However, adequate and timely supplies of water are still a
problem because of frequent closure of canals and
breakdown/non-operation of publicly owned tubewells and
failure of electricity for private tubewells. Hence, for
many farmers in irrigated areas, inadequate water supplies
often combined with heat stress in the critical flowering
and grain filling stages in February/March, adversely affect
yields.

Farmers generally economise on labour inputs.
Rural wage rates are now commonly Rs. 25-30 per day in
irrigated areas, and as much as 50 percent higher at harvest
time. This discourages labour intensive practices such as
line planting and hand weeding. It has also provided a
major impetus for mechanization of farm operations.

Crop Rotations

As expected a dominant crop rotation prevails in
each of the areas, with at least half the farmers following
a sequential double cropping pattern (rice/wheat,
cotton/wheat or maize/wheat according to the area) (Table
7). In addition, secondary rotations are also important in
two of the areas - wheat after fallow in the' cotton/wheat
area and wheat after sugarcane in the NWFP maize/wheat area.
In addition, the number of years that wheat has been planted
continuously in the same field in the Rabi season is
indicative of long term rotation effects, especially the
potential build-up of pest populations. By this measure, the
rice-wheat area stands out as an area of "monocropping" with
a high proportion of fields planted to rice and wheat year
after year (Table 7). The NWFP maize/wheat areas is the
most diversified with respect to cropping patterns and crop
rotations (see Hussain et. al., 1985).

In each area, differences in cropping patterns
largely reflect farmers' resource base and access to
markets. For example. in the maize/wheat area of Mardan.
tobacco is relatively more important to small farmers whilSsugarcane is concentrated in areas closest to sugar mills.
In the cotton/wheat area. the proportion of area left in
fallow in Rabi cycle depends on access to irrigation water,
type of irrigation system and farm size (Figure 6). Larger
farmers. who produce more wheat than their subsistence
requirements tend to emphasise cotton production and leave
more land fallow in Rabi cycle.

Conflicts in Planting Date for Wheat
in Relation to Previous Crop.

Crop rotations have a number of implications for wheat
production. The most important of these is the conflict in
the planting date of wheat in double cropping systems.
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'Tairi-e--r:--,·-erop'-Ro-ea-t-i-ons in Irrigated Wheat,
Areas of Pakista~t 1984-85,.

Percent of Wheat Punjab Punjab NWFP
Fields Planted Rice/ Cotton/ Maize/
after; Wheat Wheat Wheat

(P e r c e n t)

Rice 72 6 4

Cotton 49

Sugarcane 1 29

Maize and fodder 12 15 59

Fallow 16 30 3

Other ( e • g •
vegetables) 5

100 100 100

Percent fields sown
continuously to wheat
in Rabi cycle for
three of more years 72 51 27

Because of the risk of high temperatures in the flowering
and grain filling stages, wheat yields and their stability
are quite se,nsi ti ve , toda t~: ,~ly,g~i~~J~rP}-;; "'~fR~~~~~.th,q~:~~s .~q,f
planting for wheat in ali ateas are in the lait three weeks
of November. After this pe~iodt it is estimated that yields
in the Punjab decline on 8-y~ra8e.30-45 kg for every day's
delay in planting (Hobbst19~5~~. However, conflicts with
the harvest ,of the previous crop push. the time of planting
of wheat of a large number of £i~lds into December a~d even
into January (Table 8). Late planting corresponds to a
particular cropping pattern in each area wheat after
Basmati rice, wheat after cotton, and wheat after sugarcane
(in the NWFP wheat/maize area) (Figure 7). Delayed planting
is most pronounced in the cotton-wheat system where nearly
all.,wheat .. pl,~!1t.e9.af~!=!r cotton was late planted. Indeed, 20
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IRRIGATION SVSTEM

NEGATIVE EFFECT
PERENNIAL

CANAL
ACCESS TO ELECTRIC
TUBEWELL TUBEWELL;:--/

POSITIVE EFFECT

PERCENT FARM AREA
IN FALLOW IN RABI

CVCLE

FARM IIZE

• BASED ON MULTIPLE REGRESSION ANALVIIS
WITH PERCENT FARM AREA IN FALLOW AS
THE DEPENDENT VARIABLE.

Figure 6: Facton affecting farmen' choice of cropping pattern, cotton-wheat area,
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Fig 7: Effect of crop rotation on date of planting of irrigated wheet.
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percent of fields were planted in January, when yield
potential was, on average, reduced by half. The late
planting of wheat in this system represents a complex of
factors related to cotton management and yields as shown in
Figure 8. However, farmers are quite rationally choosing to
plant wheat late to maximize productivity of the total
cropping pattern. Simple economic calculations show that
the returns to one additional cotton picking are more than
double the value of wheat lost due to delayed planting
(Akhtar et. al. 1986). The recent campaign to promote
pesticide use in cotton has increased cotton yields,
especially by small farmers, and further aggravated the
problem of late planting of wheat.

Table 8: Distribution of Planting Dates of Wheat
in Irrigated Areas of Pakistan"

Planting Date
Punjab
Rice/
Wheat

Punjab
Cot ton/,
Wheat

NWFP
Maize/
Wheat

Recommended (before Dec.l)

Somewhat late (Dec.l-1S)

Very late (after Dec. 15)

60

30

10

100

(Percent of fields)

29

29

41

100

66

19

15

100

Recognition of tha conflicts in planting dates has
a number of implications for developing wheat technologies
for these cropping systems. Wheat breeders have until
recently emphasised evaluation of varieties at optimum
planting dates. For late planting, earliness was assumed to
be a desirable characteristic and Sonalika/Bluesilver was
recommended for late planting. However, recent evidence
indicates that some newer varieties (e.g. Pak81 'and
Punjab81) have tolerance to heat stress and performed well
over all planting dates, regardless of maturity (Figure 9)
(Hobbs, 1985).
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In addition, plant breeders working on different
crops have rarely coordinated efforts to develop varieties
to maximize productivity of the total cropping pattern. For
example, many small farmers in the cotton/wheat area have
adopted an earlier maturing cotton variety, NIAB78, to
facilitate timely wheat planting, despite the fact that it
was not initially recommended by the research service.
However, in general we feel that given the likely price
relationships between cotton, rice and wheat, time conflicts
in double cropping systems will be resolved by farmers
employing long season varieties of the pr£ceding crop (i. e.
rice or cotton) and planting wheat late. Hence, major
adjustments in varietal characteristics to fit these
cropping patterns must be made by wheat breeders.

Trends in Irrigated Cropping Systems

In the last two decades cropping intensities in
irrigated areas have increased quite sharply (Figure 10).

Gujranwala/
Sheikhupura

Districts
(rice/wheat)

Index of
Cropping
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/
/

/
/

/
/

/
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/ J
/

/
/",--

;"
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""",,,,,,,,

.",'"
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Year
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Figure 10. Trends in cropping intensity in the-rice/wheat and
cotton/wheat areas, 1960 to 1983.



In the cotton/wheat area, in particular, the area of ~he~ti

sown after cotton has increased rapidly in the last f~

years, according to local farmers. These trends lead ,to ~

downward pressure on wheat yields due to late planting,a
poor seed bed and gteater competition fo~ soil nuttients:
The achievements of Pakistan's farmers in increasing wheat
yields in the face of these trends are notable.

Looking to the future, croppi~g i~tensitiea will.
continue to increase and farmers will have ·to ~ake further
adjustments in management of the wheat' crop. Furthermore,
increasing urbanization and incomes are leading to wheat
a~eas, particularly on large farms, being diverted to higher
value crops - fodder, vegetables,' fruits etc. In addition,
the ~u~rent policy of expanding oilseed crops is resulting
in some substitution of wheat area by non-traditional
oilseeds, especially sunflowers.
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Farmers' Production Practices in Irrigated Wheat
and Implications for Research and Extension

Variety

It is clear that uptake of newly released varieties
such as Pak81 has been slow (Table 9). After the
introduction of semi-dwarf varieties t especially Mexipak t in
the late 1960s, only one major change of varieties has
occurred. This was stimulated by the rust epidemic of
1977/78 after which varieties such as Yecora t WL711 and
Pavon were rapidly adopted. Including banned varieties and
the old variety Sonalika/Bluesilver (which although
susceptible to both leaf and stripe rust is still
recommended for late planting)t over 80 percent of the area
in these three cropping systems was planted to rust
susceptible varieties in 1983/84. This share has declined
in 1984/85 but the Pakistan wheat harvest is still at risk
of a major rust epidemic. In particular t small farmers
continue to grow a high proportion of rust susceptible
varieties.

Onfarm experiments have conclusively shown the
superiority of newly released varieties under farmer
conditions. Pak81, in particular t has consistently
out yielded the farmer's check variety, and other newer
varieties in onfarm experiments. In over 50 experiments
planted in 1983-85, Pak81 provided an average increase in
yield of more than 20% over the farmer variety. The
question then arises as to why farmers have been slow to
adopt newer varieties. Informal interviews with farmers
indicated four major reasons for this situation; a) farmers
prefer certain characteristics of the old varieties (e.g.
taste of Yecora t drought resistance of WL711)t b) farmers
are unaware of the breakdown in rust resistance of banned
varieties, c) information on new varieties is slow to reach
farmers because of ineffective extension and d) seed of new
varieties is difficult to obtain because of a sparse network
of seed distribution depots. Further work is now underway
to better understand the relative importance of each of
these factors and to analyse alternative policy measures to
reduce the risk of a rust epidemic to Pakistan's food
security.
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Table 9: Variety Use in Irrigated Wheat Areas,
Pakistan.

Year of survey

Punjab
Rice/
Wheat

1984

Punjab
Cotton/
Wheat

1985

NWFP
Maize/
Wheat

1984

(Percent of fields)

Variety classification

1. New recommended (Pak 81,
Punjab 81 etc.) 16 15 16

2. Old recommended
(Sonalika, Bluesilver)" 18 24 37 c

3. Banned (rust
61 bsusceptible) 66a 47 c

100 100 100

a/ Mostly Yecora.
b/ Mostly WL711
c) Variety classification for the maize/wheat area of Mardan

is very approximate since many farmers do not recognize
variety names. Also a mixture of varieties is grown in
many fields.

Fertilizer

The second major factor in increased wheat
production in the "post green revolution" era has been
fertilizer. Table 10 shows that fertilizer use is now at
moderate to high levels in all three districts. A common
farmer's dose for wheat is one bag each of Urea and DAP per
acre (80-57-0 kg N-P-K/ha). Fertilizer recommendations
usually call for two bags/acre of Urea and one to two
bags/acre of DAP so that farmers' doses are still only half
to two thirds of the recommended dose.

Phosphatic fertilizers are widely used on wheat
across all zones, with the exception of the maize/wheat area
of Mardan. However, relatively high use of farm yard manure
by the small farmers of this area partly compensates for
lower use of chemical fertilizer.
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Table 10: Fertilizer Use in Irrigated Wheat
Areas, Pakistan

Punjab Punjab NWFP
Rice/ Cotton/ Maize/
Wheat Wheat Wheat

Average dose N (kg/ha) 77 97 97

Average dose P20S (kg/ha) 44 A.6 32

Total nutrients (kg/ha) 121 143 129

Percent farmers apply 83 85 47
P2 0 S

Percent farmers used farm
yard manure on wheat 9 4 38

Researchers have traditionally provided one
fertilizer recommendation for all irrigated wheat with
little economic basis for setting this level. Farmers, on
the other hand, have adjusted fertilizer doses to reflect
differences in cropping patterns, irrigation water
availability and resource situation (i.e. cash). As
expected large farmers and farmers with better access to
water use more fertili2er (Table 11). Also multiple
regression analysis shows that previous crop is a
significant determinant of farmers' fertilizer doses in each
of the selected areas (Table 11). Especially in the case of
phosphorous, some carry-over effects are likely from one
crop to the next.

Our onfarm experimental work has emphasized
differential response to fertilizer by crop rotation, and
the derivation of recommendations for more homogenous groups
of farmers based on realistic estimates of farmers' . total
costs of applying fertilizer and acceptable rates of return
on capital. Figure 11 shows estimated fertilizer responses
for wheat after maize, sugarcane and rice. The implied
economic optima for nitrogen from these response cur~es

varies from 103 kg/ha for wheat after maize to 155 kg/ha for
wheat after rice (Table 12).

rotation

26

Di f f eren t.ial
relate in yart

responses to fertilizet by crop
to the effect of carry-over



Table 11: Factors Influencing Farmers' Fertilizer
Use in Wheat in Irrigated Areas_ a

Resources

- Farm size
- Water (no. of

irr_iga tions)

Previous crop

Other wheat practices

- Number of till~ge

operations
- New variety

Use of organic manure

Punjab
Rice!
Wheat

(+ve)**

(+ve)**

(+ve)**
(Rice)

(+ve)**

Punjab
Cottonl
Wheat

(+ve)**

(+ve)**
(Cotton)

(+ve)**
(+ve)*
(-ve)*

NWFP
Maize!
Wheat

(+ve)*

(+ve)**

(+ve)**
(Sugarcane)

a/ Based on multiple regression analysis
** Significant effect at 5 percent level
* Significant effect at 10 percent level.

nitrogen "'PO"
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Figure 11. Fertilizer response curv.. for wheat in three different cropping patterns
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Table 12: Fertilizer Recommendations for Different
Cropping Patterns Compared to Farmers'
Fertilizer Dose.

Recommendation Current Fertilizer
Calculated Research Used by

from Res~onse Recommendation Farmers
Curve

Rotation
N P N P N P

(kg/ha) (kg/ha) (kg/ha)

Maize-wheat
(NWFP) 103 82 136 57 91 27

Sugar"cane-
wheat(NWFP) 137 82 136 57 112 37

Rice-wheat
136 b 111 b(Punjab) 155 49 77 44

a/ Based on response curves in Figure 11 and using 1985
prices. The minimum acceptable marginal rate of return
on cap ita 1 for far mersis ass umedt o' beD. 5

b/ Source: Bajwa, 1985.

fertility from the previous crop (depending on nutrients
applied and nutrients extracted) and in part to delayed
planting of wheat in some crop rotations. Research to sort
out these crop rotation effects is only just beginning. In
addition, with increasing cropping intensity insufficient
research has been conducted on potassium. sulphur and
micro-nutrient deficiencies in intensive crop rotations.

A further issue distorting fertilizer research and
recommendations in Pakistan is the conventional wisdom that
nitrogen and phosphorous must be combined in a ratio of 2:1.
There is little technical basis for this assumption and
certainly no economic justification. Our data suggest that
farmers' expenditure on fertilizer co~ld be more productive
if more N were applied relative to P2J5 in some cases (e.g.
rice/wheat area) and more P20S relative to N in other cases
(see Table 12). The key unanswered question in fertilizer
recommendations is given that farmers now spend about Rs.
25D/acre on fertilizer (one bag each of Urea and DAP), what
is the optimum balance of Nand P to maximize productivity
at that expenditure level?

Finally, we feel
increases in fertlizer use in
other cultural practices.
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management or weed control, depending on the area, will
raise the fertilizer response curve and encourage higher
levels of fertilizer use.

Land Preparation and Planting Method

Land preparation and planting practices are given
in Table 13. Land preparation is particularly important in
the rice/wheat area in order to prepare a suitable seed bed
for wheat in the puddled compacted soils left from the
previous rice crop. Even though farmers prepare land more
intensively in this area, the resulting seed bed is still
usually inadequate to achieve a good stand of wheat.
Increased land preparation further delays the planting of
wheat in those rotations where harvesting of the preceding
crop conflicts with timely planting of wheat.

Delayed wheat planting can potentially be reduced
by shortening the turn-around time from one crop to another.
In the rice/wheat area, especially in heavy soils this
turn-around time may be three weeks or longer as farmers
need to remove rice residues and prepare a seed bed for
wheat from the wet soils of the previous rice crop. In the
cotton/wheat area where seed bed preparation is less of a
problem the turn-around time from cotton to wheat still
averages ten days. Recent experiments using a specially
designed drill have shown that direct drilling of wheat with
zero tillage can help substantially to reduce turn-around
time without any loss in wheat yields (Majid et. ale
forthcoming).

Table 13: Land Preparation and Planting Methods in
Irrigated Wheat Area, Pakistan

Punjab
Rice/
Wheat

Punjab
Cotton/
Wheat

NWFP
Maize/
Wheat

Average of
,..

tillageno.
operations 6.1 4.8 3.3

Average seed rate 98 110 113

Percent broadcast seed 98 98 92
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Almost all wheat is broadcast. Drills are used by
about one percent of farmers in each area while the "kera"
method (planting in lines behind an animal) is increasingly
difficult to use because of the higher cost of labour and
the reduced availability of bullocks that have been
substituted by tractors. Seed rates are typically 100 kg/ha
with a tendency toward higher seed rates in late pleated
fields.

The research and extension systems lose credibility
through continuing to recommend line planting in irrigated
areas when; a) farmers do not have the time nor draught
animals to practice the kera method of line planting, b)
suitable equipment is not available for line planting (in
the rice/wheat area) and c) line planting has little if any
yield advantage over broadcasting. The only area where
stand ~stablishment is a priority is the rice/wheat area
where research on direct drilling/zero tillage should be
stepped up. This innovation offers three major benefits; a)
reduced turnaround and timely planting of wheat, b) improved
stand establishment, and c) reduced cost of land
preparation, the major cost in wheat production in the
rice/wheat area.

Weeds
Table 14 shows that post-emergence weed control in

wheat is not commonly practiced. Hand weeding has declined

a/ Based on researchers' scoring of weeds. A weed was
defined as a problem if it results in economic loss
in relation to herbicide costs.
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with the increasing cost of labour and herbicides are still
only used by a very small number of farmers.6 Other weed
control methods such as crop rotation and pre-planting
cultivation are used but weeds are a serious yield limiting
factor in two of the areas surveyed - Phalaris minor in the
rice/wheat area and broadleaf weeds (e.g.

arvensis I Euphorbia helioscopia Rumex s p. ) in the NWFP
maize/wheat area. These weed problems result in significant
yield losses (Figure 12).

Crop rotation is now the major practice used by
farmers to control grassy weeds. Wild oats and Phalaris
minor require cool temperature for germination. In wheat
sown continously in the rabi cycle with no manual or

Wheat' 3.0
Average
Yield
(t/ha)

2.5

2.0

Broad Leaf

Phalaris

Wild Oats

SomeNone
L.---...,....---oor------..,..---.---,

Substantial Serious

Weed Scores

Figure 12. Average wheat yield according to weed
scores, maize/wheat area, NWFP.
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chemical weeding, the population of grassy weeds tends to
build up each year. Rotation of wheat with a row crop in
the rabi season, which is mechanically or manually weeded,
or a fodder crop which is continously cut provides a means
for reducing the population of these grassy weeds. In much
of Paki stan, ber seem Trifolium alexandrinum is sown for f odder in
the winter and provides an excellent· form of control of
grassy weeds in subsequent wheat crops. Figure 13 chows the
increase in grassy weed infestation as the rotation is
lengthened. Rotation of wheat with berseem as a weed
control strategy is, however, only effective for small
farmers or farmers who have animals as a cash enterprise.
For example~ the average length of rotation of wheat with
berseem or other rabi crops in the rice/wheat area was five
years and over 70% of wheat fields in this area had been

Percent
Fields
with
Grassy
Weed
Problem

40

30

20

10

6%

One or Two
Years Continous

Wheat
in Rabi Season

NWFP
Maize/Wheat
Area

410/0

Punjab
Rice-Wheat
Area

340/0

Three or
More Years

Continous Wheat
in Rabi Season
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sown continuously to wheat for three or more years (Table
7). This combined with weed seed dispersal through
irrigation systems and by mechanical threshers has led to a
serious problem of Phalaris infestation in this area. In
the maize/wheat area where sugarcane and tobar 0 are grown
in rotation with wheat, crop rotation has been effective in
controlling grassy weeds as only 27% of fields were sown
continuously to wheat for three or more years.

Given the shortage of labour for hand weeding and
the inadequacy of crop rotations as a weed control strategy,
there is no alternative but to look at economic methods for
herbic·ide weed control in those areas where weeds are a
serious problem. Experimental data from farmers' fields
indicates that herbicides for broadleaf weeds are relatively
cheap and quite economic in the maize/wheat area of NWFP
(Table 15). In fact, farmers there are already seeking to
use herbicide. However, the wider use of herbicide in this
area is being constrained by inadequate extension effort,
apathy on the part of private chemical companies and by
local dealers who have supplied old stocks or adulterated
the product. In addition, scientists, exrensionists and
policy makers in Pakistan have the mistaken impression that
small farmers will not use herbicides even when it is
economic to do so. Experience from many countries has shown
that small farmers have widely adopted broadleaf herbicides
(usually 2-4,D) on wheat using borrowed or rented sprayers.

The solution to the grassy weed problem in the
rice/wheat area is more difficult. Herbicide treatment
requires an increase in yield of around 500kg/ha to make it
attractive to farmers. Preliminary experimental data show
relatively low returns to herbicides for grassy weeds (Table
15). To control grassy weeds a combination of measures are
needed including; a) research on reduced dosages and costs
of application (e.g. by broadcasting granulated chemical),
b) research on improved stand establishment to provide
better competition for weeds, c) efforts to introduce viable
rotation crops (i. e. crops such as oilseeds, not
constrained by market demand) in weedy fields and d)
stronger measures to reduce weed seed dispersal through
cleaning of canals and mobile threshers and by using clean
wheat seed.
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Irrigation

The number of irrigations varies considerably
depending on soil type, irrigation system and rainfall.
This is shown in Table 16 by the high Coefficient of

Variation in the number of irrigations applied to wheat in
each of the three areas. Timing of irrigation is also at
least as important as the number of irrigations applied. The
recommendation for irrigation in all areas calls for
application of the first irrigation seven to ten d~ys after
emergence to ensure sufficient moisture is available for the
critical growth stage of crown root initiation. Table 16
also indicates the wide variation in farmers' timing of the
first irrigation, depending on factors such as previous crop
and source of water supply. In the rice/wheat areas the
soils in the rice season are managed to restrict water
percolation. This results in water standing for hours and
often days· following irrigation especially in the heavier

Table 15: Economics of Herbicide Application in
Two Irrigated Wheat Areas.

Maize/Wheat
(20 sites)

Rice/Wheat
(5 sites)

Broadleaf
Herbicide
(Buctril

M)

Grassy Weed
Herbicide
(Dicuran

MA)a

Broad1eaf
Herbicide
(Buctri1

M)

Grassy Weed
Herbicide

(Dicuran
MA)a

Increase in b
550yield(kg/ha) 700

Gross benefit C
825 1050

Cost of
dherbicide 240 475

Net benefit 585 575

Marginal return 240% e
-ve

o

-ve

480

600

475

125

26%

a/ Dicuran MA also controls many broad leaf weeds.

b/ Experimental yield adjusted downward by 10%.

c/ Net wheat price of Rs. 1.5/kg in Maize/wheat area
and Rs. 1.25/kg in rice/wheat area, after substracting
harvesting, threshing and marketing costs.

d/ Doses were: 1.4t/ha for Buctril M and 2.5 kg/ha
for Dicuran MA. Costs include Rs. 75/ha for
application.

34 e/ Negative marginal return when compared to Buctril M.



textured clay loam soils.
sensitive to waterlogging and
water.

Wh~at seedlings are very
may be killed by standing

Pre-irrigation (rauni) is desirable in order to
provide better water distribution in the field and in the
soil profile, and to kill weeds prior to wheat planting.
However, half of all fields were planted in "wadwater"
(irrigation in the preceding crop) to reduce the turn-around
time in sequential double cropping systems (Table 16).
Hence, recommendations for the timing of the critical first
irrigation must be developed for specific rotations and
soil types.

Table 16: Irrigation Practices in Wheat Production.

Punjab
Rice/
\~hea t

Punjab
Cotton/
Wheat

NWFP
Maize/
Wheat

Average no. of irrigations 2.6 5.0 3.5
Co-efficient of variation 42% 20% 46%

Percent pre-irrigation (rauni)

- after Basmati rice,
cotton and sugarcane 25 11 19
after fodder, maize,
fallow etc. 85 99 59

Days to first irrigation 27 na 23
Co-efficient of variation 33% na 54%

More generally, in all the target areas studied,
cropping intensities have exceeded the capacity of the canal
system. For example, in the cotton/wheat area the canal
system was designed for a cropping intensity of 66%, but
actual intensities are now around 130%. Efficient
allocation of scarce canal water is not promoted by the low
pricing of canal water (Chaudhry, 1986). Farmers with better
access to canal water may be applying more than the economic
optimum, while other farmers depend entirely on tubewell
water which costs about ten times the rate of canal water.
For those farmers facing high water prices (i.e. using
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diesel tubewells) or water scarcit~ there is little research
to gUide efficient use of water. Moreover, recommendations
for other cultural practices, such as fertilizer, have been
developed assuming plentiful water supplies and optimum
irrigation scheduling.

Harvesting

Nearly all farmers in the three areas surveyed
harvested by hand and used mechanical threshers. Despite
the mechanization of threshing, a major cost in wheat
production is harvesting, threshing and marketing. In 1985,
this cost amounted to about one third of variable production
costs and was nearly double the comparable cost in Western
Uttar Pradesh, India, where labour is much cheaper. In
addition, most of these costs are proportional to yield
(e.g. harvesters receive one tenth of the yield), so that
the net effective price for wheat is substantially reduced.
In the cotton/wheat area in 1985 when the wheat support
price was Rs. 70 per 40 kg, farmers actually received a net
price of Rs. 43 per 40kg after subtracting these costs
(Table 17). This is the price which should be used in
evaluating profitability of improved technology in wheat
production. For example, using market prices, one kg. of
Nitrogen costs about three kg of wheat but including all
costs of harvesting, threshing and marketing as well as
capital costs, the cost to the farmer is actually more than
6 kg. of wheat?

The major opportunity for reducing harvesting costs
is through some type of mechanical reaper, binder or
combine. These, we believe, will spread rapidly in the next
few years. A major policy issue is the official support
that should be given to this trend. As yet there is no
research looking at the potential social i~plications of
labour displacement by mechanical harvesting~ These can be
minimized by partial mechanization (e.g. use of a reaper but
with bundling and transportation still being done by hand).
Also screening for wheat varieties that do not shatter
easily will reduce losses of hand harvesting.
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Table 17: Calculations of the Net Price of Wheat,
Cotton-Wheat Area, 1985.

Activity Representative
Cost

Harvesting and
transport to
threshing floor
Threshing

Labour for thresh
ing

T~ansportation from
threshing floor to
market including
unloading charges

Transport of empty
bags.

"Tip" to agent

Usher

Wheat receival
price

2.5 mds/acre for
average yield of
20 mds/acre

5 kgs/md

1 kg/md

2.5kg/bag of 95kg

Rs. 1.0/bag

Rs. 1. O/bag

Rs. 0.75/md.

Rs. 66/md.

Net quantity sold = 26.9 kgs per 40 kgs harvest

Net price (wheat price - cash costs) = 66.0 - 2.75
= Rs. 63.25 per 40 kg.

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

Net effective price of wheat+bhusa = 42.50 + 8.00 =
Rs~50.5 per 40 kg.

Source: Interview with local grain buyers or "arthis".
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Pro.ducti vi ty of Wheat in Irrigated
Cropping Systems

Wheat Yields and Profitability

Average yields and economic returns to wheat are
summarized in Table 18. Wheat yields were highest in the
NWFP maize/wheat area and lowest in the rice/wheat area.
Note that although our surveys were not designed to give
accurate area statistics on yields, official statistics in
NWFP appear to grossly under-estimate actual wheat yields.
Wheat yields are most variable in the rice/wheat area where
soil type, access to irrigation water and planting dates are
also more variable. In the cotton/wheat area, high
,~emperatures at flowering time in 1985 seems to have reduced
the harvest index (ratio of grain to total dry matter).

Profitability of wheat closely correlates with
yields. Wheat production in the irrigated areas of the
Punjab was not profitable at 1985 prices. Returns in wheat
production in the NWFP maize/wheat area were significantly
higher (because of higher prices for grain and bhusa);
however, wheat in this area must compete with high value
crops such as sugarcane and tobacco.

Table 18: Productivity of Wheat in Irrigated Areas,
Pakistan.

Punjab Punjab NWFP
Rice/ Cotton/ Maize/
Wheat Wheat Wheat

Official yield statistics,
1982-1984 (t/ha). 1. 57 1. 86 1. 47

Year of survey 1984 1985 1984

Average yield in survey (t/ha) 1. 78 2.29 2.78

Coefficient of variation 45 27 30
:i,n yields (%)

Harvest index (%) 32.7 28.9 31.3

Net returns (Rs/ha)a -321 -171 3460

a/ Returns after subtracting all costs except capital costs.
Based on 1985 prices.
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Factors Affecting Yields in Farmers' Fields

The onfarm research program of surveys and experiments
has established a reasonably clear picture of those factors
limiting yields in irrigated wheat in three major cropping
systems. Results of multiple regression analysis of
variation in farmers yields are shown in Table 19. As
expected, a number of production practices influenced
yields, although these are specific to each cropping system,
particularly with respect to limiting nutrients (N or PZ 05).
Previous crop and the number of years continuously planted
to wheat also significantly affected yields in most cases.
The continuous planting of wheat had negative yield effects
even when weed infestations were included in the equation
(Table 19). This suggests other negative aspects of this
"monocropping pattern" (besides build up of grassy weed
infestations) such as deteriorating fertility and soil
structure, micronutrient deficiencies or other unidentified
pest problems. Finally, wee~ infestations significantly
reduced yields in ea~q area, although the relative
importance of grassy and broadleaf weeds varies as discussed
earlier.

Table 19: Summary of Factors Affecting Farmers'
Wheat Yields in Irrigated Areas.

a

Punjab
Rice/
Wheat

Punjab
Cotton/
Wheat

NWFP
Maize/
Wheat

Positive yield effects
Nitrogen **
Phosphorous ** **
New improved variety ** ** **
Number of tillage
operations ......
Number of irrigations * *

Negative yield effects.
Previous crop * ** **

(rice) (cotton) (sugarcane)
Continuous wheat three
or more years. ** **
Weed problem **b **c **c

Rl of regression eguation .49 .21 .23

a/ Based on multiple regression analysis ..
b/ Phalaris weed
c/ Broadleaf weeds.
** Significant at 5% level.
* Significant at 10% level.
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This regression analysis highlights a number of
variables influencing far~ers' yields. However, the
eAuations explain only one fifth to one ha~f of the
variation in farmers' yields in a given area (R in Table
19). Other factors which were not well captured in the
surveys, especially timing of irrigation water and soil
productivity are likely to also be important. There are
also inevitably errors in estimation of some variables,
(e.g. fertilizer applied). Nonetheless, the results provide
valuable hypotheses on research and extension opportunities
in each system.

The "Yield Gap" in Irrigated Wheat Production

It is generally assumed that yields in Pakistan are
low and only a fraction of their potential. To some extent,
and particularly in NWFP, low wheat yields reflect errors in
official statistics. Moreover, the yield gap between
farmers' ave~age y~elds and a feasible economic yield of
applying known technology is much lower than is usually
reported. In Table 20 the feasible economic yield has been
calculated on the basis of onfarm research. This yield
takes into account; a) the productivity of the total
cropping pattern (i.e. assumes that wheat will often be
planted late to maximize total productivity), b) available
irrigation water (i.e. less than optimum) and c) profitable
improved technology derived- from on farm experiments. The
results show that farmers yields are 30-40% below potential
yields, rather than 70-80% as widely cited in the
literature. Of course, yield gaps of 30-40% still represent
a significant opportunity to increase yields in all systems.
The pay-off~ to research and ~xtension efforts which reduce
this yield gap are potentially very high.

Table 20: Estimated Yield Gap for Wheat Considering Total
Productivity of Cropping Pattern-(i.e. Late
Planting) and Availability of Irrigation Water.

Farmers' average yield
(t/ha)

Economic yield
potential (t/ha)a

Yield gap (%)

Punjab
Rice/
Wheat

1.8

3.0

40%

Punjab
Cotton/
Wheat

2.2

3.0 - 3.5

27% - 37%

NWFP
Maize/
Wheat

2.8

4.0

30%

a/ Based on results of onfarm experiments.
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In addition, the yield gap between those of
so-called "progressive" farmers and the small farmer are
also less than the gap often quoted. High yields in
farmers' fields are as much the result of more productive
soils, more favourable crop rotations and better access to
irrigation, as improved technology employed in wheat
production. Table 21 shows wheat yields by farm size in
each of the three areas. Only in the rice/wheat area is
there a statistically significant difference in yields
between small farmers « 5 ha) and large farmers (> 10 ha).
This difference largely reflects better irrigation
facilities and a greater use of nitrogen fertilizer by large
farmers. In other areas, differences are very small or
negligible. The scope for transferring the technology of
the "progressive" farmer to the small farmer is more limited
than commonly assumed.

Table 21: Irrigated ~heat Yields by Farm Size
Group, Pakistan.

Farm Size Group

Punjab rice/wheat

Cotton/wheat

NWFP maize/wheat

< 5 ha

2.26

2.78

5-10 ha

(Yield t/ha)

1.57a

2.40

2.86

> 10 ha

2.27

3.16

a/ Differences between small farmers « 5ha) and larger
farmers (> 10ha) are significant at the 5 percent
level only in the rice/wheat area.
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Conclusions and Implications

The results of the integrated onfarm research
approach discussed in this paper, although modest in scope,
have a number of implications, both immediately for
increasing irrigated wheat production in Pakistan and for
organizing research to sustain these increases in the
future. We conclude with a synthesis of these implications.

Onfarm Research and Technology Transfer to
Increase Wheat Productivity.

The immediate opportunities for increasing wheat
productivity in the three irrigated cropping systems studied
are summarized in Table 22 under a) technological components
where sufficient information is available to transfer
immediately to farmers and b) components where further
applied research in farmers' fields is needed to verify and
refine recommendations. In the cotton/wheat area, on farm
experimentation has not yet been initiated so implications
for technology transfer are still very tentative.

Across all three areas, there is an urgent need to
speed up the distribution of newer, higher yielding a~d rust
resistant varieties such as Pak 81 and Punjab 81. This
offers the chance for a low cost profitable change and at
the same time reduces the vulnerability of the wheat harvest
to risk. With large areas now grown to rust susceptible
varieties this need cannot be overemphasised.

A major opportunity for a breakthrough in wheat
productivity is in the rice/wheat area where the use of a
special direct drill has now been successfully tested in
two seasons. The wider use of the drill across different
soil types has to be verified and its implications for weed
and pest managementCin.the.tota1 cropping system) requires
'further research. If . the drill can be successfully
manufactured locally at a reasonable cost, the private
sector through large farmers and machinery contractors
should be in a position to popularise this drill. Based on
information obtained from three distinct cropping system~, ..
We recommend that onfarm research efforts in the rice/whea~

have potentially the highest pay-offs and should be
emphasised in future research efforts.

In the maize/wheat area, use of broadleaf
herbicides has been proven to be profitable to farmers. A
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Table 22:Summary of Technology Transfer and Onfarm Research
Priorities for Irrigated Wheat Systems.

Punjab
Rice/
Wheat

Punjab
Cotton/
Wheat

NWFP
Maize/
Wheat

Technology Transfer

1- New improved variety
to increase yields
and rust resistance. ** **a **

2. Direct drilling to
reduce turnaround and
improve plant stand. ** *a

3. Economic fertilizer dose.
adjust farmer dose
to higher N:P ratio **
adjust farmer dose
to lower N:P ratio *a **

4. Broadleaf weed herbi- .
cide (Buctril M, DMA-6) *a **

Applied Research (Onfarm)

l. N and P doses for
specific rotations,
irrigation access etc. ** ** **

2. Grassy weed herbicide ** *

3. Deep tillage *

4. Irrigation water
efficiency (timing of
1st irrigation, use of
scarce water). ** ** *

5. Cropping pattern * * *
(Sunflower) (Soyabean) (Sugarcane

intercrop)

a/ No onfarm experiments conducted to date so technologies
to be transferred should be verified.

** First priority
* Lower priority.
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wider demonstration program together with active efforts to
interest the herbicide companies in promoting their products
to small farmers of this area are needed.

In the cotton/wheat area, which represents the
largest cropping system, the prospects for significant
short-run increases in productivity are not encouraging.
The major issue there is late planting after cotton for
which there is no ready solution. Direct drilling with zero
tillage would improve this situation, reducing turnaround
time by one week (increasing yields on average by 200 kg/ha)
and reducing land preparation and planting costs by about
Rs. 300/ha.

Table 22 also shows the types of applied on farm
research that are needed to sustain medium-term increases in
productivity. Across all areas, there is a need to increase
fertilizer efficiency by tailoring recommendations to the
specific circumstances of farmers and by basing these
recommendations on sound economic analysis. Similarly,
adaptation of irrigation scheduling to the particular crop
rotation, soil type and water supply situation of farmers
represents an opportunity for increasing the efficiency of
water use - a limiting resource in all areas.

Finally, simple evaluation of alternative cropping
patterns and especially the planting of oilseeds in place of
late planted wheat or to break the "mono-crop" rice-wheat
sequence, is needed. Farmers are ahead of the resea~ch

system in experimenting with these cropping patterns but
much more work is needed to find the best alternatives. For
example, interplanting of sugarcane in wheat is well
established in the NWFP maize/wheat area but the best time
and method of planting sugarcane is still disputed.

Onfarm Research as a Basis for Longer
Term Research Priorities

In Table 23 we have outlined opportunities for
research activities that would not normally be conducted on
farmers' fields but which grow out of our on farm research
activities. Onfarm research is a valuable means for
orienting experiment station research priorities which too
often bear little relevance to farmer problems.

Two major issues need to be addressed in long term
research. First, our data show; a) wheat planting is spread
over a wide range of planting dates even on individual small
farms, b) "late" planting is the norm in many areas and c)
most farmers planroonly one variety in a season, regardless
of planting date. These data suggest that major breeding
emphasis should be placed on varieties that perform well
across planting dates and across years. This represents a
departure from current breeding priorities which emphasise
breeding separate varieties for "normal" and for late
planting.
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Table 23: Summary of Longer Term Experiment Station
Research Priorities for Irrigated Wheat
Systems.

Punjab
Rice!
Wheat

Longer Term Research (On-station)

Punjab
Cotton/
Wheat

NWFP
Maize!
Wheat

Variety
o yield stability over

planting dates and years

o stripe rust resistance

Crop rotation

o effects of long term
rotations on fertility,
pests etc.

o effect of reduced tillage
on fertilizer manage
ment, weeds, succeeding
crop etc.

Micro-policy Research

Seed distribution system
Effectiveness of extension
Fertilizer subsidy
Private sector pesticide
distribution
Comparative advantage
wheat and oilseeds.

** First priority
* Second priority

**

*

**

**

**
***

**

**

*

*

**
**
**

**

*

**

**

**
**
**
*

*

Second, almost no research is being conducted on
long term rotation effects on soil structure, soil
fertility, micronutrients and pest and disease problems.
Evidence from our surveys and from the National Fertilizer
Development Center (personal communication) suggests that
with increased cropping intensity and little diversification
in cropping pattern, wheat yields decline overtime. Since
they represent a long term commitment, rotation trials must
be carefully designed to reflect the reality of farmers'
rotations and management practices. Finally, more work is
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needed on reduction of land preparation costs through
reduced tillage and the implications this will have on crop
management.

Micro-based Policy Research

Data from farm level surveys and experiments, and
perceptions of on farm researchers in day-to-day contact with
farmers represents a unique source of information for policy
makers and planners on technical parameters and constraints
at the farm level. Hence, efforts should be made to exploit
this information through "micro-based policy research"
policy oriented research based on farm level data. Examples
of policy issues that might be addressed include; a)
fertilizer subsidy policy, b) multiplication and seed
distribution strategies, c) incentives to private sector
investment in pesticide promotion, and d) comparative
advantage of wheat and sunflowers in earning foreign
exchange.

In some cases, these policy issues are being
analysed using aggregate level data. A recent analysis of
fertilizer policy, for example, used aggregate yield and
fertilizer offtake data to estimate fert~lizer response.
Farm level response data not only enables fertilizer
response to be es tl.ma ted under farmer condi tions bu t al so the
differential effects of fertilizer su~sidi~s for different
groups of farmers and crops can be analysed. In other cases
little policy analysis has not been undertaken at either the
micro or macro level. For example, a recent study (Akhtar
personal communication) indicates that sunflowers are
replacing wheat in parts of the rice/wheat area. Research
~s.needed to measure the costs and benefits from a national
perspective of this substitution under alternative
assumptions regarding wheat technology.

Our farm level data represents only a modest effort in
three important cropping systems. Nonetheless, there is
currently a paucity of upto date farm-level information in
Pakistan for guiding basic decisions on agricultural policy
and planning. Much of the critical data that we have
collected on crop rotations, variety, date of planting,
irrigation system etc. is relatively cheap to obtain in well
designed and focussed questionnaires but is still
unavailable outside of the areas we have studied.
Investment in these studies on a national basis would have
high pay-offs in providing an improved information base on a
key crop for macro-level decisions.

On Organizing Research for Solving Farmers' Problems.

We believe that integrated onfarm research in a
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cropping systems framework is critical to focussing
experiment station research, extension efforts and policy
analysis on the priorities for increasing wheat production
over the next ten years. At present only very modest
efforts are being made in this direction and several
important methodological and organizational changes in the
research system are needed to implement the approach on a
wider scale.

1. Stratification of Farmers into Recommendation Domains:
Most ~ecommendations for wheat production are being made for
very large groups of farmers - for example, fertilizer
recommendations for all irrigated wheat. There is an urgent
need to recognize the diversity among farmers and the
specificity of problems to each group of farmers. This
implies stratification of farmers into Recommendation
Domains groups of farmers in relatively similar
circumstances for whom we can make more or less the same
recommendation. These domains then serve as the basic
framework for organizing research and extension programs.
This stratification should obviously be based on cropping
pattern but should also take into account other aspects of
the farmers' environment, such as soil type and access to
irrigation water.

2. Priority to Crop Management Issues in Research: The
post-green revolution era has emphasised the crucial
importance of plant breeding in spear-heading technological
change. As a result, Pakistan now has a reasonably well
organized and functional wheat breeding program. However,
the next spurt in productivity increases will come about
through improvements in management practices for the
production of wheat to exploit the genetic potential of
currently available varieties. Unfortunately, the
disciplines of soil fertility, weed science, water
management and especially, broadbased agronomy and
production economics needed to achieve these breakthroughs
are relatively weak, isolated from other disciplines and are
often overshadowed by the priority and prestige accorded to
plant breeding programs. While the research system has made
dramatic improvements in productivity with the release of
new wheat· varieties, farmers themselves have often been
ahead of the researchers in evolving improved production
practices which fit their needs (e.g. broadcasting of
granulated herbicides in NWFP). Clearly the number and
quality of manpower in production-oriented disciplines must
be increased.

3. Priority to 'Farmer Focussed Multi-disciplinary
Research: Allocating more resources to crop management
research is not a sufficient condition for achieving

tech~olog~cal breakthroughs. In addition, scientists must
be glven lncentives to focus their efforts on research that
solves high priority farmer problems. These incentives
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should include; a) recognition that farmer-focussed research
is often very complex and requires the best scientific
talent, b) strong efforts to bring scientists into closer
contact with the main users of their results - the small
farmer - so that problems are more clearly defined in terms
of farmers' needs, and c) modest resources, especially
transport, to allow scientists to move to the farmers'
field.

At the same time, there is a need to reward true
multi-disciplinary research efforts where team members from
different disciplines work together in the field to solve
farmer problems. Agricultural economists, for example,
perceive their rewards as publications for their profession
on broad issues of agricultural policy and development
strategy, rather than working with agronomists on such
down-to-earth problems as the economics of alternative weed
control methods in irrigated wheat.

4. "Stepwise" Rather than a "Package" Approach to Research
and Technology Transfer: 'Research recommendations and
extension efforts have traditionally emphasised a "package"
approach, where as many as six to seven different
technological components may be "extended" to farmers.
However, farmers do not adopt packages but rather make
improvements a step at a time (Byerlee and Hesse, 1986).
Research and extension programs should be organized
accordingly. Thus, a "maximization" program in the
maize/wheat area of NWFP should focus on only two issues
varietal dissemination and broadleaf weed herbicides. A
similar campaign in the rice/wheat area might focus only on
variety and direct drilling for better stand establishment
and reduced turn around time. Once these priority
compon~nts are adopted other changes, such as increased
fertilizer use, will follow.

5. Decentralization of Research: If research is to be
farmer' focussed and organized around the concept of a
recommendation domain, it is essential that research
planning and implementation be decentralized to the local
level. Experience elsewhere (e.g. Moscardi et. al., 1983)
has shown best results when small onfarm research teams of
one or two agronomists are based in a target area with full
authority to design and implement research, to analyse
results and to make recommendations to local farmers.
Experiment station based specialists participate in the
field work of local teams and are available to consult on
specialized problems, e.g. a disease attack. This contrasts
with traditional research approaches where plans are made at
headquarters sent to the field and results passed back up
the hierarchy. The immediate need is to establish teams to
work in a representative area for each of the major
irrigated cropping systems. Later, additional teams might
be added as further recommendation domains are delineated.
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At present, there is no on farm research team in the most
important cropping system, the cotton/wheat area. Recently
established agronomy research stations in the Punjab should
alleviate this problem as long as they devote most of their
resources to onfarm research on the major cropping patterns
in their localities.

6. Dynamics of On farm Research: It is sometimes assumed
that on farm research is a "one shot" effort - that is,
problems are identified and solved for an area and then the
research team moves on. It is true, that many onfarm
research projects have become "automated" the same
experiments are planted year after year. On the contrary,
on farm research is a dynamic process. New problems and
opportunities are being discovered as researchers learn more
about target farmer circumstances. In addition, problems
are continually changing. For example, changes in crop and
input prices, build up of base fertility levels and
increased cropping intensity require adjustments to
fertilizer doses including micronutrients. Solution of
broadleaf weed problems often leads to a build up of grassy
weeds. Emergence of new cropping patterns (e.g.
introduction of oil seeds) present new opportunities and
problems for wheat researchers.

A dynamic program must ensure timely and indepth
analysis of each season's data in order to plan future
activities. An annual planning session for each target area
is an important activity for indepth discussion of results
and development of the following year's experimental program
(Tripp, 1985). At least two days of intensive work for each
team should be allocated for this important review and
planning activity.

7. Cropping Systems Research Organized Across Commodity
Programs: Clearly some of the issues outlined above will
require integrated research on two or more crops in a
cropping system. For example, in the rice/wheat system,
research is needed on alternative varieties of rice and
wheat to minimize conflicts in planting time of wheat,
alternative tillage and planting methods for rice and wheat
(especially the implications of zero tillage in wheat for
the following rice crop), and long term rotation trials
including oil~ to sustain productivity of the system.
These trials most of which will be conducted on the research
station, should be designed through close collaboration
between commodity programs (rice, 'wheat and oilseeds). More
importantly, these trials should be developed on the basis
of indepth understanding of farmers' existing cropping
systems and problems emerging in those systems - that is the
information from onfarm research should be the basis for

•
designing such trials. Hence effective linkages need to be
established between commodity research programs and between
ex~eriment station and on farm research activities.
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Initially we suggest establishing a small working group for
each major cropping system with representatives of each
major commodity research program, including those involved
in onfarm research in that system. This working group would
be charged with designing cropping pattern experiments
and/or longer term rotation trials which address important
constraints in the system. As ·this research progresses and
moves to~~e stage of onfarm t~sting it may be desirable to
appoint a full time coordinator to facilitate joint re~earch

across commodity programs.

8. Increasing Rol~ of Extension: As farmers move from
relatively simple changes in variety and adoption of
fertilizer to improvements in tillage methods, water
management 0' weed control and fertility management, the
relative complexity of farmers' management decisions
increases. Farmers will require more information and skills
to assimilate these changes. Extension efforts need to move
away from promoting blanket recommendations to providing
farmers the information about new technologies required to
make better decisions to fit their own circumstances and the
skills to apply these technologies. The farmer is the majo~

resource for agricultural change but little effort has been
made by extension to develop farmers' own capacity for
promoting change.
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Footnotes

price of wheat in :India is significantly higher
in Pakistan at prevailing exchange rates. Partly
result, India has a large exportable surplus which
be stored or exported with a sizeable subsidy.

2/ Similar research is also underway :n the irrigated
cropping systems of the Northern Ateas (see Hussain et.
al., 1985). Research is also planned to commence in the
Sind in the 1985/86 cycle.

3/ The target areas were; Punjab rice/wheat Ferozwala
Tehsil of Sheikhupura District and Gujranwala Tehsil of
Gujranwala District; Cotton/wheat - Multan District and
NWFP maize/wheat irrigated Mardan District and
Malakand Agency.

4/ Our surveys did not emphasise issues in on farm water
management. Some data on source, number and timing of
irrigations was collected but it was recognized that
surveys to monitor irrigation practices over the crop
cycle would be needed to analyse this important topic.
A number of water management research studies are
underway by provincial irrigation departments and
results of those surveys should complement our efforts.

5/ Also the area of berseem for commercial fodder
production increases near larger towns and cities and,
especialy in the rice/wheat area, allows a more varied
crop rotatiorr.

6/ Mechanical weeding by bar harrow is used by only a few
farmers who plant with a drill.

7/ Assumes price of Urea at farm gate of Rs. 130 per
bag, net effective price of wheat of Rs. 1.1/kg
minimum acceptable rate of return on capital of 25%
season.

50kg
and
per

8/ It is estimated that 100 million person days, or 400,000
person years, are employed in the wheat harvest in the
months of April and May in Pakistan.

9/ Punjab 81 should be sown in the cotton/wheat area where
stripe rust is not a problem.

10/ In the cotton/wheat area, 68 percent of farmers
in more than one planting period, separated by
intervals. Only 32 percent of farmers,
planted more than one variety (Akhtar et. a1.,

planted
15 days
however,
1986).
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Appendix A

SURVEY OF WHEAT PRODUCTION PRACTICES AND YIELDS,

(Southern Multan)

Variable Codes

Sampled # -----------, .---- Road/Zone ----------

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

Plot Size ----....---------

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

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

SaedRete---------------

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 Preparetion: Animal - Own/Others Tractor - Own/Rent

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

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

Basal Fert. (Bagsl---): DAP --- AS --- AN --- NP --

second Fert. (Bags/--): Urea --. AS -- AN --- NP ---
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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 Cred it 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 ---~------

Preplanting Irrigation: Wadwatter ---- Roni -----

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

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

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

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

Soil Type -.------,...-----

Salinity Problem: (Score 0-3)

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. ------ -----

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. ------------
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If Cotton is Previous Crop in the Field

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

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

P205 Applied to Cotton: Yes/No -----------

Removal of Cotton Sticks: Manual---- Rotavator ---

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

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

Yield of Cotton --------------

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

Tum 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 al irrigation)

·C=Cotton, Fa=Fallow, W=Wheet, Fd=Fodder.
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53.

54. ---------

55. --------

66. ----------

57. ---------

58. ---------

59. --------.-

60. ----------

61. ----------

62. ----------
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