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FOREWORD

I wish to congratulate the Coordinated Wheat Programme of PARC which
has, with the help of CIMMYT, addressed issues related to wheat producuon
in the barani areas of ncrthern Punjab. The present repornt synthesises
information frcm on-farm expenmentation carried out over six years focusing on
rainfed wheat. It 1s an important step towards the development of the proper
focus ard recommendations that can be quickly adopted by the farmers.

One-fifth of the wheat acreage of Pakistan is rainfed. The baran areas
of northern Punjab constitute the major portion of this acreage, but have been
relatively neglected by past research efforts. The barani areas contribute only
ten percent of the national production of this staple food. Increasing population
in the country and shrinking land and other resource: indicate that wheat yie!ds
N barani areas wili have 10 increase per unit area on a sustainabl basis.
Improvement in wheat productivity in rainfed areas would ease the burden on
and allow more of the rrnigated land to be used for production of other
important commodities.

Barani wheat production 1s relatively more risky due to climatic
constraints and as such farmers are conservative in use of inputs on this crop.
However, this report shows clearly that use of modern technology can increase
and s.abilise production in these areas at a cost profitable to farmers. The
present study has concerirated on filing the gap that exists between research
staticn zctivites and the situation in farmers fields. Through adoption of the
package of technology generated, resource poor barani farmers can increase
wheat production in a sustainable manner 10 meet the country’'s need.

~ERCwwor W hom

June, 1990. (Dr.C.M.Anwar Khan)
Chairman
Pakistan Agricultural Research Council
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Wheat in Barani Areas of Northern Punjab: A Synthesis
of On-Farm Research Results, 1982 to 1988

EXECUTIVE SUMMARY

This paper analyses the results from on-farm experiments on tillage, variety,
fertiliser, and weed control on rainfed wheat production in the high and medium-
rainfall zones of Pakistan. The experiments were conducted from 1982 to 1988 by
the Wheat Programme of the National Agricultural Research Center (NARC) in
collaboration with the International Maize and Wheat Improvement Center
(CIMMYT). During that period, a total of 230 mostly researcher-managed triais
were layed out to obtain quantitative data on potential yields in the area. Fields
representing typical land types (mera and lepara) and cropping patterns (wheat after
fallow or after maize) were selected.

‘The wheat growing seasons differed substantially in rainfall and temperature.
The years 1983-84 and 1984-8S were generally hot and dry, but drought stress
occurred only at the vegetative and grain filling stages during the former, and at the
flowering stage during the latter. No moisture stress was experienced at all during
the 1982-83 and 1985-86 cycles. Total rainfall during 1986-87 and 1987-88 was above
average, but some stress occurred at the early flowering stage in 1986-87, and there
was severe moisture stress at the early crop stages of 1987-88, seriously affecting
germination and tillering. Average annual yield in the experiments was highly
correlated with annual rabi scason rainfall.

From 1982 to 1987 deep moldbcard tillage in the carlv kharif season before
planting wheat led to average annual increases of 25% over yields obtained using
czaventional cultivator tillage. This effect was more pronounced during the dry
years, and was chicfly attributed to better rooting associated with the breakup of the
compacted soil below the plough layer. Deep tillage also resulted in more moisture,
less weeds and less foot rot disease, thus contributing to improved yields.

There was evidence of a positive residual effect on subsequent crops from
deep tillage for wheat, making this practice an even more valuable contribution to
increased productivity in the barani areas. Deep, moldboard ploughing for the maize
crop followed by mmimum tillage for wheat also increased the productivity of the
maize-wheat system.

Moldboard ploughing was no more expensive, and often cheaper, than
traditional practices. Adoption of this technology, however, will depend on the
availability of moldboard ploughs and training in their proper use.



A nitrogen and phosphorus incomplete factorial experiment provided
response curve data for calcalation of economic recommendations for high rainfall
barani arcas. Responses varied significantly between years. In 1983-84, when
drought occurred during the vegetative period, mitrogen response was low and wa-.
not profitable at an MRR equal 10 one. Phosphorus response was higher in 1983-84
but recommended rates were low (20 kg/P/ha for low whea: prices and 36 kg for a
higher price).

In 1984.85, u dry year, both N and P responses were significant. However, a
land type by Pinteraction reduced the P recommendation for lepara land. At a
MRR equal to one and low wheat prices 47-56 kg N-P was econamic.

Inthe vetter 1985.86, and 1986-87 years, N-response was greater resulting in
more economic returns from N-fertihiser In 1985.86 there was also a land type by P
interaction that reduced the P recommendation on lepara land. The
recommendations for mera and lepara land were Y8-82 and 98-% kg/ha N-P (at an
MRR =1 and low wheat paces)

Land type by N and previous crop by N interactions complicated the
recommendations in 1986-87. Maize grown before wheat significantly reduced
wheat yields (-153S kg) and needed more N for wheat Use of farmyard manure
increased wheat yiclds by 691 kg and N recommendations could be reduced on lands
recciving this input. No phosphorus response was detected in this year.
Recommendaticas ranged from 31 kg/ha of N on lepara land after fallow to 149
kg/ha of N an mera land after manze at a MRR = 1

Combined duta analysis over the 4 ycars showed a significant year effect and
year by Nanteraction. More nitrogen was nceded in wet years than dry years with
phosphorus levels remaininy the same between years. The overall recommendation
was 124-34 kg/ha of N-P for wet years versus 21-34 kg/na for dry vears at a
MRR = 1.

It was recommended that some N and all P be applied basally and further N
be top-dressed if rainfall is favourable to the end of tillening.

In varictal trrals, Pak-81,S-19 (Junco °S7) and Barani-§3 provided higher
yields and greater rust resistance than the predominant farmer varicty, Lyallpur-73.

Weeds were not a serious problem. Broadleaf types were casily controlled by
the relatively cheap phenoxy herbicides 2.4-D, MCPP or MCPA., or benzoic acid
compounds like Dicamba. However, the common local practice of intercropping
wheat and mustard rules out chemical weed control for most farmers.

X1



Recommendations in this report for barani wheat growing in the high rainfall
areas should allow farmers to easily obtain an average yield of 4.0-4.5 tons/ha, in
favour: ble years. Suggestions for further research are also given.

Xxii



CHAPTER |

INTRODUCTION

Objectives of the Research

The barani or rainfed areas of Noithern Punj:b have been relatively
neglected by past rescarch efforts. Wheat is planted on over 90% of the cropped
area in the raki season but average yields at 1.7 t/ha are well below their potential.

‘There is a need for research in the barani (rainfed) areas of Pakistan to
diagnose factors limiting productivity and to develop recemmendations that can be
adopted by farmers to improve productivity. Past research has often not provided
recommendations that are relevant to farmers of the area. Thev have generally been
developed without economic analysis to determine the most profitable and least
risky practices. Morcover, recommendations have not considered differences in land
type, rainfall and crop rotation in the area and have provided general
recommendations to cover the entire region. In addition, the recommendations
provide a complete package of technology which is very costly for farmers to adopt.
Given these deficiencies of rescarch, and poor extension services, it is not surprising
that many farmers have not adopted the recommendations being provided by
rescarch and extension.

There is a need for a systematic research approach focusing on problems in
specific arcas and generating recommendations that can be adopted quickly by
farmers. On-farm research (OFR) with a farming-systems perspective is one
possible way to achieve this (Byerlee et al. 1982). OFR is not seen as a substitute for
on-station rescarch, but rather a way to check technology under actual farm
conditions and provide feedback to guide on-station research.

This paper is based on research on rabi wheat in medium-to-high rainfall
zones of the barani arcas of Northern Punjab from 1982 to 1988. The research was
conducted by the Wheat Programme of the National Agricultural Research Center
(NARC), in collaboration with the International Maize and Wheat Improvement
Center (CIMMYT). The major characteristics of the research approach were:

1) asystematic approach for site selection;

2) aninitial informal survey and description of the area;
3) amore focussed formal survey

4) on-station agronomic research; and

5) on-farm experiments



This paper is the third in a scries dealing with OFR in rainfed areas of
Pakistan. It also includes data frem past papers in the series (Hobbs et al. 1983)
since yearly climate variations in rainfed areas make it especially important to
conduct agronomic trials over several years. "wesults of the surveys are reported in
Hobbs ct al. (1989).

The entire rescarch project is part of a wider programme of the NARC
Wheat Programme to imprave the economic situation of farmers by increasing
yields and incomes, including demonstrations to familiarise farmers with modern
agricultural technology. Recommendations will be offered regarding the correct and
balanced use of fertiliser, the adoption of newly-released high yielding varieties,
weed control and an economical moisture conservation method.

The Importance of Barani Areas

Barani or rainfed areas make a significant contribution to agricultural
production in Pakistan. Out of a total cropped area of 20 million hectares, about
five million hectares, or 25, are rainfed land with no irrigation. In Punjab, 209 of
the cropped area is rainfed.

From a diagnostic survey in barani areas it was found that there are two land
types--mera and lepara--and that the two most common cropping patterns are maize-
wheat and fallow-wheat (Hobbs et al. 1989). In order to generate appropriate
technology for reduciag the vield gap, both land type and cropping pattern were
considered.

‘The main scils in barani arcas have developed from transported material
such as loess, piedmont, alluvium and river alluvium. They are generally medium
textured with a fair proportion of clay soils.

Crucial {actors in barani-area wheat production are moisture conservation,
fertiliser use, and varicty. Weed control is also impoitant when there are good rains
in early crop stages.

Climatic Variation in the Research Area 1982-88

The major agro-climatic features of barani agriculture are reviewed in Supple
et al. (1985). Rainfall is, of course, the critical factor for crop production; even in
high rainfall zones, there is substantial year-to-year variation. The severity of
moisture stress in a given zone also interacts closely with land and soil type, and



variability in both rainfall and crop yields is higher for the rabi season tian for the
khanf season (Sheikh et al. 1988).

Ycar-to-year variability in rainfall is important in interpreting response to
improved management practices in barani arcas. The 1982-83 rabi cycle was the best
season with regard to rainfall. Precipitation was 7862 above the 20-yeur average
(Table 1), and rainfall was cvenly distributed throughout the crop season. The 1983-
84 and 1984-8S rabi scasons were generally poor in terms of rainfall for wheat
production (Table 1 and 2). In Islamabad, October to April rainfall in 1983-84 and
1984-85 was respectively, 117¢ and 5272 below average. In addition, rainfall during
these seasons was not evenly distribut:d, resulting in moisture stress at critical
growth stages. In 1983-84 there was o severe drought from October to inid February,
plenty of moisture during booting and then moisture stress and high temperatures
during the grain filling period. During the 1984-85 season, there was a drought from
the bootirg to carly-grain-filling growth stages, but sufficient moisture for grain-
filling requirements.

Table 1. Rainfall data for Islamabad District from 1982-83 for difTerent
wheat growth stages compared to 20-year average

Rainfall (mm)

Wheat Twenty

growth year

stages average 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88
Germination

and tillering 38 93 ] 25 160 77 11
Booting and

heading 128 141 106 59 236 113 53
Grain filling

and maturity 137 312 122 70 158 121 183
Total 303 546 229 154 456 31 247
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The dry conditions of 1983-84 and 1984-8S were also associated with
temperatures 16-20% above average during the later development stages, especially
in March (Table 2), and earlier maturity.

Table 2. Mean maximum temperature (°C) data for Islamabad from
1983-84 to 1986-87 rabi scasons compared to 20-year average

Maximum temperature (°C)

Year Month Average mean Twenty Deviation
maximum year average lrom average
1984 February 19.7 20.1 -0.4
March 27.3 23.6 3.7
April 30.6 29.7 0.9
1985 Feoruary 23.7 20.1 29
March 284 23.6 4.8
April 31.7 29.7 20
1986 February 18.1 20.1 2.1
March 22.0 23.6 -1.6
April 29.0 29.7 -0.7
1987 February 20.0 20.1 -0.1
March 22.0 23.6 -1.6
April 30.0 29.7 0.3

The 1985-86 cycle was relatively wet, with 456mm of rainfall compared to the
20-year average of 303mm (Table 1); rainfall was also evenly distributed throughout
the growing scason. Temperatures in the critical grain-filling stages were lower than
in the previous two ycars. This delayed harvest to early May, 15-20 days later than
the previous two years.

The 1986-87 rabi secason was also favourable, with no moisture stress at any
stage and rainfall close to the 20-year average. In 1987-88, there was little khanf
rainfall and hence there was severe moisture stress at, and soon after, germination,



causing poor germination and tillering, and an uneven crop stand. There was good
rainfall, however, in latter crop stages and during grain filling.

Over the four years, yields were closely related to rainfall (Figure 1). Yields
for variety trials from 1983 to 1987 were on average 18.89 below those of the cool,
wet 1982-83 cycle. Hobbs et al. (1989) reported on wheat crop cuts in farmers’ fields
from the same area as that of the agronomic work. Their data show yields of 1.77
t/ba for 1983-84 compared to 1.84 t/ha for 1984-8S, indicating that although 1984-85
was a drier year, moisture stress in 1983-84 was more severe as it occurred at a more
critical growth stage.

An understanding of yields and farmers’ management practices in a given
arca is essential for planning a relevant research progiamme, whether it be on-
station or in farmers ficlds. The availability of good quantitative data on farmers’
practices allows the identification of important, researchable issues and the study of
the relationship between input use and output. While this information is being
collected, it is possible to determine the reasons why farmers do not adopt
recommendations and relate these to infrastructural support, constraints and policy
issucs.

During the years 1983 to 1986, surveys of farmers' fields were conducted at
harvest time to:

1) Describe farmers’ wheat production practices and analyse differences in
these practices related to farm size, cropping pattern, land type and
socioeconomic factors, and

2) Estimate wheat yields in a specific agroecological area and to relate the
variation in yield to production practices.

3) Identify rescarchable issue for future on-station or on-farm studies.

These surveys were conducted in the Jatli area of Rawalpindi District from
1983 to 1986. Fields were chosen at random from among those being harvested at
each stop. The farmer was approached respectfully and the objectives of the study
quickly explained to him. Five 1 m* yield samples were taken at random from each
field along the line where harvesting was taking place, using a steel frame. A quick
interview with the farmer was also conducted using a prepared questionnaire. Full
results of the surveys are reported in Hobbs et al. (1989).
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In recent years, barani agriculture has undergone substantial technological
change (Hobbs et al. 1990). Land preparation is largely mechanised through hired
tractors. Almost two-thirds of the farmers own bullocks, but only 13% depend
entirely on bullocks for land preparation.

In addition, drills are now widely used, and thresiers have spread very
rapidly in the past five years. Mechanisation has occurred across all rainfall zones,
but adoption of mechanised deep tillage methods has been more rapid in low
rainfall areas where moisture conservation is most critical (Hobbs et al. 1989).

Wheat yields estimated in the survey are shown by year in Table 3.
Considering rainfall and temperature variations in these four years (Tables 1 and 2),
the variability in average yield across years is less than expected. The average yield
of 1.98 t/ha is also good in comparison to the average yields in 1985 of 1.78, 2.29
and 2.78 t/ha recorded, respectively, in the irrigated Punjab rice-wheat and cotton-
wheat zones, and NWFP maize-wheat zone (Byerlee et al. 1986).

Table 3. Frequency of variety use and yields of major varieties grown
in the Jatli area (1982-83 to 1985-86) from harvest survey

Significance
level
% of Yield of yield
Year/Variety samples t/ha differences
1982-83 average 100 1.90
Lyﬁ-73 91 1.93
Pak-81 2 1.92 0.42
Local 7 1.53
1983-84 average 100 1.77
Lyp-73 88 1.73
Pak-81 2 1.60 0.18
Local 10 2.13
1984-85 average 100 1.83
Lyp-73 76 1.70
Pzﬁ-8l 19 244 0.0012
Local 5 1.62
1985-86 average 100 2.44
Lyp-73 39 2.17
Pak-81 55 2.73 0.0034
Local 6 1.51




The highcr average yield of 1985-86 is partly due to better rainfall
distribution (Table 1) but also to the increase in area planted to the new variety,
Pak-81. In 1984-85 and 1985-86 when a significant number of Pak-81 ficlds were
sampled, this varicty significantly outyielded both Lyp-73 and the local varicty C-591
(Table 3). Pak-81 did better in both the dry year of 1984-85 and the wet year of
1985-86. This has also been confirmed by data collected from variety trials in the
arca, reported in this paper and carlier papers (Hobbs et al. 1986; NARC Annual
Reports).

Mixed cropping with brassica is produced on 75% of the fields with the
brassica removed in January to February for green fodder. Pak-81 is not mixed with
brassica as frequently as Lyallpur-73 or local varieties. In the case of the latter, 80%
of the sumples were mixed; for Lyp-73, 75%; and for Pak-81, only 67%. However,
this difference has little bearing on the superior performance of Pak-81, which
simply possesses a better yield potential than the other two varieties. Although
originally selected for irrigated arcas, Pak-81 is also suitable for the high- and
medium- rainfall barani arcas as shown by these data.

Tillage is excessive in the barani arcas with farmess averaging 8.2 (1 to 20
range) ploughings before planting wheat. More tillage is done if wheat follows
fallow than if it follows maize. Most of the tillage is done following rains in the
summer with a tractor-drawn tyned cultivator or local animal plough. This maintains
a clean fallow but creates compaction problems because of the shallow and frequent
nature of the operations.

Planting dates are carlier than in the irrigated zones mainly because there
are fewer conflicts with previously grown crops but also delays in planting result in
less residual monsoon moisture in the soil. Late October to carly November are
typical planting times in the barani areas.



CHAPTER 2

EXPERIMENTAL MANAGEMENT

Location of Sites

After initiation of work in Jatli in 1982-83, work in 1983-84 continued in the
medium rainfall areas around Daultala, Rawalpindi District and on IRDP Markaz
land in the Islamabad District. A total of cight locations were chosen and 24
experiments conducted. In 1984-85 work was expanded to include not only areas
where previous experimentation had been done, but also farmers® fields in various
parts of Islamabad District and areas around Fatchjang, Attock District. A total of
20 locations were chosen and 54 experiments planted and harvested (Table 4).

Table 4. Number and type of experiments conducted in.thc rainfed
arcas of northern Punjab, 1982-83 to 1987-88

Fertilizer Weed Minimum  Fertilizer
Year Tillage  rate Varietal  control tillage  application Total
1982-83 1 . 7 - - - 8
1983-84 > 13 - - - 24
1984-85 16 24 13 1 - 54
1985-86 35 34 12 8 - - 89
1986-87 12 25 7 - S 4 53
1987-88 - - - - 2 - 2
Total 67 96 47 9 7. 4 230

“Trials finally harvested and included in this paper. The total number conducted
were even higher duc to losses, drought, etc.

In 1985-86, OFR activitics were restricted to the Islamabad District. Ninety
experiments were conducted at 11 locations on different land types with different
cropping patterns. During 1986-87 work continued in the same area. Eight locations
were chosen and 53 trials conducted.



In 1987-88, the main programme activities were shifted to the Fatehjang
(medium-to-low rainfall) area, but some work continued in Islamabad District. Four
Islamabad area sites were selected and 10 trials conducted; however, a poor and
uneven crop stand resulted in all but two of the trials being abandoned (Table 4).

Field Selection

Experimental ficlds were chosen on the basis of two criteria: farmers’
willingness to cooperate, and the fact that the land had been cither planted to maize
or left fallow during the previous cycle. The latter criterion reflects the two major
cropping patterns in the high-rainfall barani areas of the Punjab--wheat-khanf
fodder-fallow-fallow or maize-wheat-maize-wheat (Supple et al. 1985, Hobbs et al.
1989).

Two major land types exist in the harani areas of the Punjab, mera, which is
located away from the village and given less attention and less inputs (especially
farm-yard manure); and lepara, which is closer to the village, receives most of the
farm yard manure and is more intensively cropped and managed. Wheat is usually
planted after fallow on mera lands and after maize on lepara lands (Khan et al.
1983; Hobbs et al. 1989). Beth land types were selected for experimentation,

Type of Trials

In all trials, most of the important management practices were done by the
researcher, except for ploughing before planting, which was performed by farmers in
most cases. These experiments therefore provide data on potential yields in the
area. The recommendations from the present study will cventually be tested in
farmer-managed trials.

The following different types of trials were conducted in farmers' fields of
northern Punjab from 1982 to 1988 (Table 4):

1) Tillage methods (especially deep tillage)
2) Fertiliser rates

3) Fertiliser application methods

4) Variety

S) Weed control
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Inputs

Seed and fertiliser inputs were provided by the researchers. Except for the
treatments under study, all management practices followed official
recommendations.

Tillage was done with a John Deere 60 HP or Fiat 640 tractor, and planting
with a Fiona single disc seed drill in the 1983-84 cycle, and a New Zcaland
Seedmatic direct seed drill in other years. Fertiliser treatments were broadcast by
hand and incorporated with a cultivator prior to planting. Herbicides were applied
with a COy sprayer in the case of experimental treatments, and a motorised
backpack for general spray, both using a four nozzle T-jet boom applying 250 1/ha of
watcer.

Data Collection and Design

In all years a simple design was used in which the treatments were not
replicated within the individual fields. Large strips were planted and four 2m2
samples were taken at random from cach strip to determine vield. The number of
spikes were counted in cach sample and the threshed grain was sub-sampled,
counted and weighed to obtain 1000 grain weight. Straw yields were determined by
weighing bundles and subtracting grain weight. All samples were cut carefully by
hand using a Im? quadrat and sun dried to obtain uniform moisture content
between treatments.

Data was analysed on a micro-computer using the MSTAT, LOTUS, and
SPSS software packages.

11



CHAPTER 3

TILLAGE EXPERIMENTS

Deeg: versus Conventional Tillage

Eighty-five percent of harani wheat is planted following a summer fallow.
Farm-rs indicated that they fallow their land to conserve moisture and build soil
fertility for the following wheat crop. Farmers frequently plough their fields during
the fallow period--usually following a rain--to keep ficlds free of weeds.

Ploughing is done with a shallow tyned cultivator that ploughs no decper
than 10 em. This shallow tillage together with the large number of passes, may cause
soil compaction and affect rooting depth and soil moisture availability.

Twenty-cight percent of the farmers in the Fatehjang and Attock areas of the
Pothwar Plateau use deep ploughing with a tractor-drawn moldboard (Hobbs et al.
1990). This practice is not found in other barani areas.

Methods. A total of 67 tillage trials were conducted in the high-to medium-rainfall
arcas of the northern Punjab from 1982 1o 1987 comparing the use of a cultivator
(7.5¢m deep) with that of a moldhoard plough (30cm deep).

Aninitial experiment was conducted at the NARC Station during 1982-83.
The work was then expanded and three experiments were conducted on farmer's
fields in the Rawalpindi District during 1983-84. The striking nature of the results
called for further confirmation, and sixteen OFR experiments were conducted
during 1984-85, 35 during 1985-86 and 12 during 1986-87 in high- to medium-rainfall
areas of Rawalpindi and Islamabad.

In the first two yeass, trials were conducted with two treatments and four
replications. In the last three years, long strips with two treatments were planted,
with replication only across sites.

In fallow-wheat systems, primary decp ploughing was done prior to the onset
of the monsoon rains or just after the first rains in July. On ficlds previously planted
to maize, deep ploughing was done in September or carly October.

All plots received secondary tillage with a cultivator just before planting.
Treatments were applicd cither on two adjacent fields at the site, or on the halves of
larger ficlds. Soil samples were taken to measure soil moisture at depths of 0-18, 15-
30 and 30-45 cm just prior to planting. Rooting profiles were also determined by
digging soil pits in some fields where differences between treatments were large.
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Summary of Results. The data for 67 tillage trials from 1982-83 to 1986-87 are
presented in Tables 5-11 and Appendices A-C. Rainfall greatly affected the yields
and the response to deep ploughing in the five years of study.

Table 5. Effect of tillage treatments on the grain yield of wheat and
percent increase of moldboard over cultivator in barani areas
of Rawalpindi/lIslamabad

Yield increase

No. of Grain yield (t/ha) over cultivator
Yeur experiments Moldboard Cultivator (t/ha) %
1982-83 1 4.30a 3.70b 0.60 16
1983-84 3 3.80a 2.50b 1.30 52
1984-85 16 2.89a 2.13b 0.76 36
1985-86 35 5.14a 4.12b 0.98 24
1986-87 12 4.11u 3.58b 0.53 15
Average 67 4.35a 347 0.88 25

Note: Figures followed by different letters are significantly different at 5% level
using DMRT.

Across all sites and years, deep tillage resulted in an average yield gain of
0.88 t/ha (25%) compared to cultivator tillage. All years showed significantly higher
yields with deep tillage. There was a tendency for the relative yield difference to be
greater in the dry 1983-84 and 1984-85 cycles than those years with average cr good
rainfall, such as 1985-86 and 1986-87. However, there was no significant difference
in absolute yield increases (0.00, 1.30, 0.76, 0.98, and 0.53 t/ha) between years. The
largest yicld advantage for deep tillage was in the dry year, 1983-84, but
unfortunately the number of sites (three) was too small to make definite
generalisations.

The variability in response to deep tillage was high. In 1984-85 bencefits
varied from 3 to 1209 (Appendix A), in 1985-86 from -1.5% to 156% (Appendix B),
and in 1986-87 from -6.6% to 107% (Appendix C). In ncarly a quarter of the
experiments conducted from 1985 to 1987, deep moldboard ploughing contributed
to yield gains of between 50 and 100%, and in a little less than one tenth of the
experiments, increased between 100 and 150% (Table 6).
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Table 6. Percent yield increase (range) due to deep ploughing
over cultivator (average 1985-87)

Percent yicld Number of Percent of total
increase experiments experiments
0-20 26 44.8
20-50 13 224
50-100 14 24.1
100-155 b 8.6

Obviously the response to tillage is location specific. Understanding the
reasons for this variability would be very important for extrapolating results and
developing recommendations across the barani tract. If we hypothesise that
compaction is playing a role in this response, then soil texture, the number of years
of tractor tillage, and the use of organic manures (lepara vs mera) may all contribute
to the above variability.

Yicld data from 1985 to 1987 were combinced for analysis using the SPSS
programme. Previous crop, land type and tillage treatments were included in the
analysis. The analysis indicated little interaction between response to deep tillage
and land type or previous crop (Table 7).

The gains on mera and lepara land were about equal. As might be expected,
the yield on lepara land was higher than on mera land.

Straw yield with deep tillage was also on average 20% more than for
conventional tillage, representing a potentially significant economic gain for farmers
for whom straw is an important fodder (Table 8).

'I'illcrs/mz and grains/spike were the two yicld components responsible for
the yield gains under moldboard §)It)ughing (Table 8). On average, deep ploughing
resulted in 14.3% more titlers/m* and 14.8% more grains per spike. Thousand-grain
weight was higher in the moldboard treatment, although not significantly so. These
yield component data suggest that deep ploughing produces benefits throughout the
growth cycle.
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Table 7. Wheat grain yield (t/ha) on different land types after maize
and fallow under two tillage treatments (average of 1985-87)

Yield (t/ha)

No. of Conventional Deep
experiments tillage tillage
Previous crop
Maize 21 3.26 4.01
Fallow 42 3.64 4.55
Land type
Mera 32 341 4.27
Lepara 31 3.63 448

Table 8. EfTect of two tillage treatments on straw yield and yield
components of wheat from 1983-84 to 1986-87

Straw Number of
Tillage yield Number of grains 1000 grain

Year treatment (t/ha) tillers/m2 per spike weight (gm)
1983-84 MB na 273 a 356a 39.2a°

Cu na 242 b 27.6b 380a
1984-85 MB 6.07 a 210a 30.2a 399 a

Cu 5.06b 195b 25.2b 39.2a
1985-86 MB 10.72 a 298 a na na

Cu 855b 246 b na na
1986-87 MB 123 a 274 a 389a 386a

CuU 6.47b 239b 384a 390a
Average MB 8.00 a 264 2 349a 39.2a

CuU 6.69b 231b 304 b 387a
% increase 19.6 14.3 14.8 1.3

due to MB

MB = Moldboard

CU = Culuvator

*  Figures followed by different letters are significantly different at 5% level using
DMRT.
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mplemen Results on Effects of D Till

Several factors are responsible for the increase in yield under the moldboard
plough treatments and for the variation across fields:

Better Rooting. In 1983-84 and 1985-86 the soil and rooting profiles of moldboard
and cultivator plots were dug at several sites. There was a compact layer starting 10
cm below the surface and extending well into the profile, that restricted root growth
in plants under the cultivator tillage treatment. There was no compact layer under
the moldboard treatment, and rooting was profuse throughout the first 30 cm of soil
(Figure 2), permitting greater rainwater infiltration and making more moisture and
soil nutrients available for plant growth.

Cultivator

Figure 2. Wheat rooting profiles of the cultivator and mouldboard ploughed
treatments in February following drought in the 1983-84 rabi season,
Rawalpindi district.
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Soil l.Toisture Conservation. Data from 1983 to 1987 show significantly more soil
moisture with the deep tillage treatment, with an overall average difference
(including all soils depths and years) of 11.3% (Table 9). Except in two soil-depth
ranges from the 1983-84 cycle, moisture conteni was always superior under the
moldboard treatment. Although differences in soil moisture between the two
treatments were not statistically significant from 0 to 30 cm depths, they were
significant in the 30-45 cm range, with moldboard tillage having 16% more moisture
on average, than traditional tillage. The higher moisture content below 30 ¢
indicated better water infiltration into the deeper soil layers due to loosening of the
compact layer. This confirmed the hypothesis that deep ploughing helped conserve
moisture.

Looser Soil. During 1985-86, soil pits were dug at the grain-filling stage in March,
and at one of the locations readings were taken at different depths using a
penetrometer. At 15-45 cm depth, readings were significantly lower in deep-
ploughed plots than conventionally tilled ones (Table 10), confirming the soil-
loosening effect of deep tillage.

Weed control. Soil was inverted by the moldboard plough and this reduced the weed
populations more than in conventional tillage. Weed growth was less during both
the kharif and rabi seasons in the moldboard plots. Less tillage was therefore needed
to maintain a clean fallow, one of the major requirements for good moisture
conservation.

Disease control. Dryland root rot caused by Fusarium and Helminthosporium spp. is
a common wheat disease in barani areas, especially in dry years. This disease was
less prevalent by 63% in plots under moldboard ploughing than under con: 2ntional
tillage (Table 11). As a result, plant stands in the moldboard plots were better, and
insect damage--caused mainly oy termites feeding on disease-damaged roots--was
also reduced (Table 11).

Economics of Deep Tillage

Although more time and fuel are necessary for a single pass in dzep
ploughing, compared to a single pass with a cultivator, deep ploughing is cheaper
because fewer passes are required.

Table 12 shows data on the nuniber of hours and the amount of diesel fuel
needed to complete tillage operations. The Fiat 640 tractor took 1.5 hours per
‘hectare per pass with the cuitivator and consumed 9 liters of diesel, while, with
moldboard ploughing the same tractor took 5.5 hours and consumed 41 liters. This
works out to 6 and 7.5 liters of fuel per hour, respectively, for cultivator and
moldboard ploughing.
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Table 9. Soil moisture percentage just prior to planting, by tillage
treatments from 1983-84 to 1986-87 in barani areas

Depth (cm)
Tillage
treatment 0-15 15-30 30-45 Average
1983-84
Moldboard 13.8 13.7 16.1 14.5
Cultivator 12.8 13.7 16.5 14.3
1984-85
Moldboard 12.0 14.5 16.7 144
Cultivator 11.7 11.2 10.3 11.1
1985-86
Moldboard 12.9 14.8 15.1 14.3
Cultivator 11.1 13.7 14.1 12.9
1986-87
Moldboard 16.8 17.9 18.2 17.7
Cultivator 15.5 17.5 15.9 16.3
Average
Moldboard 13.9 15.2 16.5a 15.2 a*
Cultivator 12.8 14.0 142D 13.6b

*  Figures followed by different letters are significantly different at 5% level using
DMRT.
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Table 10.

Penetrative meter reading of the soil in two tillage treatment
at one of the barani sites (Punjgram) during 1985-86

Depth (cm) Average
Tillage
treatment 1.5 15.0 22.5 45.0

Penetrative meter reading (kg/sq cm)
Molboard 1.20 1.38b 126 b 1.14b 1.25 b*
Cultivator 1.21 1.84 a 193 a 1.70 a 1.67 a
*  Figures followed by diffcrent letters are significantly different at 5% level using
DMRT.

Table 11.

EffTect of tillage trecatments on insects and disease
injury on wheat crop, 1983-84

I_xtent of damage (%)

Number of

plants
Tillage examined Root rot Termites Total
Moldboard 1732 7.1 1.0 8.1
Cultivator 2522 19.3 10.3 29.6
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Table 12. Total cost for moldboard and cultivator ploughing®

Number Hour  Total Rental Total Fuel
of per time cost cost use
Tillage operations ha (hr/ha) (Rs/ha) (Rs/ha) (1/ha)
Shallow ploughing
Cultivator 8 1.5 12 50 600 72"
Total 8 1.5 12 600 72
Deep ploughing
Moldboard 1 5.5 5.5 60 330 a1’
Cultivator 2 1.5 3.0 S0 150 18
Total 3 7.0 8.5 480 59

...Avcragc of many sites during 1983-84 and 1984-85
Fiat 640 tractor.

Traditional tillage, however, averages 8 passes and hence, the number of
hours, fuel consumption and total cost of deep ploughing with a moldboard
attachment plus two cultivator passes is less than traditional cultivation (Table 12).
This also means that the yield gains cited above are highly profitable.

Conclusion on Deep Tillage

Mechanisation has played a major role in improving wheat productivity in
barani areas during the past decade. From the results of this study, it can be
concluded that the use of the moldboard plough for primary tillage in the barani
areas results in an average 25 yield increase compared to traditional tillage
practices, and that the cost of land preparation using this method is equal to or less
than that of present methods.
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Availability of moldboard ploughs or other suitable equipment is a
prerequisite for adopting this innovation. In nearby Fatehjang Tehsil, many farmers
are using locally made tractor-drawn moldboard ploughs (Khushk et al. 1986). A
survey is needed to determine why the practice has been adopted in this District but
not in other arcas.

Small farmers may not be able to afford a moldboard plough, but since most
farmers in Pakistan rent tractors for land preparation, a system of contract hiring for
deep tillage is feasible. The contractor would be responsible for maintenance,
proper adjustment and training of the operator.

Moldboard ploughing may not be necessary for every crop, and residual
carryover to following crops has been measured. Data from the NARC maize
programme points to the presence of a residual effect on maize after moldboard
ploughing in a prior wheat crop (Haq Nawaz, personal communication). This makes
moldboard ploughing even more attractive prospect for barani farmers. Research
has already been initiated to determine how frequently moldboard primary tillage
should be done.

In the maize-wheat cropping pattern, research is needed to determine if it is
better to deep plough before maize and follow this with wheat or deep plough for
wheat and follow it with maize. Deep ploughing may make this wheat-maize
cropping pattern more feasible, profitable and less risky.

Compariron of Minimum Tillage, Deep and Shallow Ploughing

The increasing cost of tillage operations and the development of compaction
at soil depths of 10-15 cm after regular and intensive use of agricultural machinery
suggested the need for investigaiing minimum tillage. Once the compaction problem
has been removed iy decp tillage, farmers should be encouraged to adopt practices
that delay the informzuion of the compact layer. Minimal tillage is one possible
solution.

Methods. Fields were selected where maize had been grown after deep ploughing.
Five minimum-tillage experiments were conducted during 1986-87 and two during
1987-88, in Islamabad District.

After the maize harvest in mid-October, each ficld was divided into three
portions. One portion was deep ploughed with a moldboard, the second shallow
ploughed viith a spring-tyned cultivator according to the conventional practice, and
the third was left untilled.
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Wheat was planted in all three treatments using a New Zealand Seedmatic
direct seed drill soon after the maize harvest and completion cf tillage operations.
Pak-81 variety was sown using a density of at 100 kg/ha of seed. Fertiliser was
applied at a rate of 90-70 kg N-P20s/ha at planting with the same drill.

Results. There was no significant difference between the yield from direct drilled
wheat under zero tillage and that of wheat planted after conventional tillage
methods during the 1986-87 cycle (Table 13). However, significantly higher grain
yicld and number of tillers per unit area were obtained under deep ploughing in this
period. Average results from 1987-88 show no significant effects on grain yield and
other component data from dificrent tillage treatments (Table 13). The pooled data
from the two vears also shows no significant effects, except in tillers per unit area,
which were significantly higher under deep tillage.

Discussion. Minimum tillage (zcro-tillage) has great potential in high rainfall barani
arcas of the Rawalpindi/Islamabad Districts, especially where maize is planted with
new recommended production technology (deep ploughing, chemical weed control
methods, and new varictics). However, a reduced tillage system may be better
where wheat follows fallow since fallow season weeds can be controlled using
improved sweeps or other improved implements.

Decep ploughing is better for moisture conservation in rainfed arcas (Hobbs
ct al. 1986), but it is not nccessary for each crop and every year. Once the hard,
compact layer is broken, minimum tillage can be used to slow the reformation of the
hard layer.

The common weed control practice of ploughing S-6 times leads to moisture
loss in the upper soil. Chemical control during the maize crop may solve weed
problems for the wheat cycle, making direct drilling feasible and significantly
increasing maize yields as well.

New, high yielding maize varicties give another convincing reason for
adopting direct drilling of wheat. These mature late and are harvested in mid-
October, 15-20 days after local varicties. Thus, little time is left to prepare land for
planting wheat at the end of October and to get wheat planted on time.

Further study is required before giving recommendations about direct
drilling of wheat in rainfed arcas. At least two years’ more data are needed to
quantify and confirm the results of the present study. Furthermore, fertiliser
application methods for direct drilling should be developed to maximise their
efficiency. The effect of direct drilling on weed growth and population shifts also
needs furiher study. A reduced tillage system that uses improved implements to
reduce fallow scason weed problems may be even better.
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Table 13. Comparison of wheat planted with minimum (direct drilling)
tillage method vs. deep and shallow ploughing in Islamabad
District 1986-87 and 1987-88

Tillers Straw Grain

Number of per yield yield
Treatments experiments e (t/ha) (t/ha)
1986-87 5
Planting after MB 294 a* 6.99 n.s. 395a
Planting after CU 242b 6.33 3540
Direct drilling 250b 6.48 346b
1987-88 2
Planting after MB 267 ns. 4.34 n.s. 3.27ns.
Planting after CU 244 4.7, 3.34
Direct drilling 238 4.05 3.51
Average of two years 7
Planting after MB 286 a 6.24 n.s. 375 ns.
Planting after CU 243 b 5.88 3.48
Direct drilling 246 b 5.78 3.47
MB = Moldboard

CU = Cultivator

* Figures followed by different letters are significantly different at 5% using
DMRT.

23



CHAPTER 4
EXPERIMENTS ON FERTILISER

Farmers in the study area use nitrogenous and phosphorus fertilisers. No
farmers were found using potash. The rates of N and P2Og applied by farmers in the
surveys were 51 and 49 kg/ha, respectively (Hobbs et al. 1989).

For nitrogen, urea is the most common source together with the nitrogen in
diammonium phosphate (DAP). The percentage of farmers applying nitrogen has
remained constant from 1983-1986 at about 909¢ (Hobbs et al. 1989). Phosphorus
use has also been relatively constant but less than nitrogen, with an average of 75%
of tarmers using phosphorus. DAP and single super phosphate were the main
sources of phosphorus.

Field Methods

Because of the possibility of an interaction between fertiliser response and
titllage method, an incomplete factorial design that used various N and P levels was
superimposed on the tillage plots at all sites. Strips that sub-divided the tillage plots
into cight equal sizes were broadcast with the appropriate amount of fertiliser at
right angles to the direction of tillage. The plot width for individual fertiliser
treatments was at least five meters. The incomplete factorial provided information
on the nitrogen response at recommended phosphorus and the phosphorus response
at recommended nitrogen. The treatments were as follows:

PO Pl P2 P3
NO - y
N1 .
Nz [ ] [ ] ] [ ]
N3 .

Nitrogen levels were 0, 50, 100 and 150 kg/ha in 1983-84 and 1984-8S, 0, 70,
140 and 210 in 1985-86 and 0, 60, 120, 180 in 1986-87. Fhosphorus levels were 0, 70
and 120 in 1983-84, 0, 40, 80 and 120 in 1984-85 and 0, 50, 100 and 150 kg/ha during
1985-86 and 1986-87, respectively.

Estimation of Fertiliser Response Function

Fertiliser response curves were fitted by Ordinary Least-Squared regression.
A quadratic form was used in all cases for the response curve. Variables that
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reflected site differcnces such as land type, previous crop and deep tillage were
included as dummy variables and also as interactions with N and P in the response
curve. In 1985-86 and 1986-87 farm yard manure (FYM) use was included instead of
land type. Where there is no interaction between say N and land type, the response
curve is only shiftcd upward by a constant amount (sce Figure 3). Where interaction
is present, a nonparallel shift in the response curve is hypothesised (Figure 4). Only
in the latter case do site variables affect the economic optimum.

Throughout the analysis a basic strategy was the use of the appropriate F-test
to test the joint significance of groups of coefficients. These tests, based on the
assumption of homoscedasticity and normality of the error term, can be made by
comparing the sum of squared residuals from the regression equation with all
variables included (SSR(1)) to the sum of squared residuals from an cquation
without the variables whose effect is being tested (SSR(2)). For example, to test
total phosphorus response in the model

(1)y = 2 + bN + cN2 + dP-¢P2 + NP
where

grain yield in kg/ha
applied nitrogen in kg/ha
applied phosphorus in kg/ha

y
N
P

the sum of squared residuals from regressing y on the variables given in equation (1)
is compared with the sum of squared residuals from equation (2) :

(2)y=a+bN+cN2

Under the null hypothesis that the phosphorus variables and the NP
interacticn have coefficients all equal to 0, given the error assumptions noted above,
the test stastic

[SSR(2) - SSR(1))/q

SSR(1)/(n - k)
is distributed as Fq p.k, where

SSR(2) = sum of squared residuals from the regression with some
variables excluded.

SSR(1) = sum of squared residuals from the regression with all variables
included.

q = number of restrictions in the null hypothesis
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Values of the test statistic larger than the critical value for any given level of
significance leads to rejection of the null hypothesis (see, for example, Judge et. al,,
1982).

Preliminary analysis focussed on whether non-applied fertiliser variables,
cither non-experimental (e.g. previous farm yard manure and previous crop) or
experimental (e.g. weed control and planting date) only shifted the intercept of the
response surface, or if it changed its shape significantly. Significant changes in the
shape of the response surface are important for economic analysis because they
imply different economic optima. If a non-fertiliser variable only shifts the intercept
of the response surface, economic optima are the same for ficlds with or without the
characteristic in question. Nonetheless, significant shifts in the intercept are
important, since i¥ they arc omitted in the analysis, estimates of the other
coefficients may be biased.

Subsequent analysis focussed on estimating separate regression equations for
cach year of fertiliser trials. If the preliminary analysis showed substantial evidence
of signifi~znt differences in the curvature of the response surface with the presence
or absence of an important non-fertiliser variable, (e.g. tillage method and planting
date) separate equations were estimated for each condition. A combined equation
over all years was also estimated.

Calculation of Economic Dosages

Given a quadratic fertiliser response function with no N x P interaction term,
c.g.,

(1) y=a+bN +eN2 +dp +cP2.
optimal levels of N and P can be found. As in the analysis of other, discrete
experimental data, these optimal levels reflect farmers’ circumstances more
accurately if:

1) experimental yields are adjusted to approximate farmer yields;

2) ficld prices of inputs and output are used;

3) amarginal rate of return is calculated to reflect the fact that the farmer
has to invest moncy in inputs carly in the growing season, and only
receives the benefits frony output at the end. These benefits are also
subject to uncertainty.
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In this context, optimal input levels can be found as follows:

Pg = field price of output further adjusted for the difference between
experimental and farmer yields

WN = field price of nitrogen

Wp = field price of phosphorus

R = marginal rate of return in decimal form.

The first step is to calculate two new figures (Table 14), r and rp, as
follows:

(2) ™N = WN(I+R)/Py

rp = Wp(1+R)/P,

Second, if response is as given in equation (1), optimal nitrogen N® and
optimal phosphorus P are given by

[}
(3) N = (r\-b)/2¢
[ ]
P = (rp-d)/2¢
If either of these formul.xs gives an amount that is lcss than zero, the optimal
amount is no longer N" or P, it becomes either N = Oor P = 0. If response is
only estimated for one nutrient, because the other is insignificant, the appropriate

expression from equation (3) can be used to calculate the optimal amount.

Finally, the quadratic response function may be estimated with an N x P
interaction term as follows:

(4) 'y =a +bN +cNZ +dP +¢P2 +(NP.
In this case optimal N and P may be calculated as follows:

2e(iN-b) + f(rp-d)

5) N =
4ce - f¢
. rp-d-fN
P = et
2¢
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Table 14. Prices of wheat and fertilisers used in the analysis

Case | Case 11
(low price) (high price)
Nitrogen (WN) (Rs/kg) 5.56 5.56
Phosphorus (Wp) (Rs/kg) 5.00 5.00
Wheat price (Rs/kg) 2.00 2.00
Adjusted for harvesting cost (-30%) 1.40 1.40
Adjusted for farmer yield (-10%) 1.26 1.26
Premium for barani farmer (+20%) 1.51
MRR = 0 N 441 3.68
rp 3.97 331
MRR = 0.5 ™N 6.62 5.52
rp 5.59 497
MRR = 1.0 N 8.83 7.76
rp 7.94 6.62

MRR = Minimum acceptable rate of return on capital.

As in the expressions above, these formulas may give one (or both) results
less than zero. Suppose, for example, N* >0, P* <0. (This may happen even if
phosphorus response is significant because of the price assumptions and the shape
of the response function.) In this case, the true optima become:

(6) N** = (rN-b)/2¢c
P** =0

If both N* and P* are less than zero, the true optima are N** =0 and P** =0.
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All prices used in the analysis were from 1988. The field price of wheat
(Table 14) was calculated by allowing for 30% cost of harvest, threshing and
transportation. Two whcat prices were assumed --a price reflecting the official price
and a higher price which many barani farmers receive because the area is a wheat
deficient area. A marginal rate of return was defined as the marginal increase in net
benefits which can be obtained by increasing variable costs by one rupee. A
minimum MRR =1 was assumed although optima were also calculated for MRR =0
and MRR =0.5.

All of the equations and data for these calculations were incorporated into a
spreadsheet computer program for easy computation of various recommendations
for different sets of data.

Results

Results of fertiliser trials and fitted response functions are presented in
Tables 15-17, and Figures 3-11.

From Figures S und 6 it s clear that yield is proportional to rainfall (Table
1). Nitrogen response was also related to rainfall (Table 1 and Table 15) with higher
nitrogen response in the wetter years. However, the year 1983-84 had more rabi
scason rain (229mm) than 1984-85 (154mm) but a lower N-response (6.34 vs 14.85
kg grain/kg N). This can be explained by the lower rainfall during tillering in 1983-
84 a critical period for N-response. Drought occurred later in wheat development in
1984-85.

The response curve from 13 sites in 1983-84 are shown in Table 15 and
Figures 5 and 6. The year 1983-84 was a very dry year especially during the
vegetative stages and the response to N was flat (a coefficient of only 6.34). Deep
ploughing gave a large and significant increase in yield (485 kg/ha) but did not
influence response to nitreegen or phosphorus.

In 1984-85, more site data were collected including information on land type
(mera vs. lepara), ploughing (shallow vs. deep) and previous crop (fallow vs. maize).
The average response irom 24 experiments show that both nitrogen and phosphorus
responscs are quadratic, with a maximum response at 100 kg for both the N and P
nutrients. (These data for Figures 3-6 were calculated from the regression
equations.)
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Although the N by P interaction was only significant at the 13.7% level of
probability, it was included in the equation (Table 15). The equation also shows that
N and P recommendations will be the same irrespective of ploughing or previous
crop since the interaction terms were not significant. The response curves are
merely shifted upwards by 449 L /ha for moldboard ploughing compared to
cultivator and 858 kg/ha for wheat following maize compared to wheat after a
fallow crop.

The increase in wheat yield (858 kg/ha) after maize was unexpected since
lower moisture and fertility levels would be expected after maize. However, only
five out of 24 sites grew maize before wheat and only two of these five were on mera
land. Insufficient data were available to explain this increase in yield. Rains during
cstablishment were good for germination, and moisture was not a factor for wheat
following maize this yeor.

The land type by plosphorus interaction, however, was significant and
ncgative (Table 15 and Figure 4). This indicates that P response was less on lepara
land that is supplied FYM. P levels can therefore be reduced for lepara 1and where
some of the necessary pnosphorus is supplicd by FYM (Table 17).

During 1985-86 the nitrogen and phosphorus responses were quadratic in
function (Figures S and 6, and Table 15). Maximum yiclds were observed at 150
kg/ha of N and P.

The N and P responses we.e due to good rains in the crop season. The N by
P interaction was not significant and there was no significant interaction of nitrogen
or phosphorus with tillage or previous crop. The shape of the nitroge 1 and
phosphorus response curves was not affected by tillage or previous crop. The
response surface was shifted upward bv 492 kg/ha by deep tillage and 1458 kg/ha by
wheat planted after fallow ficlas during 1985-86 (Table 15).

As in 1984-85, the landtype by phosphorus interaction was significant at 13%
although less negative in this wetter year (-4.18 vs -6.04). This interaction was
included in the recommendation calculations presented in Table 17 which show that
less P is recommended on lepara land than on mera 1and. The P supplied by the
FYM is almost sufficient for the wheat crop.

In the wettest year, 1986-87, the response curve for nitrogen was quadratic in
function and the highest for all four years (Figures S and 6). Nitrogen gave
responses up to a maximum of 200 kg/ha. Little response was observed for
phosphorus. A possible reason for this is that out of 25 sites, 17 were on lepara lands
and only 8 were on mera lands. Availability of phosphoric would have been higher
on [epara lands and with the higher soil moisture.
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Table 15. Muliiple regression analysis of fertiliser response,
1983-84 to 1986-87

Year
Variables 1983-84 1984-85 1985-86 1986-87 1983-87 1984-87
Experiments 13 24 34 25 96 83
Constant 2100 1305 3926 2992 1637 1321
N 6.34° 14.85°°° 17.48°°° 19.28°"°* 10.23°°** 11.32°°°
N2 -0.0Ins  -0.064°°  -.044°°° -0S7°°** -034°°° .038°°*
P 9.61° 11.97°° 14.64°°*  497ns  10.79°°*° 10.58°°*°
P2 -042ns  -.036ns -dIns  -017ns  -.042°° -.039°
PL 485°°"  449°°° 492°°° 267° 524°°**  460°°*
PC n.a 858°°° -1456°°° -1535°°° na -747°°°
LT n.a 672°°° 1958°°*  691°°° na 902°°°
LT*P n.a. -6.04°°  -4.18(13%) ns na ns
LT*N n.a. ns ns -6.91°°° na ns
PC*N n.a. ns ns 6.50°°° na ns
S - - - - 920°°°* 1188°°°
SN - - - - 7.04°°*  6.34°°*
R? 30.5 346 46.9 48.1 473 52.1

* =10%, ** = 5% and *** = 1% significance
N = kg nitrogen/ha

P = kg phosphorus/ha
PL = ploughing (0 = shallow, 1 = moldboard)

PC =

LT = land type (0 = r .

revious crop (0 = fallow, 1 = maize)

1 = lepara)
S = year [0 = dry 83-84 and 84-85), 1 = wet (85-86 and 86-87))

32



Table 16. Economic analysis of fertiliser trials on rainfed wheat In rainfed areas of Northern Punjab, using discrete analysis

Gross Cost Marginal
Treatments Grain Yield fleld that Net Marginal nel Marginal
(t/ha) benefit vary beneflt costs benefit rate of

N-P,0q Actual Adjusted (Ra/he) (Rs/ha) (Rs/ha) (Re/ha) (Rs/hs) retum
1983 .84

00 2.7 2.00 2804 0 2804

0-70 2.65 2.9 3343 350 2993 350° 189° 0.54¢

100-0 2.1} 2.46 Ja4) 556 2885 556° gte 0.15¢

100-70 301 2.80 3924 906 3018 556%° 3s500ee 25%° [33e°° (.04°° 0.38°°°
1984.85

0-0 1.81 1.63 2283 0 2283

0-80 2.08 1.84 2582 400 2182 400° . .

100-0 2.33 2.10 2939 556 2383 556¢ 100°¢ 0.18°

100-80 3.0l 2.7 3784 956 2838 556 400°°* 656°° 455¢0°¢ 1.180°
1985.86

0-0 3.2 2.88 4031 0 4031

0-100 388 ja 4855 500 4355 500° 324° 0.65°

140-0 4.65 4.18 5853 778 5075 778¢ 1044¢ 1.34¢

140-100 5.40 4.36 6801 1278 5525 778%° S00%°* 1168°¢ 448¢°°1 5(** 0.90°°°
1986 .87

0-0 2.63 2.36 3310 0 3310

0-100 2.65 2.0 3340 500 2840 500° . .

120-0 385 346 4850 667 4183 667 873 1.31¢

120-100 4.34 390 5463 1167 4296 667%° 500°°¢° 145600 ||30ee (2300

Over treatment No. |
¢ Over treatment No. 2
*® Over treatment No. 3



Table 17. Nitrogen and phosphorus recommendations for medium to high
rainfall areas of Northern Punjab

Marginal Case | Cost of Case 11 Cost of
Year rate of N P fertilizer N P fertilizer

return (Rs/ha) (Rs/ha)
1983-84 0 0 40 199 0 71 356
(dry year) 0.5 0 30 150 0 S5 276
1.0 0 20 100 0 36 178

1984-85 0 82 IT] 1009 87 120 1086
(dry year) 2.5 64 84 775 13 97 891
1.0 47 56 542 S8 74 697
1985-86 0 148 130 1476 157 138 1563
(wet year) 0.5 123 106 1216 136 118 1354
mera 1.0 98 82 956 115 98 1128
T985-86 0 138 16 907 157 48 IT13
lepara 0.5 123 16 767 136 44 9N
1.0 98 8 587 115 24 760
1986-87 0 130 0 725 137 0 761
(wet year) 0.5 111 0 617 121 0 671
mera, fallow 1.0 92 0 S10 105 0 581
1986-87 0 187 0 Tv¥Z 194 v~ 1078
(mera, maize) 0.5 168 0 935 178 0 988
1.0 149 0 827 162 0 898

1986-87 0 62 0 346 76 0 429
(lepara, fallow)0.5 S0 0 280 60 0 334
1.0 31 0 173 44 0 244
1986-87 0 127 0 705 133 0 ML)
(lepara, maize)0.5 107 0 598 117 0 651
1.0 88 0 490 101 0 561

1983-87 0 .3 68 569 84 89 914
(dry year) 0.5 41 58 S18 69 69 731
1.0 21 34 285 42 S0 482

1983-87 0 189 68 1391 200 89 1556

(wet year) 0.5 157 58 1159 173 69 1307
1.0 124 34 860 146 S0 1058

.Scc Table 14 for definition of Case I and Case 11
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A different sct of interactions compared to previous years was observed in
1986-87. Previous crop by nitrogen and FYM use by nitrogen interactions were
significant. All P and tillage interactions were non-significant (Table 15). The N by
P interaction was also not significant. In wet years, like 1986-87, N is a major
limiting factor for yield. More nitrogen is required for high yicld after maize but less
nitrogen is required where FYM is used.

Table 15 also shows the analysis of combined data over the .our years. The
first set of combined data (1983-87) shows significant N and P coefficients and a
tenefit of 524 kg/ha for deep tillage. There are also significant year effect and year
by N interactions. The wet years give 920 kg/ha more yield than dry years. In the
two wet years the nitrogen response is increased by 7.04 kg of N. There was no
effect of year on P response. The | st column in Table 15 is for the more complete
data available in the last three years of work. The results are similar to the 1983-87
data but show the negative effect (-747 kg/ha) of growing a maize crop before wheat
and the positive effect (902 kg/ha) of using FYM. Wet years produced 1188 kg/ha
higher yielus and 6.34 kg of N higher response to N.

Wheat response in different years, with only nitrogen, only phosphorus and N
aad P combined arc compared with no fertiliser in Figure 7. Wheat yields increased
with the application of nitrogen or phosphorus as a single element or in combination
compared to the control, in all years except 1986-87 when phosphorus response was
poor. The response of the two fertiliser elements separately and in combination vary
from year to year. In all four ycars the yield increase was more with the application
of nitrogen compared to phosphorus. The N by P interaction was not very evident.
Figure 7 also shows that yield is related to rainfall with the highest yields obtained in
1985-86, the wettest year.

ili Nos

The economic analysis of the fertiliser trials has been presented in two ways:
discrete analysis using the method of CIMMYT (1988) and continuous analysis
described above using the coefficients from the regression analysis.

The discrete analysis is shown in Table 16 where treatments based on no
fertiliser, nitrogen and phosphorus alone and N and P together are used. These are
averaged data calculated across all locations within years. The lower wheat price is
used in the analysis.

39



The response to fertiliser was different in different years. The net benefit
curve in Figure 8 for 1983-84 shows that the application of phosphorus was more
economical than nitrogen with a marginal rate of return of 54%. Addition of N
resulted in only 15% return.

In 1984-85, the application of nitrogen at 100 kg/ha gave a marginal rate of
return 18% but it was increased to 118% with an additional application of 80 kg
phosphorus/ha (Figure 9 and Table 16). The phosphorus response was negative.
During 1985-86 both N and P gave positive marginal rates of return; 134% for N
and 65% for P (Figure 10). Addition of the two elements together gave a significant
MRR of 150% over the nitrogen-alone treatment. In 1986-87 only the application of
nitrogen was economical (MRR = 131%). Nitrogen plus phosphorus in combination
gave an additional MRR of 23% (Figure 11 and Table 16).

Fertiliser Recommendations Using Continuous Data Analysis

The fertiliser recommendations for rainfed areas are presented in Table 17.
These recommendations are calculated on the basis of prices in Table 14 and
regression equations in Table 15, at different marginal rates of return using a
template developed on the Lotus-123 spreadsheet. The cost of harvesting, threshing,
and transporting (30%) and a correction of 10% to adjust yields to farmer situations
were made before calculation.

In 1983-84, a very dry year especially early in the season, nitrogen use was
not profitable and phosphorus only at low levels (20 kg/ha at MRR =1). At the
higher crop price, P levels of 36 kg/ha could be recommended for a MRR of one.

In 1984-85, drought occurred during the flowering stage and not during the
vegetative phase. The nitrogen response was much higher (a coefficient of 14.85).
During this year, nitrogen and phosphorus can be recommended. The N-P
recommendations in 1984-85, at a marginal rate of return of 1 and at low wheat
prices are close to the fertiliser used by farmers in barani areas in Rawalpindi
District (47-56 kg N-P/ha) (Hobbs et al. 1989). At higher wheat prices this can be
increased to 58-74 kg N-P/ha. In both these drier years more P than N is
economical.

In the wet year, 1985-86, the coefficients of both nitrogen and phosphorus are
higher than in the previous two years (a coefficient of 17.48 for nitrogen and 14.64 .
for phosphorus). During this year, nitrogen and phosphorus can both be ,
recommended in higher quantities as compared to dry years like 1983-84 and 1984-
85; 98-82 kg N-P/ha on mera land at the low price and 115-98 kg N-P/ha at the
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higher price (Table 17). However, the significant FYM by phosphorus interaction
lowered the P recommendation on lepara land to 8 and 24 kg P/ha, respectively, for
the low and higher wheat prices.

During 1986-87, the wettest year, the nitrogen response was very high (19.14)
but the phosphorus response was low (4.02). No phosphorus was needed in this year.
As previously explained, this may be due to higher availability of P in wet years
when soils are moist. This lack of P response was also noted in the irrigated rice-
wheat arcas of the Punjab (Aslam et al. 1989). Farmyard manure by N and previous
crop by N terms were significant and greatly influenced the recommendations. As
such, separate recommendations are made in Table 17 for maize and fallow fields
with and without the application of FYM. On mera land after maize almost 150
kg/ha of N can be recommended whereas on lepara land after maize only 31 kg/ha
of N is needed using the lower wheat price and a MRR of one.

Combined analysis of all four years of data showed a significant year and
year by N interaction when the 4 years of dawa are divided into dry and wet years. In
dry years, 21-34 and 42-50 kg N-P/ha are calculated at a MRR of one. In wet years,
much more nitrogen can be recommended with similar levels of P. At a MRR of
one, 124 and 146 kg N/ha can be used at the low and high wheat prices, respectively,
in the wet years.

Discussion

The results outlined in this paper emphasise the need to develop specific
fertiliser recommendaauons for different landtypes and years for barani farmers. The
yearly variation is mainly due to differences in rainfall. Both nitrogen and
phosphorus are essential for high yields with phosphorus even more important than
nitrogen in years where the vegetative period is dry. In wet years, phosphorus
appears to be less important but more data are required on this. The results also
show that interactions between land type and P occur in dry years and landtype by N
and previous crop by N in wet years creating different recommendations for these
situations. Deep ploughing gave significantly bettcr yields than farmers' shallow
ploughing but with no interaction with N or P. A previous crop of maize significantly
reduced wheat yiclds by almost 1 ton/i:a averaged over four years. The use of FYM
increased yields significantly.

The rescarch shows the benefit of conducting response curve type
experiments and subjecting the data to regression analysis to create coefficients that
can be used to directly calculate recommendations. This is not possible with discrete

data analysis.

41



To avoid risk in rainfed areas, the nitrogen fertiliser can be recommended at
low rates at planting and top dressed in the later vegetative stages if there are
sufficient rains. However, more study is needed to explore the benefits and
possibilities of top dressing in the rainfed areas. Phosphorus can be applied basally
at relatively high rates since it will not be leached from the soil.

Soil analysis would have been very useful in this study to correlate field
responses to test results. Only by using this analytical approach can meaningful
recommendations on fertilisc: be made to farmers over the many soil and land type
situations in the Punjab barani arcas. A much closer link between the agronomists
and soil scientists is needed to improve the efficiency of fertiliser use and relate soil
tests to recommendations and ficld responses for different nutrients.

Fentiliser Application Method Trial

Barani area farmers presently apply fertiliser by hand or broadcasting.
Despite farmer expertise, fertiliser is not spread as uniformly as it should be. In
rainfed areas there has been a significant trend toward the use of tractor-drawn
drills for seeding which are slowly replacing the animal-drawn "pora.” Drilling by
tractor increased from 20% in 1982-83 10 59% in 1985-86 (Hobbs et al. 1989). Use
of tractor drill; allows the possibility of fertiliser placement. Hence trials were
conducted at four locations in barani areas of Islamabad to determine the relative
efficiency of placement versus broadcast methods of fertiliser application for wheat.

The fertiliser was placed with a New Zealand Seedmatic direct seed drill at
the time of planting. The drill was set to place a row of fertiliser between every two
rows of wheat. Broadcasting was done wiith the same drill by removing the fertiliser
supply pipes and letting it drop evenly onto the soil. The fertiliser was incorporated
by the shoes of the drill. *" and P were applied at the rate of 90-70 kg N-P205/ha as
a basal dose at planting in both trcatments.

The average grain yicld obtained by placement was 3.76 t/ha compared to
3.79 t/ha by broadcast with the drill. There was no significant difference between
the two trcatments (Table 18).

Although no yield gain resulted from fertiliser placement with a drill, farmrs
can usce the seed drills and adapt them for fertiliser application. In addition to faster
and more timely planting, use of sced cum fertitiser drills allows fertiliser to be
spread more evenly. Farmers may thus be spared the work of hand spreading. More
detailed studies by soil type are nceded to confirm the above results.
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Table 18. Results of fertiliser application method trial 1986-87 (average of
4 locations) in rainfed areas of Islamabad

Tillers Straw Grain

per yield yield
Treatments m?2 t/ha t/ha
Placement 244 n.s. 7.09 3.76
Broadcast 232 731 3.75
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CHAPTER §

VARIETY EXPERIMENTS

Methods

The well-adapted Pak-81 variety vwas compared to Barani-83--a newly-
released variety for rainfed areas--and the advanced line 8-19 (Junco "S”). The
farmers’ variety Lyallpur-73 v-as included in all trials as a check. All four varicties
were planted every year at cach location in plots of at least Sm x 30m.

Curing 1985-86, ficlds of about 0.25 10 0.5 hectares veere selectad at 12
locations. Each field was divided in half. One side was deep ploughed and the other
prepared conventionally. The four varictics were planted at right angles to the two
tillage treatments to test interaction between responses to variety and deep tillage.
From 1982 to 1987 a total of 47 variety experiments were conducted.

Results

Results of the varietal trials are summarised in Table 19 and Appendices E-
H. Average wheat yields were significantly influenced by <limatic variability over
years, locations and cultivars. The top performing varieties were Pak-81 and S-19.
These two varieties outyiclded the farmers’ check, Lyallpur-73, by 16%. The newly
released variety, Barani-83, yiclded slightly more than Lyallpur-73, but significantly
less than Pak-81 and S-19.

An important result was that Pak-81 and S-19 significantly outyiclded the
check variety during the dry years (1983-84 and 1984-85) (Table 20), indicating their
stability under varied moisture regimes.

In the variety-by-tillage experiment of 1985-86, average yields across varieties
was 21.4% higher on deep-ploughed plots than on shallow-ploughed ones (Table
21). The relative performance of the varieties was almost the same under both
tillage treatments, revealing no significant interaction between varieties and tillage
(Table 21).
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Discussion

In the five years of the research programme, the best varicties were Pak-81
and S-19 (Junco ' S”). The performance of Pak-81 suggests that it does well in
rainfed areas, even :hough it was developed for irrigated conditions and is not
recommended for rainfed farming. The S-19 variety is a selection made at NARC
but not yet released. Howexcr, most farmers in trial areas liked this cultivar and
kept the seed.

Table 19. Average yicld of four wheat varieties and percent increase over
Lyallpur-73 in barani area of northern Punjab, 1982-83 to 1986-87

Grain yield (t/ha)

% Increase
Average over LYP-73
1982-83 1983-84 1984-85 1985-86 1986-87 198287 (1982-87)

No. of
Experiments 7 8 13 12 7 47

Pak-81  4.40ab’ 290a 3.63a 438a 370ab 382a 157
$-19 460a 292a 358a 42lab 389a  38la 160
Barani-83 4.20b 270a 325ab 371c¢ 3.12b  341b 33
LYP73  365c¢ 259a 293b 4.l1lb 308b  330b
Average 42la 279c¢ 335b 4.10a 345D 3.59

% Increase 20 47 23
over 1983-84

'Figures followed by same letter are not significantly different at S level using
DMRT.
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Table 20. Performance of wheat varieties in wet and dry years in rainfed areas

Number of

Years experiments

Average grain yield (t/ha)

Pak 81 S-19 Barani-83  Lyp-73  Average

Dry years
(1983-84,
1984-85) 21

% Increase
over Lyp-73
in dry years -

Wet years
(1982-83,
1985-86,)
1986-87) 26

% Increase
over Lyp-73
in wet years -

3.26a* 3.25a 2.97b 2.76¢ 3.06

18.0 17.7 7.6 - .

4.16a 4.23a 3.68b 3.61b 3.92

15.0 17.2 1.9 - -

*Figures followed by different letters are significantly different at 5% level using

DMRT.
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Table 21. Varietal response to tillage, Islamabad, 1985-86 (average of
12 locations)

Grain yield kg/ha
Varieties Moldboard Cultivator Mean
Pak {'1 4653 4114 43833°
S-19 4757 3668 42133b
Barani-83 4164 3254 3709¢
Lyp-73 4435 3792 4114b
Average 4502 a 3707 b

*Figures followed by different letters are significantly different at 5% level using
DMRT.

Besides performing slightly better than Lyallpur-73, Barani-83 was a taller
variety preferred by farmers for its straw. It has the major drawback, however, of
tending to shatter at harvest.

Pak-81 is resistant to both leaf and stripe nsts, while Barani-83 has shown
susceptibility to leaf rust. S-19 has some susceptibility to stripe rust. Lyallpur-73 is
susceptible to both leaf and stripe rusts and to flag smut.

Improved seed distribution is needed in the area to reduce the risk of losses
due to poor farmer sced. New varieties like Pak-81 and Barani-83 are available that
outyield Lyp-73 and can provide greater production stability through superior
disease resistance. The major problem is multiplying seed and getting it to farmers
quickly.

Partly as a result of rescarch demonstrations, the adoption of Pak-81 in the
experimental area has increased rapidly. For example, Pak-81 in the Jatli zone
increased from 2% to 55% of ficlds from 1982 and 1986 (Hobbs at al. 1989), while
the use of Lyallpur-73 dropped from 919 to 39% over the same period.
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To maintain the flow of new varieties to farmers, breeders must screen
germplasm under barani conditions and select the best yielding strains with suitable
quality, as well as resistance to such common diseases as dryland root rot. Selection
of varieties with high yicld potential under irrigated conditions would ensure that
the best yiclding varieties are tested under rainfed conditions.

The average yiclds of 5.88 t/ha at Soodpadana, a medium-rainfall area,
during 1984-85 (Appendix F), and 7.3 t/ha in a tillage trial under deep ploughing at
Golra, a high-rainfall area, during 1985-86 (Appendix B), represent the maximum
poteatial yields for wheat in two distinct barani zones and years.
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CHAPTER 6
EXPERIMENTS ON CHEMICAL WEED CONTROL

Weeds are not a serious problem in barani wheat areas. In surveys, less than
2% of the fields were visually scored as having a serious weed problem (economic
damage). Thirty-five percent had no weed problems and 53% had only a minor
problem (Hobbs et al. 1989).

Farmers do little manual hand weeding in the area, although some weeding
takes place when intercropped mustard is removed for fodder in January and
February. The weeds removed are fed to animals. However, not all fields are
weeded in this way because of labor constraints. Herbicides are not applied to wheat
in the barani areas.

Methods

Ficlds for weed control experiments were selected where weeds existed and
where mustard was not grown with wheat. An attempt was made to find fields with a
uniform crop stand, and herbicide treatments were superimposed on top of the
farmer's usual management.

The following three herbicides and rates were selected for these experiments
during 1984-85 at *-v~ iocations in the Islamabad area, and during 1985-86 at 8
locations in the Is. n.abad and Attock Districts.

(1) Buctnil-M (Bromoxinal + MCPA,; acid equivalent 40%) at
1.4 liter/ha. (Broadleaf weed herbicide).

(2) Dicuran-MA  (Chlortoluron 40% ai + MCPA 20% ai) at
2.5 kg/ha (Broadleaf plus grassy weed herbicide).

(3) Envoy (Cyanazine 12.5%ai + MCPA 25%ai) at 2.0 kg/ha.
(Broadleaf weed herbicide)

The three herbicides were compared using the untreated crop as a control.
All herbicides were applied at the 3-5 leaf stage with a CO3 sprayer using 250 1/ha
of water. Herbicides were sprayed in strips across the ficlds with a 1.8 meter boom
using 8003 flat fan-type nozzles. At least 3-4 passes of each herbicide were sprayed
across the width of the ficld at cach site. Several weeks after herbicide application,
notes were taken on weed species present.
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Results

The major weeds present in the fields were Medicago denticulata, Vicia sativa,

Anagallis arvensis, Asphodelus tenuifolius, Melilotus alba, Fumaria parviflora,

Euphorbia helioscopia and Carthamus oxycantha. The last weed was only a problem

at the end of the season.

In 1984-85, few weeds were present, due to moisture stress. The data in
Table 22 show that herbicides influenced wheat yields by controlling various weeds,

but the gains were very small, and even negative in the case of Buctril-M. The

application of herbicide in this year was not economical (Table 22).

Table 22. Economic analysis of superimposed herbicide treatments in barani

areas, 1984-85

Grain yield (/ha)

Locations Buctril-M Dicuran-MA Envoy Control
Location 1 220b 3.10a 290a 2734
Location 11 2.58 2.60 2.63 25308
Average yield 2.39 2.85 2.76 2.63M
Adjusted yield (t/ha) 2.15 2.56 2.48 2.37
Gross field benefit

(Rs/ha) 3011 3591 3478 3318
Cost that vary

(Rs/ha) 243 525 250

Net benefit (Rs/ha) 2768 3066 3227 3318

*Figure followed by different letters are significant at 5% level using DMRT.

*“Cost includes herbicide, labour, and equipment charges.
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Weeds were also not a serious problem in 1985-86, a wet year. Results
summarised in Table 23 show that over eight locations, Dicuran-MA significantly
increased yield by 0.75 t/ha, or 19%, over the control. Yield increases with Buctril-
M and Envoy were 12% (0.45 t/ha) and 10% (0.38 t/ha), respectively, over the
control, but the differences over the control with these two herbicides were not
significant.

Table 23. Economic analysis of superimposed herbicide treatments in barani
areas,. 1985-86

Grain yield (t/ha)

Location Buctril-M  Dicuran-MA Envoy  Control Average
Golra 5.90 6.25 6.90 5.57 6.16a"
Thandapani 4,93 5.15 3.78 3.98 445b
Hardoghar 5.83 7.26 4.59 4.55 $.56a
ADBP Farm 3.76 4.46 4.96 4.09 432b
NARC 4.53 4.25 3.83 4.35 424 b
Burhan I 4.36 3.24 4.44 3.59 3.91 be
Burhan II 2.54 1.99 2.29 217 225d
Burhan III 2.63 4.25 3.18 2.55 3.15cd
Average yield 431 ab 461a 424ab 386D

Adjusted yield (t/ha)  3.88 4.15 3.82 3.47

Gross ﬁgl‘d benefits

(Rs/ha) 5431 5809 5342 4863

Cost that vary (Rs/ha) 243 525 250

Net benefit (Rs/ha) 5188 5284 5092 4863

“Figures followed by different letters are significantly different at 5% level using
DRMT
**Cost includes herbicide, labour, and equipment charges
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Although Dicuran-MA gave superior yield gains and weed control, Buctril-M
proved more cost-cffective (Table 24 and Figure 11). Dominance analysis of the
1985-86 data has ruled out Envoy because of its low net benefits. Considering the
other two herbicides, the marginal rate of return with Buctril-M is quite reasonable
if the minimum rate of return is 100%. Dicuran-MA is not economical in these
experiments, even if S09% is taken as the minimum rate of return (Table 24).
Dicuran-MA is a soil applied herbicide activated by water and so would be risky in
barani areas because of the uncertainty of rain. Economically it is also not viable.

Table 24. Marginal economic analysis of weed control trials 1985-86

Costs
that Marginal Net Marginal Marginal
vary costs benefits net rate of
Treatments Rs/ha Rs/ha Rs/ha benefits return
Control 0 4863
243 325 134%
Buctril-M 243 5188
282 96 34%
Dicuran-MA 525 5284

Discussion

Dicuran-MA controlled both grassy and broadleaf weeds very well, while the
other two herbicides controlled only the broadleaf types they were designed for
(Appendix I).

Weed densities in the experiments were low at most sites (Appendix 1),
resulting in little yield increase with herbicides. Thus, only the cheaper phenoxy
broadleaf herbicides can be considered economically feasible for the barani areas.

Weed buildup logically tends to be more significant following a wet year. For
example, weeds were a problem in 26% of the fields during the 1983-84 year
following the wet year of 1982-83, but were only a problem in 3.6% and 4.5% of the
fields, respectively, during 1984-85 and 1985-86 which followed dry previous years
(Hobbs et al. 1989). This is probably related to more growth and higher seed set in
wet years.
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Hobbs et al. (1989) found in the diagnostic survey that 70% of the fields are
intercropped with mustard. Herbicides would therefore have limited potential in the
barani areas. Herbicides, however, may be recommended for ficlds where cropping
intensity is increasing. In fact, with the shortage of manpower and higher labor costs
(40 rupees/day) making hand weeding prohibitive in barani areas, herbicides may
eventyally become a more important input in high- anc inedium-rainfall barani
areas.|
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CHAPTER 7

SYNTHESIS

Recommendations for Wheat

The following recommendations can be made for wheat in the high rainfall
areas following the research outlined in this paper:

Land preparation: Land should be ploughed by a moldboard plough 30 cm deep as
carly as possible after wheat harvest. This will depend on moisture availability (deep
ploughing cannot be done if the soil is too dry) and whether a kharif crop is grown. If
wheat follows fallow, moldboard ploughing should be done before or just ufter the
first monsoon rains in the previous khanf season. If a khanf crop is grown, this
primary tillage should be done for the kharf crop. It should only be done after the
kharif crop harvest if moisture or rainfall are good for wheat planting. Deep tillage
may only be necessary once every one to three years. After deep ploughing the fields
should be cultivated and planked to break clods and left for planting wheat. One
cultivation and planking should be given just before planting wheat.

To avoid the development of further compaction, minimum tillage practices,
should be adopted after breaking the compacted layer by deep tillage. The use of
sweeps instead of the tyned cultivator would reduce the number of passes needed to
keep the ficlds clean € weeds in the khanf season.

Variety: Pak-81 and Baruni-83 are recommended over Lyallpur-73. The current
farmer variety Lyallpur-73 can be used if the seed of the other two varieties is not
available. Sced rates should be 100 kg/ha and planting should be done by seed drill
at 15-25 em spacing. If mustard fodder is necessary for farmers’ animals the mustard
should be planted along with the wheat by broadcasting the mustard seed.

Planting date: Wheat can be planted from the last week of October through
November without affecting yield. Earlier planting increases the probability of
sufficient moisture for germination. Many farmers plant in early October in the
drier barani tracts to utilize this monsoon moisture.

Fertiliser: At least 70 kg of nitrogen and 60 kg of phosphorus per hectare is
economical in high rainfall years. The nitrogen can be reduced to 50 kg/ha and
phosphorus to 20 kg/ha in dry years. All the phosphorus and some nitrogen should
be applied at planting and the rest of the nitrogen top dressed if there are good
rains during the vegetative phase of growth.
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Weeds: Weeds can be controlled by delaying planting and cultivating the first flush
of weeds, or in very weedy fields following wet years by use of 2,4-D or MCPA
formulated herbicides. Herbicides should be apylied at recommended times and
doses listed by the chemical companies on their oroducts but should not be used
where farmers mix mustard with wheat.

Recommendations for Technology Transfer

Variety: The major varictal problem in the barani area is the availability of seed of
the new varicties. Many fields in the area have mixed stands containing off-types
including 'desi’ varieties (Hobbs et al. 1989). The main reason for this is that most
farmers use their own sced for many years and do not appreciate the need for good
seed. A seed purification and replacement programme could help overcome this
problem. The Punjab Seed Corporation also needs 1o assiyu funds and resources to
produce seed specifically for the barani areas. The seed must also be made available
earlier than in irrigated areas since barani farmers sow wheat in late October to
early November, one month earlier than in irrigated areas.

Fertiliser: Farmers are using fertiliser at an average rate of 51-49 kg N-P2Og/ha
which is about 70% of the recommendation for the z.ca. Ten percent of the farmers
are not using nitrogen and 25% do not use phosphorus (Hobbs et al. 1989). The
data in this report show that wheat responds to both N and P in both wet and dry
years. Although barani farmers grow wheat in a risky environment and will be more
conservative in using costly inputs, they should be encouraged to use a balanced
dose of N and P on wheat up w0 levels they can afford. As with seed, fertiliser needs
to be supplicd one month earlier in barani than in irrigated arcas. Development of a
reliable soil testing service would help improve fertiliser efficiency. The private
sector should be encouraged to provide this type of service.

Deep tillage: This is a major factor for improving wheat productivity in the barani
arcas and one of the major reasons for high yields in the reported experiments. Too
much shallow tillage seems to be a problem in the barani areas with farmers
averaging cight ploughings before each wheat crop. The findings in this study show
that compaction is a result of this excessive ploughing in some fields. Whether this
compaction is due to the introduction of tractors or scme other farmer practice,
needs further study. Deep ploughing with a moldboard plough could increase wheat
yields significantly by breaking this compact layer.

The availability of a suitable plough is importait. Moldboard ploughs are
used for deep ploughing in Attock District in Fatzhjang tehsil (Supple et al. 1985).
Availability through local manufacture was hypothesised for the popularity in this
arca. Availability of contract moldboard ploughs would be one way of involving the



private sector in improving the proaductivity of baruni lands. This would also remove
the constraint of proper adjustment of the plough and training of the operator.

Seed drills: Sced drills allow faster planting and better utilisation of residual
moisture. Locally made drills are cheap but often poorly constructed and not very
durable. In dry years the seed must be placed deep into soil moisture. Agricultural
engineers should help develop a drill that allows this tlexibility of deep seeding
without burying the seed too deep. This would require a ridge and furrow system
with seed placed and pressed w-th a press wheel at the bottom of the furrow.

Future Research

Based on findings in this paper the following additional research is needed
for wheat in the barani arcas.

0 Experiments to study the reasons for soil compaction and to
determine the best frequency of deep ploughing and ways of reducing
compaction. The availability of a soil physicist to relate soil properties
to this problem is essential.

0 Studies to determine the benefits and problems associated with
introduction of minimal tillage technology following deep primary
tillage. Use of improved implements (sweeps, bar weeders etc.) and
involvement of agricultural engincers is needed.

0 Experiments to understand the sy.tem of mixed cropping of brassica
with wheat in terms of total production and fodder needs, and to
develop recommendations that imarave the efficiency of this system.

0 Response curve experiments fr nitrogen and phosphorus fertiliser on
farmers’ fields that represen all rainfall and cropping zones of the
barani tract. Determination of these curves should distinguish
between land types (mera vs lepara) and soil types. Reliable data are
needed over several years to sample different rainfall years (dry vs
wet). Farm yard manure should be included in the treatments to
investigate its effect on fertiliser recommendations. Many of these
trials should be farmer managed in order to obtain response curves
under normal farmer management. Collection of soil samples along
with the field trials would allow calibration of soil analysis tests and
result in a more efficient way to recommend fertiliser levels to
farmers.

56



Conclusion

Development of a breeding programme to identify cultivars that can
be planted carlier for better utilisation of monsoon rains. These
varicties for early planting (September or carly October) would be
very bencficial for drier barani areas to better utilize residual
monsoon moisture. These variceties should either be long in duration
to avoid frost damage during flowering, or they should flower before
the chance of frost and enter grain filling during the colder winter
months. Work being done to develop varieties for more tropical
environments may help in this programme since seedling heat stress
and various scedling and leaf spot discases are likely problems.
Screening of germplasm just after the monsoon would quickly identify
suitable material, if available.

Piant pathology and entomology studics are necded on the role of
pathogens, termites and crop management on the incidence of dry
land footrots which are presently affecting plant populations and
yield.

Studics to understand the reasons for differences between mera and
lepara 1and and the role of organic fertilisers in these differences.

Design and development of a better rabi drill for planting all barani
crops and placement of fertiliser. A drill that can plant wheat into
moisture in dry years and can also be adjusted for proper depth in wet
years would give flexibility to farmers.

Fertiliser cfficiency and sustainability rescarch. This would include
identification of the role of legumes on barani wheat cropping
systems. This would require crop rotation experiments rather than
yearly cropping pattern trials over a long time frame. Also there is a
need to determine micro-element deficiences that may reduce macro-
nutrient efficiency.

The key to improved barani agriculture is the efficient use of soil moisture.
This can best be done through mechanisation and reasonable use of modern inputs.
The barani lands of the Pothwar Plateau in the medium and high rainfall zones have
a potential for significant increases in wheat production through better crop
management. A more problem oriented, on-farm/on-station, multidisciplinary
research approach, a major weakness of existing programmes, is needed to realise
this potential. Social scicntists should be included to economically assess each
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innovation and its feasibility to farmers so that adoption by farmers is high. Close
farmer contact is needed as a two way feed back system to fine tune the system.
Oncr a recommendation is made the private sector or extension must be geared to
extending the information or input to the small farmer. With adoption of some of
the components studied in this paper - deep-tillage, fertilisers, improved varieties --
it is possible for farmers in the barani areas of the Punjab to exceed yields of S t/ha
and to even reach 7-8 t/ha in favourable years. This potential is much better than
for the more intensive irrigated arcas where conflicts in optimal planting time occur
more frequently.

58



REFERENCES

Byerlee, D., L. Harrington, and D.L. Winkelmann, 1982. “"Farming System Research:

Issues in Rescarch Strategy and Technology Design.” Amer, ), Agri, Econ,
64:897-504.

Byerlee, D., P.R. Hobbs, B.R. Khan, A. Majid, M.R. Akhtar, and N.I. Hashmi. 1986.
Increasing Wheat Productivity in the Context of Pakistan's Irrigated
Cropping Systems: A View from the Farmers' Fields. PARC/CIMMYT

Paper 87-7, Islamabad: Pakistan Agricultural Rescarch Council.

CIMMYT. 1988. From Agronomic Data to Farmer Recommendations: an
Economigcs Training Marual. Completely revised edition. Mexico: CIMMYT.,

Hobbs, P.R., B.R. Khan, M. Munir, A. Razzaq, and N.I. Hashmi. 1983. Agropomy

Results for Wheat in a Rainfed Area of Northern Punjab. Wheat, Barley and

Triticale Programme, Islamabad: NARC.

Hobbs, P.R., B.R. Khan, A. Razzaq, B.M. Khan, M. Aslam, N.I. Hashmi, and A.
Majid. 1986. Results of Agronomic On-Farm Trials or Garani Wheat in the
High and Medium Rainfall Areas of Northern Puniab for 1983 to 198S.
PARC/CIMMYT Paper No. 86-8b, Islamabad: Pa.istan Agricultural
Rescarch Council.

Hobbs, P.R., A. Razzaq, B.R.Khan, B.M.Khan and N.I. Hashmi. 1989. A Survey of
Wheat Production Practices and Yields in Rawalpindi Distri i
1983 to 1986. PARC/CIMMYT Wheat Paper 89-1, Wheat Programme,
Islamabad: NARC.

Hobbs, P.R., Ikram Saced, A. Razzaqg, and Umar Farooq. 1990. “"Dynamics of
Technological Change in Rainfed Agriculture: Wheat in the Northern

Punjab.” In D.Byerlece and T.Husain, (eds.) Farming Systems of Pakistan:

Diagnosing Priorities for Agricultural Research. Lahore: Vanguard
Publishing, (forthcoming 1990).

Judge, G.G., R.C. Hill, W.E. Griffiths, Helmut Lutkepohl, and Tsoung-Chao Lee.

1982. Introduction to the Theory and Practice of Econometrics. New York:
John Wiley and Sons.

Khan, R.A,, N.I. Hashmi, M. Nasir, M. Munir and P.R. Hobbs. 1983. Farming

System Research: An Exploratory Survey of Rainfed Agriculture in Northern

Punjab. Staff Paper AE-103, Islamabad: PARC.

59


http:Contc.of

Khushk, A.M., P.R. Hobbs, and A. Razzaq. 1986. Mmm_ﬂmguggmnd
Yield Estimation in Fatchja i
1985. Islamabad: NARC, AERU.

Sheikh, A.D., Dcrck Byerlee, and M Asccm 1988. Amm_gﬁﬁg_am_ﬁmmg

and Food Self-Sufficiency. PARC/CIMMYT Paper No 88 2, Islamabad:
PARC.

Supple, KR, A. Razzaq, I. Saecd and A.D. Sheikh. 1985. Barani Systems of the

Punjab: Copstraints and Qpportunities for Increasing Productivity, Social
Science Dept. Islamabad: NARC.

60



Appendix A. The effect of two primary tillage treatments on the yield
of wheat at 16 locations (1984-85) in Islamabad and

Rawalpindi districts
Grain yield (t/ha)
Location % increase
over cultivator
Moldboard Cultivator
Tarlai 1.87 1.21 54.0
Thandapani 2.96 2.32 27.6
Barakhu I 2.28 221 3.2
Barakhu Il 2.34 1.08 116.9
Barakhu III 4.60 2.09 119.9
Golra 2.76 1.81 53.0
Hardoghar 1.64 1.59 3.0
Rawat 3.67 2.39 53.6
Rakhmar | 2.60 240 83
Rakhmar Il 3.46 2.96 16.7
Daultala | 4.07 3.65 11.5
Daultala Il 5.58 5.14 8.6
Fatehjang I 1.78 1.35 323
Fatehjang I1 3.00 1.64 827
NARC | 1.96 1.19 65.2
NARC 11 1.74 1.05 65.9
Average 2.89a° 2.13b 36.0%

* Figures foilowed by different letters are significantly different at 5% level using
DMRT
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Appendix B. EfTect of two primary tillage treatments on the yield of
wheat at 35 locations (1985-8€) in Islamabad Disti ct

Grajn yield (t/ha)
Location % increase
over cultivator
M