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FOREWORD

I congratulate the Coordinated Wheat Programme of PARC and
CIMMYT for bringing out this report synthesising on-farm research results
on irrigated wheat in North West Frontier Province. In Mardan, Peshawar
and Swat Districts irrigated wheat is grown on 50% of the total cultivated
area. The yields of wheat, however, are only half of potential yields. A large
yield gap exists, indicating opportunities that must be exploited.

With population increasing annually by over 3% in the country and
shrinking land and water resources wheat yields will have to increase per
unit area on a sustainable basis if the nation has to maintain self-sufficiency
in the main food staple.

Good micro-level information on both agronomic and economic farm
level constraints has generally been lacking on which research, extension
and policy decisions could be based. This report synthesises information
from on-farm expermintation carried out over a number of years focusing
on wheat in the context of the maize-wheat and sugarcane- wheat systems.
The present study is an excellent effort aimed at filling the gap that exists
between research station activities and the situation that exists in farmer's
fields. It is an important component for development of the proper focus and
recommendations that can quickly be adopted by farmers.

Appropriate technology has been generated which will hopefully lead
to improved productivity and sustainability of wheat in these cropping
systems. Resource poor farmers can continue to increase wheat
production profitably and in a sustainable manner to meet the country's
needs through adoption of the package of technology generated.

February, 1990.
~\;\.w~ U \~u.....
Dr.C.M.Anwar Khan, --

Chairman,
Pakistan Agricultural Research Council
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SUMMARY

This paper presents the data obtained from on-farm experiments on
tillage, variety, weed control, and fertilizer in the irrigated areas of Mardan,
Peshawar, and Swat Districts of NWFP. More emphasis is given to Mardan
District, the major irrigated area of the province. The study was conducted jointly
from 1983-86 by the Wheat Program, NARC, CIMMYT, and the outreach pro
gram at the Cereal Crops Research Institute, Pirsabak, NWFP.

From 1983-84 to 1985-86, 127 experiments were conducted on different
aspects of crop management (tillage, variety, weed control, and fertilizer). Fields
were selected where the previous crop was either maize or sugarcane. Trials
were mostly researcher managed and designed to obtain quantitative data on
potential yields in the area. Most of the trials were unreplicated.

Based on 14 experiments, deep primary tillage gave 10.6% more yield
than traditional farmers' practices. Although the cost of deep plowing was double
that of traditional methods, it gave higher net benefits.

In the varietal trials, Pirsabak-85 and Pak-81 (both Veery lines) were
higher yielding than the other two varieties tested, Sarhad-82 and Sarhad-83,
and also showed good stripe and leaf rust resistance.

Broadleaf weeds were a serious problem in the area but could easily and
economically be controlled by the Phenoxy-type herbicides like Buctril-M, 2,4-0
and MCPA. Dicuran-MA proved to be the best herbicide for controlling the
grassy weeds, Avena fatua and Phalaris minor. Application of herbicides mixed
with sand and broadcast was as effective as spraying, provided the chemicals
were uniformly broadcast

Based on economic analysis of fertilizer response curves, the recom
mended doses for wheat after maize were 106-38 kg/ha of N-P205 and for wheat
after sugarcane, 107-65 kg/ha. Nitrogen doses from 80 to 170 kg/ha and phos
phorus from 30 to 130 kg/ha were economical, depending on how much the
farmer can afford.

VII





Chapter 1
INTRODUCTION

In Peshawar, Mardan, and Swat Districts of NWFP, Pakistan, sugar crops
(cane and beet), tobacco, wheat and maize are the main crops. In the rabi sea
son, almost 25-30% of the area is devoted to sugarcane, mostly intercropped
with wheat, followed by a sugarcane ratoon crop. Wheat is grown on 50% of the
total cultivated area in the rabi cycle. One third of the wheat is intercropped with
sugarcane and the rest is sown alone (after harvesting sugarcane or maize).

An informal diagnostic survey of wheat was conducted in February 1984
in Mardan District in order to delineate homogeneous groups of farmers or
recommendation domains, identify factors limiting productivity of wheat and plan
an on-farm research program taking farmers' perspectives into account (Hussain
et al. 1985). Nearly half of the wheat area was found to be sown to banned
varieties. Sonalika and Pak-81 were the major recommended varieties used by
farmers. Over half of all farmers did not apply phosphorus to wheat, and this was
a major factor explaining yield differences between fields. Nitrogen was used at
an average rate of 100 kg/ha compared to the recommended level of 136 kg/ha.

Weeds were found to be a major cause of reduced wheat yields in the
area. Broadleaf weed infestation occurred in about one-third of all fields. Phalaris
minor and wild oat weed problems were less frequently found, but where they
occurred, yield losses were estimated to exceed 0.5 t/ha (Hussain et al. 1985).

This report presents results of the on-farm research and extension pro
gram which included (a) on-farm experiments to test promising technologies
identified in the diagnostic survey and (b) extension demonstrations to promote
proven technologies to farmers. The program was conducted from 1984 to 1986
using a systematic approach of site selection, initial informal survey and descrip
tion, more focussed formal survey, and on-farm experiments. The program was
conducted by the Wheat Programme of the National Agricultural Research
Center in collaboration with the International Matze and Wheat Improvement
Center (CIMMYT) and the Cereal Crop Research Institute at Pirsabak, NWFP.
On the basis of the research, recommendations are provided for farmers of the
area and tor tutu re research.
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Climatic Circumstances, 1984-86

The experimental areas of Peshawar and Mardan Districts of NWFP have
a semiarid, sub-tropical climate with an average of 266 mm of rainfall in winter
(November-May). The mean daily maximum temperature in summer is about
38DC and the temperature in June and July rises to 44DC. In winter the mean
daily minimum temperature falls to 1.4 DC and frost is common in winter.

The 1983-84 and 1984-85 rabi seasons were different with respect to
rainfall and temperatures (Tables 1 and 2) and these climatic differences also
affected the yield responses of wheat to varieties, tillage, and fertilizer. During
1983-84 there were no rains in the early crop stage while during 1984-85 there
were no rains at the heading and grain filling periods of the crop. 1985-86 was a
good year for rainfall with the rains evenly distributed throughout the crop sea
son. Rains in 1985-86 were 15% above normal (Table 1).

Experiment Management

Site selection Fields were selected for experiments where farmers were
willing to cooperate and where the previous crop was either maize or sugarcane.
Wheat is usually planted after maize or sugarcane in the irrigated areas of
NWFP (Hussain et al. 1985).

In 1983-84, on-farm research was conducted in Peshawar, Mardan, Swabi,
and Swat districts of NWFP. A total of 10 sites were selected and from three to
four experiments were planted at each site. In 1984-85, the research was
expanded to 14 sites in Peshawar and Mardan Districts. In 1985-86, the research
was restricted to fertilizer experiments planted on 43 sites in Mardan District
(Table 3). Some trials were also conducted at Burhan, in Attock District of Punjab.
This site was selected because of high weed densities in the fields and because it
has the same agroclimatic conditions and irrigated cropping patterns as the
Mardan area.

Table 1. Rainfall (mm) for Mardan District from 1983-84 to 1985-86 at different wheat crop
stages compared to normal

·Crop stage Average 1983-84 1984-85 1985-86

Germination/tillering 34.9 5.0 23.6 106.2
Bootinglheading 80.8 27.6 23.6 89.9
Grain filling/maturity 88.0 118.6 42.7 137.7

Total 203.7 151.2 89.9 233.8
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Type of trials In some trials, most of the important management practices
were done by the researcher. Other trials were superimposed, where farmers
conducted all operations except the experimental treatment (herbicide or fertil
izer) applied by researchers. In researcher managed trials all inputs--including
seed, fertilizer, and herbicides--were provided by the researcher. A part of the
plot was harvested by researchers for yield determination and the rest of the
crop was given to the farmer. In researcher managed trials all non-experimental
variables were set at recommended levels. Most herbicide trials in all years and
all fertilizer trials in 1985-86 were superimposed.

The various types of trial conducted in the area are shown in Table 3.
These were designed on the basis of informal and formal surveys conducted in
1983 and 1984 (Hussain et al. 1985). A simple design was used in which treat
ments were not replicated within individual fields.

. Table 2. Mean maximum and minimum temperature (0C) for Mardan in 1983-84 and 1984-85
rab; seasons compared to the 20 year average

Average 1983-84 1984-85

Month Maximum Minimum Maximum Minimum Maximum Minimum

November 25.5 9.3 26.0 8.4 25.3 9.8

December 20.1 5.0 20.1 3.8 20.2 4.1

January 17.3 4.1 19.3 2.2 18.8 4.8

February 19.7 6.6 17.6 4.1 23.7 6.7

March 23.8 11.0 27.1 12.4 28.1 12.2

April 29.8 15.9 29.3 16.5 31.4 17.4

Table 3. Number and type of trials with irrigated wheat in NWFP, 1983-868

Trial 1983-84 1984-85 1985-86 Total

Fertilizer 17 8 43 68

Tillage 14 14

Variety 8 9 17

Weed Control 15 13 28

Total 40 44 43 127

a Trials finally harvested and included in this report. The total number of trials conducted were

more.

3



Data Collection and Analysis

For each treatment in the tillage and variety trials, large strips measuring
0.2 to 0.25 hectares depending on field size, were planted. Four 2m2 samples
were taken at random from each strip to determine yield. The number of spikes
were counted in each sample and the threshed grain was sub-sampled, counted,
and weighed to obtain 1ODD-grain weight. All samples were cut carefully by hand
using a 1m2 quadrat to sample the correct area. Grain moisture was measured
and standardized to 12%.

Data from experiments pooled over sites and years were also subjected
to economic analysis in order to derive recommendations for farmers in the area.
The economic analyses followed the methods described in CIMMYT (1988).
Yields were adjusted downwards 10% to reflect differences between experimen
tal practices/plot sizes and those which commonly prevail under farmers' man
agement. All prices were based on average prices in the 1987-88 season. From
the farm gate price for wheat of Rs 2.00/kg, 30% was subtracted to account for
harvesting, threshing, and transportation costs as estimated in Byerlee et al.
(1984).

Data were analyzed on a micro-computer using various software pack
ages (ANOVA II, Agrostat, REGRESS II, MSTAT, LOTUS and SPSS).

The rest of the report is divided into the respective trial types and ends
with a section on recommendations and ideas for future research.
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Chapter 2
TILLAGE TRIALS

Deep primary tillage in barani areas of northern Punjab resulted in yield
increases, on average, of 36% (Hobbs et al. 1986; Razzaq et al. 1989). It was
hypothesized that continuous shallow tillage with the tractor-drawn tined cultiva
tor cause compaction below the plow layer. Fourteen experiments took place in
1984-85 to determine whether similar benefits occurred in irrigated areas of
Mardan District.

Methods

Deep tillage was done just after harvesting maize or sugarcane. At each
site the deep tillage with a moldboard was compared with cultivator treatments in
the same field. Long unreplicated strips of each treatment at widths varying from
15 to 20 m were placed in each field. Secondary tillage just before planting was
performed by a tined cultivator and a wooden "sohaga" in both treatments to
break up clods before planting.

Tillage was done with a John Deere 60 hp tractor and planting with a
Fiona single disc seed drill in 1983-84 and a New Zealand Seedmatic direct
seed drill in 1984-85.

All the trials were sprayed using a motorized sprayer with either Dicuran
MA or Buctril-M at recommended doses for controlling weeds.

Results

The results in Table 4 and Figure 1 show that wheat yields were signifi
cantly influe"nced by the use of the moldboard plow with an average increase in
yield of 10.6% or 0.41 t/ha over the traditional cultivator. However, variation in
the response to tillage across sites was observed (Table 4).

Discussion

The moldboard inverts the soil and improves the porosity to a depth of 30
cm and removes any compaction layer below the normal 10 cm plow depth. The
better root growth and uptake of nutrients and moisture under deep tillage result
in better yield. The moldboard plots were comparatively less weedy than the
cultivator plots. Weeds and weed seeds are buried and less weeds germinate to
compete with wheat.

5
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The total cost, time, and fuel used in deep plowing was double that of
ordinary cultivation (Table 5). In the area, on average, the farmers plow their
fields three times before wheat (Hussain et-al. 1985). Deep tillage requires one
deep plowing and two ordinary cultivations. Although the cost of land preparation
for deep plowing is more than for traditional cultivation, the gain in yield more
than covers the cost. The marginal rate of return to deep plowing was 134%

Table 4. Effect of two primary tillage treatments on the yield and economics of irrigated

wheat at 14 sites during 1984-85

% increase due
Grain yield (t/ha) to moldboard

Location Moldboard Cultivator over cultivator

Norozabad I 4.39 3.98 10.3

Norazabad II 5.05 4.80 5.2

Norazabad III 3.99 3.75 6.4

Norazabad IV 4.48 4.21 6.4

Norazabad V 3.23 3.20 0.9

Hathian I 4.41 4.13 6.8

Hathian II 3.82 3.92 2.7

Kalu Khan I 5.42 4.28 26.6

Kalu Khan II 5.16 4.84 6.6

Jamra I 3.82 2.93 30.4
Jamra II 3.84 3.33 15.3

Malikabad 3.81 3.80 0.3

Peshawar University 3.43 3.32 3.3

Burhan 4.96 3.78 31.2

Average 4.27a* 3.86b 10.6

Adjusted yield 3.84 3.47

Gross field benefit 5803 5246

(Rslha)

Costs that vary 480 225

(Rslha)

Net benefits 5323 5021

(Rslha)

MRR 134%

* Figures followed by different letters are significant at

5% level using DMRT.
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(Table 4). Further studies are needed to measure the benefits to the next crop
and changes in weed population over time. It would also be useful to determine
the reason for the response to deep tillage. Are the soils in the area naturally
compacted with depth or is compaction the result of continued shallow plowing?
Does the problem exist in the whole district and are there soil properties corre
lated with responses?
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Figure 1: The effect of tillage treatments on the grain yield of
wheat in NWFP during 1984-85 (average of 14 locations)
and % increase by moldboard over cultivator.

Table 5. Total cost per hectare for moldboard and cultivator plowing in Mardan area

Number Hours Total Rental Total Fuel
of per time cost cost used

Operations passes ha (hr/ha) (Rs/ha) (Rs/ha) (1/ha)

Shallowplowing
Cultivator 3 1.5 4.5 50 225 27
Total 3 1.5 4.5 225 27

Deep plowing
Moldboard 1 5.5 5.5 60 330 41
Cultivator 2 1.5 3.0 50 150 18

Total 3 7.0 8.5 480 59
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Chapter 3
VARIETAL TRIALS

Diagnostic survey results show that 50% of the farmers in the area grow
old, banned, rust susceptible varieties (Hussain et al. 1985). Hence newly re
leased varieties from CCAI, Pirsabak--the main wheat breeding institute in the
province--were evaluated in large plots on farmers' fields to test their perform
ance.

Methods

Pak-81 , Sarhad-82, and Sarhad-83 were compared at each site during
1983-84. In 1984-85 Pirsabak-85 was included instead of Sarhad-83. Some
variety trials were sown early following maize and others later after sugarcane.

Results

The results from the eight irrigated sites where wheat varietal experiments
were planted in 1983-84 in NWFP are shown in Figure 2 and Table 6. Pak-81
was superior to Sarhad-82 and Sarhad-83 at all but one location. Over all eight
sites, Pak-81 g'ave 20% (0.75 t/ha) and 21% (0.78 t/ha) higher grain yield than
Sarhad-82 and Sarhad-83, respectively.

The yield of more than 5 t/ha for Pak-81 at Khan Gari and Jehazonodog
probably represents near maximum potential yield for the irrigated, intensive
cropping areas of NWFP. The average yield over all sites of 4.0 t/ha in these
areas was 30% more than the 2.8 t/ha recorded as average farmer yields in the
survey conducted in the area in 1984 (Hussain et al. 1985).

The results of the varietal trials from the nine irrigated sites planted in
1984-85 rabi season in NWFP are shown In Figure 3 and Table 6. Pirsabak-85,
selected over Pak-81 at CCAI for its superior plant type, seed size, and yield,
gave 19% (0.70 t/ha) higher yields than Sarhad-82 and 13% (0.5 t/ha) higher
yields than Pak-81.

Discussion

These variety trials unfortunately did not include a local farmer variety.
Future trials should compare the new releases with farmers' varieties to help
determine if the new varieties give farmers a yield advantage or improved yield
stability.
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Figure 2. Yield of 3 wheat varieties grown at 8 sites in NWFP during 1983-84 (fig
ures followed by the same letter are not significantly ditferent at the 5% level using
DMRT).

Table 6. Wheat varietal performance in NWFP, 1983-84 and 1984-85

Yield (t/ha)

1983-84 1984-85

% increase
over Sarhad-82

1983-84 1984-85

# of locations:

Varieties

Pirsabak-85

Pak-81

Sarhad-82

Sarhad-83

8

4.55a

3.80b

3.77b

9

4.38 a
3.88ab

3.68b

19.7

19.9

5.4

* Figures followed by different letters are significant at 5% using DMRT.
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In NWFP, stripe rust is a major disease problem and only Pak-81, Pirsa
bak-85 and Sarhad-82 have resistance to this disease. The seed of these varie
ties should be made available to farmers as quickly as possible.

Kamal bunt is also a major problem in some fields in Mardan area. Pak
81 and Pirsabak-85 are both very susceptible to Kamal bunt and there is a need
to monitor this disease in relation to the spread of these two varieties. There is
also a need to breed for more tolerance to Kamal bunt in future variety releases.

6
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D PIRSABAK-85
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5
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I
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bad I bad II 4.27c 4.85ab 4.34bc abad I abad II
4.18c 4.93a 4.34bc 3.81cd

Location,
average

yield
t/ha

Figure 3. Yield of 3 wheat varieties grown at 9 sites in NWFP during 1984-85 (fig
ures followed by the same letter are not significantly different at the 5% level using
DMRT).
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Chapter 4
WEED CONTROL TRIALS

Weeds, particularly broadleaf weeds, are a major constraint on wheat
production in the area. From a diagnostic survey in 1984, it was found that 23%
of the fields have a moderate-to-serious problem with broadleaf weeds, whereas
20% of fields suffer infestations of grassy weeds (Avena tatua and Phalaris
minor). Broad/eaf weed incidence was probably underestimated in the survey,
since many weeds of that type had dried up by the time of harvest.

Most farmers (76%) do not practice weed control in wheat. Among those
who do, hand weeding is the most common practice. However most farmers do
not hand weed until late February or early March, instead giving priority to har
vesting and processing sugarcane and planting tobacco. Late weeding of wheat
is not very effective and accounts for the low wheat yields observed in many
fields (Hussain et al. 1985).

Methods

The following treatments were used during 1983-84 at 15 sites in the area
to test their efficiency in controlling different weeds.

Herbicides for broadleat weeds only:

1) OMA-6 (2,4-0, 58% ai) at 1.7 liter producVha
2) Buctril-M (Bromoxinal + MCPA, 40% ai) at 1.4 liter producVha
3) Banvil-P (Mecoprop, 32.4%, + D!camba, 2.1 %) at 4.0 liter

producVha
4) Envoy (Cyanazine, 12.5%, + MCPA, 25%) at 2.0 kg producVha

Herbicides tor broadleaf and grassy weeds:

5) Tribunil (Methabenzthiazuron 70 % ai) at 2.0 kg producVha
6) Dicuran-MA (Chlortoluron, 40%, + MCPA, 20%) at 2.5 kg

productlha
7) Tolkan (Isoproturon, 50% ai) at 2.0 kg productlha
8) Check plot, (no herbicide)

Herbicides were superimposed on strips at least 7.2 x 15 m across farmer
fields in Mardan and Swat Districts where weeds were preserd.

In addition to these trials, three experiments at Burhan examined different
treatments involVing Dicuran-MA, including dusting with sand/herbicide mixtures

11

Chapter 4
WEED CONTROL TRIALS

Weeds, particularly broadleaf weeds, are a major constraint on wheat
production in the area. From a diagnostic survey in 1984, it was found that 23%
of the fields have a moderate-to-serious problem with broad/eaf weeds, whereas
20% of fields suffer infestations of grassy weeds (Avena tatua and Phalaris
minor). Broadleaf weed incidence was probably underestimated in the survey,
since many weeds of that type had dried up by the time of harvest.

Most farmers (76%) do not practice weed control in wheat. Among those
who do, hand weeding is the most common practice. However most farmers do
not hand weed until late February or early March, instead giving priority to har
vesting and processing sugarcane and planting tobacco. Late weeding of wheat
is not very effective and accounts for the low wheat yields observed in many
fields (Hussain et al. 1985).

Methods

The following treatments were used during 1983-84 at 15 sites in the area
to test their efficiency in controlling different weeds.

Herbicides for broadleaf weeds only:

1) DMA-6 (2,4-D, 58% ai) at 1.7 liter producVha
2) Buctril-M (Bromoxinal + MCPA, 40% ail at 1.4 liter producVha
3) Banvil-P (Mecoprop, 32.4%, + D!camba, 2.1 %) at 4.0 liter

producVha
4) Envoy (Cyanazine, 12.5%, + MCPA, 25%) at 2.0 kg producVha

Herbicides for broadleaf and grassy weeds:

5) Tribunil (Methabenzthiazuron 70 % ai) at 2.0 kg producVha
6) Dicuran-MA (Chlortoluron, 40%, + MCPA, 20%) at 2.5 kg

producVha
7) Tolkan (Isoproturon, 50% ai) at 2.0 kg producVha
8) Check plot, (no herbicide)

Herbicides were superimposed on strips at least 7.2 x 15 m across farmer
fields in Mardan and Swat Districts where weeds were preserd.

In addition to these trials, three experiments at Burhan examined different
treatments involVing Dicuran-MA, including dusting with sand/herbicide mixtures

11



and liquid application at low (50 Ilha of water) and normal (250 Ilha of water)
volumes. In 1984-85 at three sites in Mardan, Oicuran-MA and 2,4-0 were mixed
with sand and broadcast. Data were collected on yield and weed populations
several weeks after application.

Herbicides were applied in liquid form with a CO
2

sprayer using a four
nozzle (T-jets) boom 1.8 m wide, and in powder form with a Cyclone spreader to
achieve a uniform application.

Results

Herbicide evaluation trials superimposed in farmers' fields, 1983-84
The data in Table 7 show that the various herbicides significantly increased
wheat yields by controlling different weeds species across all 15 sites in NWFP
during the 1983-84 rabiseason. On average, with herbicides yields were 14%
higher than those of control plots. Use of Oicuran-MA and Tolkan resulted in
22% higher yields than the control (Fig. 4).

The economic analysis of these superimposed herbicide results shows
that Banvil-P and Envoy were the most economical herbicides to apply and gave
high marginal rates of return on expenditure (Table 7 and Fig. 5). Those herbi
cides are much less costly than the grassy weed herbicides, Dicuran-MA and
Tolkan.

Herbicide trials superimposed in farmers' fields in Mardan Dis
trict,1984-85 In all superimposed trials, yields of plots with applied herbicide
were 0.11 to 1.09 Vha more than those of the untreated control (Table 8). The
major weeds present in the fields were Fumaria parviflora, Convolvulus arvensis,

Table 7. Economic analysis of superimposed herbicide treatments on irrigated wheat, NWFP,
1983-84 (average of 15 locations)

Gross Cost Marginal
Yield field that Net rate of

Actual Adjusted benefit vary benefit return
Herbicide -- (t/ha) -- ------ (Rs/ha) ------ (%)

DMA-6 3.71bc 3.390 46"15 238 443"1 Dom
Buctril-M 3.84ab 3.456 4838 243 4595 Dom
Banvil-P 3.80ab 3.420 4788 210 4578 146
Tribunil 3.96ab 3.564 4990 491 4499 Dam
Dicuran-MA 4.14a 3.726 5216 525 4691 Dam
Tolkan 4.14a 3.726 5216 450 4766 32
Envoy 3.93ab 3.537 4952 250 4702 172
Check 3.39c 3.051 4271 0 4271

Figures followed by different letters are significant at 5% using DMRT.
Dom = Dominated.
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Medicago denticulata, Coronopus spp., Veronica spp., Anagallis arvensis, Ru
mex acetosela, Euphorbia helioscopia, Brassica spp., Ranunculus spp., Gallium
aparine, Lolium temulentuin, Lathyrus aphaca, and P. minor. In some fields, A.
fatua and Poa annua were present.
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· Buctril-M and Banvil-P were the most economical and controlled almost all
the broadleaf weeds. Dicuran-MA, Tribunil and Tolkan were also effective, but
cost more and are not necessary in fields where only annual broadleaf weeds
occur (Fig. 6).
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Figu.re 6: Net benefit cu.rve for herbicide
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Net.
benef1t.~

(R./ha)

4750

4500

4250

4000

Buctril-M

o
T_-----=---_----,...-_~_________:__ ___:_

I 1 1 1 .1

100 200 300 400 500

Total 'cost thot vory (Rs/ho)

F'igure 7: Net· benefit curve for herbicide
treatrnentl9. NWF'P, 198,3-65.

14



On average in both years, Buctril-M proved an economical herbicide for
controlling weeds in irrigated wheat of NWFP. Use of Buctril-M resulted in 19%
higher yields than those of the control (Table 9 and Fig. 7).

Table 8. Economic analysis of superimposed herbicide treatments on irrigated wheat,
NWFP, 1984-85 (average of 5 locations)

Gross Cost Marginal
Yield field that Net rate of

Actual Adjusted benefit vary benefit return
Herbicide -- (t/ha)- ------ (Rs/ha) ------ (%)

DMA-6 2.83cd 2.547 3566 238 3328 Dom

Buctril-M 3.81a 3.429 4801 243 4558 465

Banvll-P 3.58ab 3.222 4511 210 4301 416

Tribunil 3.43abc 3.087 4322 491 3831 Dom

Dicuran-MA 3.58ab 3.222 4511 525 3986 Dom

Tolkan 3.42abc 3.078 4309 450 3859 Dom

Envoy 3.14bcd 2.826 3956 250 3706 Dom

Check 2.72d 2.448 3427 0 3427

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

Dom =Dominated.

Table 9. Economic analysis of superimposed herbicide treatments on irrigated wheat,
NWFP, 1983-85 (average of 20 locations)

f
Gross Cost Marginal

Yield field that Net rate of
Actual Adjusted benefit vary benefit return

Herbicide -- (t/ha) -- ----- (Rs/ha) ------ (%)

DMA-6 3.49bc 3.14 4397 238 4159 Dom

Buctril-M 3.83a 3.45 4826 243 4583 219

Banvil-P 3.75ab 3.38 4725 210 4515 221

Tribunil 3.84a 3.46 4838 491 4347 Dom

Dicuran-MA 4.00a 3.60 5040 525 4515 Dom

Tolkan 3.96a 3.56 4990 450 4540 Dom

Envoy 3.73ab 3.36 4700 250 4450 Dom

Check 3.22c 2.90 4050 0 4050

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

Dom =Dominated.

15



Herbicide application by dusting superimposed in farmers' fields In
Marden, 1984-85 Oicuran-MA and 2,4-0 were mixed with sand and applied at
three sites in Mardan during 1984-85. Both herbicides controlled weeds effec
tively. 2,4-0 increased yields by 22% over the untreated control and Oicuran-MA
by 16% (Table 10). Application of 2,4-0 by dusting proved economically superior
to the use of Oicuran-MA, due. to the lower cost of 2,4-0 (Table 10 and Fig. 8).

Table 10. Economic analysis of superimposed herbicide application treatments on irri
gated wheat, NWFP, 1984-85 (average of 3 locations)

Herbicide

Yield
Actual Adjusted

-- (t/ha) --

Gross Cost
field that Net

benefit vary benefit
------ (Rslha) --_•••

Marginal
rate of
return

(%)

Dicuran-MA

(Dusting)
2,4-D,

(Dusting)

Check

3.09a

3.26a

2.66b

2.781

2.934
2.394

3893

4108
3352

475

188
o

3418

3920
3352

Dam

302

Figures followed by different letlers are significant at 5% using DMRT.

Dam = Dominated.
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Dusting or broadcasting is an easy method already practiced by area
farmers. Spraying, on the other hand,requires knowledge and skill for accurate
calibration of the sprayer and calculation of the correct dosage.

Herbicide trials to control P. minor and A. tstus superimposed in
farmers fields' at Burhan, 1984-85 The principal weeds at Burhan, Attock
District, are P. minor and A. tatua. Some broadleaf weeds (Fumaria, Vicia, Madi
cago, and Anagallisf are also present in low densities but do not cause a yield
reduction in wheat. Grassy weed herbicides controlled the weeds effectively
(Table 11) and gave a 32-57% increase in yield over the control (Table 12).
Tolkan and Dicuran~MA were the most economical in controlling grassy weeds
(Fig. 9).

Table 11. Weed count and percent control by different herbicide treatments plots at
Burhan, 1984-85

Number of weeds/m 2 % weeds controlled

Avena Phalaris Avena Phalaris

Herbicide fatua minor Others· fatua minor Others

Dicuran-MA 5 0 8 73 100 72
1II0xan 0 41 32 100 69 0
Tribunil 9 20 4 53 85 86
Tolkan 7 5 6 63 96 79

Check 19 133 29 0 0 0

• Fumaria, Vicia, Convolvolus, Euphorbia and Anagalis.

Table 12. Economic analysis of superimposed herbicide treatments at Burhan, 1984-85
(average of 2 locations)

Gross Cost Marginal
Yield field that Net rate of

Actual Adjusted benefit vary benefit return
Herbicide -. (tlha) •• -_•••• (Rs/ha) •••••• ('Yo)

Dicuran-MA 3.73a 3.357 4700 525 4175 224

1II0xan 3.15a 2.835 3969 na na na

Tribunil 3.14a 2.826 3956 491 3465 Dom

Tolkan 3.49a 3.141 4397 450 3947 Dom

Check 2.38b 2.142 2999 0 2999

Figures followed by differenlletters are significant at 5% level using DMRT.

Dom = Dominated.
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Application of Dicuran-MA superimposed in farmers' fields by differ
ent methods at Burhan, 1984-85 Dicuran-MA was applied at three sites at
Burhan to compare the effectiveness of dusting with that of spraying at two
volumes; the recommended (250 I/ha of water) and low volume (50 I/ha of wa
ter). The average yields from three experiments were roughly equal for the three
treatments and significantly higher than yields for the control (Table 13). On
average, Dicuran-MA mixed with sand and dusted increased yields 68% over the
control and proved an economical and easy application (Fig. 10).

Table 13. Economic analysis of superimposed herbicide treatments at Burhan, Dicuran·
MA applied with different methods, 1984-85 (average of 3 locations)

Gross Cost Marginal
Yield field that Net rate of

Actual Adjusted benefit vary benefit return
Herbicide -- (t/ha) •• -----. (Rs/ha) ------ (%)

Dusting 3.64a 3.276 4586 475 4111 290
Spray

normal volume 3.35a 3.015 4221 525 3696 Dam

low volume 2.95a 2.655 3717 525 3192 Dam
Check 2.17b 1.953 2734 0 2734

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

Dam = Dominated.
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F'igure 9: Net benefit curve for herbicide
treatment at Burhan. 1984-85.
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Discussion

The results of these experiments clearly establish the importance of
chemical weed control. The area under study suffered average wheat yield
losses of 0.4 to 1.1 t1ha due to broadleaf weeds, and of 1.4 to 1.5 t1ha due to
grassy weeds (P. minor and A. fatua). In fields where infestation was high,
chemical weed control proved economical.

Oicuran-MA was the best herbicide for controlling grassy weeds. How
ever, the fact ~hat Oicuran-MA also kills broadleaf weeds does not in itself justify
the higher cost of using this herbicide on fields where the broadleaf varieties
predominate, since economical control of those weeds can be achieved through
use of the relatively less expensive chemicals, Buctril-M, Banvil-P, 2,4-0, and
Envoy.

Although spraying provides a more uniform application, our results indi
cate that broadcasting a sand-urea mixture is also feasible, if care is taken to
achieve a fairly uniform application. Moreover, broadcasting is appropriate for
small-scale farmers who cannot afford the equipment needed to spray nor pos
sess the expertise to calibrate the equipment. Nonetheless, a considerable level
of skill is required to cover fields uniformly by broadcasting. A relatively inexpen
sive and effective alternative to either spraying or hand broadcasting would be
the use of simple cyclone spreaders.
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ChapterS
FERTILIZER TRIALS

Data from the diagnostic survey show that most farmers use nitrogen but
only half use phosphorus on irrigated wheat in Mardan District (Hussain et al
1985). Comparison of yields in surveyed fields indicates that phosphorus is an
important constraint.

In analyzing the use of nitrogen and phosphorus on wheat in the study
area, several factors must be considered. Farmyard manure is applied to wheat
by 38% of the farmers, but is more frequently applied to maize and sugarcane.
Farmers also tend to use phosphorus on sugarcane. There is likely to be some
carry over of those nutrients to the wheat crop (Hussain et al. 1985). Farmers
apply more nitrogen and phosphorus to wheat after sugarcane (Hussain et al.
1985), which probably reflects the provisionally replenished state of their cash
stores after sugarcane harvest and sale. Finally, nitrogen and phosphorus use is
closely related to other management factors, especially the availability of irriga
tion water.

Methods

An incomplete factorial design with four levels of Nand P was employed
in fertilizer trials (see below).The design provided response curve data for nitro
gen at recommended phosphorus levels and for phosphorus at recommended
nitrogen levels.

Treatment combinations

NO
N1
N2
N3

PO
*

*

P1

*

P2
*
*
*
*

P3

*

In 1983-84, nitrogen was applied at 0, 50, 100, and 150 kg/ha and phos
phorus at 0, 70, and 120 kg/ha. In 1984-85, nitrogen was increased to 0, 70, 140
and 210 and phosphorus levels of 0, 50, 100 and 150 were used. In 1985-86,
nitrogen was further increased to 0, 75, 150 and 225 but phosphorus levels were
the same as in 1984-85.

In 1983-84, the field was divided into eight, equal size, unreplicated strips.
Fertilizer treatments were broadcast by hand and then incorporated. All trials
were planted after maize. In 1984-85, a split plot design was used in which
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fertilizer treatments were broadcast at right angles to the direction of the tillage
treatments, to measure fertilizer x tillage interactions. In addition, some trials
were planted early (second week of November) and some late (first week of
December), and in two cropping patterns: maize-wheat and sugarcane-wheat. In
1985-86, 43 sites were selected in farmers' fields (21 after maize, 22 after sugar
cane), treated with fertilizer, and subsequently planted and managed by the
farmers. Some of these 43 trials were treated with a Dicuran-MA spray. In all
trails, the previous application of farmyard manure was recorded to determine
the interaction of manure with commercial fertilizer.

Estimation of the response function Fertilizer response curves were
estimated using regressionoa,nalysis. Throughout the analysis a basic strategy
was the use of the appropriate F-tests of the joint significance of groups of coeffi
cients. These tests, based on the as~umptions of homoscedasticity and normal
ity 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 equation without the variables whose effect is being
tested (SSR(2»'

Under the null hypothesis that the latter variable have coefficients all
equal to 0, given the error assumptions noted above, the test statistic

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

SSR(i(n-k)

is distributed as F , n-k, where
SSR(2) =q sum of squared residuals from the regression

with same variables excluded
SSR(1) = sum of squared residuals from the regression

with all variables included
q = number of restrictions in the null hypothesis
n = number of observations
k = number of parameters in the unrestricted

model

Values of the test statistic larger than the critical value for any given level
of significance lead to rejection of the null hypothesis (Judge et al. 1982).

Preliminary analysis focused on whether non-applied fertilizer variables,
either non-experimental (e.g. previous farmyard manure and previous crop) or
experimental (e.g. weed control and planting date) only shifted the intercept of
the response surface, or changed its shape significantly. Significant changes in
the response surface are important because they imply different economic
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optima. If a non-fertilizer variable only shifts the intercept of the response sur
face, economic optima are the same for fields with or without the characteristic in
question. Nonetheless. significant shifts in the intercept are important since, if
omitted from the analysis, estimates of the other coefficients are biased.

Subsequent analysis focused on estimating separate regression equa
tions for each year of fertilizer trials. If the preliminary analysis showed substan
tial evidence of significant differences in the curvature of the response surface
with the presence or absence of an important non-fertilizer variable, (e.g., previ
ous crop), separate equations were estimated for each condition. A combined
equation over all years was also estimated.

Calculation of economic dosages Given a quadratic fertilizer re
sponse function with no N x P interaction term

(1) Y= a +bN +CN2 +dP +eP2,
optimal levels of Nand P can be found. As in the analysis of discrete experimen
tal data, these optimal levels reflect farmers' circumstances more accurately if

1) Experimental yields are adjusted to approximate fal"rT1er yields
2) Field prices of inputs and outputs are used
3) A minimum marginal rate of return on expenditure is included

(CIMMYT,1988).

In this context, optimal input levels can be found as follows:
P = field price of output further adjusted for the

II 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, rNand rp' as follows:

(2) rN = WN(1 + R)/Pg
rp = Wp (1 + R)/Pg

Second, if response is as given in equation (1), optimal nitrogen N* and optimal
p' are given by

(3) N* = (rN - b)/2c
P* = (rp - d)/2e

If either of these formulas gives an amount that is less than zero, the
optimal amount is no longer N* or pO; it becomes either N" = 0 or p" = O.
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If response is estimated for only one nutrient because the other is insig
nificant, 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 +CN2 +dP +eP2 +fNP
In this case optimal Nand P may be calculated as follows:

(5) N' =

P' =

2e (r1 - b) + f (r2 - d)

4ce- f2

r - d - fN'
2

2e

As in the expression above, these formulas may give one (or both) results
less than zero. For example, if N' > 0 and P' < 0, the true optima become:

(6) N" = (r1 - b)/2c
P" = 0

If both N' and P' are less than zero, the true optima are N" =0 and
p" =O.

The fertilizer and crop prices used were those in vigor at the time of analy
sis in 1988. The field price of wheat was calculated as 1.51 As/kg (Appendix C);
nitrogen was 5.56 As/kg of nitrogen and phosphorus 5.00 As/kg
of P.

Results

The response curves and data obtained during 1983-84 rabi season on
wheat after maize for nitrogen at constant phosphorus (100 kg P20/ha) and
phosphorus at constant nitrogen (100 kg nitrogen/ha) are shown in Figures 11
and 12 and Appendix D. These nitrogen and phosphorus response curves are
quadratic in function. The use of nitrogen produced a response up to 150 kg/ha,
while a response to phosphorus use was observed up to 100 kg P20/ha. NP
interaction was significant only at 63% but was included in the equation because
of the joint significance of P, p2, and NP. The application of farmyard manure
increased yields by 243 kg/ha but had no significant effect on the shape of the
response curves (Table 14).
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During 1984-85, additional data was collected on the use of farmyard
manure, previous crop (maize or sugarcane), plowing (deep vs. shallow), and
planting time (early vs. late), for each site. The average nitrogen and phosphorus
responses for 10 sites where wheat was sown following maize are shown in
Appendix D and Figures 11 and 12. The nitrogen response was quadratic and
present up to 100 kg N/ha. There was very little response to phosphorus after
maize. The NP interaction was significant at an 8% level. There was no interac
tion of any nutrient with the dummy variables, farmyard manure and planting
time (Table 14). The application of farmyard manure significantly increased
wheat yield (556 kg/ha). Early planting of wheat (the second week of November)
resulted in 1071 kg/ha more grain than late planting (early December). This
works out to an almost 60 kg/day/ha reduction in yield for planting after mid
November. Farmyard manure and planting time had no effect on the response
surfaces of the nitrogen and phosphorus curves, and only shifted the curve
upward 556 and 1070 kglha, respectively.

Table 14. Multiple regression analysis for fertilizer response after maize, NWFP

Combined
Variables 1983-84 1984·85 1985·86 1984-86

# of experiments 8 10 23 41

Constant 3061 3262 2326 3001

N 13.77 14.36-" 16.63·" 15.87***
N2 -.05954 -.03805- -.04553-** -.04573***

P 11.28 10.88" 6.843- 9.509***
p2 -.06740 -.01396 -.03443 -.03541

NP .06126 -.05705* -.002254 -.01763

FYM 242.8 556*** 822.6*** 596.8***

PT -1070**-

WC 399.1***

1985 -304.9*

1986 -357.7**

R2 .14 .43 .40 .27

* • 10%, ** =5% and u* =1% level of significance.

N ., nitrogen kglha.

P ., phosphorus kglha.

FYM =farmyard manure (yes = 1, no = 0).

PT ., planting time (late = 1, early =0).

WC • weed control (yes =1, no =0).
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The fertilizer response curves for wheat grown after sugarcane from
seven sites in 1984-85 are shown in Appendix 0 and Figures 13 and 14. A
response to nitrogen was observed up to 200 kg N/ha. Using phosphorus pro
duced a response only up to 100 kg P20,jha. The NP interaction was significant
at the 6% level. In some trials, such as those planted after maize, the application
of farmyard manure and the early planting of wheat shifted the response curves
of nitrogen and phosphorus upward 982 and 748 kg/ha, respectively (Table 15).
Those two variables, however, did not change the shapes of the response
curves. Wheat yields after maize were,46% higher than after sugarcane during
1984-85 (Table 16).

Table 15. Multiple regression analysis for fertilizer data (after sugarcane), NWFP

Variables

# of experiments
Constant
N
N2
P
p2
NP
FYM
PT
WC
1986

1984-85

7
2110

12.02***
-.04149**
14.23***
-.0989**
.0556*

981.7***
-747.8***

66.9%

Combined
1985-86 1984-86

20 27
2789 2167

,14.78*** 14.4***
.04544*** -.04596***
10.44*** 11.5***
-0505* -.06301**

.002917 .01513
-65.2 28.16

165.7
598.8***

35.3% 44.5%

* =10%. ** =5% and *** =1% level of significance.
N = nitrogen kg/ha.
P = phosphor!Js kg/ha.
FYM =farmyard manure (yes = 1, no =0).
PT =planting time (late =1. early =0).
WC =weed control (yes =1, no =0).

Table 16. Wheat grain yield (kg/ha) obtained by zero, nitrogen, phosphorus, and nitrogen plus
phosphorus treatments in NWFP

N·P.O. 1983·84 1984-85 1985·86 Combined
Kg/ha Maize Maize Sugarcane Maize Sugarcane Maize Sugarcane

0-0 3061 3262 2110 2326 2789 3001 2167.
0-100 3515 4210 2544 2666 3328 3598 2686
100-0 3842 4526 2897 3494 3813 4131 3147
100-100 4808 4676 3887 3811 4381 4552 3818
Average 3807 4169 2860 3074 3578 3821 2955
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The results from 23 trials planted after maize and 20 following sugarcane
during 1985-86 are shown in Tables 14-15, Appendix D and Figures 11-14. After
maize, nitrogen response curves were quadratic in function and gave responses
up to 150 kg/ha (Fig. 11), with a coefficient of 16.63 (Table 14). Phosphorus
response was observed only up to 100 kg/ha (Fig. 12) with a very low coefficient
6.843 (Table 14). Use of farmyard manure and weed control significantly in
creased wheat yields (823 and 399 kg/ha, respectively). Nitrogen and phospho
rus did not interact with those two variables.

Combined analysis of the data for wheat grown after maize from 1983-84
to 1985-86 shows a response to nitrogen up to 150 kg N/ha and to phosphorus
up to 50 kg P20,jha (Fig. 11, 12, and 14a). The nitrogen and phosphorus re
sponses were quadratic in function. The NP interaction was not significant (41 %
level) but was included in the regression analysis (Table 14). None of the fertil
izer responses interacted with other variables. Application of farmyard manure
significantly contributed to wheat yield (597 kg/ha), but did not affect the shapes
of the response curves of nitrogen and phosphorus (Table 14).

Nitrogen Response

Phosphorous Response
2.5

5
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4.5 e ._-- ----8
....--.....-....--.....-

0""'-
After Sugarcane4
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Figure 14a: Nitrogen and Phosphorous response curveS al constant
P2 0 5 and N (100 kg/ha) respectively, combined, NWFP.
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Nitrogen and phosphorus response curves in wheat after sugarcane were
quadratic (Fig. 13 and 14). Yields increased with nitrogen up to 150 kg/ha and
with phosphorus up to 100 kg/ha (Fig. 15). Farmyard manure and weed control
had no significant effect on the response surface. Farmyard manure was in
cluded as a dummy variable.
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Figure 15: The reSponse of wheat to zero. phosphorous.

nitrogen. and nitrogen plus phosphorous, after
maize in NWFP.

Economics of fertilizer levels The economic analyses of the experi
ments using selected nitrogen and phosphorus fertilizers on wheat grown after
maize and sugarcane are shown in Tables 17-18 and Figures 16-23, using the
prices listed in Appendix C. The response of wheat to fertilizer was almost the
same in different years after maize and sugarcane. hi all three years, after maize
the application of nitrogen was more economical than using phosphorus alone,
with higher marginal rates of return (MRRs) of 64, 186 and 165% during 1983
84,1984-85 and 1985-86. respectively (Table 17 and Fig. 16, 18-20). During
1983-84 the application of both nitrogen and phosphorus were more economical
than nitrogen or phosphorus alone. Combined data for all three years shows that
both fertilizer elements alone or in combination increased wheat yields over
those of the control. Net benefit curves in Figure 21 show that application of
nitrogen alone was more economical (MRR ::: 156%) than the use of phosphorus
alone (MRR = 50%), and that nitrogen combined with phosphorus was even
more economical (MRR ::: 162%).

29



Table 17. Economic analysis of fertilizer trials on Irrigated wheat, NWFP (after maize)

Gross Costs
Yield field that Net

actual adjusted benefit vary benefit
Treatment -- (t/ha) -- -_••_- Rs/ha -----

1983-84 N-P2OS
0-0 3.061 2.755 3857 0 3857
0-100 3.515 3.164 4429 500 3929
100-0 3.842 3.458 4841 556 4285
100-100 4.908 4.417 6185 1056 5128

1984-85
0-0 3.262 2.936 4110 0 4110
0-100 4.210 3.789 5305 500 4805
100-0 4.526 4.073 5703 556 5147
100-100 4.676 4.208 5892 1056 4836

1985-86
0-0 2.326 2.093 2931 0 2931
0-100 2.666 2.399 3359 500 2859
100-0 3.494 3.145 4402 556 3846
100-100 3.811 3.420 4802 1056 3746

Combined
0-0 3.001 2.701 3781 0 3781
0-100 3.598 3.238 4533 500 4033
100-0 4.131 3.718 5205 556 4649
100-100 4.552 4.097 5736 1056 4680

Table 18. Economic analysis of fertilizer trials on irrigated wheat, NWFP (after sugarcane)
?

Gross Costs
Yield field that Net

actual adjusted benefit vary benefit
Treatment - (tlha)-- --- Rs/ha -----

1984-85
N-P2OS
0-0 2.110 1.899 2659 0 2659
0-100 2.544 2.290 3205 500 2705
100-0 2.897 2.603 3650 556 3094
100-100 3.887 3.498 4898 1056 3842

1985-86
0-0 2.789 2.510 3514 0 3514
0-100 3.328 2.995 4193 500 3693
100-0 3.813 3.432 4804 556 4248
100-100 4.381 3.943 5520 1056 4464

Combined
0-0 2.167 1.950 2730 0 2730
0-100 2.686 2.417 3384 500 2884
100-0 3.147 2.832 3965 556 3409
100-100 3.818 3.436 4811 1056 3755
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The economic analysis of fertilizer use on wheat after sugarcane (Table
18) shows that in both years nitrogen use was more profitable than that of phos
phorus. The net benefit curves in Figures 22-23 show that the application of
phosphorus alone was not as economical as nitrogen alone or as nitrogen and
phosphorus combined. On average the application of 100 kg N/ha gave a higher
MAA (122%) than 100 kg P20/ha (MAA =31%).

Fertilizer recommendations The fertilizer recommendations for irri
gated wheat grown after maize or sugarcane in NWFP are presented in Tables
19 and 20. Those recommendations were calculated using the prices in Appen
dix C and regression equations (Tables 14 and 15) at different marginal rates of
return. Because farmers already have experience with fertilizer use, we chose an
MAR equal to 0.5 as the appropriate return to select a fertilizer recommendation
(CIMMYT 1988).

Nitrogen and phosphorus recommendations for wheat sown after maize
during 1983-84 are a one-to-one ratio of both elements. A combination of 122
102 kg of N-P20/ha was calculated at MRR =0.5. During 1984-85, less nitrogen
was required than phosphorus at MRR = 0.5. During 1985-86, much less phos
phorus (24 kg/ha) was required at MRR =0.5 (Table 19).

For wheat sown after sugarcane, recommendations were 107-65 kg of N
P20/ha at MRR =0.5 (Table 20). Nitrogen is economical from 85 to 170 kg/ha
with phosphorus from 40 to 100 kg/ha, in any combination of the two within those
ranges. Farmers should choose the level according to their financial posslbUities.

Discussion

The results presented in this paper emphasize the need to develop rec
ommendations on fertilizer use. Both nitrogen and phosphorus are essential for
high yields. The fertilizer requirements of wheat grown after sugarcane were
slightly more than those of wheat after maize. The nitrogen coefficients in
creased from 1983-84 to 1985-86 both after maize and sugarcane, while the
phosphorus coefficient decreased. Further investigation is needed to identify the
reasons for this change.

There is evidence that farmy,ard manure, weed control, and early planting
shift the response curve upward but do not affect the shape of the curve. Hence
the recommendations are not changed by these variables.
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Table 19. Nitrogen and phosphorus recommendations for irrigated wheat

after maize in NWFP

Marginal

Year rate of return N P

1983-84 0 150 127

0.5 122 102

1.0 93 n
1984-85 0 118 29

0.5 80 48

1.0 42 87

1985-86 0 130 47

0.5 112 24

1.0 94 0

Combined 0 122 57

0.5 106 38

1.0 89 18

Table 20. Nitrogen and phosphorus recommendations for irrigated wheat in NWFP after
sugarcane

Year

1984-85

1985-86

Combined

Marginal

rate of return N P

0 169 103

0.5 135 85

1.0 101 67

0 124 74

0.5 104 57

1.0 83 40

0 130 81

0.5 107 65

1.0 85 49

32

Table 19. Nitrogen and phosphorus recommendations for irrigated wheat
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Table 20. Nitrogen and phosphorus recommendations for irrigated wheat In NWFP after
sugarcane

Year
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Marginal

rate of return N P
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0 124 74
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Chapter 6
SYN"rHESIS

Recommendations for Wheat Technology

On the basis of the results presented in this paper, the following recom
mendations can be made for wheat in the irrigated areas of Mardan District,
NWFP.

Land preparation Land should be plowed by a moldboard plow 30 em
deep after maize and sugarcane harvest. After deep plowing, the fields should
be cultivated and planked to break up clods and left for plantin9 wheat. This may
not be necessary every year.

Planting Planting should be done in mid-November using a seed drill or
broadcasting 100 kg seed/ha for good stand establishment.

Variety The results clearly point up the superiority of the varieties Pirsa
bak-85 and Pak-81, not only because of their higher yield potential, but also
because of their resistance to the leaf and stripe rusts prevalent in the area.

Fertilizer For wheat sown after maize, 110 kg/ha of nitrogen and 40 kg!
ha of phosphorus is economical at MRR = 0.5. For a sugarcane-wheat rotation,
phosphorus levels should be increased to 65 kg/ha.

Weed Control For co·ntrolling broadleaf weeds in wheat, the phenoxy
herbicides, Buctril-M, Banvil-P, and Envoy, proved most effective and economi
cal. Dicuran-MA can be used in fields with broadleaf and grassy weed problems,
but it is not economical in fields with only broadleaf weeds. In the absence of
sprayers, mixing herbicides with sand or urea is an effective and economical
application method, if care is taken to apply the mixture uniformly.

Recommendations for Technology Transfer

Variety One of the major problems in the area is the availability and
adoption of new wheat varieties. The slow adoption of improved varieties is
related to (a) a poor seed distribution system and (b) ineffective extension of
information on improved varieties (Heisey et al. 1989). Distribution of seed of
recommended varieties in Mardan District has increased in recent years but is
still far below requirements. The total requirement for improved seed in the
district during 1982-83 was 9,232 tons. Only 7% of this requirement was met by
seed distribution authorities (Hussain et al. 1985). There is a need in the prov-
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ince to establish a seed industry or to encourage the private sector to meet the
seed requirement. Cooperative seed stores should be fostered to keep the seed
of farmers who grow improved varieties.

Fertilizer Fertilizer application rates for wheat are well below official
recommendations, especially in the case of phosphorus (over half the farmers in
the area do not apply phosphorus at all).

For small-scale farmers of the area, fertilizer is a major expense and the
shortage of cash seems to be one of the reasons that little phosphorus is used.
Credit should be made readily available for farmers to purchase fertilizer.

Weeds The use of chemical weed controls would significantly increase
wheat yields. Broadleaf weeds are the main problem in the area, but grasses
may become more important. Herbicides, sprayers, and technical expertise for
controlling weeds should be made available to farmers through extension or the
private sector.

Further Research

Wheat growers in Mardan district face fewer problems than their counter
parts in the rice-wheat areas of the Punjab (Hobbs et al. 1987). However, the
Mardan and Peshawar valleys are among the more intens.ively cropped irrigated
areas of Pakistan (Hussain et al. 1985). In addition, livestock plays a vital role in
the economy of farmers there. Hence future research must involve a farming
systems perspective with a good balance of on-farm and on-station research.
On-farm research means not only the experimental verification of technology in
farmers' fields, but also the diagnosis of problems and experimentation to further
de'fine those problems. Monitoring farmers' fields is also an important way to
identify possible pest/disease/weed shifts and to keep abreast of other factors
that bear on sustaining productivity in this complex, dynamic farming area.

The following issues have been singled out as priorities for further re
search:

Tillage systems Mechanization and the use of tractors for land prepa
ration is common. Unfortunately, the only implement available for tillage is the
tined cultivator. Multiple, shallow plowing causes soil compaction. More research
is needed to identify the reasons for the positive response to moldboard plowing
noted in this report. Once that occurs, improved tillage systems can be recom
mended to farmers. If compaction is the cause of the problem, it will have effects
on productivity and input use efficiency for all the crops in the system. Reduced
or zero tillage work should also be on the agenda, since it can increase profits by
reducing costs.
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Varieties and disease resistance Pirsabak-85 and Pak-81 are both
"Veery" materials (winter x spring wheat crosses) with high yield potential.
These varieties and other related lines in development at eCRl, Pirsabak need
to be evaluated in Ethiopia or Kenya where new races of stripe and leaf rust are
breaking down the Veerys' source of resistance, the Yr 9 and Lr 26 genes. Since
it is hypothesized that new races of rust originate and move from West to East,
testing these lines in Ethiopia would give advance warning of their possible
susceptibility or indicate whether the materials have other genes for rust resis
tance.

Pirsabak-85 and Pak-81 are very susceptible to Karnal bunt, a disease
endemic in the Mardan valley. Breeders at Pirsabak need to develop high yield
ing germplasm with resistance the disease's causal agent, Til/etia indica.

Late planting'after sugarcane is inevitable, and wheat breeders need to
identify a flexible variety that can be planted early or late, with quick grain filling
and heat tolerance during later growth stages. Hot, dry winds in April and May
can drastically reduce yields' in some years when wheat is planted late.

Fertility The studies described in this report confirm the need for high
levels of nitrogen and phosphorus to obtain high productivity. However, continu
ous high-yield cropping could deplete the soil of other essential elements. Most
crop residues in the study area are removed for animal feed, and only some
fields receivt.l organic manures. Levels of potassium, sulfur, and magnesium, as
well as of micronutrient$ such as zinc, boron, and manganese, need to be moni
tored over time. A reliable soil testing facility closely linked to the on-farm re
search program would make this task easier.

A strong positive response to the use of farmyard manure was noted in
these experiments. The role of farmyard manure in sustaining productivity needs
further study. It may be possible to increase the efficiency of applied inorganic
chemicals through combination with manure or through the incubation of manure
with inorganic compounds. Legumes such as berseem clover can contribute
significantly to weed control and soil fertility in intensive systems. Rotation trials
rather than cropping pattern trials are needed to assess the role of legumes in
long term sustainable systems.

Weed science Broadleaf weeds are presently the major weed species
in the area but grassy weeds are bound to increase in importance. New weeds,
such as Galium aparine and Circumarvense, are much harder to control and can
cause serious losses to crops. An understanding of the role of cropping patterns
and crop management in weed shifts is essential before planning and recom-
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mending a weed control strategy to farmers. It is necessary to promote the use
of integrated weed control techniques such as rotation, pre-irrigation, fodder rab;
crops, row planted rabi crops, and fallowing, along with chemicals. Hand weed
ing will become less feasible as agricultural wage rates increase.

Intercropping of sugarcane This common farmer practice enables the
sugarcane crop to get an early start, compared with that of planting after wheat
harvest. However, the benefits of this system are unclear. Damage to wheat is
visible and the cane crop left after wheat harvest is very weak. Detailed studies
are needed on this system for future improvement. Farmers who use it are
obviously willing to sacrifice wheat yield to obtain a cash sugarcane crop.

Conclusion

Mardan valley soil, climate, and water resources are close to optimal for
wheat production. Yields exceeding 5 t/ha--almost double existing levels--are
well within the reach of small-scale farmers in the area, if a good case is made to
them for adopting some of the practices recommended in this study.
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Appendix A. List of prices used in economic analysis of herbicide trials

Herbicide Price in Rupees Dose product/he

DMA-6 95/liter 1.7 liter

Buctril-M 120lliter 1.4 liter

Banvil-P 34/liter 4.0 liter

Tribunil 208/kg 2.0 kg

Dicuran-MA 200/kg 2.5 kg

Tolkan 150/kg 2.0 kg

Envoy 90/kg 2.0 kg

Appendix B. Herbicide application charges

Application

method

Spray

Broadcast

Labour

(Rs/ha)

25

25

Equipment

(Rs/ha)

50

Total

(Rs/he)

75

25

Wheat price = Rupees 2.00/kg.

Field price of wheat =2.00 - (30% as harvesting and marketing charges) =1.40 Rupeeslkg.

Appendix C. Prices of wheat and fertilizers used in the analysis

Nitrogen (Wn) Rs/kg

Phosphorous (Wp) Rs/kg

Wheat (P) Rs/kg

·Wheat price Rs/kg

Adjusted for harvesting cost (-30%)

Adjusted for farmer yield (-1 0%)

Premium for NWFP farmer (+20%)

MRR. 0 rN

rp

MRR.0.5 rN

rp

MRR = 1.0 rN

rp
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5.56

5.00

*1.51
2.00

1.40

1.26

1.51

3.68

3.31

5.52

4.96

7.76

6.62
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Appendix D. Grain yield (kg/ha) of wheat for different nitrogen levels at constant PIO. (100
kg) and different phosphorus ......;j.,n~'!!1>_~~_!.~ in NWFP

':"".; ~ .. ; 'j'>' ~ ·Hit"~.i ",-1::-;- 'r-hUii - i .. '~

0 3515 4210 2544 2666 3328 3598 2686
50 4361 4548 3319 3362 3968 4189 3367

4
100 4908 4695 3887 3811 4381 4552 3818.
150 5160 4652 4247 4012 4566 4685 4039

200 5113 4419 4400 3966 4525 4590 4030
Phosphorus
0 3842 4526 2980 3494 3813 4131 3147

50 4543 4636 3833 3739 4223 4430 3640
100 4908 4675 4191 3811 4381 4552 3818
150 4936 4646 4055 3712 4286 4496 3681

,~

l

\
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