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Foreword by Norman E. Borlaug
 

I wish to congratulate PARC and CIMMYT for publishing this 
survey of Pakistan's wheat research and development. I have 
personally been involved in Pakistan wheat production for more 
than 25 years. I remember with special pride and fondness the 
mid-1960s, when the government of West Pakistan launched a 
massive effort to deliver improved wheat technologies to farmers. 
Research and extension officers worked side-by-side and hand-in
hand with farmers to test and demonstrate the new viheat 
production technology on several thousand test plots. The yield 
advantage quickly persuaded the farmers to adopt the 
recommended technology. 

National wheat production increased from 4 million tons in 
1965-66 to over 7 million tons by 1968-69, making Pakistan the 
first developing country in Asia to achieve self-sufficiency in wheat 
production. By 1969-70, more than 50% of all Pakistani wheat 
farmers (and a much higher percentage in irrigated areas) had 
adopted the new varieties and begun using chemical fertilizer and 
improved cultural practices. By the late 1980s, more than 80% of 
all farmers were using semidwarf wheat varieties and chemical 
fertilizers, and national production ranged between 12 and 14 
million tons annually. 

The often vitriolic criticism leveled against the Green Revolution 
continues to baffle me. First, if the wheat technology we 
introduced was not appropriate, why have tens of millions of 
farmers so enthusiastically adopted it? These technologies have 
clearly improved the farmer's standard of living and reduced his 
drudgery. The increased productivity of the new technologies has 
also lowered the real cost of a kilogram of wheat, a major benefit 
for low-income consumers. Obviously, it was and is unrealistic to 
assume that any single change in production technology could 
correct all of the social, economic and political inequities that had 
accumulated over centuries. 

The high-yielding varieties helped to make profitable a whole host 
of other technological improvements, including the use of 
chemical fertilizers, tubeweil irrigation, tractors and threshers. 
This, in turn, brought new jobs and skills to rural areas, especially 
in the irrigated areas of the Indus basin. Thousands of small 
foundries, machine shops, and farm service and supply businesses 
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sprung up to support a new, more productive agricultural sector. 
These businesses are staffed with metal workers, mechanics, 
electricians, and equipment operators--all new professions in 
agricultural areas. 

There were m'any heroes in Pakistan's wheat revolution. Foremost 
were the millions of farmers who discarded old traditional 
methods and enthuisiastically took tip the new technology. The 
active suppcit of President Ayub Khan was also crucial. President 
Khan frequently visited farmers' test plots throughout the country, 
and even grew demonstratioris on his own farm. Moreover, he 
had the vision, wisdom, and political courage to modify economic 
policies to foster rapid adoption of the new technology and, 
thereby, greatly increase food production. 

"he Minister ot Agriculture for West Pakistan, Mr. Malik Khuda 
[- ksh Bucha, also played a inivotal political role, putting his 
prestige and career on the iie to push ahead rapidly with the 
introduction of the new pi, duction package. It was Minister 
Khuda Baksh Bucha, with the able assistance of the late Amir 
Mohammed Khan (then Secretary of Agriculture), who set up the 
Accelerated Wheat Improvement Program, committed scarce 
foreign exchange to import wheat seed and fertilizer during the 
initial years, and convinced his government that agriculture must 
have a much higher priority in the natio-n's overall economic 
development plans. 

The wheat revolution's field cornmanders were S.A. Oureshi from 
the Punjab, M. A. Munshi from the Sind, M. Suleman Khan from 
the Northwest Frontier, and Ignacio Narvaez from Mexico. 
Together, these four individuals coordinated a massive farm 
demonstration campaign to introduce the high-yielding varieties 
and improved agronornic practices to Pakistani farmers in the 
shortest time possible. Finally, behind the scene Were the financial 
support of the Ford Foundation, the steady guiding hand of 
Haldore Hanson, the Foundation's country representative, and the 
wise counsel of Oddvar Arsvik, an agricultural economist, and 
Robert Havener, the agricultural program officer. 

In the 20 years since the Green Revolution began, the 
Government of Pakistan has continued building its research and 
extension services to meet the changing and growing demands of 
wheat producers. Many new research facilities have been 
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constructed, scores of Pakistani researchers have been awarded 
Ph.D degrees, and hundreds have earned M.Sc degrees. 

Pakistani wheat production is clearly in a post-Green Revolution 
stage. The initial yield gains obtained from the high-yielding

wheats and chernical fertilizers 
are now behind us. While national
yields have doubled, they could and should be doubled again. But 
because of poor agronomic practices, only 20-40% of the
maximurn genetic yield potential of the best avilable commercial 
varieties is being utilized by farmers. 

In my judgment, increased wheat productivity will come about
 
through improved crop management of the major rotations in
 
which wheat is grown. Those research administrators that are

looking for new miracle plants that produce fabulous yields even 
when grown under poor agronomic practices have a long wait 
ahead. Higher wheat yields will come from the integration of

improved practices in soil fertility, water management, land
 
preparation, stand establishment, weed control, and plant
 
protection.
 

I have been impressed with the no-till wheat trials sown after
 
basmati rice. This technology permits more timely planting and
 
overcomes the chronic problem 
of late sowing of wheat, which

results in a substantial decrease in yield. 
The tillage treatments on 
barani wheat land that break the hard pan, reduce run-off and
 
allow better rainfall percolation and greater depth of root

development, can also produce substantial yield gains in many

rainfed production environments. Finally, improved weed control 
and more balanced fertilizer treatments hold promise for increased 
yields and profitability in wheat production. 

I must caution that wheat research alone, no matter how well 
dlone, does not automatically lead to increased productivity on
farmers' fields. Both institutional and individual "integrators" are 
needed to link research and production into an effective 
technology generation system, if improved technologies are to 
reach farmers. 

I applaud the achievernents of Pakistani wheat research but warn 
my colleagues that we cannot afford to become complacent.
During the past few years, yield increases have faltered and 
national production has :eveled off. The consequence has been 
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rising wheat imports. In contrast, Inaia has continued to 
experience increasing average yields and new records in national 
production. 

We agricultural scientists have a moral and professional 
responsibility that goes beyond our experiments. We also have an 
obligation to make our case with political leaders so that advances 
in re3earch are brought to fruition on farmers' fields. 

We have the knowledge to increase wheat yields by 50 to 100% 
in most environments, with accepted levels ot risk. But failures in 
the technology delivery system have kept yields unnecessarily low 
in most wheat-growing areas. I believe that private enterprise can 
play a much greater role in the future in getting improved 
technology to the farmer. 

I would be remiss if I did not urge the government of Pakistan to 
come, to grips with the worsening waterlogging and 
alkalinity/salinity problems resulting from the lack of an adequate 
drainage systerri in the Indus irrigation system. The productivity of 
untold hundreds of thousands of hectares is already seriously 
affected, and the area affected continues to increase. To ignore 
the situation invites disaster. Asking plant breeders to develop 
varieties with a high level of tolerance to waterlogging and 
alkalinity/salinity is not a viable sclution. This is first and foremost 
an engineering problem and must be dealt with accordingly. 

El Batan, Mexico December 1, 1988 
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Preface
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Secto anrJ idr tIfies key Clevelopin(-rits that hav( conti.buted to
Pakistan's wheat rev uItroro It provides a comparisoni of the
wheat economy betvveen 1967 anl 1987 arid identifies the major
factors responsible fer its growth ind dove iorut The evoiution
and contributions of th(- national wheat [esearch systenm are 
traced forward, star:ing with colonial ties, 

The epofrt en-s with a SUmmary of [ecerut wheat research -lata 
for the major crop rotations in which it is grown and provides the 
cileiu best rcorrriendations for fncr leasing raiiat'nl wheat
 
proiductivity if the rear-term Theiler(t erirl 
 with commrirents
about Pakistarn's irslitUtional franiwoilk for , heat research, and 
suggests ways this systeerr mght he fturther str engche d 

Special atterntion is also gVen to the collaor,'Hion belween
 
Pakistan's wheat 
 resear ;h rnistitutiris arid Iw Interniatioral Maize 
,1rrd Wreat Imlf)ovecitIent CIIntr (CIMMYT) This 25-year 
partnership- and hlncspecial piace occupied by screntist NormanE. Borlaug is one of the remost icl ye ei;a >upiesO f
 
internationall research coopeiatien
 

The report was conmuissionied bn/ the Pakistan Agricultural

Research Council (PARC), the Internatiorial Maize and Wheat
 
Irriovenriet C(erutn, (CIMMyT), 
 and the United StaLos Agency for
International Development (ILiSAID) as part of the PARC/CIMMYT

Collaborative 
Matie arid Wheat Program. Mr. Christopher R. 
Dowswell, former Head of CIMMY-I's Information Services and

currently a consultant in agricultural comrn iucations, 
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cominissiorned to prepare the report. We congratulate Mi.
Dowsv'ell for an absorbirrg account of a multidimensioral story of 
wheal rie'trclh and development 

Dr. Amir Muhammed Dr. D.L. Winkelmann 
PARC CIMMYT 
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CHAPTER ONE 

Agriculture in Pakistan 

A Nation of Farmers 
Agriculture has always been the most important sector of
Pakistan's economy. At the time of independence ;n 1947, the
agricultural sector accounted for 52% of GDP. In 1987, this 
sector still accounted for 26% of GDP and 30% of the export
earnings (even higher if thread and cloth are included). 

Seventy percent of Pakistan's 100 million people live in rural areaswhere most gain their livelihood from agriculture related activities.
The Punjab province is home for 56% of the population, with theSind province for 22%, ar,d the Northwest Frontier Province 
(NA'FP)for 13% (Table 1). Approximately 50% of the totalnational labor force (66% at the time of independence) is directly
engaged in agriculture, and many more indirectly. Despite the
decline in relative size of the agricultural v.orkforce, it hasincreased in absolute terms by 43% between 1970 and 1985; 15
million people of the economically active population are engaged
in agriculture. 

Table 1. Population Statistics, Pakistan. 1987 

Rural asProvince Population % total Rural * total 
(000) (000) 

Punjab 56, 170 56 42,183 75Si-d 22,480 22 12,364 55NWFP 13,*70 13 11,195 85Baluchistan 6,170 6 5,245 85FATA* 2,690 3 2,640 100Islamabad 425 0.4 158 35Pakistan 101,080 100 70,756 70 
. Federa!ly Aarnii:tered Tibal Areas 

Source Governm nrt ol Pakistan's Fa:ts & Figures, 1983-84 (estimated 1987
pr.ptJhition extrapol.itel fiorntnese data) 

Land and Water Resources 
Pakistan has a total land area of 79.1 million hectares. Of this
total, 19.8 million ha are classified as cropped area (Table 2). The
estimated net alea sown to crops is 15.4 million ha, and 4.4
million ha are cropped more than once annually. Seventy percent
of the cropped area is in the Punjab. Seventy nine percent of all 
cropped land is irrigated. 



Table 2. Cropped Area of Pakistan, by Province 

Province 
Cropped Area 

('000 ha) 
Hectares 

Per capita 
Percent 
Irrigated 

Punjab 13,480 0.21 83 
Sind 3,720 0.25 85 
NWFP 1,950 0.14 42 
Baluchistan 640 0 24 80 
Pakistan 19,790 0 20 79 

SOLuic AqrWcilhurai Statistics o Pikistatt. 1986 

Nearly 70% of Pakistan's agricultural area is located in the basin 
formed by the Indus river and four major tributaries (Jhelum, 
Chenab, Sutlej, Ravi). Since rainfall is generally not sufficient for 
agriculture on the Indus plains, an elaborate system of irrigation 
has been built, primarily over the last 100 years This system 
today consists of 68,000 km of canals and 225,000 tubewells. In 
the crop year 1983-84, it provided approximately 60 million acre 
feet (rn.a.f.) during the summer (Kharif) season and 43 m.a.f. 
(Table 6, page 5) during the winter (Rabi) season. 

An additional 4 million ha of land are in rainfed (Barani) 
agricultural production in the high plains of northern Punjab, the 
foothills and mountain valleys of NWFP, some areas west of the 
Indus river, and in lower oortions of the Sind Province. These 
areas can be further classified into high and low rainfall zones. 
Areas with rainfall above 500 mm cover 1.65 million ha and 
generally support dependable cropping. Areas with 300 to 500 
mm of moisture cover another 850,000 ha. An additonal 1.5 
million ha are in torrent flood and riverain .ieas. These are low
intensity and/or low-yielding areas that support wheat production 
through either runoff or residual moisture. 

Farm Size 
Of the roughly 4 million farms in the country, 90% are less than 
10 ha in size, 74% are less than 5 ha, and 34% are smaller than 
2 ha (Table 3). Despite the number of small landholders, 36% of 
the cultivated area is located on farms larger than 10 ha, which 
comprise only 9% of the total number of Pakistan's farms. 



Table 3. Number and Cultivated Area of Private Farms 

p(h), $rsiTtl As Total 9
 
(million'I..(vllo
 

Under2 1.4 34 1.2 8 0.9
2 to 4.99 1.6 40 304.8 3.0
5 to 9.99 0.7 17 41 26 5.9 
10 to 19.99 0.3 6 28 18 9.3
20 to 59.99 0.1 3 2.0 13 28.0 
over 60 0.01 -- 09 6 900 

Total 4.1 15.8100 101 3.9 

Source National Census, 1980 

Crop Production 
Crop production accounts for about 70% of the gross agricultural
product, with livestock the remaining 30% (approximately 15% of 
the cropped a:ea, 3 million ha, is also used for lodder
 
production). A large number 
 of crops are grown, the pincpal

ones being wheat, cotton, rice, suqarcau;, maize, and girm

(Table 4). The first three- cotton and rice
wheat, account for
 
over two-thirds of the annual cropped area (excludirng fodders)

and more than 60% of the value added in crop production.
 

Table 4. Major Crops in Pakistan by Area and Value Added, 
1985-86 

Crp Area IA 

Wheat 42.5 33.3
Cotton 13.1 14.5
Rice 11.7 13.2
Sugarcane 5.3 12.3
Maize 4.3 2.5 
Gram 5.9 1.4 
Others 16.8 22.6 

Source: Harnid et al , 1987 

There are two primary seasons for crop production; the moonsoon 
Kharif season, from June to October, and the lower-rainfall winter 
Rabi season, from October to May. Each season has distinctly 



different climutes and produces distinctly different crops (Table 5). 
Wheat is the dominant crop during the Rabi season, accounting
for 69% of the total cropped area. Excluding fallow areas, wheat 
is grown on 80% of thle actual cropped area during the Rabi 
season (Byerlee et al., 1986). In the Kharif season-Pakistan's 
most profitable and highest value added season-the main crops 
are cotton, rice and sugarcane. These are collectively produced 
on 61% of the total crop area. 

Table 5. Major Crops in Pakistan by Season and Farm Size 

Summer Winter 
Khardf Season, Rabi Season 

Farm Sugar-
Size Rice Cotton Cane Maize Wheat Pulses 

% area 

All farms 26 27 8 6 69 13 
< 5 ha 29 26 8 10 73 17 
>10 ha 22 30 7 3 63 13 

Source Agricultural Statistics of Pakistan, 1986 

Agricultural Development Stages 
Pakistan has adopted various development strategies over its 
40-year history. Initially, in the desire to encourage 
industrialization the government adopted policies that 
discriminated against agriculture and which led to the stagnation 
of this sector. By the late 1950s, the former breadbasket of 
British India had become a net importer of wheat, relying on 
concessionary PL 480 wheat ourchases from the U.S. government 
and Canadian imports to feeu its population. 

.he war with India in September 1965 resulted in U.S. sanctions 
which suspended PL 480 shipments and highlighted the hazards 
of import dependence for such a vital food grain. Drought during 
the 1965-66 season added to n.Jonal deficits in wheat. In 
1966-67, the country had to import 1.2 million tons of wheat and 
in 1967-68, 1.5 million tons. Even with these imports, there was 
a decline in per capita availability of wheat, an increase in real 
prices, and a decline in general nutritional levels. To reverse this 
crisis situation, the government increased its expenditures in the 
1960s on irrigation, agricultural credit, and modern inputs such as 
fertilizer. 
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International aid agencies have played an important role in the
modernization of Pakistani agriculture. During the 1950s and early
1960s, the Food and Agriculture Organization (FAO) was actively
involved in the introduction and transfer of fertilizer use 
technology. Between 1967 and 1980, the Ford Foundation 
provided strategic funds for stationing resident advisors in wheat,
maize and rice research and for grac ite student training of future 
research leaders. Since the late 1061s, the major donor in 
agricultural development has been USAID, which has funded large
portions of national development budgets for irrigation, salinity
control and land reclamation, energy generation, and the 
strengthening of federal and provincial research systems. U.S. 
PL480 Rupee grant funds have had an important catalytic effect 
for many research initiatives at provincial and federai institutions. 
The World Bank has also provided substantial grant funds to help
expand national agricultural research and extension systems and 
create national industries to produce inputs such as fertilizer and
 
seed.
 

Water Resource Development 
During the 1960s and 1970s, surface irrigation was substantially

expanded through the construction of an elaborate system of link
 
canals and the Tarbela and Mangla dams. The profitability of
 
production based on the new, high-yielding wheat and rice
 
varieties, among other crops, spurred 
a 20-fold increase in the
 
number of private and public tubewells, which have helped to
 
triple water availability at the farm gate during the wheat-growing
 
Rabi season (Table 6).
 

Table 6. 	 Irrigation Water Availability during the Winter (Rabi)

Season, by Source of Water
 

Tubewells 
Crop year Canals Public Private Total.' 

(000,000 of acrefeet) 

1960-71 15.7 0.2 0.7 16.6
1970-71 15.9 2.2 6.6 24.7
1980-81 22.7 3.7 12.6 39.0
1985-86 22.4 5.4 14.2 42.0
1986-87* 25.5 5.4 14.6 45.5 

Unpiblished da!a of Ministry of Food and Agriculture 

Source: Agricultural Statistics of Pakistan, 1986 



The additional water from tubewells has resulted in much higher 
cropping intensity and given farmers much greater control over 
the timing and application of water, leading to a rapid increase in 
their numbers: from 8,000 in 1960-61 to 90,000 in 1970-71, to 
over 225,000 in 1985-86. Since 1980, annual tubewell 
installation has declined, as the most profitable sites have already 
been exploited. Even so, it is estimated by WAPDA that 78% of 
the ultimate groundwater potential is currently being exploited 
(Hamid et al., 1987). As much as 50% of the total supply, 
however, is being wasted between the canal head and the farm 
gate, providing considerable scope for improved on-farm water 
management as well as expansion in the area under irrigation. 

Fertilizer Sector Development 
In 1959, the FAO-sponsored Rapid Soil Fertility Project helped to 
introduce and popularize the use of chemical fertilizers. Large
scale farmers were the first to start using nitrogenous chemical 
fertilizers, qUickly followed by smaller landholders. In recent years, 
larger quantities of phosphatic fertilizers are also being used. On 
the whole, nutrient use has increased more than 20-fold since 
1965, and today virtually all Pakistani farmers use chemical 
fertilizers on some crops (Table 7). 

Initially, the government of Pakistan relied on massive fertilizer 
imports to launch the "Green Revolution." With the expansion in 
national capacity fur nitrogen fertilizer production, imports have 
changed in composition in recent years. The addition of new 
nitrogen fertilizer plants in 1980 and 1983 have resulted in the 
country being essentially self-sufficient and even exporting small 
amounts of urea. The major imports are in phosphatic fertilizers. 

The installed fertilizer production capacity ot Pakistan has 
increased from 21,000 nutrient tons in 1958 to over 1.2 million 
nutrient tons in 1986, with 90% of this capacity devoted to 
nitrogenous fertilizer production (Table 7). The National Fertilizer 
Corporation is the primary producer. Major development in 
nitrogenous fertilizer manufacturing occurred in the late 1960s 
and early 1970s, and again in the late 1970s and early 1 s. 



Table 7. Fertilizer Imports and Production in Pakistan 

Ntrogen Phoephww pqt8~*m
Cf0P YOa Imports Prod.r Imxort Prod. mIrpos NtIS 

.000 nutdentrtons 

1965-66 23 47 0.5 1 0 721970-71 108 129 37 55 283
"1975-76 /4 317 109 11 0 5111980-81 322 582 231 2158 1,2141985-86 84 1,035 207 93 40 1,4591986-87. 135 1,119 341 93 46 1,734 

Unpublished data of Ministry of Food and Agriculture 

Source: Agricultural Statistics of Pakistan, 1986 

A considerable subsidy has promoted fertilizer use arrong farmers 
;or the past 20 years. This subsidy reached its peak luring the 
Fifth Five-Year Plan, 1978-83, accounting for half of he 
agricultural budget. In the Sixth Five-Year Plan, 1983-8d, the 
stated objective is to remove the subsidy. This has already been 
done for nitrogen fertilizers and is gradually occurring in the case 
of phosphate fertilizers. 

Mechanization 
The rapid expansion of tubewells and the adoption of early
maturing, high-yielding varieties of wheat and rice (coarse grain)
permitted widespread double cropping in Pakistan. This cropping
intensification soon resulted in labor shortages during peak
demand periods, often when harvesting and planting periods
overlapped in the prevailing rotational patterns. Labor shortages 
were exacerbated by the emigration of 3 rilion Pakistani workers 
to higher paying jobs in the Middle East and by land reform 
measures that put pressure on absentee landlords to farm their 
underutilized holdings. 

By the 1970s, pressure from the farming community led the 
government to remove duties on imported tractors and ancillary
machinery, to offer loans with attractive terms to purchase such 
machinery, and to encourage foreign investment in local tractor 
production. The infrastructure or mechanics, workshops and fuel 



stations that developed to support tubewell operations also served 
the operational requirements of the tractor industry and thus 
helped to encourage its rapid growth (Table 8). 

Table 8. 	 Number of Tractors and Threshers in Pakistan in Relation 
to Cultivated Wheat Area 

Crop 	 Tractor Area/ Threchers Areal-year Wheat Area No. tractor No. thresher 
'000 ha '000 (ha) "000 via) 

1960-61 4,639 4.2 1,105 0 N.A 
1970-71 5,978 20 2 296 2.0 2,989
1980-81 6,982 97.4 71 36.6 196 
1985-86 7,401 189.8 39 57.0" 129 

. estimate provided by industry manufacturers 

Source: Mustaia et al., 1984; Agricultural Statistics of Pakistan, 1986 

The use of tractors first began on the irrigated farms of the Sind 
and Punjab provinces, and later spread to the barani areas in the 
northern part of the country. Between 1960 and 1985, the 
number of tractors in use grew from 4,000 to 190,000. Today, 
tractor power is the primary source for land preparation on 75% 
of all farms. Tractors, along with the ubiquitous Suzuki mini
vehicle, have also played a very important role in local 
transportation. With a trolley trailer hitched on the back, the 
tractor is the primary local transport for fertilizer, grain and 
livestock. 

The old wheat-threshing methods of hand and bullock have given 
way to machinery, which accounts for 97% of all the wheat 
threshing. Approximately 57,000 tractor driven stationary 
threshers, produced by hundreds of relatively small machine shops 
and foundries, are in use throughout the country. In recent years,
importation has begun of 'elf-propelled combines for rice and 
wheat harvesting. It is estimated that between 850 anid 950 
combines were in operation in 1986-87, harvesting over 100,000 
ha of wheat. Easy -redit is being supplied by ADBP to purchase 
these machines, and custom combine services are charging less 
to cut and thresh wheat than :t would cost with hand methods 
(Smale, 1987). For the larger production units, combine 
harvesting is likely to increase in future years. However, the small 
size of many farm fields may limit the spread of such machinery. 
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The National Agricultural Research System
Starting from a meagre inheritance of research facilities after 
partition in 1947, the agricultural research infrastructure in 
Pakistan has grown cornsidprab!,, over the past 30 years. (Wahid,
1982). Today, it is a mixed federal-provincial research system that 
includes nearly 50 research institutions and over 125 experiment
stations, three agricultural universities, and a half-dozen 
agricultural colleges and specialized training schools (PARC,
1986). 

In 1984, approximately 0.4% of agriculturai GDP was spent on 
rese.-ich in Pakistan, compared with 1 7% in the USA INagy,
1984). Most agricultural research is conducted by provincial
organizations, although the federal research system has been the 
strongest growth area during the past decade. In the I 980s,
PARC has become the main federal body for agricultural research 
coordination and support. 

There are approximately 4,500 sanctioned positions for 
professonais in the agricultural sciences in Pakistan iP ,ARC,
1986). Of these posts, approximately 3,600 are filled by some 
300 Ph.Ds, 2,200 MScs and 1,100 BScs. Eighty percent of these 
posts are located at research institutes, primarily in the provinces,
and the remaining 20% are in the agricultural universities. Among
this pool of agricultural scientists, perhaps 20-25% are engaged
in research or teaching related tc wheat production. 

Extension Education and Technology Transfer Programs
Agricultural extension in Pakistan is a provincial responsibility. The 
effectiveness of the extension service as an agent of agricultural
change it is still very low. In theory, the extension service is the
intermediary between the research system and farmers, getting
information to the latter, and providing feedback on farmers' 
problems to the former. However, in practice the first set of 
linkages is weak and the secono non-existent. PARC has 
attempted to strengthen technology linkages between research 
and extension organizations through its Crop Maximization 
Program in wheat, rice and maize, and through its Barani 
Agricultural Development Project (BARD) in northern Punjab,
Islamabad Capital Territory, and southern NWFP. However, the 
ties between research and extension remain tenuous. 
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The Performance of the Wheat Economy
 

Pakistan is one o the top 10 producers of wheat in the world, 
accounting for approximately 2% of the global wheat supply 
(Table 9). Among the major producers, Pakistan has the third 
highest growth rates in yield and production over the past 20 
years. Wheat is produced throughout most of Pakistan on 7.4 
million hectares (ha; during the winter Rabi season (Figure 1 ). Of 
this total area, nearly 6.0 million ha are irrigated and about 1.4 
million ha are rainfed. Wheat is by far the most important crop in 
the country, claiming three times the area and twice the value
 
added share of the next two crops, cotton and rice, which are
 
Pakistan's two main export earners.
 

Table 9. World's Top 10 Wheat-Producing Countries 

K 1984-86,
;Average Annual %Ana 3p' l 

. Production Wor4d 8i 5 .ed 

China 87.9 17 6.3 7.2
USSR 79.7 15 2.3 1.0
EEC 10 69.6 13 3.2 3.4 
USA 64.5 12 1.7 3 1
India 45.5 9 3.8 6.6 
Canada 25.8 5 1.4 2.4
Turkey 17.8 3 2.6 3.4 
Australia 1-7.2 3 0.9 3.4
Pakistan 12.2 2 3.2 5.0
Argentina 10.4 2 1.0 1.5 

Source FAO Productl(,n Data Tapes 

With the expansion in irriqated area, the cropping intensity in
 
wheat-growing areas 
of Pakistan has increased considerably
 
during the past 
20 years, and wheat today generally forms part of 
a multiple-crop rotation. The major cropping patterns are 
cotton/wheat and rice/wheat rotations, which respectively account 
for 37 and 21% of the total national wheat area. Maize/wheat 
rotations are important in the NWFP and central Punjab. Wheat 
grown in rotation with sugarcane, pulses and fallow is also 
important. 

Uses of Wheat 
Wheal is tl,e staple food grain of Pakistan, supplying 72% of the 
calories and protein in the average diet, principally in the form of 



Figure 1. Wheat Production Areas of Pakistan 

chappati and nan, two unleavened bread products. Per capita 
wheat consumption, at 120 kg a year, is among the highest in 
the world. Consumer preference is for a white or amber grain 
color, with reasonable hardness for enhanced storability. High 
gluten strength is preferred, since it results in more elastic dough, 
a property that helps preserve freshness in the baked products. 
Higher water-absorbing capacity is also preferred since It permits 
thinner and more numeroLjs chappatis to a given amount of flour. 

The wheat straw-or bhusa--is also very important as a fodder. 
Although not officially sanctioned, it is estimated that 5 to 10% of 
the wheat harvest (depending on the year and relative prices) is 
also utilized as feed grain (usually lower quality grades). This 
percentage has increased sharply in recent years, as per capita 
consumption of poultry, meat and eggs has grown, and because 
wheat is cheaper than alternative feed-grain substitutes. 
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Changes in Production 
Pakistan has achieved remarkable progress in the development of 
its wheat-producing sector during the past 20 years. In 1964-65,
Pakistani wheat varieties were tall genotypes with excellent milling
and baking quality but with high levels of leaf-rust susceptibility.
Moreover, mainly because of their tall, weak sterns, they could 
riot be fertilized above 50 kg of N per hectare, which placed an 
effective 2.5-to-3 t/ha ceiling on yield potential. Commercial 
yields, however, were generally under 1 t/ha with less than 10 
kg/ha of fertilizer (almost exclusively nitrogen) the norm. 

The widespread introduction in 1966-67 of the high-yielding,
 
semidwarf varieties (HYVs) from Mexico, together with increased
 
fertilizer use, 
 the adoption of better agronomic practices and new 
price support policies launched the Green Revolution in Pakistan. 
The result was a nearly three-fold increase in wheat production, 
fofm 4.3 to approximately 12.5 million tons per cycle, between 
1965 and 1987 (Figure 2). This represents a 5.5% rate of gain 

per year, considerably ahead of the population growth rate of
 
3.4% per year during this same period.
 

F idution 

Irriiiated 

Is 

Sources: PAFRC Statistical Bulletin or. Wheat in Pakistan, 1983; 
Agricultural Statistics of Pakistan, 1986 

Figure 2. Wheat Production in Pakistan, by Type of Moisture 

Regime 

13 



Pakistan's increasing wheat harvests have boosted per capita 
grain availability 50%, from 80 kg/person in 1964-65 to 120 
kg/p3rson in 1986-87. Although production has continued on a 
general upward trend, major year-to-year variations in production
have occurred due to inclement weather, disease epidemics, and 
discriminatory public policies (e.g., the reduction in the fertilizer 
subsidy). Since 1983-84, national production has been between 
11 and 14 million tons. 

Changes in Area 
Over the past 20 yaars, the area devoted to wheat cultivation in 
Pakistan has expanded at a rate of 1.8% a year, increasing from 
roughly 5.3 million ha in 1966-67 to 7.4 million ha in 1985-86 
(Figure 3). Since 1970-71, virtually all of the new wheat area has 
been in the 'irrigated' category which has increased 35%. In 
contrast, rainfed production zones have declined 8% to 1.45 
million ha. 

al rrl 

Rifled 

Source: PARC Statistical Bulletin on Wheat ;n Pakistan, 1983;
Agricultural Statistics of Pakistan, 1986 

Figure 3. Wheat Area in Pakistan 
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The Punjab Province, with 5.3 million ha planted to wheat, is 
overwhelmingly dominant in the wheat economy, accounting for 
72% of the national area (Table 10). During the past 15 years,
the total area planted to wheat in the Punjab has increased 22%, 
or roughly 1 million ha. However, irrigated wheat area in the 
Punjab has increased 30%, or about 1 1 million ha, while the 
rainfed area has declined 16%, or mote than 150,000 ha. 

In the Sind Province, roughly 1 million ha are planted to wheat. 
During the past 15 years, the total wheat area has increased 
23%, or 200,000 ha. During this period, the irrigated area 
increased 40% while the rainfed area declined 69%. 

In the NWFP, nearly 800,000 ha are planted to wheat. During the 
past 15 years, the total area planted to wheat has increased 33%,
with equal rates of growth in both the irrigated and rainfed areas. 

In the Baluchistan Province, some 250,000 ha of wheat are 
grown. During the past 15 years, the total area planted to wheat 
has increased 54%, almost exclusively due to expansions in 
irrigated area, which has nearly doubled. 

Another 100,000 ha of wheat is grown in the State of AJK and in 
the Federally Administered Tribal Areas (FATA). Little information 
on moisture regimes is available for these areas, although 
irrigation is generally required for cultivation. 

Changes in Yields 
Before the introduction of HYVs, national wheat yields averaged
about 0.8 t/ha. Over the past 20 years, farmers have improved 

Table 10. Changes in Irrigated and Rainfed Wheat Area, by
Province 

Provin. 
1970-711958 

IrrfRf . Total Irr. anTtp 

000, ha, 
Punjab 
Sind 
NWFP 
Baluch. 

3,381 
707 
230 

89 

1,009 
130 
360 

72 

4,390 
837 
590 
161 

4,494 
991 
305 
172 

849 
40 

477 
76 

5,343 
1,031 

782 
248 

+30 
+40 
+33 
+93 

16 
69 

+33 
+ 6 

+22 
+23 
+33 
+54 

Total 4,406 1,571 5,977 5,962 1,441 7,403 +35 - 8 +24 

Source: Agricultural Statistics of Pakistan, 1986 
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this figure by 142%. During the early period of HYV 
adoption-1967 to 197 6--yields grew at the rapid rate of 5.85% 
a year. In more recent years-1977 to 1986-as the proportion of 
faimers using HYVs has exceeded 90%, the growth in ields has 
slowed to 2.91% a year (Figure 4). 

Considerable variation still occurs in average wheat yields from 
year to year. In 1970-71 and 1977-78, leaf rust epidemics 
caused temporary yield depressions. In 1981-82 and 1986-87, 
high rainfall and flooding during harvesting reduced yields. In 
1983-84 and 1984-85, drought and high temperatures at 
flowering and grain filling depressed yields. During 1985-86, the 
nation's wheat farmers obtained an average yield of 1.9 t/ha (2.1 
t/ha in irrigated areas and 1.0 t/ha in rainfed areas). The 1986-87 
wheat season saw drought and heat stress during grain filling and 
heavy rains and flooding during harvest time which caused 
considerable grain damage in irrigated areas. On th, other hand, 
yields in rainfed areas were generally better than rcrrnal due to 
the higher rainfall. Overall, the average national yield was 1.6 

-,0PgV-atiora1 

awl Aerage 

R nfedc 

Figure 4. Wheat Yield in Pakistan, by Type of Moisture Regime 
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t/ha, with the average yield in the irrigated areas dropping to 1.8 
t/ha and the average yield in rainfed areas climbing to 1.2 t/ha.
Pakistan's wheat research establishment has released a continuing 
stream of improved HYVs with higher yield potential and other
 
superior characteristics for irrigated and rainfed areas. 
 Breeders 
have achieved an approximately 1% increase per year in varietal 
yield potential during the past 20 years. (Byerlee and Heisey,
1989). This means the latest varieties released today have a 
15-20% yield advantage over the original HYVs released 
originally. Despite this yield advantage, the changeover from older 
to newer HYVs has been slower in Pakistan than in other 
countries with similar production environments. (This issue is 
discussed further in Chaptet Six.) This situation conrasts with 
Mexico and India, countries where farmers change varieties every 
3 to 5 years. 

Expansion in Fertilizer Use 
One of the key decisions made in Pakistan during the early testing
of the new semidwarf wheat varieties was to encourage heavy
applications of fertilizer (120 kg of N; 35 kg of P) through 
subsidized prices. While the official dosage recommendations
 
were rarely followed by the farmer, progressively larger amounts
 
of fertilizer 
 have been applied over time (Table 11). Initiaily, only

nitrogenous fertilizers were used. However, in recent years, the
 
demand for phosphate fertilizers has greatly increased. The
 
average fertilizer application on wheat for the country is 
 110 
kg/ha of total nutrients, with higher dosages in irrigated areas and 
lower ones in rainfed zones. The current average N:P ratio for 
wheat is 3:1, compared with 8:1 in 1970-71. 

Table 11. Fertilizer Use on Wheat 

WheatCrop N P K Total Area Nutrients'Year ('000 tons of nutrients) '000 ha kg/ha 

1965-66 3 - 30 5,155 5.4
1970-71 88 13 - 101 5,978 16.91975-76 213 152 266 6,111 43.5
1980-81 405 109 5 519 6,981 72.2
1984-85 491 12153 656 7,259 90.4
1985-86" 571 
 187 18 776 7,403 104.8

1986-87' 637 20
198 855 7,706 111.0
 

Unpublished data of Ministry of Food and Agriculture 
Sources. PARC Statistical Bulletin on Wheat in Pakistan, 1983; Agricultural
Statistics of Pakistan, 1986 
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Adoption of High-Yielding Varieties 
The use of high-yielding, fertilizer-responsive semidwarf wheat 
varieties has spread dramatically o\.er the past 20 years 
(Dalrymple, 1986). HYVs were first adopted in the irrigated areas 
of the Punjab and Sind provinces. Within four years of 
introduction, half of the national wheat area was planted to 
semidwarf HYVs. Today, these genotypes are grown on 91% of 
all wheat land (Figure 5). It took another 10 years for significant
HYV adoption to occur in the raini, d areas. In 1970-11, only 
15% of the rainfed areas were planted to HYVs, compared with 
65% in the irrigated areas. HYV use in rainfed areas remained 
low until the mid-1970s, when increased availability of fertilizers 
together with disease epidemics and crop failures finally induced 
farmers to switch to the semidwarf varieties. By 1980-81, 50% of 
the rainfed areas were planted to HYVs; in1986-87, this figure 
was closer to 70%. 

YV S mid arf 

Soirces: PARC Statistica! Bulletin on Wheat in Pakistan, 1983; 

Agricultural Statistics of Pakistan, 1986 

Figure 5. Pakistan's Total Wheat Area Occupied by HYVs 

Seed Industry Development 
Pakistan's wheat seed industry dates back to colonial times, when 
government farms were established to multiply seed of wheat, 
cotton and several other crops. As with other self-pollinated 
crops, wheat seed can be saved by the farrr, with little change
in genetic make-up or yield potential. New commercial seed 
purchases, therefore, are only necessary when a new variety is 
adopted. 
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To speed up the adoption of HYVs in Pakistan in the mid 1960s,
massive amounts of seed were imported from Mexico. In total, 
some 50,000 tons of HYV seed were purchased between 1965 
and 1968. At the same time, plans were made to develop the 
national seed industry to supply the requirements for HYV seed. 
This task is a provincial responsibility and was first assigned (as 
were fertilizer imports and distribution) to the Agricultural
Development Corporation (ADC) of West Pakistan, which never
 
became an effective seed producer. 
 After the separation of
 
Bangladesh, the ADC 
was dissolved and seed production and 
distribution were taken over by the new provincial governments.
In the Punjab province, seed industry activities were assumed by
the Punjab Agricultural Development & Supply Corporation (PAD & 
SC). This seed producer had greater success than the ADC. 

In 1976, a n,ijor seed industry project was designed and
 
implemented with the financial and technical assistance of the
 
World Bank. A new National Seed Law wa6 enacted also in that
 
year, establishing the framework for a modern seed 
 industry.

Standards for seed certification were to be set by the federal
 
government, while the Provinces were 
given the responsibility of
 
naming and releasing varieties for commercial use and producing

seed for sale to farmers. As part of the project, the Punjab Seed
 
Corporation (PSC)and the Sind Seed Corporation (SSC)wer 
established. Of the two, the PSC is dominant, producing 10 times 
more seed than the SSC (Table 12). 

Table 12. Provincial Distribution of HYV Wheat Seed 

Croplear. Punjab; Sind. Naluchilsta:i Tcta 

-000 tons. 

1970-71 5.4 1.8 0.9 0.3

1972-73 5.0 0.9 1.2 

8.3
 
2.7 9.9


1974-75 11.3 1.0 1.01.6 15.3
1976-77 44.5 2.1 2.6 1.6 50.8

1978-79 22.2 3.6 3.0 1.1 29.8
1980-81 43.9 3.6 1.8 0.9 50.1
1982-83 41.4 4.4 0.23.1 49.1
1984-85 48.5 4.2 3.0 1.3 57.1
1986-87 35.2 3.1 3.0 0.6 41.9 

unpublished data of Ministry of Food and Agriculture 

Source: Agricultural Statistcs of Pakistan, 1986 
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These two public-sectr',r ornorations originally organized the three 
primary steps of the production process in the following way: pre
basic seed was produced by the research institutes, basic seed on 
the Corporation's seed farms, and certified seed production by 
registered contract growers. Because the quantity of pre-basic 
seed coming from tne agricultural research institutions was 
insufficient, the PSC in recent years has don,- most of the pre
basic seed production, in close cooperatiot, with the Ayub 
Agricultural Research Institute (AARI) Wheat iesearch Institute 
staff. 

The SSC still has problems of quality control (the seed of different 
varieties tend: to get mixed at the processing plants). Neither 
seed corporation produces sufficient seed of new varieties to 
ensure an orderly switch from the non-recommended commercial 
varieties currently in use. Seed distribution at the local ::,el is 
especially inadequate, despite the existence of an exter ive 
network of rural supply outlets for other inputs, such as fertilizer, 
A major problem identified by seed dealers is the low r;-ofit 
margin allowed by the government for wheat seed. This is about 
4.5%, compared to the 18% that dealers make on fertilizer sales 
(Chaudhry and Heisey, 1987). It is thus little wonder that seed 
distribution is ineffective, given the lack of incentive for tying up 
operating capital in wheat seed production. 

Marketing System 
Pakistan's wheat marketing system has been strengthened 
through improvements in the infrastructure for storage, milling, 
and distribution. Government procurement nearly tripled from 
1970 to 1987 (Table 13). The national food corporation used to 

Table 13. Government Procurement of Wheat 

Crop Procurement % Total 
Year Punjab Sind NWFP Baluchistan Total Produc

tion 
'000 tons 

1970-71 827 190 1 - 1,107 16 
1975-76 894 333 1 8 1,236 27 
1980-81 2,362 552 24 17 2,955 35 
1985-86 4,102 816 68 50 5,036 36 
1986-87 2,936 968 37 27 3,968 33 

Unpubhshed data of Ministry of Food and Agr-culture 

Source Agricultural Siaristics of Pakistan. 1980 
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market wheat grain at subsidized rates through government ration 
shops. While subsidies have persisted, the ration shops were 
discontinued in 1986. 

Storage capacity has increased dramatically from under 1 million 
tons iii the mid 1960s to 4 0 million tons in 1984-85 (Table 14).
The rucsi s~gnificant expansion occurred in federal storage 
capacit\, relectirg program s to prov;Jc f,ci r r u, 
population of Atghan refugees. Additional storage capacity is still 
needed, however, if Pakistan is to supply consure dernand 
exclusively from dornestic production and reserves 

Table 14. Government Wheat Storage Capacity 
Crop Storage Capacity Fed-
Year Punjab Sind NWFP Baluchistan oral Total 

'000 tons 
1978-79 1,076 402 1,15 73 90 1,786
1980-81 1,305 441 560 61 79 2,053
1982-83 i 972 561 303 85 429 3,350
1984-85 2,179 605 189 113 951 4,037
1985-86 2,610 /67 486 224 90 4,187 

UrLJnIlr,(r re it rrt o I-o( t (Iri, r i Aqr ikitr! 

SouLjri' A irrtctuiri! SrTm'it ' ,If i l t 98 

Price Policy 
Government wheat price policy has gone through several phases 
during the past 40 years and real prices have declined (Figure 6). 
In the first phase, the period up to 1966-67, the primary 
motivation behind wheat price policy was to provide cheap wheat 
to the urban coristiner This was achieved by importing wheat at 
an overvalued exchange rate (e.g., PL 480 concessionary sales, 
etc. ). Towards the end cf this period, the price discrimination 
against wheat production was lessened by large governmcnt 
investments in irrigation and subsidies on trie price of new inputs, 
such as chemical fertilizer (Hamid et al., 1987). However, 
although wheat production expanded, yield levels did not become 
appreciably higher until the introduction of the HYV seed-fertilizer 
technology in the late 1960s. 
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Source: Hamid et al., 1987 

Figure 6. Index of Real Price of Wheat in Pakistar 

In support of the Accelerated Wheat Improvement Program, the 
government procurement price for wheat was raised 25% just 
prior to planting in the 1967-68 season. Furthermore, the 
government announced its intention to defend the new price for a 
minimum of three years, an assurance that encouraged farmers to 
make additional investments in tubewells, fertilizers and other 
inputs. 

The second phase in price policy was the period of 1971-78, 
when the old mechanisms of discrimination were replaced by new 
ones: explicit taxes on agriculture, a government monopoly on 
cotton and rice exports, and a ban on wheat exports (Hamid et 
al., 1987). The oil shock and resulting worldwide inflation set off 
a domestic price spiral during the 1970s. Price policy again 
became a constraint on the growth of wheat production. 

The third phase covers the period from 1978 to date. The stated 
policy has been to move towards product and input prices that 
reflect the import parity of these commodities. In line with this 
policy, the government has eliminated the subsidy on pesticides 
and nitrogenous fertilizers manufactured locally, although imported 
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phosphatic fertilizers are still highly subsidized. During most of this 
period, price policy has been conducive to wheat production and 
increased productivity (Hamid et al., 1987). 

Trade 
Annual wheat imports have varied considerably (Figure 7). Until 
the introduction of the HYVs and the popularization of chemical 
fertilizer use, wheat imports were large and increasing. In 1967,
Pakistan was only producing 80% of its national wheat 
reqJirement. By 1969, it had again become self-sufficient. This 
self-sufficiency was short-lived, and by the early 1970s, imports 
were once more on the rise, surpassing 1 million tons by
1972-73. They continued to increase until 1976-77, when 
national production was nearly equal to the demand. However, 
the rust epidemic of 1977-78 led to imports of nearly 2 million 
tons in 1979, 20% of demand. From this all-time high, imports
have dropped, averaging less than 5% of demand during the 
1980-86 period. In second half of the 1980s, Pakistan has begun 
anew to import larger uantities of wheat, now amounting to 
roughly 10% of national demand. In 1985-86 and again in 
1987-88, 1.5 million tons a season were imported. 

Source: FAO Trada Data Tapes 

Figure 7. Wheat Imports in Pakistan 
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CHI
HIAPTER THREE 

The Evolution of Wheat Research
 

Agricultural research came of age in this century. By the early 
1900s, building upon recent discoveries in soil chemistry and 
physics, plant genetics, plant pathology arid entomalogy, many 
governments had established agricultural research services and 
experiment station,, where scientists could carry out their work 
under 'controlled' conditici)s. 

Breakthroughs were soon forthcoming in plant breeding, first with 
the development of hybrid maize, and later with high-yielding 
varieties of other crops. Mechanization, improved agronomy, and 
the advent of chemical fertilizers set the stage by the late 1930s 
for a dramatic take-off in crop yields, first in the USA, a little later 
inother temperate-zone regions, and more recently in the sub
tropics and tropics 

This chapter provides a brief historical overview of wheat research 
in Pakistan, beginning with the colonial period, from 1905 to 
1947. Next, wheat research in West Pakistan from 1947 to 
1963-before semidwarif varieties were introduced-is surveyed.
A more detailed ac.count is then provided of the period when 
semidwarf wheats from Mexico were introduced (1964-70). The 
post-1970 period, after the separation of Bangladesh, is divided 
into two parts: the early and mid 1970s, when there was little 
national coordination in wheat research, and Ihe period since 
1978, which has seen the rise of the Pakistan Agricultural
Research Council (PARC) as the major coordinating body for the 
nation's agricultural research system. 

Colonial Wheat Research Period 
British India was a pioneer in the development of organized
agricultural research. In 1905 it created the Punjab Department of 
Agriculture and in 1906 the Punjab Agricultural College and 
Research Institute at Lyallpur (now Faisalabad). This research and 
training complex was one of the premier agricultural institutions of 
Colonial India. 

In 1907, a botanical survey was conducted by the Punjab Board 
of Agriculture to collect and classify the available wheat landraces 
(Khan, 1987). From this survey 25 lar,draces were identified 
among three species of wheat. Selections from these landiaces 
were released to farmers as improved cultivars. In 1911 and 
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1913, respectively, the cultivars T9 and Ti1 were approved for 
general cultivation. In 1914, the econornic botanist R. D. Milne 
conducted another suivey of landraces. As a result of this work, 
the improved cultivar 8A was released in 1919 for commercial 
use. 

In 1926, the appoitmt ent of a cereal botanist at Lyallpur provided 
added stimulus for wheat improvement, and three varieties were 
released over the next eight years. A selection from a local 
landrace, 9D, was released for cultivation in 1932. In subsequent 
years, cross-breeding lechniques were used to h\'brndize varieties. 
The first variety, C518, a cross between T9 x 8A, was released to 
farmers in 1933; C591 was released the following year. Two 
additional varieties (sister lines) were released before partition: 
C228 in 1941 and C250 in 1944. 

The early Lyallpur wheat researchers provided Purijabi w.rmefrs 
with substantial benefits in the form of improved varieties 
throughout the first half of the 20th Century. These made the 
Punjab a major global granary, supplying Britain and many other 
countries with wheat (Table 15). While expansions in irrigated 
area accounted for about 75% of the total increase in output, the 
use of improved varieties of wheat, cotton, and sugarcane led to 
a 12% increase in yields on irrigated land and a 3% increase on 
unirrigated land, despite a drop in the yield of gram (Pray, 1,84). 

Table 15. Improved Tall Varieties Released in the Punjab 

Variety Year of Release Parentage 

T 9 1911 Selection 
T 11 1913 Selection 
8 A 1919 Selection 
9 D 1932 Selection 
C 518 1933 T9x8A 
C 591 1934 T9 x 8B 
C 228 1941 Hard Federation x 9D 
C 250 1944 Hard Federation x 9D 
C 271 1957 C 230 x IP 165 
C 273 1957 C 209 x C 591 

Source: Md. Aqil Khan. 1987 
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Pre-Semidwarf Variety Era in Natio'nal Research 
With the partition of Biitish India, much )f the colonial agricultural
research infrastructure was located in tei,'torv belonging to India. 
West Pakistan inherited the Punjab Ac7 ultural College and 
Research Station, the Veterinary Colle( ': i, Lahore, and one
provincial experiment station in each of the provinces of NWFP,
Sind and Baluchistan. A small agricultural college was also located 
in Peshawar. After partition, most wheat researchers--mainly
Hindus and Sikhs -- migrated from West Pakistan to India. This
 
resulted in ,, serious shortage of trained manpower 
for wheat
 
research iii the initil years after indeperdence.
 

During the first decade after independence, wheat breeding in the 
Purtjab continued to focus on grain quality and stem rust 
resistance. In 1957, two tall bread wheat varieties were released 
for commercial uses C271 (parentage: C230 x lP165) and C273 
(parentage: C209 x C591 ). These varieties had hard, vitreous
 
grains with good gluten strength, which means they rnade
 
excellent chapattis and had good grain storage characteristics.
 
But, like the varieties that preceded them and 
to which they were
closely related, these cultivars had relatively low yield potentials.
In the nearly 50 years from the release of T9 in 1911 to that of 
the last tall variety, C273, in 1957, maximum yield potential had 
increased from 2,400 to 2,525 kg/ha, a gain of only 125 kg/ha in 
40 years (Khan, 1987). 

Despite the price prerniium paid for the high quality grain of the
local (desi) varieties, Pakistan experienced an increasing deficit in 
wheat producLton during the 1950s, with imports averaging
800,000 tons per year during most of the decade. By the early

1960s, the government took a more 
active role in stimulating
wheat production. The procurement price tot wheat was iaised,
greater amounts of chemical fertilizers were imported and made 
available, and irrigation systems were expanded. 

While wheat production orew, the lack of fertilizer-responsive 
genotypes limited the amount of nutrients that could be profitably
used by the farmer. The threat of lodging under higher fertility or 
increased inigation placed an effective limit on yield potential.
Diseases were also a problem with the tall varieties, especially
loose smut, powdery mildew and the rusts. 
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The Mexican Connection 
The story of the development of HYVs in Mexico is inextricably 
linked to their introduction in Pakistan and several other Third-
World countries. 

As with many scientific breakthroughs, the HYV semidwarf spring 
wheat varieties were a consequence of both design and 
happenstance. These genotypes were the fruit of a vigorous, 
production-oriented wheat improvement program launched in 
1944 by the Mexican government in collaboration with the 
Rockefeller Foundation and headed by a young American wheat 
scientist, Norman E. Borlaug. 

During the 1940s, the Mexican wheat researcn program's first 
priority was to develop varieties with improved resistance to stem 
rust. Facing a farm community with little faith in agricultural 
researchers after suffering three disastrous stem rust epidemics in 
the 1939-41 period, Borlaug and his group set out to produce 
and release an improved, stem-rust-resistant variety as soon as 
possible. To speed up the germplasm development process, a 
shuttle breeding scheme was developed which would permit the 
growing of two breeding cycles per year, thus effectively cutting 
in half the time needed to produce a new variety. This shuttle 
breeding system, however, challenged the conventional wisdom in 
plant breeding that varieties could only be bred for and within one 
specific environment. 

The set of Mexican locations which permitted Borlaug to grow 
two cycles a year were indeed rad;cally differeot from each other. 
One was in the Yaqui Valle-y of northwest Mexico, an irrigated 
desert near the coast in the state of Sonora. The other was on 
the high plateau of the Toluca Valley, state of Mexico. These two 
sites differed in latitude by 10 degrees 1800 km), in elevation by 
2,600 meters (40 m in the Yaqui Valley; 2640 m in the Toluca 
Valley), and in water supply (irrigated in the north; rainfed on the 
central plateaul. Different disease matrices prevailed at each 
location. Stem and leaf rust were very virulent in the Yaqui Valley, 
while stripe and leaf rust and Septoria leaf blotch were endemic in 
the Toluca Valley. 

By growing wheat in the north during its relatively mild winter 
season (November to May) and on the central Mexican plateau 
during the cool, rainy summer season (May to October), Borlaug 
was able to expose his matdrials to a broad spectrum of diseases 
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while advancing two generations per year. The result was that, by

1948, the first improved, tall, stem-rust resistant wheat variety,

Yaqui 48, was released for commercial production-only four
 
years after the first cross was made.
 

During the first few years that Borlaug operated the shuttle 
breeding system, he was roundly criticized by many of his peers, wheat varieties had a 
including some of his former professors. But by then he had radically different 
already begun to see a whole new range of unexpected benefits partitioningof biomasscompared with their tallfrom such an approach. In addition to the exposure of the predecessors. The 
breeding materials to different spectra of disease-causing Introduction of these 
organisms, the amount and regime of solar radiation at each of new varieties provoked a 
the sites varied considerably. Only those materials that withstood production, first in 
the rigors of both environments were advanced in the breeding Mexico, next in Pakistan, 
system. and later in a host of 

other countries. 
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Borlaug and his colleagues soon began to see a new type of 
wheat-one that was photoperiod insensitive and, therefore, 
adapted to different latitudes and daylengths. In addition, because 
of the multilocational screening system that was employed in 
Mexico as well as internationally, it was possible to pyramid genes 
for more durable resistance to the rusts and other pathogens. 
Since the varieties produced through this system were also 
capable of superior yield performance across a range of diverse 
environments, a smaller number of varieties would be needed to 
serve Mexico's farmers, an important simplification in seed 
multiplication and distribution for Mexico's recently established 
national seed industry. 

Between 1944 and 1957, the Mexican wheat research team 
developed a number of improved tall wheat varieties with good 
disease resistance and broad adaptation. These materials, 
however, still lacked sufficient straw strength to stand up under 
conditions of improved soil fertility and moisture availability during 
grain filling, placing an effective limit on yield potential of about 3 
t/ha. 

In search of genotypes with stiff straw, Borlaug and his colleagues 
screened the entire USDA world wheat collection, but met with 
little success. Then Borlaug heard about a dwarf Japanese winter 
wheat variety, Norin-10, being used by Dr. Orville Vogel of 
Washington State University at Pullman in crosses with his own 
materials. Vogel had received Norin-l0 seed from Dr. S.C. 
Salmon, who had discovered the material on a visit to the Norin 
research station (where it was bred and released in 1935) while 
serving as Agricultural Advisor to the U.S. Occupational Forces in 
Japan. One of Vogel's crosses, Norin 10 x Brevor, was obtained 
and crossed exteiisively with tall Mexican varieties to produce 
semidwarf spring wheats. 

By the late 1950s. it was apparent that a whole new type of 
spring bread wheat was in the works. Initially, these new Mexican 
semidwarfs had problems of sterility, grain shrivelling, poor 
industrial quality, and extreme susceptibility to all three rusts. But 
the promise they showed well justified the work required to get 
them into shape for release. From their shuttle-bred Mexican 
parents, they had inherited broad adaptation and photoperiod 
insensitivity, and through the multilocation screening system they 
received superior resistance to rusts (especially stern rust) and 
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other diseases. From their Japanese-American parents, they had 
inherited a short, stiff straw that permitted higher applications of 
fertilizer, and a new plant architecture in which a much higher 
amount of the plant biomass was apportioned to grain. Finally,
these plants possessed an enhanced tillering capacity, thus 
producing more biomass per unit area than the tall genotypes. 

Previously, the highest yield obtained in Mexico with the best tall 
variety was 4.5 t/ha, and this only by physically propping up the 
plant to keep it from falling over under intensive fertilization-not 
a very practical method to control lodging. In contrast, the 
semidwarf varieties yielded 6 to 7 t/ha under optimum doses of 
fertilizer, with virtually no lodging. 

The Pakistan Connection 
The first contact that Pakistani scientists had with Borlaug came in 
1960, when he toured the country as a member of a FAO-
Rockefeller Foundation team studying wheat production problems
in North Africa, the Middle East and South Asia. A maior 
recommendation of this expert team was for the practical training 
of regional wheat scientists in wheat improvement. FAO agreed to 
locate candidates for training, Borlaug offered to provide training 
in Mexico, and the Rockefeller Foundation agreed to put up.the 
funds for this activity. 

The first group of promising young researchers arrived for training

in 1961. There was one Pakistani in the first group, Manzoor A.
 
Bajwa, 
 next year another, Muhammed Nur, and in 1963, two
 
more. These young Pakistani researchers snent nine m,nihs in
 
Mexico working alongside Borlaug and the Mexican-Rockefeller
 
research team. 
The trainees were exposed to new and practical 
methods for improving wheat production, and all went home 
carrying packets of seed and the knowledge on how to use it to 
best advantage. 

In 1963, Borlaug returned to the sub-continent as a guest of the 
government of India to ascertain whether the Mexican semidwarf 
wheat varieties could be of value there. Before making his 
recommendation, he decided to visit Bajwa and Nur in Faisalabad 
at the Ayub Agricultural Research Institute (then called the Punjab
Agricultural Research Institute). Researchers there had brought 
back from their training program seed of many HYV semidwarf 
wheats for testing in Pakistan. 
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There were many heroes 
of the Pakistan's Green 
Rovolution In wheat, 
including Malik Khuda 
Backsh Bucha (center), 
Minister of Agriculture 
for Wost Pakistan, 
pictured with some of 
the key wheat 
researchers of the 
Accelerated Wheat 
Improvement Program. 

Borlaug's first inspection of these materials in the major 
experimental field was disappointing; their yields were not much 
different from the tall, traditional genotypes grown in the Pakistani 
and Indian Punjab. The problem however soon became evident: 
they had been grossly underfertilized. Borlaug quickly lear d that 
his Pakistani colleagues officially were only permitted to fertilize 

the sernidwarfs at 30 kg of N per ha --the normal dosage applied 
to the tall, traditional types. However, these enterprising 
researchers had also grown several small plots of the semidwarf 

wheats in an isolated corner of the sta', in using the proper 
fertilizer dosage. In these plots, Borlaug found his answer about 
the suitability of the Mexican sernidwarfs for the irrigated plains of 

the Punjah. The yields of the HYV lines he saw were twice that of 
the best tall local varieties in Pakistan and as good as in the Yaqui
Vailey of Mexico, their home half-way around the world. 
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Haldore Hanson, the Ford Foundation representative in Pakistan,
 
had heard about the Mexican dwarf wheats by 1963 and 
was 
interested in assessing their value for the country. Hanson invited
 
Borlauc to provide a demonstration of the yield potential of the
 
semidwarf varieties at AARI in the 1963-64 season. The yields of
 
the semidwarf wheat plots were convincing: the new HYV seed
fertilizer technology from Mexico offered the notential for 
a
 
dramatic breakthrough in wheat production in Pakistan. Hanson
 
believed he could convince the Ford Foundation to finance a
 
program to introduce the new technology into the province of
 
West Pakistan as quickly as possible, with Borlaug as an active
 
participant in the project.
 

With strong support from the highest levels of the Pakistan
 
government, the Ford Foundation made a grant in 1964 to 
West
 
Pakistan to launch the Accelerated Wheat Improvenent Program.
 
Borlaug agreed to 
provide overall program guidance and Dr
 
Ignacio Narvaez, Director of Wheat Research 
at Mexico's National
 
Agncultural Research Institute (INIA) during the latter part of the
 
period when HYV technology was being deve!oped and extended 
to that country's wheat farmoeis, acieud to serve as the resident 
wheat advisor Key roles were also given to other Ford Foundation
 
staff: Dr. Oddvar Aresvik, an agricultural economist, was assigned

to the Ministry of Agriculture's planning cell, and Mr Robert
 
Havener, the agricultural program officer, supporte.d the 
Foundation's overall agricultural program Both w rowactive in 
getting fertilizers imported and into the hands of farniers, and 
participated on other policy issues. 

West Pakistan's Accelerated Wheat Improvement Program
West Pakistan's Accelerated Wheat Improvement Program had 
various features distinguishing it from previous wheat research 
and development efforts. First, it established joint coordinators, 
Dr. S.A. Qureshi and Mr. Z.A. Muns, , to work with the three 
wheat research institutes at Lyallpur (Faisalabad) in the Punjab,
Tarnab in NWFP, and Tandojam in the Sind. The three institutes 
agreed to poo! their breeding material, their data, and even their 
scientific staff in selecting and evaluating varieties. All materials 
developed at one institution would be shared with the others. 
Whatever mateial received from CIMMYT would be distributed to 
all three institu:E s. 

A team of scientists from different disciplines was set up within 
each research institute to cut across section lines and merge
collective talents into one research effort. Exchange visits between 
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President Ayub took an 
active interest in the 
Accelerated Wheat 
Improvement Program of 
West Pakistan. Pictured
here isM.A. Bajwa, then 
a young wheat scientist 
and now DtectorGeneral of the Ayub 
AgriculturalResearch 
Institute, Faisalabad, 
showing President Ayub 
the advantages of the 
new semidwart wheat 
varieties. 
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institutes would occur regularly and decisions for selection of 
varieties would be taken by the research team as a whole. Much 
greater emphasis was also given to getting researchers off the 
experiment station and onto farmers' field's, especially when 
evaluating promising varieties and production recommendations 
for farmers. 

The nev senudwart wheats were demonstrated as part of a 
production package that included 1)increased rates of nitrogen
and phosphorus fertilizer use; 2) proper irrigation procedures; and 

3) improved cultural practices comprising better land preparation,
proper dates for sowing each variety, good planting practices, and 
adequate weed control. The design of these demonstrations was 
simple. They wF're to be conducted by farmers under the 
supervision cr the wheat researchers and extension workers. Each 
derionstraticin included two plots of sufficient size to provide the 

farmer with a realistic scale for comparing the new technology
with the existing one. On one plot, the new recommended 
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varieties and production practices were derncr-rtrated; on the 
other plot, the farmer-cooperator was asked to use his traditional 
varieties and production technology. 

IHYV whea +t(rfriotratiion plot, were planted on thousands of 
far ois III t Punljab, SinTd ad NW F provincts [lie differences in 
yields ee d [ir ti noe ioloi)\' gaired thera it(n ie [t;I 

onltJu-iastir st pprit of flrn et; [lih, H-YV dernonstration plots also
 
';('TVilJi5 r i trti(ationI plots Io ifr reftaIse avallahiity of th, still

,; 1(iidlwf wht dSe( Yir ' se Ihis far il -to-farier seed 
()iu1ttar)II 1 illrid .;tIht)h ion ',ster was tesp 1,ia [iiIporly il III
 

w, tiril t e dCiffiisior of trw serrTA'Orf wheat varieties
 
L w,dr IrlIK, !)/2I 

Spucial field days were heId for policvr ikers at t,e rsearch 
institutes and on farrrweis' fields President A\,ub Khan even 
attleride.d some of trese events to lend I),.pstjge and confirm his
 
corroitment to the, program. These events also helped
 
goverin ent officials to improve their understanding of production
 
problems andOl)pI!tor tis, as well as show farmers their interest
 
in agriculture ro0easure that officials Unrderstood what the new
 

corld do, Qureshi, 

planted test plots on tir farrns of 

production paokctP]aq Munshi, and Narvaez 

many top policyrnakers,
inclJ ng eCPresident and the[Minister of Agriculture. 

ConvinCed by what they saw, politicians took key policy decisions 
to tarse arid deferd tOe guaranteed wheat price, spend scarce
 
foreigtrn exchange on nassive imports of seed and 
chemical
 
fertili/tr, and provide subsidies and ciedit to encourage adoption
 
of the rievv technologies Finnily, the government substantially 
a!terud its previous development plans and gave high priority to 
developing t e nation's seed and fei tiizer production capacities. 

Import of Mexican Seed The initial phase of the varietal 
iTrvgoverient prograrri :entered on massive, direct introductions of 
Mexican semidwarf varieties The first big seed purchase in 1965 
consisted of 250 tons of Penlarno-62 anu 100 tons of Lerma 
Rojo -61 

The seed was to be shipped through Los Angeles on the same 
freighter that would carry 250 tons of Lerma Rojo-64 and 50 tons 
of Sonora-64 to India. Once loaded and waron the high seas, 
broke out between India and Pakistan, and the ship bad be 
diverted to Singapore, where the seed for Pakistan was 
transterred to a ship going to Karachi 
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As a result of these harrowing events, the 350-ton shipment 
arrived in Pakistan about a month too late for the best planting 
date, but was distributed throughout the wheat-growing area 
immediately. At this point, disaster almost struck again. Because 
of the delayed arrival, the seed was distributed without 
undergoing the usual germination tests. Once the plantings were 
in process, researchers discovered that, due to improper treatment 
in Mexico, the seed had very poor germination. To overcome this 
potentially disastrous situation, an urgent campaign was mounted 
to get growers to double the recommended seed rate, in hopes of 
thus obtaining an adequate plant stand. This was done, and 
acceptable yields--indeed spectacular ones, by tall variety 
standards--were achieved during the first crucial year of 
introduction, when many were looking to see huw the semidwarfs 
would perform. 

That first year, about 5,000 na were planted wilh the new 
semidwarf varieties on several hunored private fields and on a 
number of government farms. Even with poor germination arid 
lower-than-recommended fertilizer application rates, the average 
yield on these plots was nearly 3 t/ha, compared to an average
yield of 1 .2 t/ha for the tall, local materials. The top semidwarf 
yield that year was 7 t/ha, obtained on a 25 ha private field; and 
38 private growers had yields above 4.5 t/ha. Pakistan's green 
revolution in wheat was underway. 

Despite the excellent performarce of the Mexican wheats under 
difficult circumstance:,, another problem soon became apparent. 
The first HYV introductions, Penjamo-62 and Lerma Rojo-64, had 
soft, red grains low in gluten strength. Consumers in Pakistan had 
devloped a preference for white-grain varieties high in gluten 
strength and ideal for making chappatis. With their grain-quality 
limitations, it was unlikely that the first HYV introductions would 
gain a permanent foothold. Again, good fortune came to the 
rescue. 

The Variety Mexipak-While in Mexico in 1961, a young 
Pakistani researcher, Manzoor Bajwa, now Director General of 
AARI, Faisalabad, had identified a medium-to-hard, white-grain 
line from segregating generations of the cross 8156, Penjamo x 
Gabo (it was also segregating into a red-grain line). The white
grain version had the preferred color and high gluten strength 
needed to make good chapp-itis; it was also very high yielding, 
and showed good resistance to rust and powdery mildew. He 
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took this line back to Pakistan, arid after yield tests it was 
released for general cultivation. Though the cross was made in 
Mexico, line selection was performed by a Pakistani researcher. 
To commemorate this collaboration, the variety was named 
Mexipak. With Mexipak-65, Pakistan had the high-yielding wheat 
it needed to launch its Green Revolution in wheat production. 

The next problem was seed availability Since Mexipak had not 
yet been released in Mexico, there was not enough seed for 
commercial production. Durin; the 1965-66 season, the roughly
200 kg of Mexipak seed available in Pakistan was planted for 
maximum seed production on b ha of land; 30 tons were 
harvested in the spring. Efforts tu grow a second-generation seed 
increase in high areas of Pakistan during the summer of 1966 
were not successful, and only 20 tons were available for planting
by the 1966-67 season. This was supplemented by the purchase
through USAID of another 50 tons of Mexipak grown by a piivate 
farmer in the Yaqui Valley of Mexico The purchase of this seed is 
an exciting story of bold action by the USAID advisor, Staley Pitts, 

Pakistan's Green 
Revolution in wheat has 
led to a triplingin 
national production overthe past 20 years. 
Today, wheat accountstar twice the economic 
value of the two next 

most important crops 
combined-rice and 
cotton. 
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who went to Mexico and "unofficially" secured the first 
substantial shipment of Mexipak seed. The sale was negotiated 
without the official sanction of either the U.S. or Mexican 
governments (Swegle, unpubished manuscript, 1970). 

In total, 70 tons of Mexipak were thus available for planting in 
1966-67, resulting in a 3,000 ton harvest. At this rate, it would 
have taken a number of years to build up sufficient seed. To 
accelerate the diffusion process for Mexipak, the government of 
West Pakistan decided to make a massive purchase of Mexican 
seed. By then, Mexipak and Indus 66 (red-grain sister line of 
Mexipak) had been released in Mexico as the variety Siete Cerros, 
and large quantities of seed, especially the red-seed version, were 
available. 

In summer of 1967, Pakistan sent a delegation to Mexico to 
negotiate a purchase of HYV seed. The Pakistani government 
mission ended up buying 40,000 tons of Indus-66 and 1,500 
tons of Mexipak-65, plus 200 tons of Sonora-64 and 20 tons of 
INIA-66. With this 42,000-ton transaction, they had 
consummated the largest seed purchase in the history of world 
agriculture. 

The HYV seed arrived in Pakistan in September of 1967 and was 
quickly distributed to wheat growers. A total of 1.3 million ha was 
planted during 1967-68 to the new semidwarf varieties
approximately 20% of the total wheat area. West Pakistan's 
wheat production, which had averaged 4 million tons in the 
preceding six years, jumped in one year to 6.7 million tons and 
West Pakistan was suddenly self-sufficient in wheat again. Within 
four years, more than half the irrigated wheat area had been 
switched to semidwarf varieties grown with higher N fertilizer 
dosages. 

National Semidwarf Wheat Breeding Research-- National wheat 
breeders had been active in developing new materials, and there 
were even better sernidwarf wheat lines in the pipeline. Scientists 
at AARI (formerly the Punjab Agricultural Research Institute) 
started in 1961 to cross the Mexican semidwarfs with the tall 
local varieties, combining the architecture of the Mexican 
genotypes and their broad adaptation and disease resistance with 
the high grain quality of local varieties such as C271 and C273. 
One of the first HYV semidwarf varieties to be released from this 
work was Chenab-70. This wheat had excellent grain quality, 
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resistance to a new race of rust harmful to Mexipak, and a yield

potential 10 to 15% 
 above that of Mexipak, qualities which
 
ensured its enthusiastic reception by farmers.
 

Other nbw varieties were developed to meet the needs of varying

productio,-, environments; these included Barani-70, 
 the first 
variety devei-nped for barani conditions, and SA-42 and Blue silver
 
(Sonalika), deeloped for the shorter-season production

environments. F,,ch improved 
on the performance of previous

cultivars, serving specific production niches and major crop
 
rotations more effec:veiy.
 

But by 1971-72, the drrnatic rise in the adoption of new
 
semidwarf wheat varieties in the irrigated Punjab had largely 
run 
its course, and most of the initial yield gains associated with the
 
introduction of HYVs 
 had been exploited. Consequently, the rate 
of increase in wheat production began to slow, and second
 
generation production problems started to appear with greater

frequency. The improved conditions for wheat were also favorable
 
for the development and mutation of rust pathogens. Although the
 
semidwarfs had broader-based disease resistance than the tall
 
local varieties, they were not immune and eventually began to
 
succumb to new races of the rust. 

HYVs with new combinations of genes for resistance to the
 
prevailing rust races were released in 
 1970 and 1973 (see Tables 
17-19, Chapter Four). However, shortcomings in seed production
and extension education systems restricted their spread. Problems 
in the coordination of wheat research and production began to 
appear; thE3e were aggravated during the civil strife that led to
 
the independence of Bangladesh in 1970.
 

The 1970s: A Period of Drift inWheat Research 
The independence of Bangladesh led to a new constitution for 
West Pakistan that established a federal-provincial political 
structure. !nthis structure, the primary responsibility for 
agricultural research, extension and input-supply services was 
assigned to the provinces. Tlhe new structure disbanded the 
former Agricultural Research Service of the Province of West 
Pakistan, effectively pu~ting an end to the Accelerated Wheat 
Improvement Program (Albrecht et al., 1979). Its demise came 
when the concept of a coordinated, production- and problem
oriented wheat research system was only beginning to be 
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accepted and was by no means consolidated. And yet, the 
second generation problems in wheat production required greater 
research integration if they were to be tackled and solved in a 
cost-effective way. Meanwhile, government planners had been 
lulled into a sense of complacency about wheat, assUming that 
the nation's supply problem for this staple grain had been solved 
with the new HY'V techrology; consequently, they turned their 
attention to othet ci p:s .ind economic problems. 

While fu tiire gains in whei-t pioductivity depended upon 
generating technology more spn!cically tailored to the various 
wheat farming systems, the trend in reseaich organization was 
toward greater specialzation and isolation between research 
disciplines and a hreakdown in communication among the new 
provincial vheat esearch organizations. Punjabi scientists from 
the old ARS who were assigned to other provinces returned 
home, leaving serioes shortages of trained manpower in the 
wheat improvement programs of the Sind, NWFP, and 
Baluchistan. The national wheat research system became 
i'ncreasingly fragmented, with wasteful duplications of effort and a 
lack cf coordination between the scientific discipl'nes ano 
institutions involved. (Amr, 1982). There was a great sense of 
frustration among those who wished to maintain a national 
perspective. 

Only in the Punjab was there a functioning wheat research 
program, and even here provincial scientists from different 
disciplines were tending toward isolation from one another and 
from the production problems and circumstances of the country's 
wheat farmers. An especially serious breakdown had developed 
between plant breeding and plant pathology, two disciplines that 
must be integrated within wheat improvement programs. 

Adverse weather in 1972-73 and 1973-74 seriously afiected the 
Pakistani wheat crop and by 1972-73, the nation was again 
importing wheat in pre-Green Revolution quantities, but at three 
times the previous price. During 1973-74, the oil crisis further 
squeezed production and demonstrated the dependence of HYV 
wheat technoiogy on fossil fuels and their by-products. Fertilizer 
shortages and reduced dernand due to high prices further 
constrained growth in production, and food orices increased 
sharply in 1976. 
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The Agricultural Research Council 
While there was never any question about the need to establish a 
national coordinating structure for agricultural research, similar to 
the old Imperial Council of Agricultural Research ICAR), pressing 
matters in other development sectors delayed its creation during 
the 1950s and 1960s. Instead, a series of interim weremeasurcs 

adopted to coordinate the provincial research systems of West
 
and East Pakistan. Although the nation was composed of two 
physically separated provinces with very different agricultural 
systems, the lack of overall coordination had been less of a 
problem, since a consolidated research service existed in each 
wing. After 1970, however, the need for greater policy
coordination in Pakistan's agricultural research system-- now 
compri-ing four independent provincial research services--- became 
extremely important. In 1968 and 1972, the government invited 
high-level teams of U.S. and Pakistani scientists to review the
 
.iational research system. From this effort carre a set of
 
recommendations 
 designed to build a mixed federal-provincial
 
research system
 

In 1974, USA!D entered into an agreement with the government
of Pakistan to provide the financial and technical support for a
 
five-year project to strengthen agricultural research. There 
were
 
three key elements in this developmL,-I plan. One was the
 
creation of a national policy-making board-the Agricultural 
Research Council (ARC)---to coordinate and manage the 
expenditures in agricultural research. The second key element 
included the development of a federal research service, with 
sufficient facilities and human resources to uniertake a series of 
central research and training functions, supporting and 
complementing the work of provincial research organizations. The 
third element involved a range of institution-building activities 
designed to improve the overall capacity and performance of the 
national research system. 

A centerpiece of Pakistan's new national agricultural research 
system was to be the establishment of a new National Agricultural
Research Center (NARC), a development strongly supported by
CIMMYT and the international donor community. In 1976, some 
450 ha were purchased near Islamabad for NARC's future 
headquarters and primary research station. 

41 



The loan agreement made with USAID in 1974 also involved a 
novel concept regarding the status and mode of operation of the 
Agricultural Research Council: the Council, in representation of the 
government of Pakistan, was given the power to engage in 
research improvement programs with international agricultural
research centers (IARCs), U.S. universities, and organizations such 
as the ARS/USDA. This gave the ARC new authority and leverage 
in mounting a coordinated wheat research program. 

In 1974, a Coordinated Wheat Program (CWP) was reactivated 
under the ARC. Mr. Muharrmmed Tahir was appointed as the 
National Wheat Coordinator, and a CIMMYT wheat scientist was 
assigned to assist him. Under the agreement with CIMMYT, the 
ARC would fund the activities of the advi cr. The ARC would be 
responsible for logistical support, and the advisor would be 
directly supervised by the CIMMYT Wheat Program. 

In mid 1974, CIMMYT's second resident wheat advisor in 
Pakistan, Dr. Armando Campos, assumed his post. Tahir and 
Campos faced a very different institutional environment from that 
confronting Qureshi, Munshi and Narvaez ten years earlier. Where 
one agricultural research service had existed before, now there 
were four organizational structures, each strongly provincial in 
outlook. The initial efforts of the National Coordinated Wheat 
Program during 1974-76 focused on rebuilding the 
communications links between the provincial research institutes. 
The national wheat workers workshop was reinstated and 
exchange visits between scientists in different institutions were 
encouraged. New training opportunities, especially for advanced 
degrees at foreign universities, were offered. The off-season 
summer nursery site at Kaghan in the western end of the 
Himalayan mountains, which had been established by the NWFP 
government in 1972, was reactivated and managed as a service 
to the provincial wheat programs. 1he micro-plot trials instituted 
on a nationwide basis in the 1960s were re-established as the 
National Uniform Wheat Yield Trials. The Chairman of ARC, Malik 
Khuda Baksh Bucha, gave the National Coordinated Wheat 
Program the special charge ot seeing what could be done to raise 
yields in rainfed barani areas, where few farmers were growing 
semidwarf wheat varieties. 

The Wheat Rust Epidemic of 1977-78 
Dcring 1975-76 and 1976-77, wheat production increased and 
there were noticeable yield gains in barani areas. Although 
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communication between provincial researchers improved arid 
Pakistan's breeders ontinued to release new wheat varieties with 
different sources of disease resistance, the problems associated 
with a fragmented wheat twsuarch and production system
persisted. Especially ominous was the continued use of rust
susceptible varieties and a dangerous build-up of inoculum. From 
1972-73 onward, the loss of rust resistance in the major
commercial varieties---Chepab-70, Mexipak, Barani-70, 
SA-42- was common knowledge. While the new rust-resistant 
varieties- Blue Silver, Lyallpur-73, Sandal, and Pari -- were 
available for use, little of their seed had been multiplied by the 
provincial seed corpoiations, and few farmers were growing them. 

The research establishmernt had warned of the potentla3 for a rust 
epidemic. In the National Coordinated Wheat Program's 1975-76 
Annual Report, (re;eased in June of 1976) the following statement 
was made: ''...This season, leaf rust and stem rust were a time-
bomb that almost exploded.. .We were saved by the late arrival of ,,

primary inoculum... The 1974-75 Annual Report of the cereal 
botanist from the Punjab Agricultural Research Institute also 
argued for the need to replace the susceptible varieties in 

Within five to seven 
years after widespreaduse, improved varieties 
that were resistant at the 
time of commercial 
release, succumb to new 
races of :ipf and/orstripe ,ust. Wheat 
breeders and seed 
production organizations,therefore, must continue 
to produce replacement 
varieties with improved 
characteristics, includingeffective new goe 
combinations for disease 
resistance, ifrust 
pathogens are tc be held 
in check. 

43 



widespread commercial use: "The present new [rust] spectrum in 
the country demands that the commercial varieties Chenab-70, 
Mexipak 65, Barani-70 and SA-42 must all be replaced with 
resistant varieties--or at least reduced in area. The situation 
clearly reveals that the life of a variety should not be considered 
more than 6 to 7 years..." 

Lacking a national perspective, breeders were reluctant to 
recommend that varieties which they had developed and which 
had become susceptible to rust in other provinces be eliminated 
from future seed multiplication and distribution throughout the 
country. Instead, rationalizations prevailed over objective analysis 
and little was done to pressure policy makers to take needed 
action. With the conditions for rust development different in 
various parts of the country, provincial breeders simply hoped that 
conditions would not become favorable for a serious rust attack in 
their area. 

By the early 1970s, Borlaug and his deputy, the late R. Glenn 
Anderson, had become very alarmed by the rust build-up. They 
convinced agriculral policy makers to undertake an urgent 
program of varietal diversification and replacement. In view of a 
lack of seed of new varieties in Pakistan and a poorly functioning 
national seed industry, CIMMYT recommended that Pakistan 
import from Mexico 6,000 tons of the varieties Nuri, Yecora and 
Pavon, sister lines of Sandal and Pari. This decision offended the 
professional pride of Pakistan's wheat breeders, who were highly 
vocal in expressing their displeasure. Nevertheless, seed imports 
of these varieties were made as a stop-gap measure until 
sufficient seed of resistant Pakistani wheat varieties could be 
multiplied and distributed. 

Yecora and Nuri seed from Mexico arrived for the 1976-77 
season. However the lack of a strong local commitment to 
distribute these two varieties resulted in the major wheat acreage 
being sown to rust-susceptible varieties in 1976-77 and 1977-78. 
In this last season the rust came early and weather favored its 
development. As a result, the disease was widespread and severe, 
with leaf rust in the Punjab and Sind, and stripe rust in the north. 
Beca,. e of the damage to the wheat crop, Pakistan in 1978-79 
had to spend US$ 200 million to import nearly 2 million tons of 
grain (Nagy, 1984). In contrast, on the Indian side of the Punjab 
where varietal replacement had occurred, a record wheat crop 
was harvested in 1977-78. 
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The PARC Period 
The rust epidemic of 1977-78 became the catalyst for the
 
establishment of a federal research service whose responsibilities
 
cut across provincial boundaries. Out of the wake of this
 
production disaste,, a reorganized ARC emerged in 1978 under
 
the leadership of its first full-time Chairman, 
 Dr. Amir Muhammed,
and the new masthead of PARC--the Pakistan Agricultural

Research Council---with new means and authority to coordinate
 
national research efforts for the major crops.
 

PARC has a semi-autonomous legal status, and its Chairman
 
serves 
as the Secretary of the Federal Agricultural Research
 
Division, participating in national policy and resource-allocation
 
decisions. The PARC Governing Board, 
 with about 40 members, is
 
broadly constituteJ arid represents various governmental and
 
private sector organizations and interests concerned with
 
agriculture arid related research.
 

PARC was given a charter and a set of directives to coordinate
 
and promote agricultural research within the country. A guiding

principle in tht, development of its Federal Research Service has
 
been to undertake those activities which support and complement

the work of provincial rsearch institutions. During its first decade
 
of operation PARC completed several major construction projects,

namely NARC's multi-institute research and !raining facility in the 
Islamabad Capital Territory and PARC's headquarters building in 
Islamabad. In addition to its 30-odd nationally coordinated 
research programs, PARC has also established several specialized
national research institutes ---the Crop Diseases Research Institute
 
(CDRI), the Arid Zone Research Institute at Quetta, and the Farm
 
Machinery Institute at NARC 
--to address specific agricultural
research and development objectives. Finally, strengthening the 
human resource capacities of national researchers (federal and 
provincial) through a range of training opportunities (in-service and 
advanced-degree) has Leen a major PARC objective since its 
inception. 

Strengthening Wheat Pathology Research- One of the first steps
taken by PARC after the rust epidemic of 1977-78 was to 
establish a national wheat pathology research system and 
integrate this research with plant breeding. (Amir, 1978). In 
recent years, CDRI has been strengthened in staff and facilities. 
Disease screening work was intensified and the results of this 
work were more fully integrated in the variety evaluation process. 
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More disease inoculum was provided to the provincial wheat 
improvement programs, markedly improving on-station disease 
screening. Varieties and lines in the National Uniform Yield Trials 
were also included in the disease screening nurseries, and 
information on disease reactions was integrated more quickly into 
the yield trial results. CDRI was also given additional resources for 
disease surveillance, including farm-level surveys and trap 
nurseries. Through the NCWP, work is being encouraged to 
develop wheat varieties with tolerance to heat and moisture 
stresses, and saline/sodic soil conditions, as well as resistance to 
diseases other than the rusts (e.g., karnal bunt). 

Greater Emphasis on Improved Crop Management-The 
increasing awareness that wheat is grown within various, often 
complex farming systems led PARC to promote rmultidiscipiinary 
research efforts, including rwore active and effective programs of 
on-farm experimentation and tecrinology validation. New crop 
management research activities have been undertaken by NARC in 
several of the major irrigated cropping systerns (rice-wheat, 
cotton-wheat). An expanded program of agronomic research for 
barani areas was also launched, emphasizing tillage experiments 
and fertilizer management. 

The recently established Agricultural Economics Research Units 
(AERLIs) provide an invaluable complement to crop management 
research in the irrigated and barani cropping systems. The active 
participation of agricultural economists in on-farm resedrch teams 
has added a "farming systems perspective" to wheat production 
research in Pakistan. 

Technology Transfer-PARC has stressed the synthesis of 
research results on agricultural commodities into integrated 
production technologies for different agroecological zones of the 
country. Although agricultural extension is a provincial 
responsibility, PARC undertakes research on extension 
methodologies to determine the best ways of validating and 
communicating improved production technologies to users. In 
addition, PARC has the extension responsibility for the Islamabad 
Capital Territory and for verifying and extending improved 
technology under the outreach components of its various 
programs in selected 3reas (PARC, 1987). Among its wheat
related technology transfer efforts are the Crop Maximization 
Program and the Barani Agricultural Research and Development 
Project. 
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Expanded International Cooperation--PARC pla, s a pivotal role 
in negotiations with various bilateral and multilaieral donor 
agencies committed to agricultural progress in developing
countries. In 1986-87, donor organizatio.-s were providing The PARC/CIMMYT
Rs. 219,370 million, with a foreign exchange component of Cllaborative Program
Rs. 142,227 million, in support of several national agricultural has launched innovative 

research studiesresearch projects. These projects often provided strong technical involvingthe rice-wheat 
assistance components through various agricultural development rotation, a cropping
organiations. system practicedon 

millionsof hectares in 
Pakistan and other partsPARC also plays an important role in international research of South Asia. Research 

organizations such as the Consultative Group on International has focused on 
Agricultural developing improvedResearch (CGIAR). PARC leaders have frequently technologies in land 
served on the Technical Advisory Committee of the CGIAR, and as preparation, pest and 
trustees of international centers. Pakistan's national research weed control, and 
collaboration with various international agricultural fertiliz.,tion. Concern forreseaich optimizing the farmer's 
centers and the Indian Council of Agicultural Research IICAR) is total return in 
coordinated by PARC. environmentally 

sustainable ways guides 
this research thrust. 
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The National Wheat Research System
 

Most of the wheat researct in Pakistan is financed and carried out 
by the provincial governments. As would be expected, the largest
and most comprehensive wheat research program is conducted in 
the Punjab Province by the Ayub Agricultural Research Institute 
(AARI), Wheat research is given considerable priority in NWFP at 
the Cereal Crops Research Institute (CCRI), Pirsabak, Nowshera, 
and at the Wheat Research Institute (WRI), Tandojam, in the Sind 
Province. In the Baluchistan Province, the primary research 
concern is high-value irrigated cash crops, such as fruits and 
vegetables, and livestock and range management 

At the federal level, wheat research is conducted mainly by PARC 
organizations. Wheat research activties at NARC are designed to 
complement and support provincial wheat programs. Emphasis is
given to germplasr introductio(is and evaluations, pathology
research and disease epidemiology work, milling and baking 
quality studies, and managemrlent research for the major crop
rotations in which wheat is grown. The agricultural institutes 
operated by the Pakistan Atomic Energy Commission (PAEC),
comprising the AEARC, Tandojam, the NIAB, Faisalabad, and the 
NIFA, Tarnab, also engage in basic research on cytology and 
mutation breeding for wheat and tritic'le, in aiddition to some 
conventional wheat breeding work. 

Research on usefertilizer is conducted by the provincial research 
institutes, the PARC institutes, and by the adaptive research 
,lations of the Punjab Department of Extension. In addition, there 
is a Rapid Soil Fertility Survey and Soil Jesting Institute at Lahore, 
which has a network of soil and water testing laboratories 
throughout the Punjab Province and provides advisory servic(.s to 
farmers. The Federal Government (Food and Agriculture Division)
Soil Survey of Pakistan and the Water Quality and Soils 
Monitoring Directorate of WAPDA, both headquartered in Lahore,
also conduct soil and water use research with a bearing on wheat 
production. 

Pakistan's provincial agricultural universities -the University of 
Agriculture, Faisalabad; Sind Agriculture University, Tandoam;
and the NWFP Agricultural University (now merged with provincial
research institutes), Peshawa, are considered primarily as 
teaching institutions. Faculty are given full teaching loads; 
therefore, only !imited funds or staff time are allocated for 
research-related activities beyond supervision of graduate student 
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thesis projects. However, there is growing suppOtl in some public 
circles for rcreasing the amount of faculty time and funding 
devoted to research ictivities at joinr! riivesites 

Pakistan's rotiOrial .\viat rtn;aich ;stefrr strussns plant breeding 
and ieseai(:ii mndu(tich!(d on tati()n at the provri: ial nstitutes 

r(!n!n eiWh areCrop rrarnag tI i t )rolalms (agioriOMri: Studies) not 

well eslablished epilll\, iitthe pioviiw i:il h ,! lil y lack 
trairerf Manrpivver, aI(onceltual franiewoil lct (.ndinthln 
research, aild idelil e b t (ets, vehi(:ls aird o raliatonal 
strucItIre In the muillCi- )iu)(sisicr(h institutes, the il.teg.atirOn 
bewew(,f t ,'i bat-ht (eding groLups) and researchers engaged in 
discipinar,, rsmch pi ans such as palholgy, soils, weeds, 
econorn. >, ftr o 

The National Coordinated Wheat Program 
A rajor f(:titurl (of PARC IS 0 Undeirtake, aid, piorriote, and 
coOrdlrnaite ,it(iilk(uil rest!archl in then nation and to e.,.e(ito the 
utilzalton1 of then ifJillts o fur ithel PARCthese ohje(tivs. 
sponsors Sniit :10 national crop research progr,'inis, icluding the 
Natioral CoitiiiatJel Whtat Progiarri (NCWPI fhe NCVVP is the 
oldest and Ian!ist of tiwS, proi(rairis, predatric the ustallshirnent 
of PARC itsolf Srire 1980, rio NCVVP Coodiritor has bheun Dr. 
N I. Hashiri, wno also heads the NARC whtat programn 

The principal ohlective of the NCVVP istori nq together wheat 
research workers fron provinr:ial arid federal instittions arid 
agricultural unirsities to plan and (arry out a coordinated 
national pr ograrr T sponsors various actwhies designedFhe NCWP 
to link provincial, federal arid international centers of wheat 
research and to enhanc( the exchange of genetc irnateruals, 
research nethodologies and results, and scintific information. 
The NCWP has,,eight cooperatig institutes forrally associated 
with it and informal collabotative links with various other PARC
sponsored prograris. The particpatirig rreMers in 1987 were: 
" Ayub Agricultural Research Institute, Faisalabad 
" Atomic Energy Agricultural Research Center, Tandojani 
" Agricultural Research Institote, -aridotarn 
" Agricultural Research Institute, Sariab, Quetta 
" Cereal Crops Research Institute, Pirsabak, Nowshera 
" University of Agriculture, Faisalabad 
" Kaghan Cereals Sumrruer Nursery Station 
" NARC, Islanahad 
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The NCWP serves as 1) a furnding conduit for various wheatresearch arid manpowe:r development activities at the provincial Coordinated Wheat 
level and 2) a}coon dinidtor )f (-our i y-wVidi rietwo)rkiri activitie, Program is the unifying
desigrmd to rfupiove co-opratior arJ eff ctiver~t;s in nritlHnifl thread that bringstogether the work of 

\f 1 i J. se,itchL iiw til ti Ifo , NC( r ow kr ii, it ; rl)[1(t k provincialand federa;
fji14; (:()r [ll ; (flk, t ;i j(t ,Ow ()f liit'(l i[i . ) ( '.'i wheat research programs 

- ti [ (f rlit! -'/',,}: [ , .,,i rir t r ,tnwith that conducted by 
the international 

i i i,'tw t 	 agriculturalresearchr i ,'11 . i 'fl, St]t Li dici: ilir in+ centers and national 
N. 	 Aj L) iiI iii:-it[(iri; itniJis 17- , institutions in other 
Iin:/ a()Ll niKiJiir iirlVini(ij\ IR fI iti it, ',ai [t it l iit Ir~i S, Lirti countries. Picturedhere 

:111d.,riili i]rAilt; for ni 	 are Dr. Amir Muhammed,r ii iid si:t.if(c PARC Chairman (center),iutiliJti{jt )Ok'rij~il iiioi ijnti ri, 'l '\, il inr un s In Dr. M. Yousuf Chaudhri,
DirectorGeneral, NARCil nio m, ',ii () )wr niitjit inkj ii Vi--!t>; flii O t. W AVP Cw(V iti s (left), and Dr. Naeem 

'1')VLi d th'u I!U 1ii , Hashnji, NCWP 
Coordinator (right). 
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Germplasm Ir.,roductions- The NCWP serves as a germplasm 
clearinghouse for new introductions from CIMMYT, ICARDA, 
USDA, FAO, arid national wheat research progtams in other 
countrie-:. in addition to the coordination and distribution of 
internati nal nurseries, the NCVVP also provides individualized 
germplsrn; srIvcsl~ot participatin lijenrcies these include 
special c/errnpilsrn searches arid reque;(,;lfr r arletrials from
 
various whe'., rc-rnpiasr hanks roind the world, is well as
 
from the collecticns of w 'heatresearilch t ir(rrIi PalIstar
 

PARC Observation Nursery At NARC, o , sut o all international 
nurseries received fron CIMMYF, ICARDA, and other cooperating 
institutions is grown. These materials ate screened and 
approximately 300 of tie nest lines/varieties are assembled, 
together with gerrnplasr n from provincial programs, in the PARC 
Observation Nursery distributed to N(VVP cooperators. This 
program reduces getnplasm entries to a nrurnbt that is 
manageable for rrariy of the srmaller wheat mproverment 
programs. 

National Uniform Yield Trials-- The National Uniform Yield Trials 
(NUYTs), in operation for nearly a decade, were designed to 
provide a neutral forum for the nationa< ?valuation of promising 
wheat cultivars. (Neither PARC nor any of its research institutions 
themselves release varieties and hen;; have no vested interests 
in promoting specific lines for national release). The NUYTs 
include the candidate lines for varietal release developed by the 
wheat breeders of different participating NCWP institutions. These 
entries are coded and tested for their yield potential, adaptation, 
disease reaction, and other characters of economic performance. 
The nurseries are conducted annually as 250 replicated and non
replicated trials at about 100 locations nationwide, it) research 
stations and on farrrnres' fields. 

The NARC wheat prograni staff multiply, assemble and distribute 
the seed of entries frorri participating programs, and even plant 
some of the trials. In 1986-87, the seed of 46 entries in the five 
NUYT trials was multiplied and 250-300 nursery sets prepared for 
distribution to NCWP collaborators. NARC staff visit rmost trial 
sites, process the results, provide the data to the cooperators, and 
conduct milling and baking evaluations of the materials. 
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The NUYTs give breeders from the various institutions an 
opportunity to assess the performance of their advanced breeding
materials across a broad range of climatic, agronomic and disease 
conditions. They provide an objective assessment of the yield 
response, breadth of adaptation, and disease reaction of advanced 
lines being considered for vari, al release in the provinces. They 
also serve as part of an on-farm, variety testing system to help
breeders compare new, promising lines with currently grown
commercial materials. Since the inception of the NUYTs, more 
than 30 HYVs have been released by provincial breeding 
I)ro(grams alter going through this uniform yield trial system. 

[here are five types of NUYTs: 
I)NUVVYT-regular (Bread wheats with regular maturity) 
2)NUWYT-early (Bread wheats with early maturity) 
'0 NUWYT-rainfed (Bread wheats for rainfed areas) 
4)NU[DFY V (Durum wheat and Triticale) 
5)NLJBYT (Barley) 

Ihe data from these trials forms the basis of recommendations by 
the National Wheat Variety Evaluation Committee (VEC) to 
Provincial and Nationial Seed Councils regarding the approval and 
release of new cultivars. The NCWP Coordinator is a member of 
the VEC, an advisory board without the authority to force or stop
the release of a variety. Even so, the VEC's recommendations 
wield considerable influence over provincial varietal registration
 
authorities.
 

The NUYTs, 'however, have not been effective in streamlining the 
varietal release system. Provincial breeding groups still conduct 
uniform wheat yield trials (called micro-plot trials) for two years
before materials enter into the NUYT system. Thus, as presently
organized, the provincial-federal systems duplicate efforts, 
delaying the process of varietal evaluation. The NCWP has 
recommended that promising cultivars from provincial programs 
be tested concurrently in provincial micro-plot trials and within the 
NUYT system. In addition, it has been recommended that the 
number of NUYT locations be reduced to a few key sites in each 
of the major agroecological zones. In this way, better site 
management, as well as more reliable and complete data, could 
be achieved. 
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One of the inlportant 

events sponsored by the 
National Coordinated 
Wheat Program isthe 

annual travelling seminar.

Over a three wveek 
period, provincial and 

federal wheat 


researchers tiavel ~ 

throughout the w'heat-


growhdig areas of 


Pakistan. reviewaing 

national wheat varietal
trials and the conditions 
of the comm~nerciah wheat 

crop. 
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Training Programs-- The NCWP has hosted a number of short 
courses and in-service training programs, usually in collaboration 
with internationai anid national wheat research organizations from 
abroad. Courses have been offered on wheat disease research
 
methodologies, weed control, staoistica 
 analysis of agroriornic
data, on-farn research StPvt.y tehtcliues, and the use of micro
computters in data processing aralysis.rand The c(ourse

coordinator is aso responsible for idvisirig P1\RC on potential
 
candidlates for whe-at resedic tr arling at for igIn nriatiornaor 


ititltiors.
 

Summer Nursery Service the off-season) Kigfian Cereal Nursery
station ci the moun)tain ari, iaof NWVFP was established in 1972 to 
screen for sIrirtw, ieafand sturrir11;"t, a1rid to pe 0t Pakistani 
breeding pigr iiiis ,lo idvar;,;ti hr firiq riiatteria!s two gqeneiations 
per yeart eh tars -tat iri, OCa tol atuiirioiilt 2,039 meters
Ulevatio)n, isob.jn.irl ny thu NCVVP as a service tc its institutional 
(Cooperators. 

Wheat Research in the Punjab 
Wheat research in the Punjab is corwlucted by AARI at the
 
Agricultural University of Faisalabad (mainly wheat 
breedingl, and 
several other organizations within the provincial ministries of 
agriculture and water resources. AARI is composed of 13 
rnonocrop/single-disciplirne research institutes and 35 research 
sections scatte-ed throughout the province. AARI has more than 
500 scientists it,grades 17- 20 -- approximately 350 located in 
Faisalabad ---invc;ved in plant beedinlg for wheat and other major
food and fibre crops including tobacco, sugarcane, fruits and
 
vegetabies. In addition, AARI's disciplinary departments and
 
institutes conduct research 
on soils, tertilizens biochemistry, food
 
technology, agrononiy, piari 
 phsi)logy, plant protection, and 
agricultural economrics. 

Inits Annual Report for 1984-85 AARI listed 476 wheat-related 
reseaich studies (out of 2,300 total) Iunder w y in its programs. 
(AARI, 1987a). AARI rade outstarding over itsmas contributions 
history and continues to produce excellent new varieties (Table 
16). Its dependencies include the Wheat Research Institute in 
Faisalabad, the Rahawalpun Agricultural Research Station, the 
Rawalpindi Agicultural Research Sub-station, and the Barani 
Agricultural Research Institute, Chakwal. 
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Table 16. Semidwarf Bread Whoat Varieties Released in Punjab 

Mexipak-65 1965 Penjamo 'S'/Gabo 
Indus-66 1966 .... 
Chenab-70 1970 C271/W1 (E)//Son64
Barani-70 1970 Pit/Gb//C271 
SA 42 1971 C271 2 //LR64/Son
Blue Silver 1971 II 53 388/An/Pit64/3/LR64 
Lyallpur-73 1973 Bb/Nor67 
Sandal-73 1973 Cno67//Son64/K1.Rend/3/MxP
Pari-73 1973 .. .. .. .. 
SA-75 1975 Nai/CB151iS949/3/MxP
Punjab-76 1976 .. .. .. 
LU-26 1976 Blue Silver/Khushal
Indus-79 1979 Bb/15 13 5/Son64 
Chenab-79 1979 Pb76/Ch7O
Bahawalpur-79 1979 Cno'S'/LR64/Son64/Son(Amb)
Punjab-81 1981 Inia/3/Son64/P4160(E)//Son64
Kohinoor-83 1983 Ore F 1158/Fdl//Mexifen'S' 

/Tiba 2I3ICoc75 
Faisalabad-83 1983 Fury//Kal/Bb
Barani-83 1983 Bb/GalloI3/Gto/7C//BblCno 
Punjab-85 1985 Kvz/Trm/Bb/Ana
Faisalabad-85 1985 Fury//Kal/BB
Chakwal-86 1986 Forlani/Acc//Ana
Sutlej-86 1986 Cmt/Yr/Mon'S'
Rawal-87 1987 Maya/Mon'S'//Kvz/Trm 

Source: National Cooperative Wheat Prog]rmn, PARC 

The focal point for AARI's wheat research is its Wheat Research 
Institute (WRI), located at Faisalabad, which has a staff of 39 
scientists. WRI is primarily involved in breeding research on bread 
wheat, durum wheat, triticale and barley. (AARI, 1987b). WRI 
listed the following bread wheat breeding objectives in 1986-87: 
1)breeding varieties with high yielding ability, good quality and 
durable resistance, especiall' short-cycle wheats; 2) breeding for 
stress conditions such as diseases, sudden high temperatures, 
cold/frost, low-moisture and saline-sodic soils; 3) making spring x 
winter wheat crosses to broaden the genetic base; 4) developing
"efficient" genotypes with lower input requirements; and 5) 
improving yield components that may provide another 
breakthrough in wheat productivity (WRI, 1987b). 

Varietal development work at WRI is increasingly focused on 
overcoming the production constraints of the major rotations in 
which wheat is grown, namely cotton/wheat and rice/wheat, 
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which account for 75% of the Province's irrigated wheat area. In 
these intensive cropping systems, wheat is a secondary crop often 
planted later than the optimal tine, and substantial yield losses 
result. (Bajwa, 1986). To overcome this problem, VVRI is 
developing earlier-maturing varieties with high yield potential and 
rust resistance, and increasing the heat tolerance of the later-
maturing high yielding varieties with good disease resistance. 

Another important production problem facing wheat in irrigated 

areas is the build-up o. soil and water salinity and sodicity. While 
wheat already has considerable tolerance to these conditions, the 
development of varieties with enhanced salt tolerance is an 
important priority in the work carried out by the Salinity Research 
Institute and WRI. Screening for salt-tolerant varieties will be 
conducted until 1990. Selected lines will be crossed with other 
desirable varieties, and those combining salt tolerance with good
agronomic type will be carried forward into subsequent selection 
generations. 

colleagues, Drs. NormanTwo-long time
Borlaug and Muhammed 
Bajwa. In 1963, Dr.Bajwa was the first 
Pakistani to train with
Borlaug inMexico. It 
was Bajwa who, a3 ayoung trainee, selected 
the advanced line 8156 
for Pakistan. This high
yielding, white grain line 
was named Mexipak,
which sparked the GreenRevolution inwheat in 
Pakistan. Today, Dr. 
Bajwa is Director Generalof AARI, Faisalabad. 
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Efforts to attain more durable iesistan,,e to leaf and stripe rust a,wJ 
to develop resistance to karnal bunt are still major objectives at 
WRI. In 1984-85, breeders and pathologists began pyramiding 
known genes for leaf rust resistance into commercial wheat 
varieties through backcrossing with resistant sources over several 
cycles to develop "multiline" versions of popular commercial 
wheat varieties. Resistant lines forn these backcrossed 
commercial varieties will be yield tested, and the most outstanding 
will be grouped into several multiline varieties. Ultimately, the 
multiline varieties will be comprised of 4-7 lines phenotypically 
similar to the original commercial variety but with different sources 
and combinations of resistant genes. In this way, it is hoped that 
more durable resistance to leaf rust can be obtained. 

WRI scientists are trying to develop a more diversified base of 
breeding mate-ials. At present, they depend heavily on CIMMYT 
for bread wheat germpiasrn, and approximately three-fourths of 
the cultivars and lines n the CIMMYT breeding program, as well 
as the main commercial varieties in Pakistan, are spring x winter 
genotypes that contain the 1BI1 R chromosome translocation. It 
appears that tihe main genes for resistance in these genotypes are 
Lr 26 for leaf rust and Yr 9 and Yr 7 for stripe rust. The fear is 
that if these resistant genes succumb to new races of rust 
pathogens, then most of Pakistan's commercial varieties and 
breeding materials would become susceptible-a potentally 
disastrous situation. 

Considerable research attention is also being devoted to 
containing the spread and damage of karnal bunt (Tilletia indica), 
the most important disease after the rusts in localized pockets of 
the Punjab. So far, virtually all of the bread wheat germplasm in 
the crossing blocks has shown susceptibility to karnal bunt (KB). 
Lines with possible sources of KB resistance have been prcvided 
by CIMMYT for evaluation. In addition, bread wheats are being 
crossed with durum wheats, which gre generally resistant to KB. 

AARI's Barani Agricultural Research Institute iBARII in Chakwal, 
northern Punjab (and its substation at Rawalpindi), and the 
Agricultural Research Station (ARS)at Bahawalpur in southern 
Punjab, also conduct wheat breeding research. BARI develops 
varieties for barani production areas. Germplasm development 
priorities include long-duration genotypes that permit early planting 
using residual monsoon moisture and that have tolerance to 
drought stress and resistance to shattering. Priorities in pathology 
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research are resistance to leaf and stripe rust, and loose and flag 
smut. ARS/Bahawalpur concentrates its research work on
 
developing improved varieties for the cotton/wheat zone of the

Punjab. Emphasis is on the development of short-duration varieties
 
with leaf rust resistance and tolerance to 
heat during grain-filling. 

WRI also conducts plant breeding research on durum wheat,
triticale and barley Experimental germplasm of each is routinely
received from CIMMYT and ICARDA and evaluated each year.
High-yielding varieties of durum wheat (Wadanak-85) and barley
(Jau-83) have been released by the provircial government for 
commercial use in the Punjab. Interest in durum wheat has 
increased in recent years at WRI because of three factors: 1) the
 
resistance of durum wheats 
to karnal bunt; 2) the apparently

higher rnaxir:,um yield notential of durumn wheat compared 
with
 
bread wheat, and 3) the possibility of exporting quality durum
 
grain and/or semolina to Middle Eastern countries. 

There are probably another 125 to 150 AARI researchers engaged

in some form of wheat-related research. Soil studies are
 
conducted by five different groups, agronomy work by three 
groups, environmental stress research and breeding by four 
groups, plant pathology by two groups, and pest control by three 
different groups. Most of these researchers are looking at soil 
fertility and agronomy (245 studies), and plant protection (56

studies). Most of the production-oriented studies are routine
 
agronomy experiments that often 
nave limited economic relevance
 
for the farmer. Missing a clear
is sense of why certain 
experimentation is being undertaken and how it relates to the real 
priority problems and production circumstances of farmers. Little 
recognition of the increasing intensification in wheat cropping 
patterns is rvident in the production agronomy research agenda. 

In addition to these disciplinary divisions, wheat research is also 
conducted at more than a half-dozen stations and institutes in 
other p'3rts of the province. Since 1985, AARI has set up sub
stations to support on-station and on-farm agronomic research ig 
four agroecological zones with different croppiog systems: Sialkot 
(rice/wheat), Khanewal and Multan (cotton/wheat), and Leiah 
(sandy soils). This multiplicity of research groups makes the task 
of coordination substantially more difficult. Furthermore, the 
separation of wheat research along disciplinary lines makes the 
integration of results into viab!e production recommendations 
much more difficult. 
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Efforts to expand 
Pakistan's irrigated area 
are being countered by
losses of existing 
agriculturallands to 
waterloggingand soil 
salinization/sodification. 
These problems must be 
addressed through 
research to develop 
improved water 
management s',rategies 
and through engineering 
solutions to Improve 
drainage systems in 
many areas. 

Wheat Research in the Sind Province 
Provincial wheat research in the Sind Province is carried out by 
the Agricultural Research Institute (ARI) under the direct 
management of its recently formed Wheat Research Institute 
(WRI), and the Sind Agricultural University ARI arid the University 
are both located in Tandojam; WRI headquarters are found in the 
Nawabshah districr of central Sind (a cotton/wheat zone) with 
sub-stations at Tandojam and Dokri. ARI also nas two research 
stations in Sakrand and Kotdiji which devote )art of their 
resources to wheat. Rice research stations at Dokri arid Thatta are 
used to screen wheat materials. 

The dominant wheat varieties grown in Sind-Pavon, Blue Silver 
(Sonalika), and WL71 1- were originally developed and released 
by national programs in India and Mexico and are based on 
CIMMYT material. Several varieties have been released by ARI 
arid the AEARC in Tandojam, although none have been grown in 
significant proportions (Table 17). 
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Table 17. Semidwarf Bread Wheat Varieties Released in the Sind 
Province 

Pak-70 1970 C-271/Willet Dwarf/Sonora 64
ZA 77 1977 (WOR 67-7C)II 30367-1M-OY)
Pavon 1978 Vcm//Cno"S''/7C/3/Kal/Bb
Sind-81 1981 Norteno/Mexipak
Tandojam-83 1983 Head Selection, Nacozari
 
Sind-83 1983 Tzpp/P1//7C

Sarsabz 1985 Pi/Frond//Mxp/3/Pi/Mazoe
 

/79-75-76 

Source. National Cooperetive Wheat Program. PARC 

WRI has 39 authorized positions for wheat research, which are
 
funded by PARC through the NCWP. Besides limited on-station
 
agronomic research, germplasm development priorities cover:
 

" Leaf and stem rust resistance
 
" Tolerance to heat at juvenile and late stages
 
* Tolerance to salinity
 
" Drought tolerance
 
" Intermediate-to-early maturity
 
" Resistance to shattering
 

Problems which hamper WRI activities include poor pathology 
research capacities and the fact that a considerable number of 
WRI positions were vacant in 1987. 

Wheat Research in the Northwest Frontier Province 
Wheat research in the NWFP has been conducted by the Cereals 
Crop Research Institute (CCRI), Pirsabak, Nowshera since 1979, 
and formerly at the Agricultural Research Institute (ARI), Tarnab, 
founded in 1912. (CCRI originally was the Maize and Millets 
Research Institute.) 

There are 20 authorized positions for wheat research at CCRI, 
seven of which are funded by PARC through the NCWP; a 
considerable number of vacancies currently exist and tte program 
is seriously understaffed. In 1986, the NWFP Agricultural 
University, CCRI and ARI were merged into one organization in 
hopes of integrating their agricultural instruction, research, and 
extension work. 
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CCRI's wheat program has concentrated on breedinq in bread 
wheat and barley, although a modest on-farm research program 
also exists with assistance from the PARC/CIMMYT Collaborative 
Program. (CCRI, 1987). 1he CCRI wheat program makes 
extensive use of CIMMYT nurseries and the PARC Observation 
Nursery. Various types of y'eld trials are conducted, including 
NUYT and microDlot (tnormal anid short duration) trials 

All disciplines involved in wheat research ait CCR)I ipi t to th,. 
same director; thus, breeders and patholeg 1sts wvor k ri in 
integrated fashion. Breeding work is carrie) out for both thOh 
irrigated and barani are,a.s of thu province CCRI posts wheat 
breeders at D.1 Khan, Serai Narang, Ko)at aind Tairirab to test 
materials across several environments ini tli prwvince Wheat
related research on soil fertility and plri t pote(ton (rrairrly weed 
science) also takes place at ARI, kirinab. 

Table 18. Semidwarf Bread Wheat Varieties Released in NWFP 

Variety Yosr, of Release' 'Parntotge 
Khushal-69 1969 2193-Chapirrgo 53 Ardes Sib 

3/Yaru 50C2 I 
Tarnab-73 t973 Unknown 
Khyber-79 1979 WreniCno'S'Gallo,3 C271 
Pak-81 1981 KvzBuho, K,al. Bb 
Sarhad-82 1982 Au' .Kal Bh3,Wop'S'
Pirsabak-85 1985 KvziBuho'S' KalliBb 
Khyber-87 1987 Lira'S' 

Source Nationai Coopn ratiWi 'Veai Pro(r,jrT P AIRC 

A number of semidwarf bread wheat varieties have been released 

by (his program for comrnrercial production (Table 18). In most 

cases, these are direct selections or reselections from CIMMYT's 

ad,anced lines and cultjvars. Recently, CCRI has released a new 

barley variety, Frontier-87, based on the French variety, 

Lignee-527, supplied through the ICARDA/CIMMYT International 

Barley Yield Trial IIBYT) 

Research priority is given to developing normanl and short-season 

materials, as well as genotvpes with drought tolerance and 

resistance to leaf, stripe and stern rust, powdery mildew and 

karnal bunt. Work has recently been started on cold/frost tolerant 

wheats for high-elevation areas, but this line of development still 

naeds more support. 
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CCRI also engages in crop management research with the 
PARC/CIMMYT program. On-farm surveys of farmer practices,
 
circumstances, and production constraints have been carried out
 
inthe Peshawar and Mardan 
 Valleys irthe irrigated areas
 
Experirrentaii.r has focused spec-ifically 
on land preparation
 
syst'nms, w\I0t1d rtrol, and fertlizer use recommendations.
 

Wheat Research in the Baluchistan Province 
Prnv rri,,j wM ,ijit rc~ Ba3liiuse h it) lhtar! Is pf!f01i by)idthe' 
A/\ltJrluti!j Hflsex ci i lrist'tijt(. (ARI) at CJ(itltatr,r S tiaht), hrO)tJIj[ ,t
 
ii&)(. iill+. t)tah it)
,lisli 1912 -lhir ar( 12 sirictlioner positions
 
f( ,,it rn;earr:ii, five of which pft finri :ecA 
 y PAHC through
 
Iw .('WFN hVleat is not ii oi,, (!pf(,c;
aily on the high
 
Ihv~itlion plols, viere liit(A irigatltori I) UseLJd higher valuew,fOr 

fi ts, vonjet< s <ndif foddfer crops
 

The ARI wheat breeding program is designed to develop wheats 
for two distinct agroecologies: 1) the irrigated plains of southern 
Baluchistan, with problems similar to those of the Sind rice/wheat
 
area, e.g. 
 late planting, heat stress, heavy leaf rust incidence; and
 
2) the upland areas where torrent flood and 
 rainfed conditions
 
prevail; here stripe rust, cold and drought stress are the major
 
stress problems, and fodder production is an important
 
consideration. ARI has released two 
wheat varieties for 
commercial production: Zargoon-79 (Cc/lniai3ITobCfn//Bbf417c), 
a late-maturing, cold-tolerant variety, and Zamindar-80 
(Ron!Cno//Bb!Nor67), a early-maturing variety. Neither is grown
 
commercially to any extent.
 

There are no sub-stations in the province, apart from Sariab, and 
wheat is grown in small pockets over a large area; this makes 
travel difficult for the small, but well-trained group of wheat 
improvement scientists. At present, the major weakness of the 
program is a lack of crop management research. 

National Agricultural Research Center 
The National Agricultural Research Center (NARC) is the main 
institution of the PARC system. NARC is a multi-discipline 
research and training institution located on 585 ha of land 
southeast of Islamabad and whose goal is to conduct 
interdisciplinary research on topics of national importance that are 
not being adequately addressed. The agricultural production
problems of barani areas have been especially identified for NARC 
attention. 
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Wheat, Triticale, and Barley Program-Although various groups 
within NARC perform research related to wheat, the primary 
responsibility for this activity is assigned to the Wheat, Barley and 
Triticale Section, which is part of the Crop Sciences Institute. 
Wheat program staff collect, evaluate and characterize germplasm 
for use by other research institutes, conduct on-farm and farming 
systems research in barani areas and other important wheat 
zones, and carry out seed multiplication of promising varieties for 
testing in different agroecological zones through the national 
uniform yield trials The wheat prograrn provides special 
operational support for the various NCWP network activities and 
services mentioned previously. 

A large cross:rng block of wheat, triticale and barley materials is 
maintained by the NARC wheat program for screening and 
utilization in developing improved cultivars. At present, this 
crossing block consists of about 3,000 lines/varieties drawn from 
international as well as national breeding programs. These lines 
are classified into sub-groups according to specific disease 
resistances, agronomic traits, maturity, grain quality, yield 
potential, etc. Crosses are made and outstanding progeny are 
supplied to provincial programs 

Station-based crop management research involves the following 
activities: ongoing evaluations of several materials for phytotoxicit, 
to different herbicides; physiological studies under controlled 
conditions of stress problems such as drought; planting date trials; 
and mustard/wheat intercropping studies. An on-farm research 
program wit a farming systems perspective is conducted in 
several of the major cropping systems in which wheat is grown. 
The NARC wheat program has taken the lead on a number of 
long-term agronomic studies in wheat-based barani systems 
involving an interdisciplinary research team. Long-term soil fertility 
and tillage trials are being performed to determine the effects of 
chemical fertilizer and mechanized tillage practices on soil 
productivity. 

The on-farm research methodology used in the program involves 
informal and formal surveys to determine farmer problems, 
researchable issues, and quantify important characteristics of 
wheat crop management. On-farm experiments are then 
conducted to develop and verify new technological components 
for specific cropping systems. At present, the NARC program is 
concentrating its efforts on the barani areas of Northern Punjab, 
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the irrigated rice/wheat areas of Punjab, and the maize/wheat
irrgated areas of NWFP. (Some work has also been started in 
cotton/wheat areas.) The results of this work are reported in
 
Chapter Six.
 

Farm Machinery Research Institute-- Mechanization of wheat
 
production actvities is occurring at 
a rapid rate in PaKistan. Most 
tarn ers prepare tntrr land with tractors and use stationary
 
threshers to thresh their grain 
 Other wheat production activities 
are becoming mechanized because of labor costs and shortages,
and govenmellnt pforniotions. In particular, there is a need to
 
reduce the timie required for land prepaiation and completing

harvesting operations. The Farir Machinery Research Institute
 
(FMI) located at NARC, Islamabad, is engaged in mechanization 
research and product development, as well as testing and 
sta ndardization i f .,nachinery FMI is turning out and testing
zero-till planters and cutter-binders for wheat harvesting. Growing
Use of combIeU harvesters Is occurring in Pakistan, and FMI is 
looking at Prototypes for a natiorially-pi oducecd combine harvester. 

Crop Diseases Research Institute- Another major service of
 
PARC to national wheat improvement efforts is provided by the
 
Crop 
Diseases Research Institute (CDRI) with installations in
 
Murree, Islarnabad and Karachi. 
 This plant pathology institute is
 
concerned with several crops, although wheat 
 research is the

center's dominant activity. Its program looks at host-parasite
 
genetic relationships, 
 and monitors changes in the virulence of 
fungi that cause rusts in wheat. It assays modes of resistance
 
inheritance and identifies pathogenic variation in the fungus.

CDRI provides disease inocuLum to provincial and f'deral wheat 
breeding programs, works with plant breeding gt os to identify 
new sources of resistance to rust, powdery mildew, septoria, and 
smut, and conducts seed health testing to detect seed-borne 
diseases. Finally, it provides in-service training and short-courses 
in pathology research riethodologies 

As part of its program of work, CDRI prepares and distributes a 
National Wheat Diseases Screening Nursery (NWDSN) to other 
wheat research organizations. The NWDSN comprises 300 to 400 
entries, including widely grown commercial varieties and advanced 
lines from ntional breeders. Ordinarily, the nursery is planted at a 
dozen or so sites throughout the country, where artificial 
inoculations are performed to place heavy disease pressure on the 
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breeding materials. This nursery helps to identity new sources of 
resistance to the prevalent and new races of rusts, and to 
evaluate breeding materials from various Pakistani wheat piograms 
for their disease reactions. CDRI also prepares and dizributes the 
Wheat Rust Trap Nursery (WRTN)each year. This nursery 
includes commercial varieties and lines with single genes for 
resistance to leaf and stripe rust It is planted at 30 to 40 sites 
and is used to monitor mrid trap the natural virulerices of each 
race o! rust prevalent in the country 

PARC's Social Science Research 
During 1984-86, PARC also established Agricultural Economics 
Research Units (AERUs) at NARC, Islamabad, AARI, Faisalabad; 
ARI, Tandojam; ARI, Tarnah; and ARI, Quetta. Vhe general 
mandate of the AERUs is to undertake research in collaboration 
with physical arid biological scientists to promote the development 
and diffusion of appropriatu technology in tho Pakistoni farm 
community Because of the small number of staff assigned to 
each unit (two to three), their work has been r-str ('ted to 
research on the major cropping patterns. A large part of the work 
of the AERLJs, especially in Punjab, NWFP and NARC, has been 
conducted on wheat-related issues in close collaboration with 
CIMMYT econorrists. On-farm surveys of production practices and 
constraints have been carried out in the rmajor cropping systems 
in which wheat is grown. These surveys have then served to 
identify the priorities for on-farm crop management 
experimentation. 

PARC's Crop Maximization Program 
PARC is concerned with promoting the expeditious use of 
research results to improve agricultural productivity. Its Crop 
Maximization Program iCMP), conducted with Italian tecnnical 
assistanco, is improving the productivity of wheat, rice and maize 
through large-scale testing and demonstration of improved 
technology, including more efficient use of tractors and farm 
machinery Fechnical assistance and training is provided to 
participating farmers and extension workers. The CMP has had 
very impressive yield results in its field demonstrations. The major 
criticism of the CMP has been the costs of the recommended 
technologies: high NPK application rates, mechanized planting, 
chemical weed control, and combine harvesting. Improved 
linkages beiween the program and crop management researchers 
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(biological and social scientists) could nelp ensure that the 
technologies recommended are appropriate to the circumstances 
of representative farmers. 

Provincial Agricultural Universities 
The three agricultural universities are outgrowths of previous
colleges and faculties of agriculture. The University of Agriculture,
Faisalabad, was established in 1961 by the separation of the 
Punjab Agricultural College and Research Institute (which became 
AARII The University of Agriculture at Faisalabad is the nation's 
largest academic Institution in agriculture. It has a faculty of 345 
and a student body of 3,400 undergraduate and 600 graduate
students. The Sind Agricultural University, Tandojam, was 
established in 1977 by upgrading the Sind Agricultural College. It 
has a faculty of 190 and a student body of 1 450 undergraduate
and 350 graduate students. The NVVFP Agricultural University,
Peshawar, was established in 1981 by the scpdration of the 
Faculty of Agriculture from the University of Peshawar. It has a 
faculty of 85 and a student body of 500 undergraduate and 125 
graduate students. 

Collectively, the agricultural universities constitute a large pool of
 
scientific manpower. 
 Little of this manpower, however, is
 
harnessed directly for agricultural research. Lacking are
 
operational research budgets and 
access to experiment station
 
facilities. Furthermore, the current heavy teaching loads make it
 
difficult for many faculty members 
 to conduct an ongoing
 
program of agricultural research. 
 Even so, contributions have been 
made by faculty members at the various universities. The greatest 
amount of wheat research is conducted at the University of 
Agriculture, Faisalabad. The current Vice-Chancellor, Dr. Rahman,
developed the variety LU 26, a cross between Mexipak and 
Khushal, which was released in 1976. Though highly susceptible 
to rust, LU 26 is still grown today by some Pakistani farmers for 
its grain quality. Research on wheat varieties with greater salt 
tolerance is also underway at the University under the direction of 
Dr. Raizzuddin Qureshi 

The need to capitalize more fully on Pakistan's scientific human 
resource base has resulted in a movement to merge the 
agricultural universities with the provincial research institutes. This 
movement has gone furthest in NWFP, where a formal merger
between research and teaching occurred in 1986. In the Sind 

67 



Province, greater cooperation between the research institute and 
the Agricultural University is also being sought. In the Punjab 
Province, the University of Agriculture and AARI have a foint 
resee(ch planning coruritree designed to ool the scientific talents 
of both organizaitions Ilihough a forinal mergcr of these two 
or.janizations i ; rlikely, ways ar. being explored to strengthen 
their coll'Abor atiori 

The PuLrjan Piovilcri: iri o,,.'en ient, however, did merge AARI's 
Barani AgrlietnLa3, Resuarfic Institute at Ch;akwal with the Ministry 
of AgriculHlr 's 13, i Aqgit(,ltra l College: at nearby Rawalpindi. 

PAEC Agricultural Research Centers 
The Atornic Energy Conmirmissiorn (PAEC) has tnreu nuclear 
institutes for ar ct ural biology research located in Faisalabac, 
Tanclojarn, and at Tarnab, adjacent to the provincial agricultural 
research institutes. VFh-ese vell-e(quLpped, baisic research institutes 
were esta blish( to tfvIop peaceful applications of nuclear 
technology, (especiully radiation-indtcd iiara,tions for crop 
iropilOVerrTuit ailr to StLJdy variolS lif(e proc,.sses with radioactive 
markers Tie director0 general of each ;nstitute has considerable 
autonoriy in decision making. 

At the Atomic Energy Agricultural Research Center (AEARC), 
Tandojam, basic studies on wheat cytology are carried out and 
interspecific arid intergeneric cr-;ses between bread wheat and 
wild relatives are niade. (AEARC, 1987). Both mutation and 
conventional breeding techniques are used in the bread wheat 
varietal development program. An active research program is 
underway to develop bread wheat varieties with greater salt 
tolerance. Available germplasri of bread wheat, clururn wheat, 
triticale, and wild relati',es, such as Aegilops, are being screened 
for salt tolerance Dcneio)ing higfh-yielding wheat cultivars with 
improved protein g, ality is also an important thrust. The AEARC in 
Tandojam has r,-lt.ise(j several wheat varieties: Jauhar 78 was 
developed Through Mutation breeding and Siad 81 and Sarsab 86 
were developed througli conventional breeding techniques. In 
1987, Dr. Khushnood A. Siddiqui, Head of the Genetics Division 
of AEARC, was awarded the Third Annual Norman E. Borlaug 
Prize for his outstanding contributions to agricultural research in 
Pakistan. 
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The Nuclear Institute of Agriculture and Biology (NIAB) is also 
engaged in mutation and coriventional breeding with wheat,
triticale and several wild grasses. NIAB's major research
 
contribution in breeding has been 
an early-maturing, high-yielding 
cotton variety, NIAB 78, which has improved productivity in the
 
cotton/wheat rotation. Mr. Siddique Sadiq, 
a NIAB researcher, has 
performed triticale breeding studies and wide crosses to confer 
greater salt tolerance to wheat. In 1985, NIAB's triticale variety,
T-183, was submitted to the VEC for potential release in the 
Punjab. This triticale was selected from a cross of NIAB T-77 
(Maya II/Arm'S') and NIAB T-103 lIT. durum x Spp. polonicum) x 
(T. petsicum x rye 10 KR). In 1987, NIAB's work in triticale 
breeding and salt tolerance was shifted to AEARC, with the 
reposting of Mr. Siddique Sadiq to that institution. 

Ihe Nuclear Institute for Food and Agriculture INIFA), at Tarnab,
Peshawar, NWFP, began in 1987-88 to screen wheat lines, with 
emphasis on rust resistance. Though not officially a participating
institution, it receives germplasm from NCWP, CIMMYT, and 
ICARDA. 
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CIMMYT'S Wheat Research Collaboration
 

(,IMMYT, the second of the IARCs to be estghlished, was created 
to speed up the generation and transfer of productive maize ,nd
wheat technologies to Third World farmers. it is one of 13 
organizations supported by the Consultativ,. Group for International 
Agricultural Research (CGI- The CGIAR, n1)turn, is sponsored
by the Food and AgriculturL Organization of the United Nations 
(FAO), the International Bank for Reconstruction and Development
(World Bank), and the United Nations Development Program
(UNDP). In 1987, the CGIAR coordinated funding from some 45 
donor countries, international and regional organizations, and 
private foundations. 

Ci,.1MYT and its prede,-essor organizatioi in Mexico, the Mexican 
.3, (_,nment-Rockefeller Fcuridatiorn Cooperative i\gricultural
Progran, have had a close collaborative relationship with Pakistani 
whea, research institutions for nr--;,'y 30 years. Two principal
d.nors have financed this bilatei; .. laboration: the Ford 
Foundat:ion from 1964 to 1976, and USAID from 1976 to 1987. 

By, ihe time CIMMYT was officially constituted in 1966, Pakistani 
wheat resparch inslitutions, especially those in the Punjab, had 
been collaborating with the Mexican wheat program for more than
five years. The Mexican Government-Rockefeller Foundation wheat 
research program had already developeI a considerable number of 
high-yielding semid .varf wheat varieties along with the 
accompanying agronomy to grow them, at least in irrigated areas. 
A half dozen Pakistani researchers had oeen to Mexico as 
trainees, and there were close personal ties between the Pakistani 
and Mexican wheat research staff. After CIMMYT's creation, the 
Rockeeller Foundation transferred its wheat staff in Mexico to the 
new international center and Norman Borlaug continued to serve 
as the Director of the Wheat Program. Since Borlaug was the 
wheat leader for 35 year,., for the purposes of this ,eport, the 
activities of CIMMYT rind its predecessor organization will be 
treated as part of the same institutional effort. 

CIMMYT's Products and Services 
Research support to PaKistan-the third largest wheat-producing 
country in the developing world-has always figured prominently
in CIMMYT's priorities, and can be classified under five general 
headings: 
1) improved genetic resources adapted to the major wheat 

production environments of the developing world; 
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2) efficient methods for plant breeding, crop management 
research, and research planning; 

3) training of agricultuial scientists; 
4) scientific information services; and 
5) consultation services to national wheat research programs. 

CIMMYT sees its role in wheat research as that of a producer of 
intermediate products-technological components-that are 
broadly useful to national wheat proyiams. The similarities 
between Pakistan's wheat-producing environments and those in 
Mexico (irrigated Yaqui Valley, Sonora), where CIMMYT conducts 
much of its wheat breeding research, has meant that the 
germplasm developed by CIMMYT is well-suited to Pakistan. 

During the past five years, CIMMYT's research agenda has given 
more weight to the challenges presented by the more marginal 
production environments. (CIMMYT, 1987). These environmeits 
are characterized by such limiting factors as a high incidence of 
disease, drought, acid soils, saline soils, or excessive heat or cold. 
Millions of farmers live and work in these unforgiving 
environments and CIMMYT, along with Pakistani wheat research 
institutions, is devoting more resources to the development of 
germplasm and to identifying production practices appropriate for 
these harsher environments. 

Genetic Resources-CIMMYT has conducted a vigorous 
germplasm development and exchange program with Pakistan 
since the early 1960s. Pakistan was a pioneering partner in tlhe 
development of this international wheat testing program and has 
been an active contributor of germplasm for testing. Each year, 
from 50 to 70 international nurseries containing thousands of 
advanced lines, segregating early generation material, and 
commercial varieties released by national programs in other 
countries are supplied through the NCWP to Pakista,-.'s wheat 
research organizations (Table 19). 

The international germplasm testing rnd exchange networks that 
0CiMMYT's predecessor organization helped to establish nearly 40 
years ago marked the beginning of a new age in wheat breeding. 
This mechanism has helped to introduce genetic diversity into 
national breeding programs and has served as the unifying thread 
for the work of thousands of wheat researchers and hundreds of 
organizations worldwide. 
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Table 19. Distribution of CIMMYT International Wheat, Triticale 
and Barley Nurseries to Pakistan 

Bread Durum
 
Year 'Wheat Wheat Tritcale Barley* Total
 

The most popular wheat
1977 20 18 23 13 76 varieties inPakistan
1978 15 13 17 11 56 during the late 1980s are
1979 36 13 16 11 76 derived from spring x 
1980 21 1]2 16 winter crosses. The most14 63 popular commercial
1981 20 5 6 11 42 variety in Pakistan, called1982 29 5 13 10 57 Pak-81, is derived from
1983 38 1 11 15 55 the spring x winter line,1984 37 12 9 6 64 Veoy, developed in1985 28 8 10 11 77' Mexico by Dr. S.
1986 36 5 8 12 80' Rajaram, leader of the 

CIMMYT Bread Wheat 
Includes a new class of nurseriescontaing ma! lnair from sp(cia; girq)J1w rn Program. Worldwide,
development actvines, such as specifc sfeis research, wide croses ,'N some 30 varieties based 
components on Veery have been 
Since 1984, barley nursrries dtstributc: f,' ICAfDA,CIMMYT Piogram in released in24 countries; 
Mexico these varieties are 

commercially growntoday on more than4 
Sn urce CIMMYT Wheat Program files mi/liaor ha. 
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International testing ushered in a new willingness to ,,hare 
advanced-generation, un-named lines as well as early-generation 
materials. This in turn accelerated the introduction of materials 
with genetic variability into national breeding programs. It became 
accepted policy that any line tested internationally could be used 
by the collaborating scientist for breeding purposes commercialor 
release, providing acknowledgement of the source of the material 
was given. 

CIMMYT's international wheat testing program has servod the 
practical needs of Pakistan wh3at breeding organizations in 
various ways. Within the best lines of these international 
nurseries, Pakistan's wheat breeders have selected individual 
plants which are better adapted to local conditions than were the 
partially selected or bulk populations, permitting the opportunity 
for crop rmproernent with minimum time and expense. The 
international testing program has also provided Pakistani wheat 
scientists with a worldwide screening mechanism to observe the 
adaptation and performance of national wheat materials to widely 
differing conditions in other parts of the world. 

For some, the continued dominance of CIMMYT materials carries 
a negative connotation with regard to the expertise of local plant 
breeders. This impression is both unfortunate and mistaken First, 
Pakistani researchers form an integrai part of the internatioral 
wheat testing program coordinated by CIMMYT and contribute 
superior germplasm for use by other national wheat programs.
Furthermore, the screening observations about commercial 
varieties from other countries that are made in Pakistan help to 
guide international network decisions to advance or reject the 
germplasm undergoing improvement. The success of the so-called 
"CIMMYT" wheat imrrovement program has been due itso 

access to a broad range of genetic diversity provided by national 
collaborators and because of the large multilocational testing 
program operated each year by these participating wheat research 
institutions around the globe. It is the total effort of this network 
of collaborators that has made the international wheat testing 
program so successful. 

Of course, more specific attributes are required for the varied 
environments that make up Pakistan's 5.5 million ha of irrigated 
wheat-growing area, and these germplasm requirements are being
attended to by the nation's wheat research institutions. In 
addition, differing varietal pre-requisites exist for the rainfed plains 
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and the higher mountain valleys. More closely-tailored 
combinations of resistance to diseases are required, as are a
 
range of maturit\ periods in wheat varieties, to fit different
 
cropping systerns. It is in these areas that national efforts have,
 
quite appropriately, been foci sed 

Training Programs.---CIMMYT's founding in 1966 was predicated 
upon the high returns that come from establishing production-
oriented, well-focused wheat and maize research programs in the 
developing world. This approach has made the Center a leader in
strengthening the wheat research capacities of national 
institutions. CIMMYT has pursued this objective in partnership
with Pakistani wheat research institutions, I ) by developing
applied in-service training courses, 2) through in-country training 
on a special needs basis, 3) through the efforts of bilateral and 
regional program staff, who spend much of their time working
side-by-side with Pakistani wheat research colleagues, and 4) by
sponsoring especially promising young scien:,sts in their pursuit of
advanced degrees. 

AA 

In-Service training of 
Pakistaniresearchers, 
sUch as the one picturedhere (center), has been a 
major compcnent of 
CIMMYT's collaborationwith the national wheat 
research system. More 

than 75 Pakistani 
researchers haveattended CIMMYTs in
service wheat courses in 
Mexico on 
Lieeding/pathology, 
production agronomy,cereal te.hnology,and 
experiment station 
management. 
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To date, CIMMYT's primary training activities have been the in
service training courses (Table 20). These courses are designed to 
impart practical skills to mid-level research staff who have only 
recently completed their university studies, and focus on 
operational research issues in plant breeding, plant pathology, 
production agronomy, cereal technology and experiment station 
management. While Pakistan has sent wheat researchers to all of 
the courses, most have attended the wheat improvement 
(breeding and pathology) and production agronomy courses, with 
cereal technology and experiment station management accounting 
for much smaller numbers. 
Table 20. Pakistani Alumni of CIMMYT In-servire Wheat Training, 

by Course Concentration 1966-86 

Exp. 
dBreedingCeroal Ste.,Peduc. 

Oigi:n 'l Pathology Agronomy Tech. Mgmt Total 

Punjab 15 9 3 0 27 
Sind 4 3 1 0 8 
NWFP 9 4 1 1 15 
Baluchistan 5 3 0 0 8 
Federal 8 4 2 2 16 
AJK/FATA 2 2 0 0 4 
Total 43 25 7 3 76 

Source. CIMMYT Training Program files 

The typical Pakistani who attended these in-service courses in the 
1960s and early 1970s had a B.Sc. degree, had been employed 
by his research institute for 3 to 5 years and was under 30 years 
of age. The idea was that in-service training in Mexico was the 
first step in a training path that would often include future leaves 
of absence for the most outstanding research workers to pursue 
MSc and PhD degrees. As such, in-service training in Mexico was 
seen as a screening mechanism to identify the best, brightest and 
most motivated research v.oikers for future training and advanced 
degree studies. This is no !onger an accurate stereotype of the 
typical trainee from Pakistan. (Gant, 1986). Those being 
nominated today tend to be much older, often having worked for 
10 to 15 years in wheat research. Clearly CIMMYT's in-service 
training courses were not designed for such individuals. 

In recent years, there has been a decline in the interest of 
Pakistani wheat research workers in CIMMvYT's in-service training 
courses. First, in-service training in Mexico often competes 
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directly with the opportunity for advanced degree training.

Obviously, most will opt for a scholarship for graduate university

studies, especially if such studies are 
at a foreign institution and
result in an advanced degree. Second, Pakistan's research leaders
 
believe that they can 
provide the type of in-service training offered
 
by CIMMYT 
 through local wheat research institutions. As a
 
corollary, they believe that CIMMYT 
should replace its current
 
offerings for Pakistanis with more specialized and advanced forms
 
of training in new techniques.
 

In well-established national wheat research programs such as
 
those of Pakistan, there is now 
a need to finish more advanced
 
and specialized training in new research 
 techniques and
 
equipment arid provide collaborators on sabbatical leave from 
 their 
research institutions with a .,,itable environment for special
research studies. Visiting sciertist programs are generally tailored
 
individually and often invole trips 
to Mexico during the Ciudad
 
Obregon wheat improvement c,!cle that begins in November and

ends in May. 
 These visits center around discussions with the
 
CIMMYT wheat staff and selection of specific germplasn 
 from the

breeding plots. New types of visiting scientist fellowships are also
 
being offered in which the scientist can make use of CIMMYT's
 
specialized training facilities, such as the microcomputer training

center, and its expanded scientific information and data
 
processing services.
 

Technical Information Services-- CIM I . , /r has greatly increased
 
the extent of its information serv:,es 
..'iling with wheat research.
 
The number of wheat-reiatod tities publ'shed annually has
 
increased from an average of 5 publications a year in the 1960s
 
and 1970s to an average of 20 oublication a year during the
1980s. These include the resuts of the international wheat and
 
triticale nursery program, biannual wheat program 
 reports,

proceedings of CIMMYT-sponsored 
 wheat research conferences.
 
manuals on 
 research procedures, and field identification and
 
scoring guides for wheat diseases.
 

In 1987, sonic 150 individuals and libraries from Pakistan were
included on the CIMMYT mailing list and were thus able to 
receive, free of charge, one copy of any CIMMYT publication. In 
addition, CIMMYT jointly publishes a Wheat, Triticale & Barley
Abstracts Journal with CAB International. Fifteen subscriptions to 
this Journal-which contains abstracts of approximately 5,000
articles from refereed journals--are provided to Pakistani libraries 
and v,' -t research institutes free of charge. 
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CIMMYT headquarters
and regional wheat staff 
frequently visit Pakistani 
wheat scientists at key 
periods during the crop
cycle. Pictured here is 
Dr. Jesse Dubin, a 
pathologist assigned to 
the Asian regional 
program, discussing
wheat disease reactions 
with a Pakistani wheat 
scientist, Mr. Farzand All
Khan. 

• 


'I I ~ 

.I_ 


1t I 

CIMMYT's resident staff in Pakistan are also involved in joint 
publishing with national wheat scientists. More than a dozen 
research reports, including the Travelling Seminar Report, and 
various working papers on the on-farm survey and field 
experimentation work have been published as part of the
 
PARC!CIMMYT Collaborative Program
 

Research Consultation- CIMM VT's senior staff and Pakistan's 
whet research leaders have had long-s anding professional 
relationships and friendships, beginning nearly 30 years ago with 
Norman Borlaug and the Pakistani researchers who went toMexico for training. This sense of camaraderie was further
strengthened in Pakistan during the Accelerated Wheat 

Improvement Program. The project culminated in Borlaug being
awarded the 1970 Nobei Peace Prize, which he accepted onbehalf of all those involved in the de- elopment of the Green 

Revolution wheat technologies, especially Pakistani researchersand farmers. Frequent contact has been maintained-especially byBorlaug--with the Secretaries and Ministers of Agriculture, 

Governors, Prime Ministers and the nation's Presidents. 
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The late Dr. Glenn Anderson, Borlaug's deputy and later
 
successor as Wheat Program Director, 
 visited the wheat research
 
plots and fields every year between 1971 and 1981. His counsel
 
and support of national wheat researchers was deeply

appreciated. The subsequent Wheat Program Dir.c tor;, Dr Byrd

Curtis and D; Arthur Klant, have vistd Pakistar fr'qJu.rntly, as
 
have many of the head(qIua it rs-based w fit 'taff
 

CIMMYT's regional Iathologists over the last two d.ciad-s Drs. 
E.E. Saari, J. M. Prescott, and H .J Dubin ,ive provided key
backstoppinc to the efforts of Pakistan's whedt pathologists On
 
average, CIMMYT staff not based in Pakistan have spent another
 
60 person-days a year in visits to wheat research organizations
 
around the country.
 

Resident Staff Activities in Pakistan 
Since 1964, CIMMYT has posted four resident wheat advisors in
 
Pakistan for a total of 17 man-years. These resident advisors have
 
had some tasks in cormon as official Wheat Program

representatives in the country. They have been spokesrren for, as
 
well as 
the eyes and ears of CIMMYT headquarters' wheat
 
program in Mexico. These resident wheat advisors have helped to
 
1)coordinate the distribution of international nurseries, 2)process

applications for in-service training in Mexico, 3)conduct in-service
 
training events within P- an, 4)provide information and advice
 
on research and product 
 sues, and 5)support special

research p-ojects of Pakistani wheat research institutions.
 

The CIMMYT wheat advisors have always been attached to 
nationally coordinated wheat research programs: first, the 
Accelerated Wheat Improvement Program, and later the National 
Coordinated Wheat Programs sponsored by ARC/PARC. All of the 
resident wheat advisors have been concerned .vith production
oriented research issues, and most have done their PhD training in 
agronomy. In the mid 1960s, the first concern was the 
introduction of semidwarf wheat varieties and high-yield
producti, .2chinologies. It was very much an activist period in 
which the rm,dent advisor, Dr. Ignacio Narvaez, was involved in 
many policy matters of seed and input delivery. Increasingly, more 
attention was paid to strengthening the national breeding 
programs so that a steady stream of improved varieties with new 
sources of disease resistance could be released for commercial 
production. 
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Dr. Ignacio Narvaez, 
CIMMYT's first resident 
advisor inPakistan, 
played a majcr role in the 
introductionof the 
semidwarf wheat 
'arfeiiaq and improved 

production technology
into the country. At the 
end of his 4-year 
assignment, Dr. Narvaez 
was personally honored 
by President Ayub Khan 
for his outstanding 
contributions. 

After the departure in late 1968 of Dr. Ignacio Narvaez, five years 
went by in which CIMMYT had no resident wheat staff assigned. 
The second advisor, Dr. Armando Campos, was appointed in 
June, 1974 and held this position for two years. Dr. Campos was 
involved in establishing a new National Coordinated Wheat 
Program, the first attempt at mounting a coordinated program 
with the new federal structure arid four provincial research 
institutions. Dr. Carnpos was attached to the Agricultural Research 
Council, which lacked its own research facilities and programs. 

T he thhud CIMMYT wheat adisor, Dr. Homer Hepworth, was 
posted to Pakistan in 1977 under the auspices of PARC. His 
tenure in Pakistan coincided with the establishment of NARC and 

its new research station near Islamabad. Dr. Hepworth was 
actively involved in station development work at this site. He 
helped to establish the Travelling Seminar, which has been an 

ongoing activity of the NCWP for seven years. Dr. Hepworth also 
paid special attention to wheat production agronomy in barani 
areas, emphasizing tillage and weed control research. Various in

service training programs were offered inPakistan, with teaching
assistance provided by various CIMMYT staff. 
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The fourth CIMMYT wheat advisor, Dr. Peter Hobbs, has 
continued the agronomy focus of his predecessor, but has
 
concentrated more on conducting on-farm research 
with a farming 
systems perspective. His work has been facilitated by thc 
presence of CIMMYT economists who have collaborated closely in 
on-farm research programs in wheat. Several of the major
cropping systems have been selected for this work: the irrigated
rice/wheat area of the Punjab, the irrigated maize or 
sugarcane/wheat area of NWFP (Maidan), and the rainfed barani 
wheat production areas in the northern part of the country. 

Dr. Hobbs has shown a special concern for tillage-related
problems. Improved land preparation practices, such as zero till 
and deep tillage, have been investigated as ways to increase 
yields, reduce time-of-planting conflicts between wheat and other 
crops grown in rotation, and lower production costs. Dr. Hobbs 
has also supported irriportant work on weed control, more 
balanced N and P fertilizer use, and research issues related to the 
long-terr sustainability of wheat production systems. He has been 
instrumental in intioducing micro-computers as research tools for 
data processing and analysis in wheat research programs. 

CIMMYT posted its Regional Economist for South Asia, Dr. Derek 
Byerlee, in Pakistan from 1983 to 1987, where he spent
approximately 50% of his tirrie supporting wheat-related research 
activities, especially those of the PARC's Agricultural Economics 
Research Units (AERUs). Dr. Byerlee helped develop the use of 
social scientists as part of on-farm research teams. He has been 
extensively involved in setting the research agenda for the AERUs 
and in a wide range of collaborative research projects with 
Pakistani researchers. During 1985-87, a second economist, Dr. 
Paul Heisey, was added to the resident staff. In his wheat 
research, Dr. Heisey has helped to design and conduct surveys on 
wheat varietal use and tie rationale of farmer decision making in 
changing to new varieties. 

Future Colaboration with Wheat Research Organizations
With the termination of the PARC/CIMMYT Collaborative Wheat 
Prograrn in 1C87, CIMMYT will rely on its two regional wheat 
staff (a pathologist/breeder and an agronomist) assigned to South 
Asia (office in Kathrnandu, Nepal) to provide the principal research 
liaison with provincial and federal wheat research institutions in 
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The PARCICIMMYT 
Collaborative Wheat 
Program in Pakistan has 
been markedly 
strengthened through the 
addition of economists to 
the research team. 

Pictuied here is 
CIMMYT's regional 
economist for South 
Asia, Dr. Derek Byerlee 
(far right), reviewing on
farm agronomic 

experiments during 1987 

with Dr. Peter Hobbs (far 

left),
CIMMYT's resident
 
wheat advisor. 

Pakistan. IInaddition, CIMMYT's bilateral Economics Proglar with 
PARC will finish collaborative research support and irst UttIolial 
links with Pakistar]i wheat research orgnizaton-. 

C>)ritrine., W.fihi JttnO 5 rmvisinr n both Vh'!fOCt ipI)[over,Ilent 
ind ci( rriai(jt:iwrlt wserelli. !itwheat miproverrlrrt ,
Iitlin
nii'rltj re.lI .ir rnpri-s, at ClrIMY1 is bein gIvcr, to the 

ItJiriiiur~ts ftorWsutst~ilriiible pt()(hlorl In intensivo 
i pir)ligitt ri is V'VtK to (!v t)Irronlit -tt.ileari t aJnd mla

1()it'r.l w'ilts %iIII he, spe'nIJj(ialiyi R1H-tto Paki1.stani wheat 

ti rairielhlaai 
)r,tiriin tins! tii dnvwliiop ir(iiml rable esi'tiinfc. to leaf arid 

St i; in rust, ann its rr reerit work to develop sources of 

rrnol nor nor int \',.ith.n rsm.' CIM\1Y[s
 

isslnr-(e to krnil bomt, ar( also extremely important research 
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thrusts for Pakistan. Efforts by CIMMYT to broaden the genetic
diversity of its germplasm base through improved characterization 
of these materials for different traits can also be important for 
Pakistani breeding programs. 

The extent of CIMMYT's work on wheat-based crop management 
will obviously decline with the reassignment of the resident wheat 
agronomist, Peter Hobbs, to a regional position for South Asia 
headquartered in Kathmandu. In this position, Dr. Hobbs will 
focus primarily on the crop management problems of rice/wheat 
rotations throughout the region, including Pakistan. CIMMYT's 
remaining resident advisor in Pakistan, Dr. James Longmire, an 
economist who assumed the post of resident advisor in February 
1988, will assist the AERUs staff in conducting on-farm surveys 
on wheat production circumstances and constraints, issues of 
importance to the nation. 
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Current Wheat Technology and 
Constraints to Production 

Agroecological Zones of Wheat 
The Soil Survey project of Pakistan has developed a report titled, 
"Crop Ecological Zones of the Indus Plains" which delineates 17 
major agroecological zones in the country. (Rafiq, 1971; 1976). 
Wheat 1,,grown in 15 of these major agroecological zones. 
However, ooly 11 zones are really considered to be suitable for 
wheat production. (Figure 12, page 100; Table 21). 

Wheat production in Pakistan is concentrated on the pla' is of the 
Indus basin. Most of this area is semi-arid to arid and 80% of the 
nation's wheat area depends on irrigation for production. The 
rainfed areas are found mainly in the high plains, foothills and 
mountain valleys of the northern and northwestern regions of the 
country. Of the rainfed areas, approximately 650,000 ha have 
rainfall above 500 mm annually and 850,000 ha are low-rainfall 
areas with 350 to 500 mm of precipit tion annually. 

Table 21. Wheat-Producing Agroecological Zones of Pakistan 

Wheat Area ('000 ha)
Zones, Province(s) Irrig. Ratn. Toti.L. 

Zone 1- Thatta 
Zone 2-Hyderabad 
Zone 3-Sukkur 

3a. Multan-Khairpur 
31). Jacobabad-Dadu 

Zon', 4-Faisalabad 
Zone 5-Guiranwala 
Zone 6-Peshawar 
Zone 7-Thai 

Sind 
Sind 
Pjnjab/Sind 
Punjab/Sind 
Sind 
Punjab 
Punjab 
NWFP 
Punjab 

18 
282 

2346 
f2065) 
(281) 
1544 
828 
121 
337 

0 
0 

52 
(34) 
(18) 
12 
11 
79 
87 

18 
282 

2,398 
(2,099) 
(299) 

1,566 
839 
200 
424 

Zone 8-W. Piec -nont 
8a. Kachhi 
8b. D.I.-D.G. Khan 

Zone 9-Gujrat 
Zone 10-Rawalpindi 

Various 
Baluchistan 
Punjab/NWFP 
Pinjab 
Punjab/NWcP 

50 
(8) 

142) 
5 

22 

3 , 

(8) 
(27) 
200 
276 

85 
(16) 
(69) 
205 
293 

Zone I1-Talagang 
Zone 12-Murree-Swat 
Zone 12-Chitral 
Zone 14-Quetta!Lorelai 

Punjab 
NWFP/Punjab 
NWFP 
Baluchistan 

47 
58 
18 
90 

187 
223 

2 
98 

234 
281 
20 

188 
Zone 15-Makran-
Jhalawan Baluchistan 7 22 29 

Zone 16 & 17
Tharparkar/Cholistan 

Grand Total 
Punjab/Sind 2 

5773 
0 

1283 
2 

7,056 

Figures ir parenlheses irethe partial areas of a zone. 
Source PARC'CIMMYr Collaborative Procgram 
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PaKistan's wheat-producing land can be diided into three types: 
primary wheat-producing zones, secondary wheat-producing 
zones, and minor or non-wheat-producing zones. The Appendix to 
this chapter gives a general agroecological description of each 
wheat-producing zone and the key constraints to increased 
productivity there. 

There are three primary agro-ecological zones in which wheat is 
grown in Pakistan. These are located in the Punjab and Sind 
provinces and account for 4.8 million ha, nearly 70% of the 
country's total wheat area; collectively, they produce nearly 10 
million tons of grain. Depending upon soil type and summer 
humidity/rainfall, wheat is grown maily in rotation with cotton, 
two types of rice, sugarcane, maize, pulses or fodder. The 
dominant cropping patterns by far are the cotton/wheat rotation 
and the rice/wheat rotation. 

Secondary wheat-producing zones border the primary zones to the 
west and north. These include lower-rainfall barani areas, torrent 
1lood areas, smaller irrigated areas, and some of the high
elevation mountainous areas. Collectively, these zones account for 
1.8 million ha, 25% of the national area. Major impacts on tields 
could be made in these zones through well-focused research and 
extension programs. 

The remaining agroecological zones are either minor or the non
wheat producing areas in deserts or baren mountain lands. 
Collectively, the minor wheat-producing zones account for about 
135,000 ha. 

Estimating the Yield Gap 
It is generally reported that wheat yields in Pakistan are currently 
at only one-third of their potential, given available technology. In 
various reports, a yield gap of 70% has been quoted. Such 
reports contend that with "optimum" management practices, the 
average national yiEld could be 5.4 t/ha and that 38 million tons 
could be produced on the 7 million ha currently devoted to wheat 
production. While a substantial yield gap does exist in Pakistan, it 
is considerably less than those figures suggest. Based upon 
dozens of on-farm experiments, "economic" yield potentials were 
calculated for several major wheat cropping systems (Table 22). 
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Table 22. Comparison of Wheat Yield-Gap Assessments 

3.3 3.5 4.5 3.0 

Economic Yield Gap, % 49 36 40 44 43 

Source PARC/CIMMYT Collaborative Program data 

The optimum economic yield in these calculations is estimated by

assurning the farmers' perspective of wheat as one crop, albeit a
 
very important 
ore, in his cropping pattern, where management 
conflicts and compromises have to be made. Thus this figure
takes into consideration the total productivity of the cropping 
pattern within a realistic economic environment. As can be seen,
there are considerable discrepancies in the apparent "yield gaps"
in wheat. However, even with the lower set of yield-gap 
estimates, it is clear that there are substantial opportunities to 
increase wheat yields within existing cropping systems. 

Status of Technology in Major Cropping Systems
The high-yielding wheat varieties currently available in Pakistan 
have a maximum genetic yield potential of 6-9 tiha. This 
theoretical yield potential, however, is not the economic yield
potential in which conflicts in the cropping systems, economic 
constraints at the farm level, and the lack of information on the 
part of farmers result in suboptimal production practices in land 
preparation, stand establishment, fertilizer use, and weed control. 
In the irrigated areas, especially, the cropping intensity during the 
last two decades has increased sharply, placing pressure on 

Area, 000 ha 

Official Current Yield, t/ha 

Official Yield Potential 

Official Yield Gap, % 

Estimated Current Yield, t/ha 

"Economic" Yield Potential, t/ha 

Irrigated 
Punjab Punjab Punjab NWFP Punjab

Rice/ Cotton/ Mixed Maize/ Brni 

Wheat Wheat Wheat Wheat Wheat
 

1,010 2,560 1,062 130 440 

1.7 1.9 2.0 1.5 1.1 

5.0 6.0 6.0 4.5 4.0 

66 68 67 67 72 

1.8 2.1 2.1 2.5 1.7 

3.5 
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wheat in these systems. Results of on-farm survevys and 
experiments have led to the identification of a series of production 
problems in the context of the major cropping systems. 

While there are many different cropping patterns, the dominant 
irrigated crop rotations are cotton/wheat, rice/wheat, diversified 
kharif crops/wheat, maize/wheat and srJ(arcane/wheat. The 
dominant barani systems are in the nigh-rainfall plains areas and 
certain mountain zones. On-farm research conducted by 
PARC/CIMMYT and provincial wheat researchers provides reliable 
information on the current production constraints and yield gains 
possible from the introduction of improved management practices 
within the reac., of representative farmers. 

Wheat yields in Pakistan will be increased through improvements 
in a number of production practices (Figure 8). These include 1) 
the use of newer, higher-yielding varieties, 2) observance of 
optimum planting dates, 3) improved planting methods, 4) 
improved fertilizer use and management, 5) improved weed 
control and 6) improved water management. When any one of 
these technological components is at suboptimal levels, yield 
losses from 200 to 400 kg/ha may be expected; under generally 
poor management, they can collectively account for a 1,200 to 
2,400 kg/ha reduction from potential yields. 

The use of farm machinary plays an important role in the scheme 
of wheat production; if adequate it can both raise yields and lower 
costs, especially in land preparation and harvesting. 

Variety-Since 1965, more than 30 HYVs have been released by 
the provincial research services of Pakistan. These materials fall 
into two maturity groups: full-season and short-season. They are 
generally white-grain types with high gluten strength. Stem and 
leaf rust resistance are needed in all growing areas, resistance to 
stripe rust in areas north of Faisalabad. There is also a need for 
resistance to some bunts and smuts. Resistance to stem rust has 
held up, but leaf and stripe rust resistances have been more 
ephemeral. Most varieties have lost their resistance to these two 
types of rusts within four to six years of release. In some cases, 
resistance has been lost before or shortly after release. 
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Sour(ce P-ARC Clt.ir.t~r iC rdlt F'r()(r,~T(1 U~i \ 2!: 

Figure 8. 	 Present and Potential Wheat Yields in Irrigated Areas 
Based on On-farm Research Information 

Pakistan's 	'Vheat research systems have; ieleased aJcontinuin~g
stream of 	 improved semidwarf HYV since 1965 On average;, the 

yield potential of the these new HYVs has icease;d at ab~out 60 
kg or 1%O/per year (Bycrlee arid Heise<y, 1989) darirng 1 965-85. 
Despite these gins in yiel!d potential, the commercial introduction 
of these new varieties has been slow. Average age of varieties 
(from time of release to peak coveragel ranges from 6 to 9 years; 
replacement takes over 10 years. 	 Since the inltroduction of the 
first HYVs in the late 1960s, corrimercial use patterns for the 
HYVs have only changed when rust epidemics have put heavy 
pressuie on farmers to switch to new varieties. Replacement of 
rust-susceptible varieties with higher-yielding resistant ones takes 
six to eight years in Pakistan, a rate so slow as to almost ensure 
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an alarming proportion of commercial wheat areas planted to rust
susceptible varieties. This situation contrasts with those of Mexico 
or India, where the turnover is much quicker (Figure 9). 

Jupateco 
iano 

Nacozan 

exic A 

Genr 

Nexipa 1651/C enab 70) NP 

Punj 

Yecor (75) 

WL 71 1 (78 

Source: Heisey et al., 1987 

Figure 9. 	Comparison of Wheat Varietal Turnover in Mexico 
and Pakistan 
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Wheat Diseases-In 1986-87, 64% of the cotton!wheat zone,
52% of the rice/wheat zone, and 60% of the irrigated zone of 
NWFP were planted to either banned or old varieties susceptible
to rust pathogens. At present, the old variety, Pavon-76 (a "slow
rusting" genotype) is the only wheat variety with resistance to 
leaf rust that is being multiplied by the Sind Seed Corporation,
and Pak 81 is the sole leaf and stripe rust-resistant variety being
multiplied in any quantity by the Punjab Seed Corporation, despite
the availability of at least a half-dozen newer HYVs (Kohinoor 3,
Faisalabad 83, Faisalabad 85, Punjab 85) with resistance to leaf 
and stripe rust. In the case of Sind, all of the newer HYV wheat 
varieties currently promoted by ARI and AEARC are showing
 
susceptibility to leaf rust.
 

Approximately 50 to 60% of the country's total wheat area is 
planted to varieties that are susceptible to rust attacks (able 23),
often because these varieties are preferred by farmers for eating 
purposes. Apart from the threat of a rust epidemic, on-farm 
experiments have consistently shown the superiority of the newly
released varieties under farmer conditions. In over 50 experiments
planted between 1983 and 1985, Pak 81, for example, provided 
an average yield increase of more than 20% over the variety
Yecora, and a 5-10% advantage over WL-71 1, depending on 
planting date. And yet, this variety has been slow to be adopted. 

Though the proportion is decreasing, the continued planting of 
rust-susceptible varieties (still grown on 40 to 50% of the national 
wheat area) poses a serious threat to stable wheat production in 
the country. The failure to distribute newly released varieties in a 
timely way exposes the country to an agricultural time bomb, in a 
scenario ominously similar to the events leading up to the 
1977-78 rust epidemic. Luckily, 1986/87 was not a "rust" year;
the rusts came late and only caused a 3% reduction in total 
production. Another problem with the continued use of 
susceptible varieties is that it increases the chances of a new 
mutant race developing to attack presently resistant varieties. 

There are other potentially serious disease problems looming over 
wheat production in the country. Stripe rust, more serious in the 
cooler northern parts of the country, could also explode into an 
epicemic under favorable conditions. Seed-borne diseases,
principally loose smut, flag smut, and karnal bunt are also serious 
in certain locations. Karnal bunt, in particular, is on the rise and 
was observed in the 1986/87 season in both the rice/wheat tracts 
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of Punjab and in the Peshawar valley. This disease reduces the 
quality of wheat and produces a black seed mass that makes the 
grain unsuitable for human consumption. A survey is needed to 
detect the hot-spots and develop a suitable research strategy for 
control measures. 

Table 23. 	Percent Area Under Different Wheat Varieties in the Irrigated Rice and 
Cotton Zones of Punjab and the Irrigated Maize Zone of Peshawar 

Rice Zone Cotton Zone Irrigated Maize 
Punjab Punjab Zone Peshawar 

Varietal group 1985-86 1986-87 1985-86 1986-87 1985-86 1986-87 

New recommended: 
Pak 81 26.3 384 62 10 9 19.5 19.1 
Punjab 81- - 90 54 -

Bahawalpur 79 - - 12,3 9 1 
Faisalabad 83 0.2 1.4 0.5 -

Kohinoor 83 0 1 0.8 0 1 1.5 - -

Pirsabak 85 - 0.1 0.3 
Indus 79 - - - 0.5 
New don't know 4.7 7.2 3.2 8.9 5.7 20.4 

Total 31.3 47.8 31.3 35.8 25.8! ,.,39,8 

Old recommended: 
B Silver'Sonalika 10.4 11.3 21 2 21.6 6.8 2.5 
Sandal 5.7 5.3 0.6 0.8 1.7 7 
Pari-73 4.1 34 01 - - 

Lu-26 1.4 1.6 0.1 0.2 - -

Lyallpur 73 4 3 1,8 0.7 0.4 8.3 1.6 

Total 25.9 23.4 22.7 23.0 16.8 4.8 

Banned: 
Punjab 81 17.4 7.3 
Bahawalpur 79 0.2 - - - -

WI 711 'India' 2.3 0.4 37.2 28.9 9.9 12.3 
Yecora 10.5 78 1.0 1.3 - -

SA 42 "Torlashi" - - - 14.0 14.8 
"Mex.Pak" - - - - 25.8 20.7 
Old don't know 12.4 13.3 7.8 11.0 7.7 7.5 

Total 42.8 28.8 46.0 4.2 57.4. 55';3 

Punjab 81 and Banawalpu 79 banned for rice zone but not cotton zone 

Source Data from Surveys by Agricultural Economics Research Units, Faisalabad arid Tarnab, and 

CIMMYT 
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Some problems can be effectively controlled through the use of 
the chemical seed treatments, as recommended by the wheat
 
research service. Such chemicals should be supplied by the seed
 
corporations at the time of purchase (certified seed is not
 
chemically treated because of fear of people eating it 
as grain).

While this means of chemical protection will increase seed costs
 
somewhat, such treatment could delay infections past the critical
 
period for epidemic development.
 

Planting Date--In double cropping systems there are often
 
difficulties in planting at the optimal time, and wheat crops seem
 
to be planted increasingly later (Table 24). In Pakistan, wheat
 
yields are quite sensitive to late planting dates because of the risk
 
of high temperatures in the flowering and grain-filling stages.
Analysis has shown that this late planting of wheat is a rational

practice, given the farmer's current technology and the economic
 
environment he faces: the farmer favors his basmati 
 rice and
 
cotton crops in the rotation because they pay more money.

However, it is estimated that for every day's delay in planting

wheat after November 20, wheat yields, on average, decline 1% 
(Figure 10). The problem is most pronounced in the cotton/wheat 
area, where 20% of the fields are planted in January (with an 
average loss of 1 t/ha of wheat grain due to this practice). (Akhtar
 
et al., 1986). In basmati rice areas, 20% of the fields have
 
traditionally been planted very late (in early January) although this
 
situation has recently improved. The adoption of the earlier
maturing, high-yieluing cotton variety, NIAB 78, and the basmati 
rice variety, Basmati 385, are helping to alleviate the problem of
 
late planting. In particular, the early-maturing Basmati 385 variety
 

Table 24. Distribution of Wheat Planting Dates in Irrigated Areas 

Punjab Punjab NWFP.
Planting Date Rice/ Cotton/ Maize/


Wheat Wheat Wheat
 

% of fields 

Recommended 60 29 66
 
(before Dec 11


Somewhat late 30 29 19 
(Dec. 1-15)

Very late 10 41 15
(after Dec. 15) 

Source. Byerlee et al., 1986 
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is having a marked impact on wheat yields by allowing farmers to 
plant 10-15 days earlier. As rice and cotton farmers take up new, 
earlier-maturing varieties of these summer crops, timely planting 
of wheat can increase yields by 500 to 800 kg/ha. 

Another set of solutions lies with the wheat crop itself. It has 
been assumed that early-maturing varieties solve the problem of 
late planting. However, recent evidence indicates that some of the 
wheat varieties of later maturity have enhanced tolerance to heat 
stress, and perform even better than early maturing varieties, 
when planted late. Examples are Pak-81 and WL-71 1, both very 
popular with farmers. Such genotypes provide the farmer with 
additional flexibility while allowing higher yields in seasons with 
more favorable growing conditions. This yield dependability is an 
example of the value of "wide adaptation" in wheat. Short
season varieties to replace the popular but rust-susceptible Blue 
Silver/Sonalika are also urgently needed. 

Blue Silver; 
. /Sonalika 

Figure 10. Effect of Planting Date on the Grain Yield of Wheat 
at Khanewal Seed Farm, Punjab, Pakistan 1982-85 
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Land Preparation and Planting Methods-Land preparation
practices appear to be an important constraint in the rice/wheat 
area, especially where basmati rice is grown. Here the farmer 
typically performs six cultivations before planting wheat after rice 
(Table 25). Even so, the resulting seedbed is often not in good
enough shape to achieve a good stand of wheat, due to the 
difficulty of working the puddled, compacted soils and 
incorporating plant residues from the previous rice crop. In 
addition, the time required to carry out so many tillage operations
contributes to late planting. 

Table 25. Land Preparation and Planting Methods in Irrigated

Wheat Areas
 

Punjab Punjab NWFP
 
Rlce/ Cotton/ Maize/


Wheat Wheat Wheat
 
Average number of tillage


operations 6.1 
 4.8 3.3 

Average seed rate, kg/ha 98 110 113
 
% who broadcast seed 98 98 92
 

Sourc e 
Byerlee et ai, 1986 

An exciting research development in this area is zero-tillage,
especially for the basmati rice/wheat zone, but probably also for
other zones. This technology permits tie direct drilling of seed 
into the undisturbed soil surface with simultaneous fertilizer 
application. It results in improved stand establishment, more 
uniform spread of fertilizers, improved weed control (because
dormant seed are not brought to the surface), and saves time and 
money. With zero-tillage, the traditional land preparation costs of 
Rs. 750/ha can be reduced appreciably. Current data indicate that 
wheat planted after rice using zero-till direct seeding can achieve 
an average yield increase of 20 to 30% with a 20% reduction in 
production costs to boot. 

In barani areas, shallow cultivation has also resulted in a hard 
plow-pan layer 20 to 30 cm below the surface followed by
compacting beneath that. This limits root growth and reduces 
yields by 30 to 40%. Agronomic trials conducted during 1984-87 
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indicate that deep tillage with a moldboard plow can overcome 
the current problems of soil compaction and thus substantially 
improve yields (Table 26). 

Table 26. 	Effects of Tillage Treatments on Wheat Grain Yields in 
the Rainfed Area of Rawalpindi and Islamabad Districts 

No. of Grain Yield, t/ha % Yield 
Year Experiments Cultivator Moldboard Increase 

(Shallow) (Deep) 

1984-85 16 2.1 2.9 36 
1985-86 35 4.1 5.1 27 
1986-87 13 3.6 4.1 14 

Average 68 3.4 4.3 25 

Source Hobbs ut , 1987 
unpublished data, P R Hobbs 

Soil Fertility-Fertilizer has made a major contribution to 
increased wheat production in Pakistan. Nitrogen fertilizer use is 
now at moderate-to-high levels in the irrigated and well-watered 
production areas. :n many areas, however, insufficient phosphorus 
is applied (Teble 27). 

Tab's 27. 	Fertilizer Use in Irrigated Wheat Areas 

Punjab Punjab NWFP 
Rice/ 	 Cotton/ Maize/ 

Wheat Wheat Wheat 

kg/ha of nutrient 

Average dose N 77 97 97 
Average dose P 44 46 32 
Total nutrients 121 145 129 

% farmers 	who.,. 

Apply P 	 83 85 47 

Use farmyard manure 9 4 38 

Source: Byerlee et al., 1986 
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Researchers have traditionally provided one fertilizer 
recommendation for all irrigated areas, with little economic 
justification. Differential responses to fertilizer by crop rotation 
relate in part to the effect of carryove, fertility from the previous 
crop. A fouL-year series of on-farm experiments has looked at 
differential responses to fertilizL.: recommendations ior relatively
homogeneous groups of farmers, classified according to the crop
rotations and using realistic cost estimates and rates of return on 
capital (Table 28). 

Table 28. Fertilizer Recommendations for Wheat Grown in
Different Cropping Patterns Compared to Farmers' 
Practices 

Rotation Farmers average Official Economic 
use Recommend. Recommend. 

N P N P N P 

kg/ha 

Maize-wheat NWFP 91 27 136 57 103 82 

Sugarcane-wheat
NWFP 112 37 136 57 137 82 

Rice-wheat Punjab 77 44 136 111 155 49 

Sourcf Byrjk.I ut al , 1986 

The results show considerable discrepancy with officially
recornmended dosages. In the irrigated maize/wheat areas of 
NVVFP, there appears to be little basis for the recommendation of 
a 2.5 to 1 ratio of N to P. On-farm trial data show that farmers 
could benefit from higher levels of P than currently recommended 
on wheat planted after sugarcane In the Punjab, on the other 
hand, wheat planted after rice would appear to benefit from 
higher doses of N. While increased amounts of N and P fertilizer 
use are still profitable in most of the major zones, the relative 
balance in the application of these nutrients is an especially
important consideration. With current cropping intensities, 
deficiencies of secondary and micro-nutrients will constrain yields 
and negate investments in nitrogen and phosphorus. 
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Weed Contro'-Few Pakistani wheat farmers use chemicals to 
control weeds (Table 29), despite the fact that weeds are a 
serious yield-limiting factor in the rice/wheat area and the 
maize/wheat area of NWFP. Figure 11 shows the impact of 
weeds in P\IVWFP. (Hussain et al., 1986). The prhblem of grassy 
weeds is directly linked to the number of years of continuous rabi 
season wheat plantinq. In fields that are alternated with row crops 
or with fodder crops in the rabi season, the grassy weed problem 
is less severe. 

Table 29. Weed Control Methods and Weed Problems in Irrigated 
Wheat Systems 

Punjab Nb 

Ricel ':Clotont. ' 

% of farms with weed 
problem 
- broadleaf weeds 13 13 35 
- Phalaris 28 1 11 
- Wild oats 6 3 9 

% farmers using weed 
control method: 
-hand weeding 7 17 19 
- herbicide 3 - 4 
- none 90 83 77 

Source: Byurlee et al., 1986 

A possible solution for the weed problem is herbicides. In the 
maize/wheat area, experimental data have shown very attractive 
rates of return (240%) for the use of phnoxy herbicides to 
control broadleaf weeds. After convincing farmers of the 
profitability of using herbicides in cotton production, private 
companies are now starting stronger herbicide marketing efforts 
for improved weed control in the rice/wheat area. 

Mechanization-The mechanization of Pakistani wheat production 
has proceeded at an accelerated rate. Now that the country has, 
for all practical purposes, a mechanized wheat production system, 
there is a need to optimize returns from these investments. In 
particular, there is a need for a research and development 
program to manufacture a range of improved implements for 
wheat production, including deep-tillage plows, zero-till 
drill/planters, cutte./binders, and improved threshing equipment. 
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Source: Ryerlee et al., 1986 
Figure 11. 	 Average Wheat Yield According to Weed Scores, 

Maize/Wheat Area, PAWFP 

Increased mechanization of narvesting operations can reduce the 
time required icr these operatioi,s which, in turn, can reduce grain
losses due to late harvesting (as in the 1986-87 season, when
ra9ins seriously alfected traditional harvestinq operations). Also,
increased mechanizi;tion can reduce the traditional costs for 
cutting, threshing and transporcation (up to 30% of the crop is 
currently scld to pay for these operations). Self-propelled
combines now harvest over 100,000 ha in the rice/wheat area 
alone. While many parcels may be too smal! fo, efficient combine 
harvesting, 	 tho wheat area handled this way is expccted to grow
substantially in future years. However, a significant shift toward 
greater mechanization in harvest opcrations would also result in 
labor displacement. 

Water/Moisture Management--Research issues in water 
manage,,ient are complex. The problems of ning of irrigation,
salinity, sodification caused by rising water tables and 
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waterlogging all affect the yield potential and sustainability of 
production systems. Although the issues are complex, improved 
water management is a high priority research area. 

While wheat is a relatively salt-tolerant species, its productivity 
can decline seriously under extreme conditions. The development 
of adequate drainage systems to control sodification and 
salinization should not be discounted, but improved tolerance to 
these conditions can also be achieved through plant breeding. 

Another source of concern in irrigated wheat production is the 
cost of diesel powered tubewells, which is 10 times more than 
canal irrigation and 3 times more than electric powered tubewells. 
The current olans to expand the rural electrification grid will 
alleviate tmis problem, although some analysts believe that the real 
price of electricity should be increased to maximize social benefit 
in Pakistan. 

Figure 12. Wheat-Producing Agioecological 
Zones of Pakistan 

W Primary Wheat-Producing Zones 
13 

[ Secondary Wheat-Producing Zones 12 

8 

17 
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Wheat-Producing Zones of Pakistan 
(See Table 21, page 85) 

Zone 1: Thatta-This is the delta area of the Indus River where
only 18,000 ha of wheat are grown. It is not an important wheat
growing area because of its short season. Rice and sugarcane are
the major summer crops and pulses and mustard are the major
winter crops. The principal soil problems are waterlogging, salinity 
and heavy texture. 

Zone 2: Hyderabad~ This zone covers 282,000 ha and includes 
areas of the Sanghar, Tharparkar, Hyderabad, and Dadu Districts.
Its northern boundary represents the limit of the frost-free zone of 
Pakistan, Sugarcane and cotton are the major summer crops, 
pulses and wheat the major winter crops. The wheat season isshort with planting in late November and harvest in mid-March. 
Rust usually occurs late in the season and is not a oroblem. There 
isa need for short season varieties with heat tolerance during
grain filling. Wheat yields in this zone are 2.2 t/ha, 17% above
 
the national average.
 

Zone 3: Sukkur---This zone is the major wheat-producing area of 
Pakistan. It covers nearly 2.4 million ha in the arid part of the
Indus plains with less than 200nm of rainfall. The zone is
 
characterized by very hot summers 
with low humidity and mild
 
winters where frost occurrence is rare. 
 Because of significantly
different soil types, two sub-zones exist, each with distinct 
cropping patterns. 

3a sub-Zone: Multan-Khairpur. This sub-zone covers 2.1 million 
ha where cotton/wheat is the major rotational pattern. It is located 
east of the Indus river in northern Sind and southern Punjab,

stretching from Multan District in the north 
to Khairpur District in 
the south. Soils are mainly silty loams with some clays also
found. The wate, table is generally deep. Salinity in some areas,
however, is problematic. It is some of the best wheat-producing
land in the country. Cotton is the most suitable summer crop and 
wheat is the most suitable winter crop, although gram is also
produced. Wheat is harvested in April and May. It is often sown
late, especially in the northern part of the zone, due to the 
preceding cotton crop cycle. Heat stress during grain filling is a 
widespread problem and varieties with either heat tolerance during
grain filling or early maturity are required. Leaf rust attack can be 
very serious. Chenopodium and Convoluvulus are potentially the 
most damaging weed species, but do not cause serious yield 
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losses at present. Nitrogen use is approaching optimum and 
therefore phosphorus deficiencies are showing up. The average 
wheat yield in this sub-zone is 2.2 t/ha, 16% above the national 
average. 

3b sub-Zone: Jacobabad-Dadu. This sub-zone covers roughly 
300,000 ha where rice/wheat is the major rotational pattern. The 
area is located west of the Indus river in the Jacobabad, Larlana 
Shikarpur, and Dadu Districts. It has clayey soils and a high water 
table that causes major problems. Considerable waterlogging and 
salinity exist. Rice is the major summer crop (mostly IRRI-type 
varieties). Wheat, gram, pulses, and fodder are the major winter 
crops. For wheat, late planting and crop stand establishment are 
major production constraints. On-farm irrigation management is a 
major problern. There is a need for short-season varieties with 
heat tolerance during grain filling. Many farmers still grow local 
(desi) wheat varieties susceptible to rust. Weeds (broadleaf and 
grassy) are becoming more serious as increased fertilizer is used. 
More balar,'ed N and P fertilizer dosages are required. Very little 
wheat research is done in this area. Water rnanaqement is also a 
problem. The average wheat yield for the zone is 1 7 t/ha, 11% 
below the national average. This irrigated wheat area is one of the 
lowest-yielding in the country. 

Zonie 4: Faisalabad-This zone covers almost 1.6 million ha and 
is Iccated in the central part of Punjib. Wheat is the principal 
crop in the Rabi season and a diversified range of crops in the 
Kha,'if season. It includes land in Faisalabad, Okara, Sahiwal, 
Kisur, Sargohda, Jhang, and T.T. Singh Districts. Soils are mostly 
s(It loams, with some clays. Weather is characterized by hot 
summers, coo!-to-cold winters with frost a possibility, and low 
rainfill in winter. Wheat is the most suitable winter crop. Higher 
hurnidit, in summer makes the zone less suitable for cotton 
production (250,000 ha nonetheless are grown) and this has 
resulted in diversified summer croppinr, patterns that include 
sugarcane, rice, cotton, maize, fodders, and pulses. Some areas 
have high water table and salinity problems. Depending upon the 
previous crop, late planting in wheat can be a probiem. The 
weeds Phalaris and wild oats are the major species causing yield 
losses. Leaf and stripe rust attack can be severe in this area; 
loose smut is also a problem. Hot temperatures during grain filling 
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require varieties with heat tolerance. Land preparation systems 
which allow a quicker turnaround between crop rotations are
 
needed. Increased use of P fertilizers is required. The average
 
wheat yield for this zone 
is 2.4 t/ha, 2 0% above the national
 
average.
 

Zone 5: Gujranwala- This rice/wheat zone covers more than
 
800,000 ha in the sub-humid part of the Indus plains in the
 
Gujrat, Gujranwala, Shiekhupura, Sialkot and Lahore Districts of 
the Punjab Province. It is characterized by hot summers and cold 
winters. Rainfall is in the 400 to 700 rum range. Soils are clay 
oams and silt oams. Salinity, saline-alkalinity, and waterlogging 

are major soil problems. Basrnati rice is the major summer crop,
wheat is the major winter crop. Pcor stand establishment due to 
poor soil structure, poor land preparation, and rice residues limit 
yield potential. The structure of soil following puddled rice and the 
shallow plow pan needed to resist water percolation in rice are
 
other factors detrimental to wheat production. Weeds are a
 
problem in this zone. Phalafis, Avena fatua, Loliumn,
 
Chenopodium, and Ruuex are 
the major weed species reducing
 
yields. Zero ti!lage offers considerable promise for reducing
 
production 
costs and shortening the turnaround time between
 
crop rotations, allowing for more 
timely planting of wheat. Leaf
 
and stripe rust can cause serious production losses. Karnal bunt
 
can be a problem in wet years. Winter rains can 
eith,r help or 
hurt the crop, depending on when they come. Early rains help in 
stand establishment and early plant growth; late rains in March 
and April can cause serious grain damage during harvest. Frost 
can affect short-season varieties planted too early. Average wheat 
yields in this zone, at 1 9 t/ha, are equal to the national average. 

Zone 6: Peshawar-This zone covers 200,000 ha and is made 
up mostly of the irrigated areas of NWFP in Peshawar, Mardan 
and parts of Swat and Malakand Districts, an area with hot 
summers and cold, rainy winters. The zone is characterized by 
complex cropping patterns, with maize and sugarcane being the 
major summer crops, and wheat, sugarbeet, fodder and tobacco 
being the major winter/spring crops. Frost is a likely occurrence 
during 2-4 weeks of the winter cycle. Weeds are a major 
problem, including many temperate broadleaf weeds and thu 
grassy weeds Phalaris, Avena fatua, and Lolium. Leaf and stripe 
rust are serious disease problems. Karnal bunt can be serious in a 
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wet year. Varieties should have frost tolerance When wheat is 
planted late, e.g., following sugarcane, grain is often shrivelled 
due to hot, dry winds in late April and early May. More balanced 
N and P fertilizer use is required for higher yields. Mechanized 
tillage practices have caused hard plow-pan layers to develop at 
shallow levels. Otfirial yield statistics in this zone are erroneous. 
The official average yield of this zone is 1.46 t/ha; a more realistic 
estimate is 2.5 t ha, soMn /0% higher than indicated in the 
official statistir:i. 

Zone 7: Thai- This zone covers 424,000 ha, 337,000 ha of it 
irrigated. The area .s only marginally suitable for wheat production 
although the crop is grown on a considerable area, especially 
when supplementary irrigation is available. The cotton/wheat 
rotation is common with irrigation. The zone is located between 
the Indus and Jhelum rivers and nas sandy soils and sand ridges. 
Climate is similar to Zones 3 & 4: summers are hot, winters are 
generally cool ano can occasionally get cold. Frost is possible 
during two weeks. Rain is common during the winter season and 
the area is suitable for gram production. Little wheat research has 
been done in the area. The average wheat yield in this area is 1.5 
t/ha, 21% below the national average. 

Zone 8: Western piedmont--This 85,000 ha strip of piedmont on 
the west bank of tle Indus river is an arid area with little rainfall 
but torrent floods from the runoff of nearby mountains. Two sub
zones -.e delineated. 

8a sub-Zone: Kachhi plains--Located in Kachhi and Larkana 
Districts. Hottest area year-round in Pakistan. Cropping depends 
upon torrent water in the riverain areas. Soils are loamy near hills 
in the northern area bnt clayey in the southern areas; all are 
strongly calcareous. Sorghum ano millet are usually grown in the 
summer, gram in the winter. Cotton is also moderately suitable. 
Some wheat is also produced using tall local varieties. Fertility is 
good. 

8b sub-Zone: D.I. Khan and D.G. Khan- This mixed 
irrigated/rainfed sub-zone covers 69,000 ha and is located in D.I. 
Khan and D.G Khan, and Rajanpur Districts. It has higher rainfall 
(100-250 mm) than found in sub-Zone 8a; otherwise the climates 
are similar. Loamy soils predominate. Some canal irrigation exists 
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;n D.I. Khan where the major crops are rice, cotton, and
 
sugarcane in summer, 
 and wheat in winter. Wheat production

problems include late planting, poor stand establishment, and
 
weeds (inirrigated areas). Diseases 
are not very important. Short
season varieties with heat tolerance are 
needed because of hot
 
winds in April. Average wheat yield in this sub-zone is 1.3 t/ha,

which includes 1 .7 t/ha for irrigated and 0.7 t/ha for rainfed land.
 

Zones 9 and 10: Gujrat and Rawalpindi--This zone covers
 
503,000 ha and is located in parts of Rawalpindi, Sialkot,

Mianwali and Gujrat Districts. These are the higher rainfall barani
 
production areas with 500 to 1 000 
mm of annual rainfall. Wheat 
is the main winter crop and 70% is grown in association with
 
brassica, which is taken off the field 
as fodder in January and
 
February to feed livestock. Summer crops are maize, millets,
 
sorghum, 
 and pulses for fodder and grain purposes. Frost 
frequen tly occurs and can affect short-season varieties that are
 
planted early When rainfall is adequate yields in this zone can

uxceed those in irrigated areas if farmers use moderate levels of N

and P along with recommended varieties Soil compaction 
occurs
 
ir sonu, Areas but deep moldboard plowing is a suitable solution
 
to this probleri. Wheat is often grown following fallow ano late
 
planting is usually not a problem. Soil moisture at time of planting
 
can be limited and 
cause problems in stand establishment. Seed 
must be drilled to get good stands; planting depth should be at 
least 10 cm to find moisture. There is a need for varieties that 
can emerge from deeper planting. Erosion is also a problem. Zero 
or minirnum tillage systems may be important innovations in the 
future, both for soil management (minimize reformation of 
compacted soil layer), conservation (erosion control), and 
reducing produciion costs (much lower land preparation costs).
Leaf and stripe rust can be serious. Flag smut and dryland root rot 
can also be problernatic. Average yields in zones 9 and 10 are 
1 . I ad 1 4 t/ha, respectively, considerably below the national 
average With increased and well-focused research, substantial 
yield gains are possible in the near term. 

Zone 11: Talagang-. This zone covers 234,000 ha and is located 
in the Bannu, Jhelum, Mianw,!, Kohat, Attock, and Karak 
Districts. It is the semiarid area of the Pothowar uplands and is 
south of zone 10. Soils are mostiy loams with a sandy texture. 
Annual rainfall is in the 300-500 mm range and crop failure can 
occur. Irrigation is aviilable in pockets. Cattle production and 
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grazing are important. Some wheat and gram are grown during 
winter. Little research has been done in this area. Poor plant 
stand and root rot are problems. ields are very dependent on 
rainfail and residual moisture present in soil. Average wheat yield 
is slightly less than 1 0 t/ha, about hall the national average.
Although wheat production is risky, increased research cttention 
could substa ntially impiove wheat yields and their dependability. 

Zone 12: Murree-Swat This zone covers 28 1 000 ha arid 
comprises the Swat, Mansehra, Abbottabad, and Mlaokand 
Districts. Sub-humid and humid highlards ranging frori 1,000 to 
1,500 m in elevation and with 500 to 1,400 mm of rainfall. The 
summer is mild and the winter cold. Fodder for livestock is very 
important. Some wheat is grown in winter after summer maize; a 
very long growing season is required in these areas. The zone is 
similar to Zones 9 & 10 with less chance of failures due to 
moisture inadequacies. Phosphorus is very unportant for balanced 
fertilization. Weeds ame a problem because of higher rainfall. Little 
wheat research or extension work is done in the zone. Early
maturing varieties with cold tolerance are needed. Leaf and stripe 
rust and powdery mildew resistance are also required. Wheat 
yields can be very good, although vry low rates of fertilizer 
generally constrain yields. The average wheat yield is reported to 
be 1.0 t/ha. The yields of wheat grown in the lower elevations are 
at least twice the reported average 

Zone 13: Chitral--This is a semi-arid, high-elevation area with 
150-250 mm of rainfall. Wheat is grown where irrigation is 
available from glacial melt. The wheat growing season is long, 
beginning in October with harvest in June. (Whear is also grown 
as a summe crop in a limited part of the area ) There is a need 
for facultative wiriter-wiheat types or cold-tolerant, eatly-rnaturing
spring types. Stripe and heal rust can be serious. Common bunt 
can also be a problem on the local varieties. Fodder is very 
amportant and wheat bhusa Istraw) i- highly valued as an animal 
feed. Farmers use organic ma,,ure for the most part, although 
chemical fertilizer is now heing .dopted. Limited wheat is 
currently grown in the zone. The long growing season should 
produce good wheat yields with proper management. Little 
research is done on wheat. 
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Zone 14: Quetta-Lorelai-- This zone is mountainous with isolated 
valleys. Moisture ranges from 350 to 400 mm. Wheat is 
frequently growl tinder torrent flood conditions; as in Zone 8, this 
affects fertility and dates ot planting Most farmers still grow tall,
local varieties [here s a reed for cold-tolerant materials. Fodder 
production iol aniMIals I'; imrt)olalt. Stripe rust and bunt are major
wheat diseases. Some areas have kar e,e underground irrigation 
systems; freir, vegetables arid fodder are usually grown on these 
lands. Etatrc rainfali : :i CauSe Cr) ) failure 

Zone 15: Makran-Jhalawan- lhis is a fitigo plateiu and an 
adjacont hilly area in southerr Baluchiistal lying between 500 and 
1,000 rn elevation. Rainfall is between 50 and 300 mm and soils 
are primarily calcareous loars. The zone is used mostly for 
livestock grazing. Some areas use torrent flood, riverain 
agui(:ultLJre and sorne area have kareze underground, oasi--type
ihr,gatiori where wheat can be growr; but resti Is are erra tic. In 
kaieze areas, wheat is glOwn under date palms. Wheat is not an 
irirportant crof) ,IXcept to irnet home consumptionr needs. 

Zones 16 & 17: Tharparkar and Cholistan desert -Arid area,
with sand ridges and little rainfall. Little wheat is grown (2000 ha 
irrigated) Tharparkar is rnaiinly a cattle-raising zone with 200 to 
300 mm of rainfall. In Cholistan, seasonal grazing also occurs. 
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Maintaining Growth in Wheat Production
 

For no other crop in Pakistan are the issues of research and 
extension more important than wheat. Pakistan's wheat research 
system is the nation's largest, oldest and best-developed crop
research program. It is arguably the most successful. Expenditures 
on wheat research and extension ha,/e paid handsome dividends 
over the years. Nagy (1984) calculated that between 1965 and 
1981, the internal rate of return to investments in wheat research 
and extension was 64%. Pray (1983) has argued that this rate of 
return would have beern even greater had there not been under
investments in the overall wheat research and extension 
infrastructure which weakened the linkages between agricultural 
education, research, extension, and seed supply organizations. 

Whilc investments in wheat research and extension during the 
past 25 years have paid high returns, what about the future? Can 
the growth in wheat production experienced in the past be 
maintained? Will tne country maintain self -sufficiency? Will it join
the handful of countries that are wheat exporters? 

Estimates of Future Wheat Demand 
Future estimates of wheat supply and demand were recently
 
calculated in the 
 IFPRI wheat study done by Hamid et al. (1987).

The study predicts a future for the wheat economy in which
 
demand--driven by rapid urban growth-increasingly outpaces

supply. The study estimates potential wheat deficits ranging from
 
1 and 6 million tons by the year 1999/2000, depending on the
 
scenarios used.
 

IFPRI's demand projections appear to be on the high side due to 
overestimated population growth rates, while the supply
projections are probably on the low side. Ar average net supply
level of 10.8 rnillion tons for 1983/84 and 1984/85 was used to 
establish the base number on current supply potential for 
Pakistan. Since yields during these two years were below the 
trend line, the supply projections in the IFPRI study are, in our 
view, overly pessimistic. 

Using the low, medium, and high demand projections of the IFPRI 
wheat study-and a 13 million-ton annual wheat production level 
that appears to be a more realistic estimate of the wheat 
economy's current production potential--the annual growth rates 
in production necessary for Pakistan to achieve self-sufficiency in 
wheat by the year 2000 are somewhere between 3.2. and 4.7% 
(Table 30). 
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Table 30. Estimates of Consumer Wheat Demand to the Year 
2000 and Production Requirements To Maintain Supply 
Self-Sufficiency 

1999/2000
 
LOW Medium, , High~


million tons Init)
 
Projected Consumer 

Demand 1 17.7 19.1 21,3 

Required Increase in 
Supply 2 6.7 8.2 10.7 

Annual Rate of Growth 
Required in Supply, % 3.2 3.8 4.7 

1 From Hamid (, al , 1987 
2 Currnt supply 13 million tons minus 10% for seed, feed and waste -= 11.7 

million tons net supply available for humra consumpt n 

Future growth in wheat production will depend---even more than 
in the past--on obtaining higher yield levels on lands currently in 
production and, in all likelihood, under greater agroecological 
stresses. An apparent tapering off in the rowth of wheat yields 
has raised the question o! whether produiction growth will keep 
pace with demand (Figure 13). The needed gains in yield will 
come from more efficient use of available HYVs and other 
production inputs within ever-more complex farming systems. To 
achieve these gains, tne Pakistani wheat farmer must become 
more knowledgeable and capable of managing more costly input 
systems. In addition, wheat producers will have to contend with 
losses of farmland to urban uses, and serious problems of 
environmental degradation reducing the productivity of the 
nation's farmland. While plant genetics may be able to further 
increase the tolerance of wheat to salinity, such soil and water 
problems are basically engineering issues which require improved 
drainage and land amendment solutions for their amelioration. 

The Production Challenges Ahead 
Wheat production in Pakistan has clearly moved into a "post-
Green Revolution" phase (Byerlee, 1987). Improved varieties have 
come to occupy more than 90% of the total wheat area and 
nearly all farmers apply fertilizer, with the national average total 
dosage on wheat above 90 kg/ha of total nutrients. Irrigation 
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Source Byrlf e al 1986 
Figure 13. Indices of Wheat Yield and Fertilizer Use/ha, 

development- canal based ,ystems and tuhewells- has intersified 
crop production Today, many cf the irrigated wheat areas and 
some of the rainfed areas are double cropped annually. 

Efforts to expand the irrigated area through new darns and 
additional iubewells are being countered by losses of existing
agricultural lands to waterlogging and soil salinization/sodification. 
-hey have also ledto compromises in wheat crop management, 

such as late planting, in order to .iccornmodate other crops in the 
rotation. Waterlogging and .'alinity are unsolved problems that 
merit much more research and remedial action, inclu.ding 
improved drainage systems in many areas. 

Although 10% of the nation's wheat-producing areas still grow
tall, traditional vareties, it is clear that yield gains from HYV 
introducti iis, per sc, \,vili no longer be a major production factor 
in the future. Fuithermnore, the initial growth in fertilizer use has 
slowed down, and is riot likely to speed up again, since subsidies 
are being removed from fertilizer prices. There is, however, much 
scope for increasing yields through the development of better 
agronomic and crop management practices. 



Maintaining the Gains Already Achieved 
The most visible product of the wheat research system has been 
the improved semidwarf wheat varieties developed and extended 
to farmers during the last 25 years. This steady stream of HYVs 
has served to catalyze production. Plant breeding research must 
be kept active 3nd dynamic. It is an axiom of experience in plant 
breeding that if you stop, you regress. The narUial eriemies of the 
wheat crop are themselves active and evolutionary. Rusts and 
other pathogens mutate, insects develop resisti. nce to chemical 
control, and economic nolicies can affect the components of 
agricultural practices. 

Pakistan's wheat breeding programs attempt to identify and 
develop cultivars with genetic protection against a broad spectrum 
of virulences and o build higher concentrations of genes for 
disease resistance. In the case of stem rust, resistance has held 
up worldwide for more than 25 years. Generally good progress 
has also been made with stripe rust, although the resistance life 
of a variety is much shorter. Resistance to leaf rust has been the 
most precarious character, despite the fact that the level of 
resistance was high in most Pakistani varieties when first released. 
Although the Pakistani wheat breeding programs have many 
mater'als with good leaf rust resistance, neither they nor anyone 
else in the world has been able to bring together in a single 
variety sufficiently large numbers of genes to provide stable and 
long-term protection. Most of the high-yielding varieties released 
over the past 25 years have succumbed to new races of leaf rust 
within three to four years after widespread commercial 
production. When leaf rust becomes endemic, it can cut average 
yields by 10 to 40010 over large areas in a relatively short time. 

Varietal Diversification 
Though Pakistani research institutions have produced a continuing 
stream of improved wheat varieties, they have been slow in 
promoting the use of these new genotypes. Ways to speed up the 
adoption of recommended new varieties is an area requiring 
urgent attention by policymakers. Effective promotional programs 
are needed to inform farmers of new varieties and to educate 
them on the dangers of using disease susceptible varieties. At 
present, the system for varietal recommendations and replacement 
lacks sufficient authority to avert the occurrence of rust epidemics. 
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One possible model for promoting new varieties is the mini-pak
seed program in India carried out by Ludhiana University Tnis 
program has been very successful in bringing about or, erl,,.
changes of the wheat varieties in commercial use. It employs a 
system of field days organized jointly by the extension service and
seed corporations and attended by thousand, of farmers who are
given small packets of seed (5kg) of new varieties to take back 
to their villages for multiplication arid sale to neighbors. 

More effective seed marketing in Pakistan can be achieved 
through a program of market development research. Current profit
margins for dealers, terms of wholesale seed sales, and dealer 
training in seed marketing are all issues requiring serious attention 
Farm-level seed-use surveys conducted in the Punjab by the 
PARC/CIMMYT Collaborative Program indicate that extension 
education about the advantages of new varieties and the dangers
of old ones must be substantially improved (e;sey et al., 1987).
While seemingly a small matter, it appears that the tendency to
 
repeat the names of varieties and differentiate only by year of
 
release (e.g., Chenab-70, Cneniab-79, Faisalabad-83,
 
Fai' !abad-85 adds confusion for the farmer about what variety

he ,o actually growing. Wheat breeJing and variety release
 
organizations could help to 
 improve variety recognition by

assigning clearly identifiable names to new releases.
 

A dynamic varietal diffusion program not only protects against
disease epidemics but also maintains growth in national wheat
yields. On-farm varietal experiments have consistently shown the 
20% yield advantage of Pak-81 over older varieties still in
commercial use. And yet, it has taken five years since commercial 
selease for Pak-81 to be grown on a significant area. Such 
increases inyield potential must be capitalized on rnore quickly 
and extensively 

Before leaving tha discussion of disease problems in wheat two
final comments need to be made. Most of the recent new 
semidwarf wheat varieties released in Pakistan , .e based on 
spring x winter crosses from CIMMYT, the majority of which carry
the same 1B/11R translocation in their genetic make-up (Pak 81,
Sarhad 82. Kohinoor 82, Pirsabak 85, Punjab 85, Faisalabad 85,
and Chakwal 86). This translocation is at least partially responsible
for the rust resistance of these varieties. There is concern among
national as well as iniernational wheat scientists that if the rust 
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resistance conferred by 1B/1R breaks down, all of the nation's 
best varieties could become susceptible 

Pakistani breeders are well aware of the need to diversify their 
germplasm sources and to reduce their dependence on genotypes 
with the lB/1R chromosome translocation The NCWP has gone 
on record as urging the provincial programs to develop and 
release replacement varietes without the 1B/iR chromosome 
translocation for the major production zones. There is apparently 
vvidespead agreement among breeders that this should be done. 

Given the yield potential and pervasiv.2ness of the varieties 
carrying this translocation in the Pakistan and CIMMYT breeding 
programs, more shculd also be learned about the sources of rust 
resistance in the 1B/IR genotypes. There is evidence that beneath 
the resistance conferred by 1B/1R theie are other sources of rust 
resistance. However, these genes should be identified as soon as 
possible, so that any needed modifications in the crossing 
programs to diversify resistance sources can be made. 

Replacements are still needed for (he very popular short-season 
variety, Blue Silver/Sonalika, released in 1972 and now highly 
susceptible to leaf rust. This variety is still grovin on approximately 
10% of the rice/wheat aiea and 22% of the cotton/wheat area. 
Not only does it have the early-maturing characteristic sought by 
farmers in short-season production areas, but it also has a bold 
white grain type that is excellent for chappatis. While a number of 
new lines been developed (e.g. Faisalabad-83) with the same 
maturity as Blue Silver/Sonalika and with resistance to the 
prevailing races of rust pathogens, these have yet to gain a 
foothold in commercial productior. 

A more efficient svstem of varietal development and introduction 
would raise national wheat yields, especially :.i the intensively 
cropped irrigated zones requiring shorter maturity and heat
tolerant varieties, and in the lower-moisture barani areas requiring 
drought-tolerant varieties. (Heisey et al., 1989) 

Crop Management Research 
Despite continuing oppor:unities for yield impact through specific 
varietal development work, most of the yield gains in Pakistani 
wheat production will come through the development and transfer 
of improved crop management practices. Many of the constraints 

114 



to increased wheat proauction in Pakistan Ere the Iresuit of There are slibstantial
managenent'' conflicts and compromises with other crops arid gains to be made
agricultural rnterprises in the farming system 
 management research 

and extension programrhe .,parior of itrriqatiori, (lteciilly farrrr -icrirt tubuvevtl to improve wheat 
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The work on zero-tillage/direct seeding appears to offer many 
advantages for overcoming the yield reductions caused by late 
planting in the rice/wheat areas. Itoffers the potential of 
considerable cost-savings for the farmer by eliminating the 
intensive land preparation practices needed in the rice/wheat 
areas. Possible drawbacks of zero-tillage need to be determined 
by researches as well. (Byerlee et al., 1984). The longer-termr 
effects of zero-till planting on soil itruclture, on control of the rice 
stem borer, and on weed populations ire all researchable issues. 
Given the potential productivity gains to be made through zero-till, 
research os this topic should be given high priority Aslam et al., 
1989) 

In the cottoni/wheat rotation- the dominant cropping system in 
Pakistan the prospects for significant near-terri increases in 
productivity are not as encouraging. The spread in th use Of the 
earlier-maturing cotton variety, NIAB-78, has allowed for 
somewhat more timely planting of wheat than before. However, 
part of this gain has been cancelled by greater pesticide use on 
the cotton, delaying harvest. Additional ways to shorten the 
turnaround tirie between cotton harvest and wheat planting are 
still needed; zero/minimum tillage systems and direct drilling of 
seed are promising technologies for overcoming this constraint. 
(Byerlee et al., 1987a) 

There are also substantial yield gains to be made through an 
active research and extension program in barani areas, employing 
an on-farm research methodology with a farming systems 
perspective. Barani production areas have historically been 
neglected by the research establishment, which has focused its 
attention on the dominant irigated agroecologica! zones. In fact, 
there ha , sometimes been an explicit down-playing of the 
appropriateness of HYV technology in these risky environments, 
despite the spread of such technology there. 

NARC and BARI are well-situated to carry out expanded on-farm 
research programs on barani lands. Breeding work needs to focus 
on developing varieties for earlier planting usi'g residual monsoon 
moisture; such varieties require longer coleoptile length and vigor 
for deeper seeding. More appropriate varieties in combination with 
improvements in land preparation (deep plowing), fertilizer 
management (especially P use) and moisture conservation are 
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needed. Effective input delivery systems (especially for seed and 
fertilizers) in which the private sector plays a greater role will be 
crucial to getting improved technology to the farmer. 

Research Organization 
Because of the intensity of Pakistan's farming systems, future 
efforts to develop recommendations for the major wheat-based 
systems will depend upon the development of crop management
research programs involving var ions disciplines (biological and 
social science). Problerns associated with land preparation, stand 
establishment, water/moisture management, weed and insect 
control, fertili/er management, and lahor-use efficiency all require
study. Furtheinmore, the longer-term effects of intensive production
practices must be monitored and corrective actions identilied. 
Finally, crop management research must be conducted with a 
farming systems perspective, e.g., with a view from the farmers' 
field3 (Byerlee et al., 1986). Thus crop management research on 
wheal production must also take into account the other 
enterpi iws involved in the system. 

In recent years, much has been said about the farming systems
perspective and how related research should be organized. While
 
there are many interpretations of what farming systems research
 
should entail, there is general agreement that this research 
concept can help scientists to visualize the complex interactions 
(biological, physical and socioeconomic) among the components
of a farming system. However, a program of on-farm research 
requires mobility, operational funds for fuel, inputs and travel
related costs cf staff, and organizational incentives for research 
staff to engage in such work. Too often vehicles and operational
funds are not available, and program heads and station based 
directors and staff frown upon the extended absences of on-farm 
researchers from the experiment station. 

Reaching the Farmer with Improved Technology
Inefficiency in Pakistani wheat production-.--the difference between 
farmers' production levels and economic yield potentials-
currently ranges from 30 to 50% (Byerlee et al., 1986). To 
overcome this problem, farmers must be better informed. The 
current low literacy ates greatly complicate extension education 
efforts. 
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Reaching the taril(.r with inrrroved wieait !I;T'lTrT)III 1r today's 

post-Green RevoFlJtinnr eTri rliew Tls , TI!;t+I<rTheispese;nts R:tl;Ilr 

and extenSion aclwts FImLJsI le;i]:, to co11IIrITl. tItI ITIS,,FF55 tflit 

Considerable 
III ti IIImechanization has tt;(r lr(T FIT s tI >;ol I, on 1r I e fitt', ( lt &t 

occurred in Pakistani I(; ITTT fid, OT (lI . lI irtd)I)trTTj lI ltIhI',' rTFIT t. "I 
wieat production during TIC(TTIITrt Ill T)IIII(TIt ,.., I IIJ to :1)(1JIITOMI T!.TITITrI;! \'vTr : = 
the past two decades. 
Today, virtuallyall I 

farmers use tractors for 
land preparation and 11oI d IT F TTIS]; oIT ltII 11F) , F~TTTl T 11 I Ttw1c IT I T h\I1s 1 omphIE;I 
thres h ers fo r grain f i I 1 s sf'st J )(I -;[) I I V(l, , r d 0 ! -; i I J W; IL r W I 
harvesting. New forms of 
mechanization are tiIW(FtTTo r Fre ;e,n t t )(F1SrTIttII.s of Tneee(dt;Tt Intt utrT ionail 
anticipated in the future, (T\,tolopm;nt.. loT ri *irnT;aiTinrn podr(titvly TIthoiln I PaikstaT's 
including seed drills and 
combine harvesters, as p)o(stGie;ri R' ;vOFITT ihit (Iol y I heT TTr)r ,ltiw
 

wheat production 11SIStioTrll alrr(tune[Wr . t I TIT i Ot od tjhese hjrIqj-es Z-re still 
systems continue to be evolving, and are r ide moe difficult to ;JchievvO1by the 
modernized. 
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bureaucratic divisions between research organizations, research
 
and extension, and by the lack of communicatioi between the
 
publ:c arid private sectors
 

More Effective Input Supply Systems I tituwhivtnrit (-)I

l(jri ir arid ,L.qtrlatiic,)'c)dtiii:t.,ty 
1AV ,-; irn whtt however, will 

(ltct i i tin rr(in tflw,rc Hvi-fiiiiis;fd''utI xt-tnsiurn 
I;rojr~jrl rithtI ',i: 9 \ t itt li; mlrr r uiints, o1 

to ir)cftt j(, Ot, ! ( ( ~ ~ l.lt, ,'f l l r i %mtt f , % 

P'r(v linc i,Jif t , i i iH !j !,, l[) ) ' lrq ( 
""q~ / ( ( (lI[t L rfe,,-f':r 

aind pre i~ ii : r Vr i I aI S f ! ii Itr ot(i quality 
(iti [hIt lic vi i t- , Jli , ht i , ; , iit r-; it a 

tin lily Wv'ay [ftfI Vt i IiJ cdiiui,.:tlif ll:i .f ,iS() h) 
ctinjrit(if v.'ittc ft 11,t!M~Tcc wci ct "o tl~'varoty

iIi'ih isifii;ititnu Ii wil . t:c.,nrl' fi t r t ti 
 c . tr t ii. t Il(it vr a d
 
,l- ci,' 1J8t I -ffci hr iv 


1 
()i)) ri.. - ti iI l v lutt SCCtor 

iu~itcicniiui Sij , ,r. futi'~ il ,li)( triut f '.b i i ' _), i'( 7i 

tfiC ti(I(Jti~tlvtiv ou liIS;ti iftrcS doJLvoti!f Itc ' nceul I, otirua is selfsufficieti in itir i Ofotit-: irtti-t imliportst i i u httjt l itj )i ltilfi jls o 

for phosphorus%, )OtasiL trm aid othei nJtriLnt s [lfni i inugt- of 
niutrilents rtlequird to stjstain hlcyf- r-vielding vvh'a t pro fuct o0 
continues to .jro,v. At ctlurntu levels of nitrogen uSe, pnosph(riS 
has hecori i h tliii i)qiltll it ut Viti the .itif, away fhcfiii 
ammloniui Slr1f tj tirld iingle supe i)hOsphate to higher analysis 
formullas wuiihh io loger).It con tain sulfur, lhis nutrient will tikly 
bJcorrie a fin(i . J )Iof on i'()stiain t in the futuie In the.lOtIs ucti 
dOtJble COp[ ;rd wheat aln , ieJficitrcies of f)ther secondary arid 
minior el.ie rits (,aii ,115() hi' exl)Oct.t(f to) !ierlaSe Chainging soil 
f rtil eityleguirenl rt; in wriviaif (It ji-d signal tn( . t for atiOni thit 
inur sopfhistic(itil oinap g the r-ghtt trt,li/ir sector ble of - pplyi 
kinds arid anionts of fuIbili'r Froducts 

Increased Role for the Private Sector Il the past, m0ost private 
agribusiness activity in)Pakistan has coricentrated on tarm 
inachinery and irrigation e(uipnuent SulyJ[ involving both 
nationally manufactured and imported equipment. Pakistan's 
private sector agribusiness base is now expanding, with 
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encouragement from the government. There has be a marked rise 
in the number of private contractors engaged in mechanized land 
preparation and harvesting operations. One example is the growth 
since 1985 in the number of private organizations engaged in 
contract harvesting operations using large, self-propelled 
combines. Increased private sector activity in the production 
and/or distribution ot ft,-rtilizers and farm chemicals is also 
occurring. These igribusinesses are also providing technical 
advice on crop management. 

Growth in private sector agribusiness can be a very positive force 
for development in Pakistan. It can lead to a much higher level of 
investment in agricultural development than would be possible 
through the public sector alone. Furthermore, greater private 
sector activity would add critically important management 
capabilities in the adaptive research and technology transfer 
phases.
 

While an irriportant component of the modernization of Pakistan's 
wheat economy, the private sector is not likely to be a maior 
force in wheat varietal improvement in the foreseeable future. 
However, in other areas of wheat industry development, especially 
farm machinery research, agronomic research, seed marketing, 
extension and communications, considerable potential exists for 
private sector involvement. There is much scope for innovative 
collaboration between public and private researchers in the future 
and the private sector will complement the public sector in many 
activities, thus strengthening the overall development of the wheat 
sector of Pakistan. 
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Data Tables: Wheat Production, Area,
Yield, HYV Adoption, Trade 

Table 1. Wheat Production in Pakistan, by Province,
1964-65 to 1985-86 ('000 t 

Crop 	 Province 
year Punjab Sind NWFP Baluchistan Padistan 

964-65 	 3,570 553 361 101 4,591
196 66 2,978 542 309 87 	 3,917
1966-67 3,399 560 218 8/ 4,334
1961 68 b,046 845 39! 132 6,418
1968-69 5,268 139 38/ M 1 6,618
1969-/0 5,641 1 139 3M31 13.3 7,294
1970 /1 4,948 1 121 331 16 6,476
19/I- 7 ,'291 1 081 440 /7 6,890
19/2 3 !69.1 1 096 5814 69 2,442
1/3 /.I (.65 1 216 60/ 111 7,629

19/4 /1 186 1 ,14 613 131/, 
 7,674
19/-/6 0, Q' 1 321 660 13d 8,691
1976 61 308(, 
 1'4 712 146 9,144
19/' 18 (1J79099 6I39 161 8,367
1918 /9 /1321 1368 738 209 9,950
1979 80 /'91'1 1,849 863 	 231 10,857
1980-81 83560 1,916 939 238 11,473 
1981-82 /,96) 2.062 	 962 '18 11,30.;
198281 8,935 2,06/ 998 	 414 12,414
1983 -84 /,62' 1,946 860 	 45; 10,882
1984 8 8,3 15 ,9/9 872 43/ 	 11,703
1985 -86 	 10.432 :1/2 I/ 413 	 13,923 

Table 2. 	Wheat Area in Pakistan, by Province,
 
1964-65 to 1985-86 ('000 ha)
 

Crop 	 Province 
year Punjab Sind NWFP Baluchistan Pakistan 

1964-65 	 3,/88 722 625 182 5,318
 
1965-66 3,685 683 586 
 202 5,154
19666/ 	 31/0 135 580 159 	 5.344 
1967-68 	 4,292 146 (11l 233 5,983
1968-69 	 4,552 826 60 / /14 6,160
1969-70 4117 939 (?t; 131 6,230
1970 /1 83/ 590 161 5,978
1971 /) 1''5 180 393 195 5,797
19/' /3 	 -1,36/ // I 684 	 150 5,971 
19/3 /4 14113 	 8,10 f92 16/ 6,113
19/'1 1r5 .1t, 16 1!6 695 146 5,813
1975- /6 	 ,1.1/ /9/ /)/ 1:35 6,111
 
1976 7/ 12bg 
 9' / /1M 148 6,390
P1 7 8 	 .1,601 90O6 696 	 157 6,360
197 /8-79 1806 1,009 05 168 6,687
19/9-80 	 ,4,95 1,02i 7!8 	 188 6,924
1980-) 	 4,978 1(036 789 185 	 6,982
198 1-82 ',),1 1, 0) 813 	 216 7,110
1982-813 	 5,16/ 1,009 825 	 280 /,398
1983 841 	 5.218 ,()11 94 291 7,343
1984-85b' ,166 1030 /186 	 277 7,259 
1985-86 343 1.03r 782 	 248 7,403 

Sour,I-,Aqo(' hDj of rn (I 9H5. 19861, Saslislitclit ',ikl t Bullein on 
W ht In P akistanI 'Iql33 
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Table 3. 	Wheat Yield in Pakistan, by Province,
 
1964-65 to 1985-86, kg/ha
 

vovO~wrPad.i Sin~ P 	 1P,u~'Jab 	 Snd NWF' Biuchir an Pet 

,' 	 8,30L9)566 	 ".4i196 8,t /66 Y15,3,1 	 / 56G 

1'3(t / 	 ,1!i I A 8 116 ' ' 'IY 

196/.6 I I( 6.1h !i;1 
 1 070 
19/8 69 1 , 636 	 h ) 1,0/0 

1970 /1 , u Iii I t) 1, 88
 
'3/4 7/i 1 ;1/1 I, lit) 119
19/1 /1 I I, ,j91 	 .I'21 1 90 

19/19 A) 1 '' ,"~) f 2 1
 
19/4 P8 1 /.I H88) 90.1 1 19
197 ) /6 I,16 )o46 I3 4A)112 
1976-11 1 993CC}( 0 i 1/I!] t8619721 87 ,1 .0k It 1S 1 ,.' 1.1.)81977-78 1 < . rl,{ ) :;198)'1 	 1 11 1,316l 
191980 ~ ~ l)' 119 ?t , 

I3-7) 1.10.i 1 01/ I 11) I 1,4I88 

1)83 8.1 i ,1! ' !:1 ]E ' ,i 1,48"
 
98.1-8') ) 1,6. l< I 11M) rI /t) 1,6 1')7
 

1, 160 	 1,881 

I I' L i' 

Table 4. 	Irrigated Wheat Area in Pakistan, by Province,
1969-70 to 1985-86 ('000 ha) 

Crop Province 
year .. Punjab, Sind, NWFP. aahlten P".Iatan 

1963 70 	 3,340 790 :.2;-, :23 4,71/

19/0 / 1 3.380 /0/ 230 R9 .1,406
 
1371 12 3,327 661 
 265 !11 1-147
19 12 /3 3,45Y5 05 1 7'14 82 4,,16? 
1')/3-/4 314 6) 29,; 8/ 1,521
19/4-75 	 3,356 733 277 1 4,457
 
19/5-,6 3,58 6 8
1 :W5 ,1,593
 
1976 168') 182 284 64 4.8 i,

i97/-/H 3,/21 80" 
 273 73 4,881
 
1978 i 3,9;1 9 ,)-,4 286 94 5,200
 

1t/3J80 41,063 983 249 1I1 5,455

1980-81 101,61 18''J 
 304 112 5,466
1981 82 4,2I!,: 98.4 305 157 5,699 
1982 83 .1, 1 9/) 307 161 5,760 
1983-81 1 1,369 i2 :'93 169 5,795
1984 -8 ,1,3(1 990 304 167 5,76" 
1985-86 91195191 305 172 5962 

122r(i: A 	 til ,J : IA P ,, r 19), IUH6), S1,1h'>w;al 8u10ehn or)
W rlqit irl tiljkr ,Lir) (I, 9H{i 
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Table 5.Rainfed Wheat Area in Pakistan, by Province, 

1969-70 to 1985-86 ('000 ha)
 
Crop . " t o~ 
c .) .	 , .<. -.! ( .
 
Year, "Punjab- Sna WF ovm !Ud!!al~ 

13u /1 	 1,)) 130 "/iM12 1,5I 

A) 11 1/ / I ,J ,11o 1/ ,509 

1 13 Po 1 38 81 1.592
1 ,1/H .' ,1 3 1,356

N 1 1.1 60 	 1,517
19 , / !5 is
'4 '/ / t7 {33 43 85 1,579,)3/ ,11/ 84 1,,1/9
 
V 18 /3 8 , 3o:3 /4
/118 	 1,487 

/ Vu,) 	 ,g .1.i '15) /6 1.,469
;t T 3. VTl/ ,1., .185 /3 1,517

)18 2 1 .1: 508 59 1,524 
8 ,3 !J6i3 8 518 119 1638l')i3 $' 
 :< 01
1 	 ;3gh 121 1,549 

.38 	 f-'.' .'3 .181 	 110 1,494
' '!, -13 ,(H , / 76 	 1,411 

Table 6.	Irrigated Wheat Yie!ds in Pakistan, by Province, 
1969-70 to !985-86, kg/ha 

Crop Provinc .
 

year , Punjab Sind NWFP. Bid lucitan Pa!eti:,
B _ 

1969-70 1,.53 1,303 1,000 710 	 1,427
19/0 71 1 35/ 1 ,4 789 	 717 i.330
 
1971-72 1.70 .199 IT 10 618 1,43'
1972-/3 1 5)22 1,532 1,221 689 	 1,489)
19/3 /4 1,50,1 1.62( 1,293 781 1,495
1974 -/5 1 5/8 1 535 1 "11 1,1/8 1,547
1975-76 
 168 / T 68t 1,103 1,.1,13 1.665
1976 // 1/705 '1 19 '.1339 1,645 1,691
1977-/8 1 .1903) I6-10 I 3 	 1,601 1,V1019/8 /9 1,6/9 1,7/1I 1 1) 1,80/ 1,678
13379-83 . 3 83 8 1, /131 i'606 1754

1980 81 I,83 1,93)3 1 /31 1,/66 1,84/
181T 82 1.986,(51o 1 /31 1,1309 1,/64
198.)7 8 0o8,, , 
 I 16o 1,901 1,886
1983 8.1 1,588 1966 1.698 2.031 1,670
1984 8 	 1.// 2 059 1, /25 	 2.022 1.828
198!-8ti 2, 1 : 110 1,/58 2,056 2,098 

A,'1 l w t,, ,r'wr! '3t 	,of, T,3l', 3333S t 'liBU,, iOl,or 
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Table 7. 	Rainfed Wheat Yields in Pakistan, by Province, 
1969-70 to 1985-86, kg/ha 

dio PProvince 
yer Punjab SWnd NWF? Bauwhistan Pakistan 

1969-/0 418 / 3b 390 462
 
1970 /1 36'8 /I" I)16 113 392
 
1971 /112 /tl ;. 1/0A148
 
19/2-, 3 .1/H IM3 1() 1/0 528
 
19/3-/,1 0 l// i9 539 6.16
 
io:i 	 I 6w) b (A1*O It 

19/6-7'/ , 9iI 100 419.1 /39
 

197/ /1 1 1 6 /1 b36 6/
 
19/8 hi i I ,() /88 5:35 82,
 
1979 80 9,19 83.1 53 / H/
 
1980 B31 j I .1) WA1 65,1 008
 
1981 8") .1, I )., 8Y6 69 823
 
1982 83 %H1. I*II 811 913 9.15
 
1983-84 'H H'H' /2,1 9(A /80
 
1984 85 /HI 1 ) /21 89/ 180
 
1986 86 1,11.1 1.0W / /HO 983
 

Table 8. 	Percent Adoption of High-Yielding Semidwarf 
Wheat Varieties, by Province, 1964-65 to 
1985-86 

Crop 	 Province 
year Punjab Sind NWFP Baluchietan Pakistan 

1964-65 0 0 0 0 0
 
1965 66 0 0 0 0 0
 
1966-67 1 1 0 0 1
 
1967-68 26 24 10 2 20
 
1968-69 42 35 19 22 38
 
1969-70 1/ 16 22 7 43
 
1970-71 F3 6' 36 16 
 52 
1971-72 58 G8 47 14 57 
,372-73 58 68 15 10 57 
1973-74 59 (' 44 9 57 
1974-76 6u 8' 49 15 57 
1975-76 6/ 71 61 23 66 
19/6-/7 /759 / 	 18 72 
1977-/8 F) 86 62 18 74 
19,8-79 // 8/ 65 39 76 
1979 83 83 88 64 39 81 
1980-81 83 91 67 42 82 
1981 82 86 96 65 62 84 
1982-83 89 96 68 45 86 
1983-84 92 96 69 56 88 
1984-85 93 96 70 66 90 
1985-86 94'l 96 /0 71 91 

Sourfco,, wqrlcultural olI'ii ( 198, 1986). SlaSh511caIl Bulletin onSltlsC arlan 

1h4ll Pakia (19831 
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Table 9. Wheat Imports and Exports of Pakistan, 
1964 to 1986 (t 

Imports. Exports Net 

1964 
1965 
1966 
1967 
19 H 
1969 
1970 
19/1/I,1 
19/2/,u1 
1973 
19/4 
1975 
1976 
19/1 
1978 
19/) 
1980 
198 1 
1982 
1993 
19981 
1995 
1996 
1987 

806,566 
1,590,!,60 

/56, 136 
1, 165,209 
1,141, 636 

16,4/9 
228,91(1 

i 
/1 

1,369''408 
1,2 .32,19 
1,344 ,'3' 
1,186,201 

,197.7/8 
1,05,28 
2,236, 564 

60,1,405 
304.850 
361,182 
396,0 12 
290,/75 
982,050 

1,909.198 
377,788 

7,061 
1H,901 
8, 130 

35h,61 / 
,156 

168,339 
1(/,C)1O 

11,000 
20 

2 
0 
0 
0 

261 
2,222 

0 
0 

99,081 
2119,475 

4.07/0 
0 
0 

853 505 
1,5/ 1,650 

/48,006 
, 129, 592 

l ,-11,180 
91,866 

1 1 91 
311,21 1 
/1 ,83") 

1,369 ,16 
1,23 ,919 
1.34, /,15 
1,186,20/ 

197,517 
1,049,406 
2,23b 564 

604,405 
30)4,856 
:361. 1// 
296 93 1 

11,300 
934,323 

1,909,198 
37/ /,788 

Smce MA rde Y, ,Ibo)k Da1taLTes 
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