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Final Report  

TA 8578-PAK: Punjab Basmati Rice Value Chain 

 
1. The TA Research Project 
 

Agricultural research institutions in the public and private sectors, basmati rice farmers, traders, 
and exporters in the Punjab province of Pakistan asked the Asian Development Bank (ADB) for 
provision of technical assistance (TA) to pilot innovations for improving basmati varieties and 
developing the value chain with active participation of the private sector and to develop links 
between farmers and the processing industry and markets.  
 
The framework used while implementing the TA Research Project for attaining sustainable returns 
from basmati rice is presented in Figure 1 covering both the short-term and long-term gains.  
 
Figure 1: Framework for attaining sustainable returns from basmati rice in Punjab 
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18–23 August 2013 to finalize the TA design and implementation arrangements. The government 
concurred with the TA’s intended impact, outcome, outputs, implementation and financing 
arrangements, and terms of reference.  
 
ADB was responsible for overall TA management. The Punjab Agriculture Department was the 
executing agency (EA). The Punjab Agricultural Research Board (PARB) was the implementing 
agency (IA) and established a separate account to receive funds directly from ADB for eligible TA 
expenses. The PARB Chief Executive has overseen the TA implementation during the period of 
2014-2018.  
 
Four public-sector research institutions and a private-sector research organization participated in 
implementing the TA research project.  
 

 the Rice Research Institute Kala Shah Kaku (RRI KSK), Lahore; 

 the Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad; 

 the National Institute for Biotechnology and Genetic Engineering (NIBGE), Faisalabad; 

 the University of Agriculture Faisalabad (UAF); and    

 Emkay Seeds Pvt. Ltd., Farooq-a-abad, Lahore.  
 
The TA was initiated in January 2014 for a period of 3 years and it was planned to be completed 
in December 2016. However, due to delays in implementation, activities 1.1 to 1.3 (three of five 
activities of output 1) were fully initiated during the third year of the project (2016). Activity 2.2 was 
initiated under output 2 but not in line with the targets of the TA, as the activity was initiated at the 
level of research institution instead of farmers’ fields. No activity was initiated under output 3. 
Therefore, the TA was initially extended for 1 year up to December 2017 to initiate pending 
activities under all three outputs. The activities undertaken during 2016 (outputs 1 and 2) were 
also revised in 2017 to achieve the designed targets. Later, the TA was extended for another year 
up to December 2018 to initiate pending activities 1.5 (submergence tolerant basmati rice), 2.3 
(demonstration of innovative technologies and machineries on 10,000 ha) and a new activity 
(drying of paddy and storage at optimal moisture contents to fetch higher returns). The project will 
be completed on 31 December 2018, as both the physical and financial targets have been 
achieved.    
 

2. The Target Area of the TA Research Project 
 

The geology of basmati area forms part of Rachna Doab1 of the Punjab province of Pakistan and 
consists of sediments brought by inundation canals from the Chenab River. Old channels, levee 
remnants and old basins filled up with clay materials of late Pleistocene age derived from mixed 
calcareous sedimentary and metamorphic rocks have been washed down from lower Himalayas. 
It is the shape of the Ravi and Chenab rivers courses that forms a ‘Collar’ [locally pronounced 
kallar in Punjabi] around the basmati tract having potential lands for basmati cultivation (Figure 
2).  
 
The soil and climatic conditions required for cultivation of basmati rice are available in this 
particular tract of land which runs in the 8 districts of kallar tract of Punjab of Pakistan 
(Sheikhupura, Sialkot, Gujranwala, Narowal, Hafizabad, Nankana, Gujrat and Mandi Bahauddin).  
The soils are fine-textured having higher capacity to hold water. It is thus ideal for rice cultivation, 
which requires large amount of water in the early growing season – pre- full-effective cover period. 
The sowing condition is unique for rice due to the scorching heat. The rice is grown in puddled 
fields in high temperatures that peak to 45 ºC or more. The humidity is high and the drudgeries 
are further aggravated by the blinding reflection of the sun in hot water. Nevertheless, these are 

                                                             
1 Doab refers to the land mass between the two rivers in the Indus basin irrigation system. Same term is used in 
India for the river basins.   
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the factors, especially the soil matrix and combination of fertility and climatic conditions that 
provides a musky fragrance to basmati rice. 
 
In India, the Ganges and Jamuna form another Doab (land between 2 rivers); the rivers flow 
eastwards passing by the rich farmlands of Dehra Dun and Roorkee. All these rivers areas are 
home to basmati rice but not having the same quality of aroma.   
 
Figure 2: Districts falling in the kallar tract of Punjab, Pakistan  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Basmati rice has a typical pandan-like (Pandanus amaryllifolius leaf) flavor caused by the aroma 
compound 2-acetyl-1-pyrroline2. Basmati grains contain about 0.09 ppm of this aromatic chemical 
compound naturally, a level that is about 12 times more than non-basmati rice varieties, giving 
basmati its distinctive spicy fragrance and flavor3. This natural aroma is also found in cheese, 
fruits and other cereals. It is a flavoring agent approved in the United States and Europe, and is 
used in bakery products for aroma4. The basmati rice grown in the kallar tract having aroma of 
more than 0.09 ppm of the aromatic chemical compound. The good example is MARS Switzerland 

                                                             
2 S. Wongpornchai; T. Sriseadka; and S. Choonvisase. 2003. Identification and quantification of the rice aroma 

compound, 2-acetyl-1-pyrroline, in bread flowers (Vallaris glabra Ktze). J. Agric. Food Chem. 51 (2): 457–462.   
3 FAO. 2002. Big money in specialty rices. Food and Agriculture Organization, United Nations. 
4 Burdock, G. A. 2009. Fenaroli's Handbook of Flavor Ingredients. Sixth Edition, CRC Press, ISBN 978-

1420090772, p. 36 
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importing basmati rice grown in the kallar tract of Punjab, Pakistan under the collaboration with 
the Rice Partners’ Private Limited to maintain aroma in their confectionary products.   
 
The TA Research Project was implemented in the 8 districts of the kallar tract – the zone of 
basmati rice farming in the Punjab province of Pakistan.   
 

3. The TA Impacts, Outputs and Targets 
 
The TA impact was “higher incomes of basmati rice farmers in the Punjab.” The TA outcome 
was “improved basmati rice productivity and quality in TA pilot sites.” The TA outputs were: 
  

(1) improved basmati rice high-yielding varieties that are resistant to bacterial leaf blight 
(BLB), drought, and/or submergence;  

(2) improved farming and post-harvest practices; and  
(3) improved research and service capabilities. 

 
Targets 
 
The targets fixed in the TA research project are presented for the three outputs: 
 

 Output 1 related to “improved basmati seed varieties” and the five targets were: (1) at 
least three high-yielding and BLB-resistant lines ready for national uniform yield trials 
(NUYTs); (2) at least three high-yielding and BLB-resistant lines approved by the Punjab 
Seed Council; (3) at least six advanced, high-yielding, and BLB-resistant lines with 
additional IRRI genes developed; (4) at least six advanced, high-yielding, BLB-resistant, 
and drought-tolerant lines developed; and (5) at least six advanced, high-yielding, BLB-
resistant, and submergence-tolerant lines developed.  

 

 Output 2 related to “improved farming and post-harvest practices” and the three targets 
were: (1) at least three competitive research grants approved by the PARB each year (for 
a total of 9); (2) new technologies and machineries demonstrated to 1,000 farmers; and 
(3) 10,000 hectares (ha) covered as testing and demonstration areas for the new 
technologies and machineries.  

 

 Output 3 related to “improved research and service capabilities” and the three targets 
were: (1) eight rice scientists attended a short training course on variety development at 
IRRI; (2) 50 male and female farmers trained as trainers; and (3) four workshops organized 
with participation of researchers, policymakers, and farmers.  

 

4. Key Achievements 
 
The key achievements of the TA Research Project are summarized as under (PARB 2018): 
 

 At least one new basmati variety having traits of high-yielding and resistant to bacterial 
leaf blight (BLB) will be available in 2019 (by RRI KSK), and two more varieties in 2020 
(by Emkay Seeds, NIAB or NIBGE); 
 

 New basmati rice varieties having traits of high-yielding and resistant to BLB and 
drought/submergence tolerant will be available in 2021(by RRI KSK, NIAB or NIBGE);  
 

 Technologies for direct seeded rice (DSR) using locally manufactured machines were 
tested by the UAF, RRI KSK and NIAB at 35 pilot sites and demonstrated to 1,000 
farmers in 2017. In this activity, DSR drills available with the UAF, RRI KSK and NIAB 
were largely used with active participation of local service providers.      
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 In 2018, 100 service providers of DSR, 16 service providers having 28 Kubota combine 
harvester for rice harvesting, five service providers for mechanized transplantation 
participated in the TA demonstration activities. In addition, in 2017, only two agriculture 
machinery manufacturers produced DSR drills. In 2018, the number of agriculture 
machinery manufacturers increased to eight; 
 

 Based on the field tests of locally manufactured DSR drills conducted in 2017 by the 
UAF, the improved DSR drills fabricated by the local manufacturers were procured by 
the selected service providers (107 firms) and DSR technology was extended to 9000 
ha. In addition, 23 service providers also extended services on 8000 ha for innovative 
technologies (mechanized transplantation, good practices, and rice combine 
harvesting) in 2018;  
 

 Three WhatsApp groups were formed to link farmers and service providers with 
researchers to provide technical advice in a timely manner for DSR and rice combine 
harvesting technologies, in addition to good practices for DSR; 
 

 Reduction in water use up to 25% was observed in laser-leveled fields under the DSR 
interventions; which is in line with the impact studies undertaken by the Punjab 
Agriculture Department. The benefits of laser land leveling on savings of water from 
that of unlevelled fields have also been documented in the on-farm water management 
project for providing laser land levelers to the service providers, while conducting the 
impact study by the Punjab Agriculture Department in 20085;  
 

 Combined intervention of DSR and rice combine harvester increased average paddy 
yield by 19%, average reduction in cost of production by 10%, reduction in harvest 
losses with rice combine harvester of 14%, premium on price of paddy of 5% on rice 
combine harvested paddy, and all these benefits resulted in increased farmers’ net 
income of 100% from that of conventional transplantation of basmati rice; 
 

 13 rice scientists trained in advance research techniques and farming technologies at 
the International Rice Research Institute (IRRI) (12) and in UK (1);  
 

 11 rice scientists who contributed to TA-specific research participated in the 5th 
International Rice Congress (IRC) held during 15-17 October 2018 at Singapore 
organized by IRRI. All 11 scientists made presentations in the main session. Eleven 
research papers of international repute on Pakistan’s basmati rice are ready to be 
submitted for publication in the international research journals;  
 

 ADB approved two knowledge products – (i) Working Paper: Investment in Research 
and Development for Basmati Rice in Pakistan (uploaded on the ADB external website 
on 14 December 2018); and (ii) Video: Reviving the Basmati Rice Industry in Pakistan 
(finalized and to be uploaded in January 2019). 
 

 Two reports were prepared by the PARB titled “TA Accomplishments” and by the 
Pakistan Agricultural Research Council (PARC) titled “Baseline Surveys for the TA 
Pilot Target Area for Punjab Basmati Rice Value Chain” and final version of these two 
reports are given in Attachments 1 and 2, respectively.   

 

                                                             
5 Government of Punjab. 2015. PC-I on Provision of laser land levelers to farmers/service providers on subsidized 

cost. ADP Funded. Directorate General Agriculture (Water Management), Punjab Agriculture Department. The 
results of the impact studies undertaken by the Planning and Evaluation Cell of the Agriculture Department in 
2008 are mentioned on page 10 covering: (a) reduces time of irrigation and amount of water required by up to 
50%; (b) increases crop yields as much as 25%; (c) savings in irrigation time from 25 to 32%; and (d) increase 
in irrigated area by 35 to 42%.      
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The pictorial presentation of the key achievements is given in Figure 3, representing the 
development of high-yielding and BLB resistant varieties of basmati rice, improved farming 
and post-harvest technologies and machineries, tested and demonstrated with active 
participation of the agricultural machinery manufacturers and the rural service providers.  
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Figure 3: Pictorial view of key achievements in the TA Research Project 
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Approach used by service provider for transplantation of rice seedlings  
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5. Key Findings 
 

The key findings of the TA Research Project are summarized as under (PARB 2018):6 
 

 Innovative farming technologies and machineries for rice can largely improve farming 
efficiency along with good practices, however, these have to be further expanded and 
extended to cover all crops in the rice-wheat farming zone to maximize returns of small 
farmers;  

 Rice farmers are keen to learn and adopt advanced farming technologies and new 
machineries, along with technical advice in a timely manner;  

 Private sector service providers located in rural areas expressed keenness in 
extending services to farmers and exploring business opportunities in the rural areas 
of rice-wheat zone covering whole of the value chain;  

 Researchers played significantly important roles to provide both farmers and service 
providers with adequate technical advice and in a timely manner through adoption of 
information and communication technology options; and 

 Researchers’ having international trainings at IRRI and other opportunities for 
conducting research of international repute (papers presented in IRC 2018) 
tremendously contributed in improving their capabilities and achieving TA targets.  

 

6. Assessment of TA Achievements as per Design Targets for the Outputs 
[in line with DMF] 

 
The achievements of the TA Research Project were evaluated against each of the design 
target in line with the DMF and are presented in the Table 1. The achievements were also 
classified against three classes representing level of achievement – fully achieved, partially 
achieved or not achieved.     
 
Table 1: Achievements and results against the design targets as per DMF of the TA 
Research Project 

 TA Outputs Design TA Targets Achievement  Result 

Impact  
 
Higher 
incomes of 
basmati rice 
farmers in 
Punjab  

Average net farmer 
revenue increases 
to Rs90,000/hectare 
by 2020 (baseline: 
PRs70,000/hectare 
in 2013)  
  

The average yield of 
basmati paddy in 8 
districts of kallar tract 
increased to 3.1 t/ha7 
with average price of 
Rs. 1800/40kg at 
harvest provided net 
return of Rs. 90300/ha8.  

Fully achieved.  

Outcome  
 
Improved 
basmati rice 
productivity 
and quality in 
TA pilot sites  

Average paddy rice 
yield in controlled 
TA pilot sites 
increased to 3 
tons/hectare in 2016 
(baseline: about 2.4 
tons/hectare in 
2013)  

Average paddy yield in 
TA pilot sites in the 
kallar tract increased to 
4.2 tons/ha with a 
range of 2.7 to 6.8 
tons/ha.    

Fully achieved rather exceeded 
the target.  
 
 
 
 

Average paddy loss 
from BLB in 
percentage of 

Average paddy loss in 
screening of advance 
lines of BLB resistant 

Fully achieved rather exceeded 
the target.  
 

                                                             
6 Attachment 3 of this Final Report. 
7 Government of Punjab. 2019. Second estimate of rice crop in the Punjab for the year 2018-19. Directorate of 

Agriculture Crop Reporting Service, Government of Punjab, Lahore.  
8 Based on the data of yield of rice from Government of Punjab 2019, the weighted average yield of 8 districts of 

kallar tract of 3.1 tons/ha of basmati paddy in 2018-19 was computed. Then using data of average price of 
basmati paddy in the kallar tract at the time of crop harvest of 2018, the net returns in the kallar tract for basmati 
paddy are computed using 29% of enhanced yield from that of 2.4 tons/ha for the baseline.    
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 TA Outputs Design TA Targets Achievement  Result 

production reduced 
to 5% in 2016 
(baseline: 16% in 
2013)  
 

basmati was zero in 
two crop seasons and 
insignificant in the third 
season in the hot spot 
areas.   

Losses from harvest 
and postharvest 
methods reduced to 
15% in 2016 
(baseline: average 
of 25% in 2013) 

Harvest losses reduced 
from 20% to less than 
5% with the use of rice 
combine harvester. In 
the TA no study was 
conducted for post-
harvest practices and 
average post-harvest 
losses are 10%9, 
resulting in 15% 
harvest and post-
harvest losses.   

Fully achieved for harvesting 
losses.  
 

1. Improved 
basmati 
seed 
varieties 

1.1. At least three 
high-yielding, 
BLB-resistant 
lines ready for 
NUYT 

Eight high-yielding and 
BLB-resistant basmati 
rice lines either 
submitted or ready to 
be submitted to PARC 
for NUYT trials [2 each 
by RRI-KSK, Emkay, 
NIAB and NIBGE].  

Fully achieved rather exceeded 
the target by 167%  

1.2. At least three 
high-yielding 
BLB-resistant 
lines approved 
by the Punjab 
Seed Council 

Approval of one high-
yielding BLB-resistant 
line by Punjab Seed 
Council is expected in 
early 2019 and two in 
2020 

Partially achieved and in 
process to be fully achieved in 
2020-21. One-year Results of 
NUYT for the year 2018 have 
been received by the research 
institutes and out of the eight 
lines submitted 3 performed 
better and same will be 
submitted for trials for the 
second year. RRI-KSK received 
results of two years and they are 
in process of developing a case 
for submission to Punjab Seed 
Council for approval one line. 

1.3. At least six 
advanced, high-
yielding, BLB-
resistant lines 
with additional 
IRRI genes 
developed 

Six advanced high-
yielding and BLB-
resistant lines with IRRI 
genes developed [2 
each by RRI-KSK, 
Emkay, NIBGE].    

Fully achieved  

1.4. At least six 
advanced, high-
yielding, BLB-
resistant, and 
drought-tolerant 
lines developed 

Six advance high-
yielding, BLB-resistant 
and drought tolerant 
lines developed [3 each 
by NIBGE and NIAB]. 
 

Fully achieved  

1.5. At least six 
advanced, high-
yielding, BLB-
resistant, and 
submergence-

Three advanced, high-
yielding and 
submergence-tolerant 
lines developed [RRI-
KSK].    

Partially achieved 

                                                             
9 Government of Pakistan. 2017. National food security policy. Ministry of National Food Security and Research, 

Government of Pakistan.   
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 TA Outputs Design TA Targets Achievement  Result 

tolerant lines 
developed 

2. Improved 
farming 
and post-
harvest 
practices 

2.1. At least three 
competitive 
grants schemes 
approved by 
PARB each 
year [or 9 in 
three years]   

Nine competitive grants 
approved.    

Fully achieved 

2.2. New 
technologies 
and 
machineries 
demonstrated to 
1,000 farmers 

Direst Seeded Rice 
(DSR) Technology 
demonstrated at 35 
pilot farms and 
demonstrated to 1000 
farmers [RRI-KSK, 
NIAB] 

Fully achieved 

2.3. New 
technologies 
and 
machineries 
covered 10,000 
ha as testing 
and 
demonstration 
areas   

DSR, mechanized 
transplanting and rice 
combine harvesting 
machinery and 
technology 
demonstrated on 17000 
ha [RRI-KSK, NIAB, 
UAF]. 

Fully achieved rather exceeded 
the target by 70%. The detailed 
results are:  

 Savings in water use up to 
25% in laser levelled fields. 

 Yield increase of 19% with 
DSR 

 Reduction in harvest losses 
with rice combine harvester of 
14% 

 Reduction in cost of production 
of 10% with DSR 

 Premium on price of paddy of 
5% on rice combine harvested 
paddy  

 Benefitted around 2000 
farmers involved in DSR, 
mechanized transplantation 
and Kubota harvesting of 
basmati rice 

 Increase in farmers’ net 
income of at least 29% due to 
all above mentioned benefits10 

3. Improved 
research 
and service 
capabilities 

3.1. Eight rice 
scientists 
attended short 
training course 
on variety 
development in 
IRRI  

Thirteen scientists 
trained at IRRI (12) and 
UK (1) 

Fully achieved rather exceeded 
the target by 62% 

3.2. Fifty male and 
female farmers 
trained as 
trainers 

70 farmers and women 
staff of Agriculture 
Extension Directorate 
General trained as 
master trainers. 

Fully achieved rather exceeded 
the target by 40%.  

3.3. Four workshops 
organized with 
participation of 
researchers, 
policy makers 
and farmers 

Ten workshops were 
organized with 
participation of 
researchers, policy 
makers and farmers. 

Fully achieved rather exceeded 
the target by 150%. The details 
of workshops are: 
1. Workshop on the “TA Review 

and Strengthening Punjab 
Basmati Rice Value Chain” 

                                                             
10 Attachment 3 of this Final Report. 
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 TA Outputs Design TA Targets Achievement  Result 
organized during 1-2 February 
2017, Lahore.  

2. Workshop on the “Finalization 
of Questionnaires for Baseline 
Surveys of TA Target Area” 
organized on 18 April 2017, 
Faisalabad.  

3. Workshop on the “Formulation 
of Unified Methodology for BLB 
Resistant Basmati Rice and 
DSR Technology 
Demonstration” organized on 9 
June 2017, RRI-KSK.  

4. Workshop on the “Formulation 
of Unified Data Collection and 
Analysis for DSR and BLB-
Resistant Basmati Rice” 
organized on 29 August, PARB, 
Lahore. 

5. Workshop on the “Review of TA 
Progress of 2017 and Future 
Plans of 2018” organized on 27 
February 2018, Lahore. 

6. Workshop for the “Breeders 
Training” organized on 28 
August 2018, RRI-KSK.    

7. Workshop for the “Breeders 
Training” organized on 31 
August 2018, University of 
Agriculture, Faisalabad. 

8. Farmers’ Workshop for the 
‘‘DSR and Control of Diseases”, 
organized on 4 December 2018, 
Gujranwala by NIAB.  

9. Farmers’ Workshop on the 
“DSR and Control of Diseases”, 
organized on 5 December 2018, 
Hafizabad by NIAB. 

10. Final Workshop on the “TA 
Accomplishments” organized on 
10 December 2018, Faisalabad 
by ADB and PARB. 

BLB = bacterial leaf blight, IRRI = International Rice Research Institute, DSR = direct-seeded rice, NIAB = Nuclear 
Institute for Agriculture and Biology, NIBGE = National Institute for Biotechnology and Genetic Engineering, NUYT 
= national uniform yield trial, PARB = Punjab Agricultural Research Board, PARC = Pakistan Agricultural Research 
Council, RRI-KSK = Rice Research Institute, Kala Shah Kaku, UAF = University of Agriculture, Faisalabad. 
Source: Attachment 3 of this Final Report. 

 

Most of the TA targets have been fully achieved by the end of 2018. Of the 11 activities, only 
4 activities will be continued by the partners’ institutions from their own resources as the time 
required is primarily to seek approval of BLB-resistant and high-yielding basmati rice varieties 
from the Punjab Seed Council, incorporation of additional IRRI genes in advanced lines of: (1) 
BLB-resistant basmati rice, (2) drought-tolerant basmati rice, and (3) submergence tolerant 
basmati rice. The targets of all the three activities are mostly or partially achieved and require 
more time to be fully met. This is quite common as achievements are not deterministic in the 
area of crop breeding and gene manipulation.       
 

7. Additional Achievements 
 

 12 papers submitted to the Review Committee of 5th IRC 2018 and all were approved. 
Out of this, 10 papers were presented in IRC-2018 at Singapore.  

 In addition, a contributory event was organized for Pakistan’s Punjab basmati at 
Singapore where 8 papers were presented. 
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 130 service providers were strengthened and trained in DSR, mechanized 
transplantation and rice combine harvesters. 

 During 2018, 7 new manufacturing industries started producing DSR drills. Around 450 
DSR drills were sold during 2018.  

 The benefit of harvesting using rice combine harvester resulted in additional gross 
income of around Rs. 28000/ha [premium on price and reduction in losses]. 

 In December 2018, a study has been initiated for drying and storage of paddy to avoid 
infestation of aflatoxin due to higher moisture contents in the stored paddy. The UAF 
is involved in the testing of drying and storage options in collaboration with enlightened 
rice processors in Punjab. The results of these studies will be available in March-April 
2019.  
 

8. Final Workshop of TA Project  
 
Participants of TA final workshop  
 
The final workshop of the TA 8578-PAK was held on 10 December 2018 at the University of 
Agriculture, Faisalabad. This was attended by 187 participants comprising of 85 from research 
partners’ institutions (RRI KSK, NIAB, NIBGE, UAF, Agricultural Machinery Research Institute, 
Multan), 14 agricultural machinery manufacturers, service providers and farmers, and 84 
graduate students from the University of Agriculture, Faisalabad. Four participants from ADB 
including Project Officer and three Consultants also participated in the final workshop.  
 
Proceedings of final workshop  

 
 The initiative taken by the ADB and PARB for mechanization of rice farming in the 

kallar tract of Punjab, Pakistan is very timely, as shortage of labor at the peak demand 
is affecting the planting and harvesting of rice. There are still gaps in machinery in the 
rice-wheat zone and appropriate machinery be tested, demonstrated and indigenized 
in the province of Punjab so that service providers can effectively extend services to 
the small farmers.  
 

 The pioneering industry for the introduction of DSR drills highlighted the need that 
success of DSR at the farm level to enhance farmers’ income would also demand 
access of farmers to “good practices”. A suggestion was made that a “Visual 
Information Product” in the form of DVD be developed for “good practices of DSR” and 
provide it to all the manufacturers. The manufacturers will provide a copy of this DVD 
to the service providers, who purchase DSR drill so that they can extend this 
information to farmers along with demonstrations.    
 

 The DSR is a success story under the ADB TA Research Project and it must be 
extended to other crops and cropping systems by the Agriculture Department. Further 
up-scaling of activity is important to have wider impacts to enhance export of rice. 
 

 There is a need to standardize DSR related machinery including spray nozzles for 
weedicides and pesticides application for control of weeds and diseases in rice. It is 
important to establish a facility for “Testing and Standardization of Agricultural 
Machinery” in Punjab so that machinery for precision farming can be fabricated in the 
country.   
 

 One of the agricultural machinery manufacturers has developed ‘‘Zero-till Seeder’’ for 
seeding of wheat in the rice stubble fields to plant wheat as early as possible after the 
harvest of rice (without tillage and preparing the seed bed) to attain optimal yields of 
wheat.   
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 Service providers for DSR and rice combine harvesters indicated that there is a 
complete lack of machinery service centers, which need to be established led by 
international manufacturers or dealer-led service centers to provide services to local 
service providers so that their machinery is well maintained and fully functional during 
the season. These service centers should also provide spare parts and maintenance 
services for the rice combine harvesters.  
 

 The service providers also highlighted that with effective weed control in the DSR 
technology provided yield of 6.5 t/ha for super basmati. In addition to this, the winning 
farmer in Punjab achieved highest yield of basmati rice of 6.8 t/ha in DSR. Last year 
the highest yield achieved by the winning farmer was over 7 t/ha for super basmati 
under traditional transplantation using ‘good practices’.  
 

 This is a clear indicator that super basmati is still a promising variety used by farmers 
and an indication that enhances in productivity of basmati rice in the short term would 
be largely from the service provision of machinery, inputs and best practices instead 
of new varieties. New varieties require much longer time to reach to the farmers. 
Therefore, provision of services should be given highest priority for providing access 
to farmers for machinery, quality inputs and best practices. All the varieties developed 
in the last 22 years could hardly planted by farmers on 20% of the basmati area in the 
province of Punjab and rest is occupied by super basmati. Therefore, a breeding 
strategy for rice needs to be developed urgently. However, recently a change in trend 
has also been noted where extra-long grain and fine quality varieties [like PK-1121 
(aromatic)] are now being introduced.           

 

9. Conclusions, Recommendations and Next Steps                                                                  
 

 The TA successfully achieved the outputs and outcomes; 

 Scaling-up and diversification of seed development and mechanization activities are 
essential and key to contribute to increased productivity and profitability, and to 
achieve higher growth rate in agriculture. PARB’s immediate funding for activities by 
farmers, service providers and researchers in 2019 is required to ensure continuity of 
activities (the ADB basmati TA Team is preparing a proposal for PARB funding) to 
enhance export of commodities and substitution of imports; 

 Funding from Export Development Fund for export-oriented research projects should 
be requested through commodity export associations.  

 Enhance capacity of researchers for developing quality research proposals; and 

 Support to improving postharvest practices and marketing leveraged by technologies 
to empower small-holding farmers (and rural service providers) needs to be provided 
through pilot-testing and demonstration. ADB’s support through a new technical 
assistance is proposed.   

 

10. Research Partners - Institutions and Scientists 
  
RRI KSK 
Dr. Muhammad Sabar, Director 
Dr. Muhammad Akhter, Former Director 
Mr. Muhammad Usman Saleem, Assistant Agronomist 
Mr. Tahir Latif, Assistant Botanist 
Dr. Tahir Hussain Awan, Assistant Research Officer 
Dr. Nadeem Iqbal, Assistant Research Officer 
Dr. Aeysha Bibi, Assistant Research Officer 
Ms. Halima Qudsia, Assistant Research Officer 
Engr. Mudassar Ali, Assistant Agriculture Engineer  
Mr. Zulqarnain Haider, Assistant Research Officer 
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Ms. Tahira Bibi, Assistant Research Officer 
Mr. Awais Riaz, Assistant Research Officer 
Mr. Ahsan Raza Khan, Assistant Research Officer 
Mr. Shawaiz Iqbal, Assistant Research Officer 
 

NIBGE, Faisalabad 
Dr. Muhammad Arif, Principal Scientist  
Dr. Sumera Yasmin, Principal Scientist 
Dr. Niaz Ahmad, Senior Scientist  
Mr. Muhammad Asif, Junior Scientist 
Dr. Shehzad Amir Naveed, Research Associate  
Ms. Abha Zaka, Ph. D. Scholar 
Mr. Kashif Aslam, Ph. D. Scholar 
Ms. Khansa Ejaz, Ph. D. Scholar  
Mr. Umer Maqsood, Ph. D. Scholar 
Mr. Babar Allah Ditta, Ph. D. Scholar 
Ms. Rida Tariq, Ph. D. Scholar 
Ms. Naila Perveen, Ph. D. Scholar 
Mr. Ali Faiq, Research Fellow 
Mr. Muhammad Asif, Research Fellow 
 

NIAB, Faisalabad 
Dr. Muhammad Rashid, Principal Scientist 
Dr. Hafiz Muhammad Imran Arshad, Senior Scientist 
Dr. Muhammad Saleem, Principal Scientist  
Dr. Muhammad Rafique Asi, Principal Scientist 
Dr. Mahmood-ul-Hassan, Principal Scientist  
Dr. Rashid A Khan, Principal Scientist  
  

UAF 
Dr. Muhammad Jehanzeb Masud Cheema, Assistant Professor, Agriculture Engineering, CAS-AFS 
Dr. Abdul Ghafoor, Lecturer, Farm Machinery and Power/Acting Chairman 
Mr. Muhammad Nauman, Lecturer, Farm Machinery and Power 
Mr. Zeeshan Haydar, Research Fellow 
Mr. Muhammad Umair Ashraf, Research Fellow 
Mr. Muhammad Awais, Research Fellow 

 
Emkay Seeds Pvt. Ltd. 
Dr. Muhammad Bashir Cheema, Principal Rice Botanist 
Syed Kashaf Ali Shah, Research Fellow 

 
PARC 
Dr. Umar Farooq, Member, Social Sciences Division, Islamabad 
Dr. Arshed Bashir, Director, Social Sciences Research Institute (SSRI), Faisalabad 
Mr. Irfan Mahmood, Senior Scientific Officer, SSRI, Faisalabad  
Mr. Rashid Saeed, Senior Scientific Officer, SSRI, Faisalabad  
Mr. M. Ather Mehmood, Senior Scientific Officer, SSRI, Faisalabad  
Ms. Hafiza Khadija Atiq, Research Assistant, SSRI, Faisalabad 
Ms. Aqsa Yaseen, Research Assistant, SSRI, Faisalabad 
 

PARB 
Dr. Noor-ul-Islam, Former Chief Executive 
Dr. Muhammad Younas, Former Executive Member (Coordination) 
Dr. Muhammad Akram Qazi, Deputy Director 
Ms. Saira Maryam, TA Administrative Support Staff 
  

ADB 
Ms. Noriko Sato, Natural Resources Specialist / TA Officer 
Dr. Kiyoshi Taniguchi, Principal Economist 
Dr. Shahid Ahmad: Agriculture Sector Specialist (ADB Consultant) 
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Dr. Nollie Vera Cruz: Biotechnologist (Pathologist) (ADB Consultant) 
Mr. Mansoor Ali: Agriculture Value Chain Specialist (ADB Consultant) 
Mr. Kazim Saeed: Agricultural Marketing Development Specialist (ADB Consultant) 
Ms. Jill Gale de Villa: Editing Specialist (ADB Consultant) 
Mr. Kashif Jamshed: TA Coordinator (ADB Consultant) 
Mr. Saeed-ur-Rehman: Field Coordinator (ADB Consultant)
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Annex I: Pictures of TA Final Workshop  
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Annex II: Meeting with Office of Research Innovation and Commercialization, 
University of Agriculture, Faisalabad.   
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Research Projects by Research Institutes under Competitive Research 
Grants financed by TA 8578-PAK: Punjab Basmati Rice Value Chain 
Project 
 
 
 
 

No. Project Name Partner 
Institution 

I: Output #1: Improved Basmati Seed Varieties 
1.1 Development of broad-spectrum BLB resistant Basmati variety 

carrying multiple genes pyramided through marker assisted 
backcross breeding  

RRI-KSK 

1.2 Development of broad-spectrum Bacterial Leaf Blight (BLB) resistant 
Basmati variety carrying multiple genes pyramided through marker 
assisted backcross breeding  

NIAB 

1.3 Development of Broad-Spectrum Bacterial Leaf Blight (BLB) 
Resistant Basmati Varieties Carrying Multiple Genes Pyramided 
through Marker Assisted Backcross Breeding, 

NIBGE 

1.4 Development of BLB Resistant Basmati Rice Varieties for Enhanced 
Yields  

EMKAY Seeds 

1.5 Enhancing Basmati Yield under Stress Conditions by Pyramiding 
BLB and Drought Tolerant Genes   

NIBGE 

II: Output #2: Improved Farming and Post-harvest Practices 
2.1 Demonstration of New and Innovative Technologies and Machineries 

to Farmers in Basmati Rice Tract of Punjab, Pakistan 
RRI-KSK 

2.2 Demonstration of New and Innovative Technologies and Machineries 

to Farmers in Basmati Rice Tract of Punjab, Pakistan  

NIAB 

2.3 Field Evaluation of DSR Drill and Production Technology for Basmati 

Rice in selected Pilot Sites and Refinement in Basmati Rice Tract of 

Punjab, Pakistan 

UAF 

III: Output #3: Improved Research and Services Capabilities 
3.1 Training of Master Trainers in Real-Life Situation in DSR Package of 

Technology   
RRI-KSK 
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Testing and Demonstration of New Technologies and 

Machineries for Basmati rice in Punjab, Pakistan –  

Strategy and Methodology1 
 

TA8578-PAK: Punjab Basmati Rice Value Chain 

 
1. Punjab Basmati Rice Value Chain Project 
 
The technical (TA) impact will be higher incomes of basmati rice farmers in Punjab. The 
outcome will be improved basmati rice productivity and quality in TA pilot sites. TA 8578-PAK: 
Punjab Basmati Rice Value Chain was designed to achieve three outputs listed below: 
 

 Improved basmati seed varieties; 

 Improved farming and postharvest practices; and 

 Improved research and service capabilities. 
 
Output 2 - Improved farming and postharvest practices: The TA Report indicated that 
through a system of competitive research grants, the TA has supported the involvement of 
public- and private-sector service providers for pilot testing and demonstration of innovative 
practices leading towards refinement and development of appropriate marketable 
technologies, which will result in increased basmati productivity and reduced postharvest 
losses. The research areas recommended in the TA document are: 
 

 Refining a direct seeding method in farmers’ fields for better seed usage;  

 Developing, testing, and demonstrating an appropriate seed drill to make direct 
seeding more efficient;  

 Mechanical transplanting with the introduction of appropriate transplanters to save 
labor and water and improve the plant population;  

 Expanding the introduction and operation of appropriate rice harvesters by the private 
sector; or 

 Developing paddy drying technology and rice dryers to reduce moisture contents and 
to avoid aflatoxin, which poses food safety hazards. 

 
The performance targets and indicators for output 2 given in the project design and monitoring 
framework are presented along with achievements during 2017: 
 

 At least three competitive grant proposals approved by the Punjab Agricultural 
Research Board (PARB) each year – in total 9 grant proposals have been approved 
during 2016–2017; 

 Demonstrate new technologies and machineries to 1,000 farmers – targets fully 
achieved during 2017; and 

 Demonstrate new technologies and machinery on 10,000 hectares – planned for the 
year 2018. 

 
The first two targets have been fully achieved at the end of year 2017. Third target is planned 
for the rice season of 2018. It is true that the third target of demonstrating new technologies 
and machineries on 10,000 ha is of tall order. Therefore, a strategy and methodology is 
needed to achieve higher targets. In addition, there has been a misperception that target of 
third output is only direct seeded rice (DSR), whereas the TA document clearly states that 
target is to demonstrate new technologies and machineries.      

                                                             
1 Prepared by Agriculture Sector Specialist, ADB and finalized after the workshop with the partners involved in New 
technologies and Machineries for Basmati rice.  
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2. Meetings and Consultation with Service Providers 
 
During 16 and 17 April 2018, Team of RRCs partners2 (Rice Research Institute [RRI] and the 
Nuclear Institute for Agriculture and Biology [NIAB]), PARB and ADB Consultant had visited 
service providers in Narowal district on 16th April and districts of Sheikhupura and Nankana 
Sahib on 17 April. The experiences and perceptions of 13 service providers and farmers based 
on their last year experience in DSR are summarized as follows:    
 

 DSR planting must be in line with the date of nursery plantation for various varieties 
under transplanted rice. Farmers have observed that if rice is planted late under DSR 
the crop maturity extended to a season where diurnal changes in temperature 
increased and fog started, which affects crop productivity adversely. This has been 
experienced by most of the farmers under the sample taken for consultations with the 
service providers and farmers. RRI has also included it as a ‘best practices’ for DSR. 

 

 Around half of the farmers have achieved higher productivity under different varieties 
planted using DSR method from that of transplanted rice, an increase of at least 0.50 
tons per hectare (ha).  
 

 Almost every farmer faced problem of weeds in DSR and if weed control is undertaken 
as per ‘recommended best practices’, it is possible to control weeds. The ‘best practice’ 
is a hybrid practice where first weedicide is used either after completing the drilling of 
rice or after irrigating the drilled rice fields when soil is in saturated condition. The 
second dose of weedicide is recommended after 15 days of rice drilling. If weeds are 
not controlled with two doses of weedicides, then ponding of water for 4–5 days is 
recommended after application of second weedicides.  However, there is a need to 
have agreed list of recommendations for ‘best practices of DSR’. RRI and NIAB 
scientists preferably formulate ‘recommended best practices for DSR’ jointly so that 
same message is disseminated to the farmers. The message should be delivered to 
the farmers by the end of April 2018. 
 

 Rice transplanters are also available with few farmers. Therefore, the University of 
Agriculture Faisalabad (UAF) may also collect data from dealers selling the 
transplanters. 
 

 Three types of rice combine harvesters are available in the market: a) oldest combine 
harvesters with attachments for wheat, rice and sunflower; b) Fiat combine harvesters 
with kits for multiple crops; and c) Kubota combine harvester for rice (normally 
reconditioned Japanese combines marketed by China). The reconditioned combines 
are available at almost 25% of price of new machine.   
 

 Some of the farmers are champions and they can be involved in demonstration of DSR 
and other technologies because enlightened farmers have higher rapport and fellow 
farmers believe ‘farmers best practices’ rather than the ‘scientists’ recommended best 
practices’. 
  

 The most interesting recommendation shared by one of the farmers is that higher 
productivity could be achieved if farmers manage rice and wheat farming as a business 
as size of cropped area has to be adjusted with available financial resources to the 
farmers. Because when farmers are in short of capital then they practice ‘low input 
agriculture’, thus reducing the cropped area is a ‘best option’ to achieve the optimal 
productivity.  

                                                             
2 The Team comprised of Dr. Mohammad Saleem, NIAB, Dr. Tahir Awan from RRI, Dr. Mohammad Younas from 
PARB and Dr. Shahid Ahmad ADB Consultant.  
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 Farmers also provided information that for rice, major contribution is of groundwater in 
irrigation and the cost of groundwater for rice can be reduced to half because light and 
lesser number of irrigations are needed for DSR. The second major cost is for fertilizers 
and weedicides/pesticides and third cost is for labor, as it is in short supply for puddling 
and transplantation. Further conventional transplantation practices can’t achieve the 
optimal plant population. These are the three drivers for adoption of DSR technology 
in production of rice.               

 

3. Strategy and Methodology for Achieving Targets of DSR 
Demonstration Activity  

 
The proposed strategy is to ‘encourage private sector service providers and farmers 
involved in new technologies and machineries (DSR, transplanted rice with best 
practices, use of appropriate rice harvesters and rice combine harvesters), and provide 
critical input to service providers to enhance their capacity through knowledge and 
skills to achieve target of demonstration of new technologies and machineries on 
10,000 ha, using technique of tele-messages and brochures in Urdu’.  
 
The strategic elements of the proposed methodology are: 
 

 UAF will update database of service providers and farmers having DSR drills in 
collaboration with RRI and NIAB. RRI has long association with DSR farmers having 
drills and planting rice on larger area and its contribution will be highly valuable. 
  

 UAF will also expand machinery database to include rice harvesters and rice combine 
harvesters (i.e. Kubota rice combine harvesters).  
 

 RRI will develop database of farmers involved in the adoption of ‘best production 
technologies’ considering work done in 2017. RRI has been actively engaged in 
transfer of ‘best production technology’ to enlightened farmers throughout the 
province.    
 

 Select at least 100 service providers and farmers involved in DSR technology using 
updated database, in selected districts, where larger population of DSR drills is 
available (see clusters 1 and 2 in Table 1). 
 

 UAF will immediately start providing technical support to selected service providers 
and large farmers to calibrate their DSR drills to improve performance of planting in 
terms of plant population, row to row distance and plant to plant distance. This would 
be achieved through calibrating drill for optimal seed rate per ha. UAF will also link 
these farmers with the Greenlands Manufacturing, so that they get spare parts on 
urgent basis. The survey done by UAF indicated that some of the machines need 
replacement of plastic and other parts. The Engineer working in RRI will calibrate drills 
of service providers working with RRI, whereas UAF will calibrate the drills of service 
providers working with NIAB. However, UAF will provide training to RRI’s Engineer, if 
needed.   
 

 UAF will advise selected service providers and farmers to ensure periodic 
maintenance of the DSR drill along with having spare nuts and bolts, which are 
normally broken in the field. Provide one pager instructions of periodic maintenance 
and breakage in the field to the service providers. RRI’s engineer will do the same for 
service providers working with RRI, whereas UAF will provide support to NIAB.  
 

 RRI and NIAB will work in close coordination with Dr. Cheema and each will be 
responsible for respective farmers in two contiguous clusters to provide information to 
farmers in ‘best production practices’ through continuous linkages through tele-
messages (WhatsApp or Group SMS). The personal contacts in field to a large number 
of farmers (over 500) are not possible to provide timely support to farmers for imparting 
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knowledge of ‘best production practices’. Therefore, dependence would be on tele-
messages, which is an effective option to deliver timely messages of ‘best production 
practices’ to farmers. 
 

 DSR data to be collected during 2018 is responsibility of all three partners – UAF, RRI 
and NIAB. The type of data to be collected by the partners are: 
 

o UAF and RRI – Number of service providers’ selected/performed, number of DSR 
drills calibrated, area covered under DSR planting of rice (Basmati and fine grain 
rice) in hectares, issues faced by service providers including problems associated 
with DSR drill. UAF will collect the data for NIAB and RRI will collect the data for 
their component. 
 

o RRI and NIAB – Collect data from farmers regarding variety sown, irrigation 
schedule, fertilizer applied, type and schedule of weedicide used, weed control, 
and yield of paddy. 
 

o All the data will be collected through tele-messages. 
  

 RRI and NIAB will also collect data of DSR plantations during 2017, as the partners 
especially RRI was involved in providing services to significant numbers of larger 
farmers who are planting rice through DSR. The literature distributed by them and field 
visits were quite significant. Director RRI has also developed WhatsApp Group of large 
farmers involved in DSR and transplanted rice. The rice grown using new technologies 
i.e. transplanting of rice using ‘best production practices’ will also be included in the 
study. The data will include following technologies: 
 

o RRI and NIAB – Collect data of basmati rice planted using DSR during 2017.  
 

o RRI – Collect data of transplanted basmati rice using ‘best production practices’ to 
enhance productivity during 2017 and 2018. 
 

o UAF – Collect data of number of hectares harvested using rice harvesters and rice 
combine harvesters during 2017 and 2018.    

 

 To fully achieve target of ‘demonstration of new technologies and machineries’ on 
10,000 ha, higher targets must be fixed so that design target is achieved. The minimum 
and maximum targets fixed for the three technologies, as agreed by the partners are: 
 
o Direct seeded rice (DSR)    - 4000-9000 ha 

 
o Harvesting using harvester/combine harvester - 4000-4000 ha 

 
o Transplanted rice using ‘best technology’ - 2000-4000 ha 
 
Total Targets      - 10000-17000 ha 
 

 To achieve the targets, it is also recommended that budget allocated to three partners 
[UAF, RRI and NIAB] must be based on work load of each of the partner: 

 
o UAF – All machinery related aspects for the first two targets, database of service 

providers and capacity building for service providers in the operation and 
maintenance (O&M) of machinery 
 

o RRI – The ‘best production technology’ for DSR and transplanted rice targets and 
capacity building of service providers and farmers (through tele-messages and 
sampling) in cluster 1. 
 

o NIAB – DSR related ‘best production technology’ and capacity building of service 
providers and farmers (through tele-messages and sampling) in cluster 2. 
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 Tentative numbers of DSR drills in two clusters, in connected or nearby districts are 
selected based on DSR drills procured during 2017 and 2018. UAF will update data of 
these eight districts in collaboration with RRI and NIAB and start work with service 
providers/large farmers having DSR drills from 24 April 2018, as time is running fast. 
The details are given in Table 1. Further details of service providers and farmers 
owning DSR drill are given in Annex-I. In addition, available machinery in various 
districts and rice area, production and yield of rice are given in Annex-I.  

 

 As the target is of tall order, therefore monitoring of activities is essential. The following 
responsibility is assigned to three institutions: 

 
o UAF – for overall machinery component and service providers/large farmers 

having DSR drills and number of service providers extending services for rice 
combine harvesters  
 

o RRI – the target area will be on cluster #1 for DSR, and target area will be both the 
clusters for ‘best practices of transplanted rice’ 
 

o NIAB – the focus will be on DSR for cluster #2. 
 

Table 1: Number of DSR drills and districts falling in two selected clusters  

Cluster 1 RRI-KSK Cluster 2 NIAB 

Districts 

Number of DSR 
Service 

Providers/Farmers3  Districts 

Number of DSR 
Service 

Providers/Farmers 

Sialkot  Hafizabad  

Narowal  Nankana  

Sheikhupura  Faisalabad  

Khanewal  Gujranwala  

Minimum DSR 
Drills 50 

Minimum DSR 
Drills 50 

 

 The budget will be provided based on the work load for three partners’ institutions, 
subject to the approval of Project Officer. The estimated work load is presented as 
under:  
   
o UAF – 35% of work load – (One project – Dr. Cheema) 
o RRI – 45% of work load (Two projects – Mr. Usman and Ms. Halima) 
o NIAB – 20% of work load (One project – Dr. Saleem) 

 

 Looking at tall order of proposed activity, it is obvious to facilitate partners’ institutions 
including funding support through: 

 
o The activity of drying of paddy would not help to achieve target of ‘Demonstration 

of new technologies and machineries on 10000 ha’ therefore this activity has 
already been ceased and Ms. Halima and Engr. M. Muddassar will contribute in 
activity 2.3 in line with the activities conducted during 2017 under the project 
already assigned to them.   
 

o Funding required by UAF will be assessed in June 2018 and if needed case for 
additional funds will be submitted to ADB TA Project Officer, as UAF has the lowest 
budget allocation for 2018 compared to the load of work. The target for NIAB is 
lower, as it will be involved only in DSR activity therefore budget required is not 
much compared to UAF.    

                                                             

3 The RRI and NIAB will identify 50 service providers/farmers having DSR drills for the plantation of DSR.   
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4. Summary of Assignments, Targets and Institution 
Responsible    

 
The summary of assignments, targets and institutions responsible is given in Table 2. The 
DSR Teams keep this Table in front of them for implementation. Partners are requested to 
print a copy on A0 of Table 2 and keep posted in the Office for ready reference.  Director, RRI 
will divide the activities between two projects of RRI and provide guidance to both projects.  
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    Table 2: Activities assigned to various research partners for the activity #2.3 
No. Activity Partners’ 

Institutions 
Designed Targets Institution Responsible 

UAF RRI NIAB 

1. Database4 – Machinery service providers – a) at least 100 DSR 
drills providers; and b) at least 50 service providers for Kubota 
or others rice combine harvesters; and c) available numbers of 
mechanical transplanters.  

x   a) at least100 DSR Drills for 4000 ha  
b) at least 50 Combine Harvesters for 

4000 ha 
c) available numbers of mechanical rice 

transplanters   

UAF - Full responsibility  

2. Database5 – Farmers adopted ‘best practices’ for transplanted 
Basmati rice 

 x  Farmers best practices transplanted rice 
on at least 2000 ha  

RRI - Full responsibility 

3. Calibration6  – a) 50 DSR drills by UAF for NIAB for Cluster #2; 
and b) 50 DSR drills by RRI for Cluster #1 

x x  at least 100 DSR Drills – 50 by UAF for 
NIAB and 50 by RRI 

UAF and RRI -  Joint responsibility 

3. Information Provision7 – O&M of DSR drills to service providers x   at least 100 DSR Drills UAF - Full responsibility to prepare One-
Pager and provision to 100 service 
providers 

4. Information Provision8 – ‘DSR best production practices’ to 
service providers and farmers through brochure and tele-
messages  

 x x at least 100 service providers for at least 
4000 ha – 50 service providers and 2000 
ha each by RRI and NIAB 

RRI and NIAB - 50 each having target of at 
least 2000 ha. Preparation of Brochure is 
responsibility of RRI and NIAB provide 
input. 

5. Information Provision9 - Best production practices under 
transplanted rice to farmers including mechanical transplanters    

 x  at least 2000 ha RRI – Full Responsibility 

6.  Data Collection10 - DSR acreage from service providers – 2017 
and 2018 using tele-messages. For 2018 each RRI and NIAB 
will take sample of 50 farmers. 

 x x at least 4000 ha – 50 service providers 
each by RRI and NIAB 

RRI and NIAB - Joint responsibility in 
respective clusters  

7. Data Collection11 - Combine harvested area covered – 2017-
2018 using tele-messages and sampling 

x   at least 4000 ha UAF - Full responsibility 

8. Data Collection12 – Area covered under transplanted rice best 
practices – 2017-2018 using tele-messages by RRI. For 2018 
sample of 25 farmers will be taken by RRI. 

 x  at least 2000 ha RRI - Full responsibility 

Total Activities Assigned 4 6 2   

               UAF 
               RRI 
               NIAB 

                                                           
4 UAF has developed the database for DSR service providers and it will be updated by UAF including information taken from RRI and NIAB so that we have the updated database.  
5 RRI will develop this database in MS-Excel. 
6 Dr. Cheema will develop methodology for calibrating DSR drills and provide information and training if needed to Mr. Mudassar and UAF field team including Mr. Umair.  
7 Dr. Cheema will prepare one pager for O&M of DSR drill for tractor operators and provide copy of this to Mr. Mudassar so that he also distribute to each of the service provider while calibrating the drill. 
8 RRI has already printed brochure for best practices for DSR and Dr. Saleem will discuss with Dr. Akhtar if there is any comment. Director RRI will provide 50 copies of this brochure to NIAB. NIAB scientists may note that by provincial 

mandate the messages for Best Practices are with provincial research institutions including provincial extension. Technology transfer by mandate is the responsibility of provincial research and extension services.    
9 RRI has already developed best practices for transplanted rice and same will be used for distribution to farmers. .    
10 Data under DSR will include area planted under DSR of 4000 ha jointly by RRI and NIAB. Data of total area under DSR will be assessed through tele-messages, whereas yield data will be collected through a sample size of 50 by 

each partner using one sample from each service provider’s area.    
11 Data under selected combine harvesters will be collected by UAF through tele-messages from 50 service providers and can be verified from a sample of 10-15 combines looking at the booking registers with the service providers.   
12 Data under transplanted rice under best practices will be undertaken for area through tele-messages and yield data of 25 farmers as a sample.   
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Annex-I: Summary of Results of Database of DSR Service Providers 
 
UAF has developed database of service providers and farmers owning DSR drills and either 
using at their own farms and/or providing services to small and medium farmers. The summary 
of DSR drills owned by service providers in different districts/tehsils is presented in Table 1. 
The districts selected for DSR study are highlighted with yellow highlighter. 

 
Table 1: Summary of results of DSR database during 2017 

No. Districts/Tehsils Number of Service 
Providers 

Number of DSR 
Drills 

1. Gujranwala 29 29 

2. Sialkot and Narowal 28 28 

3. Seikhupura  20 20 

4. Multan including Khanewal 16 16 

5. Nankana Sahib 8 8 

6.  Gujrat 5 5 

7. Hafizabad 4 4 

8. Lahore  4 4 

9. Faisalabad 3 3 

10. Mandi Bahauddin 2 2 

11. Sahiwal 2 2 

12. Jhang 1 1 

Total Service Providers and DSR Drills 122 122 

  
Currently two manufacturing companies of agricultural machinery are involved in 
manufacturing of DSR drills. The Greenlands Agro-machinery Company is engaged in 
manufacturing of over 150 DSR drills during 2018 and some has already been delivered to 
the farmers or service providers.  
 
The data given in Table 1 does not include the DSR drills delivered or to be delivered during 
2018 are not included in the Table. However, the target of 100 service providers can be 
achieved from the eight districts selected for the study.     
 
The Census of Agriculture Machinery of Punjab provided number of machineries related to 
rice-wheat system and summary is given in Table 2.  
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Table 2:  

 
In the selected 21 districts basmati rice production is 71.3% of total production of rice covering 
all types of rice (Table 3).   
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Table 3: Summary of total rice and basmati rice data in selected districts of Punjab 
during the year 2015-16 (Source: Directorate of Crop Reporting, Department of Agriculture, 
Punjab)  
No. Districts Total Rice Basmati Rice 

Area 
(acres) 

Production 
(tons) 

Yield 
(Tons/acre) 

Area 
(acres) 

Production 
(tons) 

Yield 
(tons/acre) 

1 Gujranwala 550000 477210 0.868 252000 184350 0.732 

2 Okara 336000 336810 1.002 179000 142510 0.796 

3 Sheikhupura 423000 316880 0.749 391000 289840 0.741 

4 Hafizabad 330000 283040 0.858 258000 213300 0.827 

5 Sialkot 324000 240800 0.743 284000 205860 0.725 

6 Nankana 
Sahib 

263000 209530 0.797 245000 193680 0.791 

7 Bahawalnagar 179000 146020 0.816 144000 115720 0.804 

8 Pakpattan 132000 116570 0.883 115000 95630 0.832 

9 Kasur 139000 111850 0.805 85000 58280 0.686 

10 Mandi 
Bahuddin 

148000 110170 0.744 142000 104840 0.738 

11 Narowal 160000 106990 0.669 158000 105500 0.668 

12 D. G. Khan 105000 104640 0.997 
   

13 Jhang 124000 95770 0.772 122000 94260 0.773 

14 Toba Tek 
Singh 

93000 87540 0.941 93000 87540 0.941 

15 Muzaffargarh 90000 68790 0.764 52000 37770 0.726 

16 Chiniot 90000 67750 0.753 79000 56380 0.714 

17 Vehari 82000 62190 0.758 82000 62190 0.758 

18 Sahiwal 70000 59290 0.847 68000 56980 0.838 

19 Lahore 80000 57620 0.720 68000 46470 0.683 

20 Khanewal 71000 57130 0.805 71000 57130 0.805 

21 Khushab 65000 50750 0.781 65000 50750 0.781 

Production (million tons) 3.17   2.26  

Production of Basmati (%)    71.3  
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Foreword 
 
Rice is Pakistan’s second largest exportable commodity, after cotton. During 2017–2018, Pakistan 
exported 4.02 million tons of rice (coarse and fine varieties), valued at about US$2.0 billion. The 
quantity and value of rice exported has been stagnant with minor variations in the current decade. The 
quantity of exported basmati rice (a high-priced, fine quality, and aromatic) has been declining rapidly, 
from its highest level of 1.14 million tons in 2010–2011 to 0.50 million tons during 2017–2018. The 
drastic reduction in the quantity of basmati rice, by 56% in a period of five years, is a serious 
concern―a major reason for the declining value of exported rice in the last 8 years.  
 
Pakistan’s current economic situation demands that the export of basmati rice has to be increased in 
a phased manner, to double in the next 5 years. This is possible because the country has exported 
1.14 million tons of basmati rice in 2010–2011. The challenges faced in exporting basmati rice are (1) 
research institutions have not developed a variety comparable to the super basmati which was 
approved in 1996 and still occupies over 80% of basmati area in Punjab; (2) the scientists have lost 
motivation to produce varieties of basmati rice because of the inefficient system for the approval of 
crop varieties and the lack of enforcement of breeders’ rights; (3) the lack of demand-oriented 
production of pre-basic seed by research institutions and provision of quality pre-basic seed to private 
seed companies for the production of certified seed; and (4) the extension services for demonstrating 
technologies to farmers face serious concerns of capacity and capability.  
 
Considering these challenges, the Asian Development Bank and Punjab Agricultural Research Board 
initiated the technical assistance, titled “TA 8578-PAK: Punjab Basmati Rice Value Chain” and 
demonstrated innovative technologies and machineries to farmers through local service providers. In 
addition, scientists were able to develop six advanced lines of high-yielding and bacterial leaf blight 
resistant basmati rice and submitted then to the Pakistan Agricultural Research Council for national 
uniform yield trials. Two advance lines are in the pipeline and will be submitted for the trials in early 
2019. The province will have 2–3 varieties of basmati rice by 2021.  
 
The Agriculture Department, Government of Punjab has assigned higher priority to strengthen the 
research and development (R&D), with a focus on greater participation of private sector businesses 
and service and supplies providers. To achieve the target of a more than 5% higher growth in the 
agriculture sector under the Punjab Growth Strategy of 2018 will require a shift from a commodity 
approach to a farming system approach along with provision of quality services to small-scale farmers. 
Public sector R&D institutions need to ensure a shift from supply-oriented to demand-oriented 
research. The whole value chain approach, from the field to the table, has to be taken as a long-term 
goal for the R&D system. There is an urgent need to formulate an agriculture strategy in line with the 
approved agriculture policy leading towards a time-bound investment action plan for the next decade.   
 
Lastly, an important point to note is that agriculture (crops and livestock) is a business and it should 
not be solely viewed in a scientific manner. Efforts are required to include experts of agriculture 
businesses, commodity export, quality of products for export, and reduced risks of pesticide residues 
and aflatoxins in the exportable commodities. This should be the focus of the future R&D system along 
with improving profitability of farming in favor of small-scale farmers through the active involvement of 
rural youth, both men and women, in intensive farming systems, such as tunnel farming using drip 
irrigation.  The immediate economic returns to the province in rice farming will be achieved through 
provision of effective services to farmers by the local service providers in the area of laser land 
levelling, water management, farm machinery, paddy drying and storage, along with ”Good Practices 
of Farming” by the research and extension system.  
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Punjab Basmati Rice Value Chain, Pakistan 
  

1.   Current State of Basmati Rice in Punjab, Pakistan          
 
   
Basmati rice in Punjab Province was grown on an area of 1.354 million hectares (ha), producing 
2.524 million tons (t) of rice and an average rice yield of 1.864 t/ha during 2016–2017.1 The 
corresponding average paddy yield of basmati was 2.8 t/ha in the same rice season. The 
competition for producing the highest yield of basmati rice during 2016–2017, the Government of 
Punjab organized a competition for producing the 
highest yield of basmati rice. The top three award 
winning farmers (Figure 1) achieved yields of 
7.05 t/ha, 7.0 t/ha, and 6.7 t/ha of super basmati 
paddy. This is an indication that variety is still not 
a major issue. The major issue is how to transfer 
the “good practices” of the enlightened farmers to 
a majority of resource-poor farmers by providing 
them with effective access to local service 
providers of (1) innovative technologies and 
machineries; and (2) high-quality and timely 
supplies of certified seed of basmati rice, 
fertilizers, herbicides, pesticides, etc.                  
 
In 2010–2011, Pakistan exported 1.14 million tons of basmati rice, but this dropped to 0.5 million 
tons during 2017–20182 and is still declining (Figure 2). The value of export of basmati rice was 
around US$ 1.0 billion in 2010–2011, which has reduced to US$ 0.525 in 2017–2018 (Figure 3). 
The declining trend in basmati exports needs to be reversed. First, to bring it back to the level 
achieved in 2010–2011, and then to increase by 15% per annum as envisaged in Punjab’s growth 
strategy.  
 
Figure 2: Export of rice from Pakistan 2010-18 (million tons) 

 

                    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: REAP (2018) 

                                                             
1 Government of the Punjab. 2017. Kharif Crops Final Data Estimates of 2016–17, Crop Reporting Directorate, 

Department of Agriculture, Lahore. 
2 Rice Exporters Association of Pakistan (REAP). 2018.  
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Figure 1: Award-winning farmers 
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Figure 3: Export of rice from Pakistan 2010-18 (billion US$) 

 

                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Source: REAP (2018) 

 
The causes of reduction in export of basmati rice are as follows: 
 

 The research institutions and private sector seed companies have not developed a system 
to provide high-quality certified basmati seed varieties to the majority of farmers. However, 
the results of the competition of producing basmati rice during 2016–2017―where the top 
three award-winning farmers achieved 7 t/ha of super basmati paddy―clearly indicate 
that quality seed and good practices are essential to achieve the genetic potential of any 
rice variety.  
 

 Since 1996, after the approval of super basmati, research institutions have not developed 
another variety comparable in quality and productivity. Today, over 80% of the area 
planted to basmati is under the same variety. If farmers are still cultivating a 22-year-old 
variety, then the issue is beyond variety―access to quality certified seed and good 
practices for cultivation of basmati rice are needed.   
 

 Super basmati is still a premium brand for export. The other common brands for export 
are kernel basmati and super kernal basmati. 
 

 The average productivity of 1.8 t/ha of basmati rice or 2.8 t/ha of basmati paddy is 
extremely low.  
 

 Basmati rice is harvested using wheat combine harvesters. As a result, the grains are 
broken during harvesting and threshing, reducing the grain quality and farmers’ paddy 
selling price to about PRs1,750/t (US$13.46/t). Field losses due to the use of wheat 
combine harvester are around 600 kilograms (kg) / ha or PRs25,000/ha (US$192.3/ha) at 
the time of harvest.  
 

 The cost of pumping groundwater is much higher than that of using canal water. The water 
fee (abiana) for using canal water for a rice crop is PRs210/ha (US$1.62/ha), which is 
insignificant. The strategy of mixed use of canal and ground water helps farmers to 
manage the cost of irrigation for transplanted rice to the tune of PRs25,000/ha 
(US$192.3/ha) in an average year, and it increases in dry years due to the reduced supply 
of canal water.  
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 Diseases and pests also contribute to reducing the productivity of basmati rice. Basmati 
varieties resistant to bacterial leaf blight (BLB) and blast diseases and brown hopper are 
not yet available. Even if such varieties are available, what is the surety that farmers will 
adopt them? The only reason to shift to a new variety is that productivity and the farmers’ 
net income will be higher than from super basmati. Further, new basmati varieties should 
also be acceptable in the global market as a replacement of super basmati or super kernal 
basmati.       
 

 As per agriculture statistics of 2016–2017, the share of improved seed in Pakistan’s rice 
production is about 28%, which is too small to enhance agricultural productivity. Further, 
the quality of improved seed is not in line with the quality standards of certified seed, 
because only 17% of the seed planted is certified. The term “improved seed” means that 
it is seed of an improved variety, but it may not be certified as meeting the standards 
imposed by the Federal Seed Registration and Certification Directorate.  
 

 Service providers have limited capacity to provide farmers with high-quality services and 
equipment such as laser land levelling, direct seeded rice (DSR) drills, bed planters and 
furrow irrigation, Kubota rice combine harvesters, shelling of grains, and rice processing. 
Suppliers also have limited capacity to provide high-quality inputs to farmers and at fair 
prices.  
 

 A basic issue is research institutions’ lack of demand orientation for the production and 
provision of quality pre-basic seed, which is needed to meet the private sector seed 
companies’ demand for multiplication to produce and market certified seed. As the private 
sector seed companies have to market basmati rice certified seed, demand orientation in 
this context means it is important for the research institutions (the Rice Research Institute 
[RRI], Kala Shah Kaku, and the Nuclear Institute for Agriculture and Biology [NIAB]) to 
produce the variety and quantity of pre-basic seed needed to meet farmers’ demand.   
 

 Lack of geographically coded basmati rice for local consumption and export purposes is 
an issue, because Pakistan’s basic claim is that basmati rice can only be grown in the 
kallar tract. Only if Pakistan starts coding all basmati rice grown in the kallar tract we can 
ensure the export of high-quality, aromatic basmati rice. This is important because 46% 
of basmati rice grown outside the kallar tract and sold as basmati rice does not have 
adequate aroma. Mixing of various varieties is another concern.                       

 
Based on the above-mentioned current situation of the Punjab basmati rice value chain, Figure 4 
presents the long- and short-term issues and potential gains for attaining sustainable returns from 
basmati rice.  

 

2.  The Project: Punjab Basmati Rice Value Chain and Its 
Achievements  

 
Agriculture research institutions in the public and private sectors, basmati rice farmers, traders, 
and exporters in the Punjab, Pakistan asked the Asian Development Bank (ADB) for technical 
assistance (TA) to pilot innovations for improving basmati varieties and developing the value chain 
with private sector participation and to develop links between farmers and the processing industry 
and markets (Figure 4). Pakistan’s Punjab Province’s global comparative edge in basmati rice 
production and export is eroding fast due to the poor performance of the upstream and midstream 
segments of the Punjab basmati rice value chain. ADB fielded a TA consultation mission during 
26 February–5 March 2013 to identify key challenges and opportunities, and a fact-finding mission 
was launched during 18–23 August 2013 to finalize the TA design and implementation 
arrangements. The government concurred with the TA’s intended impact, outcome, outputs, 
implementation and financing arrangements, and terms of reference.  
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Figure 4: Framework for attaining sustainable returns from basmati rice 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ADB was responsible for overall TA management. The Punjab Agriculture Department was the 
executing agency. The Punjab Agricultural Research Board (PARB) was the implementing 
agency and established a separate account to receive funds directly from ADB for eligible TA 
expenses. The PARB Chief Executive had overseen the TA implementation.  
 
Four public sector research institutions and a private sector research organization participated in 
implementing the TA research project: 
 

 RRI, Kala Shah Kaku, Lahore; 
 NIAB, Faisalabad; 
 the National Institute for Biotechnology and Genetic Engineering (NIBGE), Faisalabad; 
 the University of Agriculture, Faisalabad (UAF); and    
 Emkay Seeds Pvt. Ltd., Farooq-a-abad, Lahore.  

 
The TA was initiated in January 2014 for a period of 3 years and was to be completed in December 
2016. However, due to delays in implementation, activities 1.1 to 1.3 (three of five activities of 
output 1) were initiated during the third year of the project (2016). Activity 2.2 initiated under output 
2 was not in line with the targets of the TA. No activity was initiated under the output 3. Therefore, 
the TA was initially extended for 1 year up to December 2017 to initiate activities under outputs 2 
and 3. The activities undertaken during 2016 (outputs 1 and 2) were also revised in 2017 to 
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achieve the designed targets. Later, the TA was extended for another year up to December 2018 
to initiate pending activities 1.5 (submergence tolerant basmati rice) and 2.3 (demonstration of 
innovative technologies and machineries on 10,000 ha). The project will be completed on 31 
December 2018, as both the physical and financial targets have been achieved.    
 
Most of the TA targets have been achieved by the end of 2018. Of the 11 activities, only 4 activities 
will be continued as the time required is primarily to achieve approval of BLB-resistant and high-
yielding basmati rice varieties, incorporation of additional genes from the International Rice 
Research Institute (IRRI) in advanced lines of (1) BLB-resistant basmati rice, (2) drought-tolerant 
basmati rice, (3) high-yielding basmati varieties, and (4) submergence tolerant basmati varieties. 
The targets of all four activities have been mostly or partially achieved and require more time to 
be fully met. This is quite common in crop breeding and gene manipulation as achievements are 
not deterministic.       
 
The TA impact will be “higher incomes of basmati rice farmers in the Punjab.” The TA outcome 
will be “improved basmati rice productivity and quality in TA pilot sites.” The TA outputs will be: 
 

(1) improved basmati rice high-yielding varieties that are resistant to BLB, drought, and/or 
submergence;  

(2) improved farming and post-harvest practices; and  
(3) improved research and service capabilities. 

 
Targets 
 
Output 1 relates to “improved basmati seed varieties” and has five targets: (1) at least three high-
yielding and BLB-resistant lines ready for national uniform yield trials (NUYTs); (2) at least three 
high-yielding and BLB-resistant lines approved by the Punjab Seed Council (PSC); (3) at least six 
advanced, high-yielding, and BLB-resistant lines with additional IRRI genes developed; (4) at 
least six advanced, high-yielding, BLB-resistant, and drought-tolerant lines developed; and (5) at 
least six advanced, high-yielding, BLB-resistant, and submergence-tolerant lines developed.  
 
Output 2 relates to “improved farming and post-harvest practices.” The three targets are (1) at 
least three competitive research grants approved by PARB each year (for a total of 9); (2) new 
technologies and machineries demonstrated to 1,000 farmers; and (3) 10,000 hectares (ha) 
covered as testing and demonstration areas for the new technologies and machineries.  
 
Output 3 relates to “improved research and service capabilities.” The three targets are (1) eight 
rice scientists attend a short training course on variety development at IRRI; (2) 50 male and 
female farmers trained as trainers; and (3) four workshops organized with participation of 
researchers, policymakers, and farmers.  
 
Achievements 
 
Output 1 achievements include (1) eight advanced lines of basmati rice with high-yielding and 
BLB-resistance traits have been submitted to the Pakistan Agricultural Research Council (PARC) 
for NUYTs in 2017 and 2018, against the target of three advanced lines; (2) based on the results 
of 2 years of testing of the eight advanced lines submitted, PARC will provide recommendations 
during 2019 and 2020 for the approval of new varieties; thus, this activity is still in the pipeline; (3) 
six advanced lines have been developed for high yield and BLB-resistance using IRRI genes, and 
work will continue for the addition of further genes; (4) six advanced high-yielding and drought-
tolerant lines of basmati rice have been developed and the activity for incorporating BLB genes 
will continue; and (5) three advanced lines of basmati rice with high-yielding and submergence 
tolerant traits have been developed and work will continue for incorporating the BLB genes.  
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Output 2 achievements include (1) PARB approving 5 competitive research grants in the first 3 
years (2014–2016) of TA implementation, 4 research grants were approved in 2017, totalling 9 
research grants approved; (2) DSR technology and machinery were demonstrated to 1,000 
farmers in 35 pilot demonstrations; and (3) innovative technologies and machineries were 
demonstrated on over 17,000 ha (DSR on 9,000 ha, best practices and mechanized 
transplantation on 4,000 ha, and rice combine harvester on 4,000 ha). The targets were fully 
achieved for activities 2.1 and 2.2 and exceeded for activity 2.3.  

 
Output 3 achieved the following: (1) 12 scientists have participated in training related to breeding 
of basmati rice and development of innovative technologies and machineries at IRRI, Philippines 
and at Banger in the United Kingdom during 2017 and 2018, against the target of 8; (2) 70 farmers 
and women of the Directorate of Agriculture Extension were trained as master trainers in DSR, 
against the target of 50; and (3) 7 workshops have been organized against the target of 4, and 1 
workshop (the Final Workshop, in Faisalabad) was organized on 10 December 2018. The 
achievements of all three activities exceeded the designed targets.   

 
3.  Abstracts of Research Papers Approved by the International Rice 

Congress Review Committee                                                        
 
The scientists of the TA partners’ research institutions submitted 12 abstracts of research papers 
to the IRRI Review Committee for presentation in the 5th International Rice Congress (IRC) in 
Singapore. All the abstracts were approved by the Review Committee for presentation in the IRC 
2018. The abstracts are presented in the following section. 
 
3.1.  Research and Development of Basmati Rice in the Punjab   
 
Current status and developments in basmati rice production and research in Pakistan―A 
review: Muhammad Akhter, Muhammad Sabar, Tahir Latif, and Zulqarnain Haider (RRI, Kala 
Shah Kaku, Punjab, Pakistan) 
 
Historical and scientific evidence clearly shows that the traditional basmati quality is ecology 
specific in terms of climatic and edaphic characteristics and can only be achieved when basmati 
cultivars are grown in the traditional basmati area, locally named the “kallar tract” of Punjab 
Province, Pakistan. Pakistan earned about US$1 billion annually in 2010–2011 through its 
basmati export. Since 1926, 15 basmati rice varieties have been released for farming. The first 
”basmati 370,” was released by the Rice Farm at Kala Shah Kaku in 1933 and has proven to be 
the mother variety of almost all basmati varieties released thereafter. In 1968, another famous 
basmati variety, “basmati Pak” with extra-long grains, was released by the RRI using a 
conventional hybridization technique. The world famous “super basmati” rice variety was released 
in 1996. It still has a place in the international market, as most brands of basmati rice exported 
revolve around the super basmati. Concerted research efforts resulted in improving its yield 
potential from 3.0 t/ha to 7.5 t/ha, reducing the plant height from 170 centimeters (cm) to 115 cm, 
increasing the grain length from 6.5 mm to 8.1 mm, and reducing the maturity period from 130 
days to 105 days. A study recorded the economic benefit due to basmati varieties as PRs25.7 
billion (US$197.7 million) per annum during 2000–2001 to 2013–2014. Modern molecular 
approaches such as marker-assisted selection were deployed for development of new basmati 
rice varieties for biotic (bacterial leaf blight) and abiotic (drought, submergence, and salinity) 
stresses. Hybrid rice technology is one of the main focuses in research and development of 
basmati hybrids, but it is still in the initial stage, as no hybrid basmati has been approved or 
introduced in Pakistan. 
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3.2.  Genetic Improvement 
 
Marker-assisted introgression of three bacterial blight resistance genes for broad 
spectrum resistance into fine quality super basmati rice: Muhammad Arif, Abha Zaka, 
Muhammad Kashif, Shehzad Amir Naveed, Niaz Ahmad, and C.M. Vera Cruz (NIBGE; Institute 
of Molecular Biology and Biotechnology, Bahauddin, Zakariya University, Multan, Pakistan; 
Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing, China; and IRRI, 
Los Baños, Philippines) 
 
Basmati is a premium rice that is world-renowned for its aroma and fine grain quality. BLB is a 
major biotic constraint that severely impacts basmati’s production everywhere it is grown. 
Introgression of resistance genes from exotic resistant germplasm into indigenous high-yielding 
basmati varieties is the only reliable strategy to combat BLB. For the first time, in the current 
study, we report introgression of three BLB resistance genes―Xa4, xa5, and Xa21―from IRBB57 
into a Pakistani aromatic, a fine grain super basmati rice variety using the marker-assisted 
breeding approach. Twenty-five BLB resistant super basmati introgressed lines (SBILs), 
introgressed with three resistance genes in different combinations were developed in a basmati 
background. The background genome scan performed with the SSR and the SNP genotyping at 
the BC4F4 generation revealed that a majority of developed SBILs have restored >90% of the 
recurrent parent genome. Marker-aided foreground coupled with stringent phenotypic selection 
ensured that most of the SBILs possess bona fide super basmati grain quality characters such as 
aroma, amylose, and grain type. The SBILs with a combination of xa5+Xa21 or Xa4+xa5+Xa21 
conferred broad-scale resistance against the tested Pakistani and Philippines Xanthomonas 
oryzae pv. oryzae (Xoo) strains. The performance of key agronomic traits for selected SBILs was 
comparable to that of the recurrent parent with no significant agronomic or yield penalty 
associated with incorporation of resistance genes. Thus, in addition to sustaining rice yield in 
Pakistan, SBILs developed in this study might be a good source for transferring BLB resistance 
into local BLB-susceptible varieties. 
 
Molecular characterization of Pakistani isolates of Xanthomonas oryzae pv. oryzae for 
prediction of bacterial leaf blight resistant varieties of rice: Sumera Yasmin, Ali Faiq, Khansa 
Ejaz, M. Asif, M. Hanna Nguyen, C.M. Vera Cruz, Ricardo Oliva, and M. Arif (NIBGE and IRRI) 
 
Xoo, the causative agent of rice BLB, is a serious constraint to the production of the world’s 
second largest staple food, as BLB reduces yield and grain quality in all rice growing areas. A 
study has been conducted for molecular characterization and screening of Pakistani strains of 
Xoo against different varieties of rice. Molecular detection of the pathogen was carried out using 
different sets of species- and pathovar-specific primers. The conformational primers were studied 
by using online software for in silico polymerase chain reaction (PCR) against three reference 
strains of Xoo―PXO 99A, MAFF 311018, and KACC 10331. Loop-mediated 
isothermal amplification (LAMP) PCR was carried out to study the lineage of pathogenic isolates 
using Asian lineage primers. LAMP primers (PXO_00080) were used to study the genetic 
relatedness of newly isolated Xoo strains with reference an Xoo strain of Philippine origin, i.e. 
PXO 99A. Different isolates of pathogen were confirmed in vivo by pathogenicity tests using the 
clip inoculation method under net house conditions. Different isolates were screened against 
different varieties of rice to determine the most effective resistance gene or combination of 
resistance genes against Xoo and to identify the most virulent strain. The results of varietal 
screening divided isolates into groups of pathotypes. The data obtained from this study were used 
to suggest the best combination of resistance genes to develop better performing rice varieties 
resistant against BLB in the local environment. 
 
Basmati rice line development carrying multiple bacterial blight resistance genes 
pyramided using the marker-assisted backcross breeding approach: Muhammad Sabar, 
Muhammad Akhter, Tahira Bibi, Awais Riaz, Zulqarnain Haider, Ahsan Raza Khan, and Aeysha 
Bibi (RRI) 
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Basmati rice is among the world’s best quality rice due to its distinctive features, including its 
extra-long grain with a cylindrical shape, greater increase of length than width during cooking, 
pleasant unique aroma, and soft and fluffy texture. During 2010–2011, Pakistan earned about 
US$1 billion yearly through basmati export and it reduced to US$0.525 billion in 2017–2018.3 
Unfortunately, basmati rice is being threatened with the biotic stress of BLB disease that leads to 
poor production and deteriorating quality. To exploit the most effective, environment friendly, and 
safe approach of host plant resistance, pyramiding of BLB genes was accomplished through 
marker-assisted backcross breeding using super basmati as recipient and IRBB60 as donor 
parents. BLB resistance genes Xa4, xa5, and Xa21 were used for introgression. Molecular 
markers MP1&2, RM122, and pTA248 were used for Xa4, xa5, and Xa21 genes, respectively, for 
foreground selection. More than 60 polymorphic molecular markers were used for background 
selection that showed more than 90% recurrent parent genome recovery. Phenotypic traits for 
grain dimensions were also considered while selecting backcross female parents from BC1F1 to 
BC5F1 that resulted in background selection resources saving until selfing. Multiple lines carrying 
BLB gene combinations Xa4+xa5 and Xa4+xa5+Xa21 were developed. BC5F4 uniform lines 
showed resistance against BLB disease at hotspots. One of the developed lines―PKBB15-116, 
with a yield advantage of more than 5%, tolerant to lodging, and with basmati quality―is being 
tested through the NUYTs. The pyramided lines in the basmati background will also help breeders 
to incorporate resistance genes in a shorter time period to develop new basmati rice varieties in 
future. 
 
Genotypic and environment interaction analysis of rice NILs and local germplasm having 
bacterial leaf blight resistance genes against local isolates of Xanthomonas oryzae in 
different agroecological zones: Halima Qudsia, Ayesha Bibi, Awais Riaz, Zulqarnain Haider, 
Muhammad Akhter, and Muhammad Sabar (RRI). 

 
BLB, caused by Xoo, is the most devastating and serious threat to rice. A plant’s innate genetic 
resistance plays a vital role in combating BLB disease. In this study, 31 near isogenic lines (NILs) 
having Xa4, xa5, Xa7, xa13, and Xa21 reported BLB resistance genes and 34 locally developed 
rice lines were investigated under field conditions at three hotspots of BLB disease in Gujranwala, 
Hafizabad, and Sheikhupura districts of Punjab, Pakistan. The purpose was to assess the 
resistance of selected genes and genotypic and environmental interactions against the BLB 
disease. Thirty-one lines were categorized under a resistant cluster: 28 were moderately resistant, 
5 were moderately susceptible, and 2 were susceptible. Among the studied NILs, only 1 line 
showed polymorphism for all five resistance genes, 2 lines had polymorphism in four genes; 7 
lines had polymorphism in three genes, 7 lines had polymorphism in two genes, while 5 lines had 
monogenic polymorphism. The lines with multiple genes for BLB resistance can be evolved as a 
new variety with horizontal resistance against more than one target pathotype and environment. 
 
Development of high yielding and bacterial leaf blight resistant basmati elite lines: 
Muhammad Bashir Cheema and Syed Kashaf Ali Shah (Emkay Seeds) 

 
BLB caused by Xoo is a major basmati rice disease in Pakistan. Basmati rice is world-famous for 
its unique taste, aroma, and high cooking quality. BLB badly affects rice yield and quality. Current 
basmati varieties of Punjab, Pakistan are susceptible to BLB disease. Copper oxychloride and 
copper-based treatments do not effectively control BLB. Development and use of resistant 
varieties is an economical and environment friendly way to control BLB in rice. Basmati 385, super 
basmati, and RP22 were crossed with IRBB57. Marker-assisted back crossing was used until the 
BC4 generation to transfer BLB resistance genes from donor to recurrent parents. In an epidemic 
condition, 45 basmati elite lines showed phenotypic resistance to BLB disease but only 6 lines 
out yielded the recurrent parent of super basmati.  Aroma, taste, milling, and cooking qualities of 
these lines are at par with the recurrent parents. Molecular markers proved that these lines 
possessed Xa4+Xa21, Xa4+xa5, and Xa4+xa5+Xa21 gene combinations in their genomic DNA. 
                                                             
3 Rice Exporters Association of Pakistan (REAP). 2018.  
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This study also found that genes Xa4 and xa5 alone do not show resistance to BLB disease but 
perform slightly better in combination with Xa4+xa5. The gene Xa21 alone and in different 
combinations shows durable resistance to current BLB pathotypes in the prevailing climatic 
conditions. Three basmati elite lines of diversified morphological characters will be ready for 
testing in national uniform yield trials in 2018. 
 
Breeding for high-yielding and BLB disease resistant basmati rice varieties through 
induced mutations: Muhammad Rashid, Hafiz Muhammad Imran Arshad, and Muhammad 
Saleem (NIAB) 
 
The super basmati variety was treated at the NIAB with a physical mutagen (60Co-gamma rays) 
to induce mutants aiming to improve BLB disease resistance and to increase paddy yields. 
Mutants were selected and screened on an individual plant basis using M2 lines generated from 
M1 panicles. In the M2 generation, 19 single plants at 150 Gy and 7 promising plants at 200 Gy 
were selected, all exhibiting the desired resistance response to BLB disease. Of the 26 plant 
progenies, 14 were further selected in the M3 generation. Selected mutant progenies exhibiting 
desirable parameters were incorporated in the observation tests. Among the progenies, high-
yielding and BLB disease resistant mutants―M32, M42, M45, M47 at 150 Gy, and M48 at 200 
Gy―were evaluated at hotspot basmati rice growing areas of Punjab, Pakistan during 2015–
2017. All the basmati rice mutants exhibited a resistant to moderately resistant response to most 
virulent pathotypes. After artificial inoculation, the maximum disease resistance response was 
recorded in mutant M48 (< 5.0 cm lesion length) followed by M45 (4.9 cm). In multiple hotspot 
areas, all the mutants yielded 14% higher resistance than the control super basmati. The elite 
basmati rice mutant M48 with the required BLB disease resistance resulted in 28% higher yield 
(4,750 kg/ha) over the control (3,710 kg/ha). Therefore, the M48 mutant will be included in the 
NUYTs to check the wider adaptability of its BLB disease resistance for sustainable basmati rice 
production. 
 
Evaluation for bacterial leaf blight resistant genotypes among mutated populations of the 
rice cultivar super basmati: Hafiz Muhammad Imran Arshad, Muhammad Rashid, and 
Muhammad Saleem (NIAB) 
 
Rice serves as the most important food source for Asian countries, especially in Southeast Asia 
where it is an economical crop for farmers, who grow it on 47 million ha. However, diseases, 
especially BLB, cause significant losses in rice production. To manage the BLB menace, studies 
were carried out under the umbrella of the Punjab Basmati Rice Value Chain Project to evaluate 
basmati rice genotypes mutated from super basmati, induced by gamma radiation (150 and 200 
Gy) for resistance against BLB. Fifty-four basmati mutants from the M6 generation were selected 
and evaluated for 2 years using artificial inoculation under field conditions at the NIAB. Five BLB 
resistant basmati mutants (M32, M42, M45, M47, and M48) with the best desired features were 
identified and further evaluated for 2 years during the cropping seasons of 2016 and 2017. They 
were evaluated for BLB resistance in comparison with the parent super basmati, in the hot spot 
districts Gujranwala, Hafizabad, Narowal, and Sheikhupura, and at NIAB. The basmati was 
inoculated with the virulent Xoo strain through the clipping method. Disease data (lesion length) 
were recorded after 3 weeks of inoculation by using a disease rating scale with the leaf lesion 
length <5 cm considered as resistant, 5–10 cm as moderately resistant, 10–15 cm as moderately 
susceptible, and >15cm as susceptible. Significant differences were recorded in the disease 
response of selected mutants compared with super basmati (nonmutated). However, 
nonsignificant deviation was recorded for morphological characteristics. All basmati mutants 
showed resistance to BLB with a mean lesion range of 3.3 cm–6.2 cm compared with super 
basmati at 16 cm. M48 had the greatest resistance, with the least lesion length (3.3 cm) and a 
28% higher yield than the parent super basmati. Thus, these basmati mutants have potential 
resistance against BLB and have higher yield, which could be considered further in the breeding 
program for developing BLB resistant basmati rice varieties. 
 



Attachment 3 

14 

 

3.3.  Sustainable and Equitable Farming Systems 
  
Direct seeding of basmati rice through drills: Potential and constraints in Pakistani farm 
settings: Muhammad Jehanzeb Masud Cheema, Muhammad Nauman, Abdul Ghafoor, Zeeshan 
Haydar, Muhammad Umair Ashraf, and Muhammad Awais (University of Agriculture, Faisalabad, 
Pakistan) 
 
In Pakistan, rice is an important cash crop and is cultivated on about 2.75 million ha, generally 
with transplanted rice. Problems associated with transplanted rice production include high labor 
cost and water requirement, time intensiveness, lower plant population, and increased methane 
emissions. DSR is increasingly being adopted because it uses less labor (5 person-days/ha 
compared to 25 person-days/ha in manually transplanted rice), less water (by about 12%–30%), 
and (most important) optimal plant population. DSR machines are now available throughout the 
rice tract and local industries are fabricating them after modifying the existing drills. Technical 
issues in machine design, direct seeding, lack of farmer awareness, and social concerns are the 
major issues for widening the adoption of this highly effective intervention. 
 
To identify and address the issues, a testing and calibration activity was conducted during 2017 
in one of the three major basmati rice producing districts of Punjab Province. Twenty-one variants 
of DSR drills were tested to determine their efficiency and farmers’ perceptions regarding the 
technology were noted. Plant germination percentage and vegetation vigor was measured using 
a handheld optical sensor (GreenSeeker). The gaps were identified and the metering device, 
seeding chamber, guide wheel, material, etc. were modified to improve the efficiency of the 
machine. Fifty-three variants of modified drills were calibrated in 2018 before the rice sowing 
season started.  
 
The results show large variability in seed rate, from 17.3 kg/ha to 63.5 kg/ha, with seed drop (SD) 
of 10 kg/ha. Seed dropped from individual tines of each drill varied from 21 g/40 revolutions (rev) 
to 111 g/40 rev/drill tine with SD estimated at 19.7 g/40 rev/tine. Row-to-row distance of individual 
drills was also not standardized, which was affecting line spacing. The resulting germination 
percentage was 20%–90% at different sites. Plant vigor measured in terms of the normalized 
difference vegetation index showed a good relationship to plant population with the coefficient of 
determination (R2) estimated at 0.66, but at a few locations weeds dominated the crop stand thus 
affecting the results. Important social issues identified were farmer’s lack of interest in preparing 
the land, lack of precision in land levelling, seed treatment, timing of inputs, and traditional 
thinking. Farmers were motivated through demonstration plots established by the NIAB and the 
RRI in 2017. 
 
In 2018, modified DSR drills were calibrated. As a result, the SD from each tine was reduced to 
17.5 g/40 rev/tine to 43 g/40 rev/tine with SD estimated at 7.3 g/40 rev/tine; seed rate variability 
was 18.5 kg/ha–28 kg/ha with SD estimated at 2.5 kg/ha. A more uniform rice plant population 
and more area under DSR cultivation are expected in 2019. 
 
Herbicide options for cost-effective management of complex weed flora in mechanized 
dry-seeded basmati rice of Punjab, Pakistan: Tahir Hussain Awan, Shawaiz Iqbal, Muhammad 
Usman Saleem, and Muhammad Akhtar (RRI) 
 
DSR is an emerging water, energy, and labor saving production technology in Pakistan largely 
because of the high cost of pumped groundwater and shortage of labor for transplanted rice. 
Weeds are the major hurdle in adaptation of DSR technology. In the 2016 and 2017 rice seasons, 
the RRI, Kala Shah Kaku, conducted a field study to evaluate the performance of pre-emergence 
herbicide (pendimethalin) sole and followed by sole and tank mixture applications of market 
available post-emergence herbicides alone (fenoxaprop-p-ethyl, ethoxysulfuron) and mixtures 
(bispyribacsodium+bensulfuron and ethoxyxulfuron+fenoxaprop-p-ethyl with isoxadifen) of post-
emergence herbicides, in comparison with non-treated control DSR plots. The sequential 
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applications of all pre- and post-emergence herbicides reduced weed density by 60%–93% and 
biomass by 48%–89% compared with the non-treated weedy plots. The sole application of pre-
emergence herbicide (pendimethalin) alone reduced weed density and biomass by 44% and 43%, 
whereas the sole application of post-emergence herbicides reduced weed density by 50%–59% 
and weed biomass by 49%–67%, respectively, compared with the control plots. All herbicide 
treatments significantly affected tiller number, plant biomass, crop growth rate, yield-contributing 
factors (panicle density and filled grains), agronomic indices, and grain yield of rice. Among all 
the herbicide treatments, plots treated with pendimehalin followed by fenoxaprop-p-ethyl+ 
ethoxyxulfuron+isoxadifen had grain yield increments 20 times that of the untreated plots and 
provided the highest net profit and benefit-cost ratio in both years compared to other sole and 
sequential application of other herbicides. The lowest paddy yield (0.25 t/ha) was achieved in the 
untreated plots followed by the plots treated with pendimethalin alone (1.55 t/ha), pendimethalin 
followed by ethoxysulfuron (1.92 t/ha), and bispyribac-sodium+bensulfuron alone (1.89 t/ha). The 
results suggest that pendimethalin is the most economic herbicide when applied with other 
effective post-emergence herbicides having different modes of action (ALS and ACCase 
inhibitors), depending upon the weed species. Therefore, to achieve a more economic grain yield 
with cost-effective weed control, use of pre-emergence herbicides is a pre-requisite for DSR. This 
research can provide transformative solutions to weed management for attaining food security 
using water, energy, and labor saving technology.  
 
Reduced water use and labor cost and increased productivity of direct seeded basmati 
rice in Punjab, Pakistan: Muhammad Usman Saleem, Nadeem Iqbal, Tahir Hussain Awan, 
Shawaiz Iqbal, and Muhammad Akhter (RRI) 
 
Rice is a main staple food after wheat in Pakistan. Rice is generally cultivated by raising nursery 
seedlings and transplanting them in puddled soils. Declining surface water in canal irrigated 
areas, increased cost of pumped groundwater, high labor costs, and drudgery in manually 
transplanted rice have motivated researchers to develop technology and practices for DSR. About 
30% of total water use in rice is consumed in puddling of soil (land preparation) and transplanting 
operations. Additional water is required for raising rice seedlings in nurseries. Continued puddling 
for many decades has also led to deterioration in the physical properties of soils through structural 
breakdown of soil aggregates and capillary pores and through clay dispersion. Puddling forms a 
compacted layer (plough plate) that restricts infiltration of water causing temporary waterlogging, 
which restricts root penetration and growth of a succeeding wheat crop after the rice harvest. DSR 
technology helps to eliminate puddling and the need for continued ponding of water. DSR thus 
reduces water use for rice production, resulting in saving an additional 15%–20% of water. DSR 
is also a less labor intensive and more farmer-friendly, time saving, and cost effective technology. 
It is a cost-effective option for rice growers to increase their income and reduce drudgery. The 
DSR technology and production practices have been refined by the RRI, which conducted 20 field 
demonstrations of DSR technology with a modified seed drill during 2017 in Gujranwala, 
Hafizabad, Narowal, Sheikhupura, and Sialkot districts. The super basmati rice variety was direct 
seeded in demonstration plots and compared with manually transplanted rice. The overall results 
indicated a 20% higher paddy yield under DSR compared to manually transplanted rice. 
Moreover, during 2017 in Punjab Province, more than 2,500 farmers cultivated rice using DSR on 
an area of about 10,000 ha and found it more cost effective than manually transplanted rice. Grain 
quality traits in DSR basmati were also estimated, indicating that grain quality under DSR was 
equal to that of manually transplanted rice.  
 
Weed control and irrigation scheduling affect yield of direct seeded basmati rice in Punjab, 
Pakistan: Muhammad Saleem, Sidra Fatima, M. Rashid, Hafiz M. Imran Arshad, and M. Yasin 
Ashraf (NIAB) 
 
Weeds cause the loss of almost a complete paddy yield when allowed uncontrolled growth during 
the early growing season in DSR, owing to soil moisture conditions favorable for weeds to 
germinate and grow. Therefore, weed control at both pre- and post-emergence stages is essential 
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for achieving the optimal productivity of DSR. Significant reduction of weed growth and intensity 
was observed with the use of different herbicides. The dry mass of Cyprus rotundus weed was 
reduced by 82%–93% using three herbicide treatments (fenoxaprop-p-ethyl, bispyribac sodium + 
bensulfuron methyl, and ethoxy sulfuron methyl).  Leptochloa chinensis weed was reduced by 
79%–87% using two herbicide treatments (fenoxaprop-p-ethyl and bispyribac sodium + 
bensulfuron methyl). For DSR, irrigations were applied at soil moisture depletion of about one-
tenth to one-fifth bar soil moisture depletion to cover the field using light to medium depths of 
irrigation. In addition to the designed irrigation scheduling, three more irrigations were applied at 
the vegetative stage and three more at the heading stage to maintain saturated field conditions 
to evaluate the effect on paddy yield and milling quality. Application of three additional irrigations 
for the super basmati cultivar at the heading stage resulted in a 29% higher paddy yield compared 
to three additional irrigations at the vegetative stage and treatment without additional irrigation. 
The application of additional irrigations at the heading stage was found to be critical to obtain 
higher paddy yield if rainfall is limited at this stage, as only 44 mm of rain (of 306 mm of rice 
season rainfall) occurred during the reproductive stage. A higher number of productive tillers per 
unit area in DSR (by 23%–51%) and higher plant population (by 15%–28%) resulted in a 37%–
78% higher paddy yield of up to 6,289 kg/ha than that of transplanted rice. Statistically at par 
values for broken rice of 17%–27% and head rice recovery of 73%–83% were obtained for both 
DSR and traditionally transplanted basmati rice. The DSR resulted in a higher benefit–cost ratio 
(2.44) than that from transplanted rice (1.57). 
 

4.  The Process of BLB Infection and Impact on Basmati Rice 
 
The infection process of BLB is presented in Figure 5. 
 
Figure 5: Process of infection of BLB in rice [Source: Rice Science for Better World]. 
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The process of dissemination of BLB infection in rice is presented in Figure 6. The impact of 
BLB on basmati rice in Punjab of Pakistan is presented in Figure 7.  
 
Figure 6: Process of dissemination of BLB infection in rice [Source: Rice Science for 
Better World]. 
 

 

 

 

 

 

 

Figure 7: BLB infestation in basmati rice fields in Punjab, Pakistan.  
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5.  Synthesis of Research Papers Presented at the Main Session 
of the 5th International Rice Congress, Singapore     

 
5.1.  Synthesis of Papers on Genetic Improvement 
 
The genetic improvement output of the TA research project was designed considering three 
targets: (1) develop high-yielding and BLB-resistant advanced basmati lines for submission to 
PARC for NUYTs, leading towards approval of new basmati rice lines; (2) develop advanced lines 
for high-yielding and drought tolerance of basmati rice in the first phase and then incorporate 
genes of BLB resistance; and (3) develop advanced lines for high-yielding and submergence 
tolerant basmati rice in the first phase and then incorporate genes of BLB-resistance. Work on 
the three objectives was initiated in 2016, initially for the first breeding objective. Work on other 
two breeding objectives was initiated during 2017 (drought tolerance) and 2018 (submergence 
tolerance). Therefore, limited time was available for accomplishing all the targets envisaged in 
the TA. However, a direction for the genetic improvement of basmati rice has been developed 
and implemented by the four research partners (Emkay Seeds, NIAB, NIBGE, and the RRI).   
 
For the first breeding objective, development of high-yielding and BLB-resistant basmati rice 
varieties, marker-assisted backcross breeding was used, with the elite variety of super basmati 
and genes incorporated from the donor line from IRRI germplasm (Figure 8). The results of the 
research studies under the first breeding objective were presented at the IRC 2018, in Singapore.         
    
Work on the other two objectives was initiated during 2017 and 2018; therefore, additional time is 
required to develop advanced lines with all three traits―high-yielding, BLB-resistance, and 
drought or submergence tolerance. The complex breeding objective has been divided into two 
phases and work is in an advanced stage for the first phase to develop high-yielding and drought 
or submergence tolerant advanced lines.       
 
Figure 8: Marker-assisted backcross breeding approach developed for high-yielding and 
BLB-resistant basmati rice varieties 
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5.2.  Synthesis of Papers on Sustainable and Equitable Farming Systems 
 
The activity for developing production practices by demonstrating innovative technologies and 
machineries along with good practices was initiated with three partner research institutions (NIAB, 
RRI, and UAF). Based on the data of 2016 and 2017, the research scientists submitted papers 
related to DSR in the context of refining the DSR drill; the water, energy, and labor nexus; weed 
control; and water management.   
 
The four papers presented in the main session of the 5th IRC cover (1) DSR drills’ potential and 
constraints in the farm setting of Punjab, Pakistan; (2) herbicide options; (3) reduced water use 
and labor cost and increased productivity of DSR basmati rice; and (4) weed control and irrigation 
scheduling.  
 
The research studies that have been undertaken during 2017 and 2018 indicated that the 
motivation behind using DSR is shortage of water and labor, as DSR planting costs much less 
than conventional planting and mechanized transplanting. The costs of DSR, conventional 
transplanting, and mechanized transplanting are PRs6,250/ha, PRs20,000/ha, and 
PRs21,250/ha (US$48/ha, US$154/ha, and US$163/ha), respectively, including seed and nursery 
seedling costs. The lesson learnt is quite interesting―that DSR is the most economical 
technology for planting rice. The emergence of service providers for DSR is largely due to the TA 
activities focusing on awareness and capacity building of local service providers. For DSR, the 
cost of herbicides is more than in wet rice because weeds are a critical issue in DSR. But this 
additional cost is minor compared to the savings in transplanting.    

 
The transfer of DSR technology requires a quality DSR drill for precision seeding on laser leveled 
fields. Laser land levelling is a prerequisite for precision seeding in a seedbed with uniform soil 
moisture to ensure uniform germination and crop stand. Laser land levelling also helps to reduce 
weed infestation. Agricultural statistics indicate that 91% of farmers in the Punjab are small-scale, 
with landholdings less than 5 ha, and about 64% of farmers have less than 2 ha. Such small-scale 
farmers cannot afford to purchase DSR-related machinery and are solely dependent on service 
providers for access to such machinery. The productivity of farmers with less than 2 ha is lower 
than that of farmers with 2–5 ha.  

 
The project focused on two major actions. First, efforts were made to refine the DSR drill to 
provide a machine for precision seeding of rice because the current drill is not standardized. 
Second was to create awareness, training, and strengthening of local service providers so that 
they can provide services for precision seeding of DSR. The service providers and farmers were 
also linked with experts (agronomists, pathologists, entomologists, and engineers) so that they 
can get responses to their queries on a real-time basis through a WhatsApp group, as most of 
the farmers or their children have access to smart phones. Certainly, each service provider has a 
smart phone in the household. The experience has shown that use of information and 
communication technology (ICT) helped to provide timely knowledge and information as experts 
sitting in their offices can diagnose a problem after viewing pictures of the crop sent by the service 
providers or farmers (Figure 9). One WhatsApp group was developed by the RRI and one by 
NIAB, to reduce the workload. Experts of different disciplines were also members of the groups 
and they were all involved in responding to the queries from service providers and farmers. 
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Figure 9: Pictures of diseased plants sent by farmer on WhatsApp Group 

The ICT application approach needs refinement so that more effective advisory services can be 
provided to service providers. Researchers should focus on developing the capacity of service 
providers at the local level for transfer of technology, instead of a limited number of experts dealing 
with a large number of farmers. This will help to balance the advantage that large-scale farmers 
have in privileged access to public sector research institutions. Ultimately, when the service 
providers’ businesses develop further, they will recruit agriculture graduates. This activity provided 
the insight that in the new TA, focus should be on developing agri-businesses at the local level 
and building their capacity. At this stage, scientists are more inclined towards working with farmers 
than with service providers as a shift to working with the providers will require time because it 
demands a business approach in addition to a scientific approach.    
                 

6.  Synthesis of Papers Presented at the Contributed Event at the 5th 
International Rice Congress, Singapore                                                       

 
6.1.  Synthesis of Papers on Basmati Rice Improvement 
 
The papers on basmati rice improvement were presented in the contributed event in a visual 
format rather so that IRC 2018 participants with diverse backgrounds could better understand the 
research outcomes.  
 
The marker-assisted backcross breeding approach was used for basmati rice improvement. One 
paper was presented for improvement of basmati rice for DSR because production and 
environmental conditions for DSR are different than those of conventionally transplanted rice. 
DSR requires engineering a rice plant with fewer tillers than transplanted rice, as the plant 
population is much higher in DSR than in conventionally transplanted rice.  
 
The marker-assisted backcross breeding approach was used to develop advanced lines of high-
yielding and BLB-resistant basmati rice. The approach was considered to be most appropriate for 
improving super basmati and introducing BLB resistance genes from donor lines. The 
methodology of the marker-assisted backcross breeding approach is presented pictorially in 
Figures 10–18. The outcome of marker-assisted backcross breeding is presented in Figure 19.   
 
Figure 10: Hybridization technique for backcrossing 
 
 
 
 
 

 

Emasculation Bagging/tagging Pollination 



Attachment 3 

21 

 

 

Figure 11: Nursery raising of rice lines/backcross material on raised beds 

 

 
 
 
 
 
 
 
 
 
 
Figure 12: DNA marker genotyping (foreground & background selection) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Artificial BLB inoculation and data collection 
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Figure 14: Xanthomonas oryzae pv oryzae ooze  

 
 
Figure 15: Nursery raising for yield trials of advanced lines 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Transplanting for replicated station yield trials  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17: Crop management operations in yield trials 
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Figure 18: BLB data collection at hotspot sites 
 
 
 
 
 
 
 
 
 
 
 
 
The super basmati variety is still grown on over 80% of the basmati rice area in Punjab Province. 
Super basmati’s quality is rated as excellent in terms of aroma, grain length, grain thickness, grain 
elongation after cooking, and related parameters. Therefore, super basmati was selected for crop 
improvement through incorporation of a BLB disease resistance gene from the IRRI donor line, 
IRBB60. Figure 19 describes the improvement of super basmati by incorporating BLB resistance 
genes.  
 
Figure 19: Outcome  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
The resulting advanced line, PKBB15-116, developed by the RRI, is the result of backcross 
breeding strategy and was submitted to the PARC for NUYTs being organized by the National 
Rice Coordinator for a period of 2 years. The recommendations will then be presented to the 
PARC’s Variety Evaluation Committee and forwarded to the RRI. The recommendations are then 
submitted to the PSC for approval of the variety.  

 
A similar approach was adopted by the NIBGE, using the IRRI donor line IRBB57. Emkay Seeds 
also adopted the same approach, using the donor line IRBB57 to incorporate the BLB-resistance 
gene into super basmati. The NIAB used the mutation approach. The advanced lines submitted 
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in 2017 or 2018 for NUYTs are expected to be considered by the Variety Evaluation Committee 
after field trials lasting 2 years.    
 
6.2.  Synthesis of Papers on Innovative Technologies and Practices 
 
Four innovative technologies and machineries were demonstrated: (1) DSR using a refined DSR 
drill, (2) mechanized transplant of basmati rice using service providers, (3) transfer of good 
practice information for enhancing the productivity and profitability of basmati rice in 
conventionally transplanted rice, and (4) harvesting of basmati rice using rice combine harvesters 
through local service providers.   
 
6.2.1. Calibrating the DSR drill 
 
The first TA research project activity was to purchase a DSR drill from the local manufacturer, 
Greenlands’ Engineering, and have a team of UAF engineers test the drill in selected farmers’ 
fields (Figure 20).    
 
Figure 20: Testing of DSR drill by UAF and refinement by local manufacturing industry 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
A list of issues was prepared for improving the drill, covering design and selection of appropriate 
materials for producing high-quality machines. Sessions were organized with the industry and 
issues were explained. In addition, service providers who had procured the drills gave feedback 
to the industry. The industry modified the drill and a large number of drills were sold during 2018. 
Seven other industries also started producing DSR drills. During 2018, the research partners 
selected 107 service providers and their drills were calibrated before the start of the DSR 
demonstrations.   
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6.2.2. Direct seeded rice  
 
The synthesis of papers on the theme of innovative technologies and practices is described 
pictorially in Figure 21. The prerequisite for adopting DSR is laser-levelled fields and a high-quality 
seed drill so that precision seeding results in improved germination, an optimal plant population, 
reduced weed infestation, and water use savings of about 25%.     
 
Figure 21: Demonstration of DSR technology for basmati rice in the Punjab   
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
The demonstrations of DSR technology were organized by NIAB, RRI, and UAF with the 
participation of 107 providers who provided services to farmers and covered an area of over 9,000 
ha. The scaling-up effort was successful, as the area covered in 2017 expanded from 28 ha to 
over 9,000 ha using a strategy of working through service providers and using ICT to connect 
service providers and farmers with experts (agronomists, pathologists, entomologists, water 
management experts, and machinery engineers).  
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The scaling-up approach used in the demonstration performed well in 2018 (Figure 22). Further 
scaling up to millions of hectares in the province requires that the ICT approach be further refined 
and focused on service providers to transfer knowledge.  
 
Figure 22: Approach designed and implemented for demonstration of DSR technology to 
farmers   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.2.3. Mechanized transplanting of basmati rice 
 
Some farmers are not interested in DSR, but they could adopt mechanized transplanting of rice 
seedlings. There are a few service providers for raising nurseries and transplanting rice seedlings 
using mechanized transplanters. Mechanized rice transplanting requires raising the nursery in 
trays so that seedlings are precisely picked up by the machine for precision transplanting. Special 
soil and compost mixed material is needed for filling the trays. A service provider, Safdar Chatha, 
developed a unique system whereby the farmer is responsible for providing her or his desired 
variety of seed (Figure 23). The service provider then raises the seed in nursery trays and 
transplants the seedlings using mechanized transplanters. He charges PRs18,750/ha 
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(US$144/ha), for raising the nursery and transplanting seedlings, excluding the cost of seed, 
which is provided by the farmer. The total cost of quality basmati seed, raising the nursery, and 
transplanting comes to PRs21,250/ha (US$163/ha). This is economical for a farmer not ready to 
adopt DSR, because the plant population achieved in mechanized planting is 50% higher than 
that in conventional transplanting. Labor required for manual transplanting at the peak time is not 
easily available, resulting in a plant population that is 33% less than optimal.    
 
Figure 23: Approach used by service provider for provision of services for transplantation 
of rice seedlings  
      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

6.2.4. Rice combine harvester 
 
Currently, a wheat combine harvester is used for harvesting paddy, resulting in field losses of 
about 600 kg/ha. In addition, rice grains are broken while harvesting the paddy, which reduces 
the market price of the paddy by PRs1,750/ha (US$13.5/ha). Thus, farmers are affected on two 
fronts―reduced paddy yield due to harvesting losses and reduced price due to harvesting 
damage. In 2018, many service providers imported the rice combine harvester (i.e. Kubota or 
Yanmar) to provide services to farmers. The increased import of rice combines was largely due 
to the demand created by the farmers to fetch a better price of paddy in the market. A target of 
4,000 ha was achieved by the UAF and, for this purpose, 12 service providers owning 30 rice 
combine harvesters were selected. The price of a reconditioned rice combine harvester is about 
PRs2.8 million (US$21,539). This is an indicator that in future these service providers will move 
to quality and precision machines, if leasing support is provided to the enlightened service 
providers who have taken an initiative without support from the public sector. The machine being 
used for rice harvesting in the pilot site is shown in Figure 24.  
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Figure 24: Kubota rice combine harvester and harvesting of paddy in pilot site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
       

 
 
 
 

 

 

 

 

 
7.  Conclusions   
 
The synthesis of scientific papers in the main session of the 5th IRC and papers presented in the 
contributed event during 15–17 October 2018 in Singapore indicated that research grants 
provided to three public sector research institutions (NIAB, NIBGE, and RRI) and a private sector 
research institution (Emkay Seeds) have resulted in the development of an adequate number of 
advanced lines of high-yielding and BLB-resistant basmati rice. Eight advanced lines were 
submitted or ready to submit to the PARC during 2017 and 2018 for NUYTs. The marker-assisted 
backcross breeding strategy used by Emkay Seeds, the NIBGE, and the RRI worked well. NIAB 
used the approach of mutation breeding for developing high-yielding and BLB-resistant advanced 
basmati rice lines.  
 
The TA approach of transferring innovative technologies and machineries performed well, with 
the active participation of private sector local service providers and the use of ICT in linking service 
providers and farmers with experts. The demonstration of three innovative technologies and 
machineries includes (1) DSR using locally manufactured DSR drills, (2) mechanized 
transplanting using Japanese-made transplanters, and (3) the rice combine harvester for 
harvesting paddy. Local service providers are importing reconditioned Kubota rice combine 
harvesters.    

 
The ICT approach linking service providers and farmers with experts (agronomists, pathologists, 
entomologists, water management specialists, and engineers) helped to provide advisory 
services to service providers and farmers on a real-time basis so that measures are adopted 
expeditiously without losing basmati rice yield. Some of the farmers suggested that the use of ICT 

Service provider with the machine – 
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engineering – having 4 machines 
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must be expanded further from WhatsApp groups to a Facebook page. A mechanism is also 
needed to expand the team of experts covering all the required disciplines to provide specialized 
knowledge support.   
 
Another lesson learnt from farmers is that farmers’ income is not linked to one commodity and 
their resources in terms of capital, water, and land are on a per farm basis. Therefore, future TA 
and investment projects must focus on sustainable farming systems. Service providers also 
suggested that three inputs are needed for the provision of high-quality services to farmers: (1) 
establishment of service centers under the guidance of manufacturers of precision machinery for 
the repair and overhaul of machines and availability of spare parts, (2) capacity building of service 
providers and linking them with leasing companies so that credit support is available at reasonable 
interest rates, and (3) provision of technical support for importing the right type of machines.    

 
Development of a vehicle for disseminating knowledge with the use of ICT is another area where 
knowledge institutions (research and education) could be involved, by providing knowledge 
products (video clips, diagnostics, and prescriptions for control of weeds, diseases, and insects; 
quantity and type of fertilizer linked to the productivity of various crops, etc.). UAF should establish 
links with industry and businesses so that their extension services provide packages of good 
practices to service providers and farmers. Such packages can also be provided to public 
extension services.         

 
The hypothesis developed and tested in the TA revealed that conventional extension approaches 
using field visits and meetings do not provide effective access to many people. Instead, an 
approach of building the capacity and capability of local service providers provided a local vehicle 
for demonstration and transfer of technologies to many farmers on a basis that is sustainable 
even after completion of the TA. Linking this with ICT strengthened the approach by reaching 
many farmers and linking service providers with knowledge institutions to provide technical 
knowledge on a real-time basis. With smart phones, farmers can provide colored pictures of 
diseases, weeds, and insects to get quick feedback from scientists. Thus, the approach of scaling 
up transfer of innovative technologies and machinery can be adopted in investment projects with 
further refinement for the major ecological zones of Punjab.    
 

8.  Next Steps                                                                                                          
 
Four overall steps are suggested. 
 

 Refine the current system of PARB competitive research grants and funding by developing 
and implementing a system of transparent peer review of concept papers and full 
proposals. In addition, project identification, prioritization, and formulation demands that 
an umbrella project should be developed with participation of partner research institutions 
so that research projects are linked with the policy of the Government of Punjab to address 
issues of export enhancement (rice and cotton crops), import substitution (edible oils from 
oilseed crops and pulses), efficient use of water, and soil health maintenance. This 
demands focusing research on the entire value chain of major crops to maintain the 
country’s comparative advantage in niche areas while enhancing farmers’ net income and 
the quality of exportable products.    
    

 Shift from a commodity-based approach to a farming system or cropping system approach 
using priority thematic areas for the formulation of concept papers and full proposals for 
competitive research grants. It is better that research institutions compete within the 
envelope of an umbrella project so that the overall goal of the province’s economic growth 
is not diluted through highly specialized research grants operating in isolation.    
 

 Prepare guidelines for grant concept papers and full proposals, including technical, 
physical, financial, and accounting elements. Provide templates for preparing umbrella 
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project costing and budgeting, work plans, monitoring and evaluation, procurement, 
liquidation, etc.  
 

 Coordination of research and sharing of information and other resources is a major 
challenge in Pakistan. Even two research institutions within the same federal or provincial 
institutions do not collaborate on small research grants. The thematic approach suggested 
will provide an incentive for scientists to seek funds by formulating collaborative research 
projects in a specific thematic area―e.g. export enhancement, import substitution, water 
management, soil health, and food nutrition.       
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Ms. Tahira Bibi, Assistant Research Officer 
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National Institute for Biotechnology and Genetic Engineering, Faisalabad 
 
Dr. Muhammad Arif, Principal Scientist  
Dr. Sumera Yasmin, Principal Scientist 
Dr. Niaz Ahmad, Senior Scientist  
Mr. Muhammad Asif, Junior Scientist 
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Ms. Abha Zaka, Ph. D. Scholar 
Mr. Kashif Aslam, Ph. D. Scholar 
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Nuclear Institute for Agriculture and Biology, Faisalabad 
 
Dr. Muhammad Rashid, Principal Scientist 
Dr. Hafiz Muhammad Imran Arshad, Senior Scientist 
Dr. Muhammad Saleem, Principal Scientist  
Dr. Muhammad Rafique Asi, Principal Scientist 
Dr. Mahmood-ul-Hassan, Principal Scientist  
Dr. Rashid A Khan, Principal Scientist  
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University of Agriculture Faisalabad 
 
Dr. Muhammad Jehanzeb Masud Cheema, Assistant Professor, Agriculture Engineering, CAS-
AFS 
Dr. Abdul Ghafoor, Lecturer, Farm Machinery and Power/Acting Chairman 
Mr. Muhammad Nauman, Lecturer, Farm Machinery and Power 
Mr. Zeeshan Haydar, Research Fellow 
Mr. Muhammad Umair Ashraf, Research Fellow 
Mr. Muhammad Awais, Research Fellow 
 
Emkay Seeds Pvt. Ltd. 

 
Dr. Muhammad Bashir Cheema, Principal Rice Botanist 
Syed Kashaf Ali Shah, Research Fellow 
 
Pakistan Agricultural Research Council 
 
Dr. Umar Farooq, Member, Social Sciences Division, Islamabad 
Dr. Arshed Bashir, Director, Social Sciences Research Institute (SSRI), Faisalabad 
Mr. Irfan Mahmood, Senior Scientific Officer, SSRI, Faisalabad  
Mr. Rashid Saeed, Senior Scientific Officer, SSRI, Faisalabad  
Mr. M. Ather Mehmood, Senior Scientific Officer, SSRI, Faisalabad  
Ms. Hafiza Khadija Atiq, Research Assistant, SSRI, Faisalabad 
Ms. Aqsa Yaseen, Research Assistant, SSRI, Faisalabad 
 
Punjab Agricultural Research Board 
 
Dr. Noor-ul-Islam, Former Chief Executive 
Dr. Muhammad Younas, Former Executive Member (Coordination) 
Dr. Muhammad Akram Qazi, Deputy Director 
Ms. Saira Maryam, TA Administrative Support Staff 
  
ADB Staff 
 
Ms. Noriko Sato, Natural Resources Specialist / TA Officer 
Dr. Kiyoshi Taniguchi, Principal Economist 
  
ADB Consultants 
 
Dr. Shahid Ahmad: Agriculture Sector Specialist 
Dr. Nollie Vera Cruz: Biotechnologist (Pathologist) 
Mr. Mansoor Ali: Agriculture Value Chain Specialist 
Mr. Kazim Saeed: Agricultural Marketing Development Specialist 
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Mr. Saeed-ur-Rehman: Field Coordinator 
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For more information, contact: 
 
Punjab Agricultural Research Board (PARB) 
14-C, E/1, Imam Hussain Road, Gulberg-III, Lahore 
Phone: (042) 99230505 
Fax:     (042) 35775309 
Email: ceparbpbgov@gmail.com 
 
Dr. Shahid Ahmad 
Agriculture Sector Specialist, ADB Consultant 
Phone: 0321-9561517 
Email: dr_shahidahmad2001@yahoo.com 
 

Research Partners Institutions 
 
Director, Rice Research Institute, Kala Shah Kaku 
Email: director_rice@yahoo.com  

Phone: 042-37951826  

Fax: 042-37951827  

 
Director, Nuclear Institute for Agriculture and Biology, Faisalabad 
Email: director@niab.org.pk 
Phone: 041-2654210 
Fax: 041-9201776 
 
Director, National Institute for Biotechnology and Genetic Engineering, 
Faisalabad 
Phone: 041-2651471 
Fax: 041-9201322 
Email: shahidmansoor7@gmail.com 
 
University of Agriculture, Faisalabad, Director Center of Advance Studies for 
Agriculture and Food Security, Faisalabad 
Tel: 041-2409462-4 
E-mail: uspcasafs@uaf.edu.pk 

 
Chief Executive, Emkay Seeds Pvt. Ltd., Farooq-a-Abad.   
Phone: 0333-4217015  
Email: sajjadsmalik@yahoo.com 
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