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L PREFACE _g

It is my pleasure to present to you the Annual Report 2018-19 of ICAR-Central Potato Research Institute
(CPRI), Shimla. Though potato came to India > 400 years ago, it contributed < 1% of global production
till mid-twentieth century. This scenario changed completely after the establishment of ICAR-CPRI
in 1949. High yielding potato varieties and location-specific agricultural practices developed by the
institute triggered rapid growth in potato production making India the second largest potato producer
contributing ~12% of global production. Contribution of ICAR-CPRI, Shimla in achieving this stupendous
success and popularizing potato as a sub-tropical crop is globally acclaimed. In the year 2018-19, the
country produced 52.59 million tonnes of potatoes from an area of 2.18 million ha with an average
yield of 24.08 t/ha (DACFW). This remarkable growth became possible only because of appropriate
technologies developed by ICAR-CPRI, Shimla. The institute keeps a constant vigil on emerging farm
economy, agro-climatic situations as well as consumer preference and reorients its research priorities on
regular basis. This report presents a glimpse of research and development activities carried out at the
institute last year.

The institute has been making continuous efforts to enrich potato germplasm repository and presently it
constitutes > 4,500 accessions. Three new potato varieties Kufri Ganga, Kufri Neelkanth and Kufri Lima
were notified; and three varieties PS/06-88 (Kufri Manik), SM/00-42 (Kufri Karan) and OS/01-497 (Kufri
Sahyadri) for table purpose and one MP/4-578 (Kufri FryoM) for French fry were recommended for release.
The nutritionally superior clone MSP/15-60 was selected for further evaluation. SSR markers (STIKA and
STU6SNRN) were identified for genetic fidelity testing of potato varieties. Genome sequence analysis
of dihaploid potato (C-13) revealed 30,241 genes, 1.12 million SNPs and 48,145 indels. Also, advanced
progeny of somatic hybrids (MSH/14-07) was developed and functional genomics for improving nitrogen
use efficiency in potato was investigated. Besides, CRISPR cas-mediated genome editing was taken up for
development of variety-specific true potato seed and transgenics for late blight and heat/drought stress
tolerance were developed. In pathogen diagnostics, developed a loop-mediated isothermal amplification
(LAMP) assay for detection of PVA, PVY, PSTVd & dipstick kit for detection of PVY, PVM, PVA and
PVS. Forecasting using Indo-Blightcast model resulted in saving of three sprays of fungicides. Bacterial
endophytes were found effective against late blight, common scab and bacterial wilt diseases. Aphids,
whitefly, leafhoppers and mites were monitored and managed in potato fields. In potato production
technologies, a decision support system was developed using QUEFTS model for Punjab. Good
Agricultural Practices (GAP) protocols for quality potato production were developed. Prediction using
Infocrop model indicated increase in fertilizers rate and irrigation frequency might increase yield over
farmers’ practice. In post-harvest management, the weight loss was found to be the highest in heaped
potatoes and least at 2-4°C storage. A few combinations of volatile oils were found effective for sprout
suppression up to 300 days of storage at 12°C. The institute produced 2989.13 metric tonnes of nucleus
and breeder seed through conventional and hi-tech (tissue culture-cum-aeroponics) systems. The Institute
conducted 528 front line demonstrations (FLDs), 29 national and international trainings, and surveys etc.
Several exhibitions, krishi melas, celebration of nationally important events, chat shows, etc. were also
organized. Expert scientists from different disciplines of ICAR-CPRI participated in various live phone-in
programmes on Doordarshan.

I take this opportunity to congratulate the entire team of scientists and other staffs for carrying out
outstanding research and development activities during the year. I extend my special thanks to the
Editorial board for making this report crisp, comprehensive and informative, and bringing out the
publication in time. I would like to thank the Chairperson and members of RAC for their critical guidance
for refining different research activities. I am grateful to Dr. Trilochan Mohapatra, Secretary, DARE and
Director General, ICAR, for his constant support and guidance. I express my sincere thanks to DDG
(Horticultural Science) and ADG (HS-I) for providing necessary direction and suggestion.

SK Chakrabarti
Director
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he Indian Council of Agricultural Research

(ICAR)-Central Potato Research Institute
(CPRI) was established during August 1949 at
Patna (Bihar) on the recommendation of the
then Agricultural Advisor to the Government of
India, Sir Herbert Steward under the Ministry of
Agriculture, Government of India. The institute
was later on, shifted to Shimla in 1956 in order to
facilitate hybridization work in potato breeding
programme and maintain seed potato health. It
was transferred to the ICAR in April 1966.

The research and development activities of the
institute is carried out under the six divisions
namely, Division of Crop Improvement, Crop
Production, Plant Protection, Seed Technology,
Crop Physiology, Biochemistry and Post Harvest
Technology and Social Sciences. The institute
headquarters is located in the heart of Shimla city,
4 kilometer from Shimla bus stand near Bemloe.
It is located at an altitude of 2200 metres above
mean sea level and has a wet temperate climate.
It has seven regional stations located across the
country viz. Modipuram (UP) Kufri Fagu (HP),
Jalandhar (Punjab), Gwalior (MP), Patna (Bihar),
Shillong (Meghlaya) and Ooty (Tamil Nadu) to
cater the need for location specific research and
extension activities.

The institute has created the state-of-the-art
laboratories for conducting basic and strategic
research in different areas of potato. The All India
Coordinated Research Project on Potato (AICRP-
Potato) is also located in this institute and has
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been functioning since 1971. It has 25 regional
centers located in nearly all agro-climatic zones of
the country to test the performance of new potato
varieties and technologies in different locations.
An Agricultural Technology Information Centre
(ATIC) is also functioning in the institute which
looks after the transfer of technology activities of
the institute. The institute not only develops new
varieties and technologies for potato growers of
the country but also takes care of dissemination
of these technologies to the ultimate consumers
through various trainings, demonstrations,
farmers fair, exhibitions etc. Currently the institute
has a dedicated team of 75 scientists, 142 technical
staffs and 74 administrative staff working on
potato crop.

THE MISSION

To carry out research, education and extension

on potato in collaboration with national
and international partners for enhancing
productivity and profitability, achieving

sustainable food and nutritional security and
alleviating rural poverty.

THE MANDATE

The ICAR-CPRIis a non-profit scientific institution
under the ICAR, working exclusively on potato.
The institute has played a key role in popularizing
potato cultivation and utilization under sub-
tropical agro-ecosystem. We believe that potato
can play an important role in food and nutritional
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security of India, while helping the rural poor
to rise out of poverty. The institute focuses all
its energy to make that belief becomes a reality.
The mandate of the institute has been revised
accordingly and is given below:

Revised Mandate of ICAR-CPRI, Shimla

e Basic strategic and applied research to
enhance sustainable productivity, quality
and utilization of potato.

* Repository of genetic resources and

scientific information on potato.

e Transfer of technology, capacity building
and impact assessment of technologies.

e Disease-free nucleus and breeder seed
potato production.

e (Coordinate research and validation of
technologies through AICRP on potato.

Work of the Institute is being carried out by the
six Divisions namely; Crop Improvement; Plant
Protection; Crop Production, Crop Physiology,
Biochemistry & Post Harvest Technology; Seed
Technology and Social Sciences under 11 well
defined research programmes and one service
project on potato seed production. In addition
to regular research programmes, a total of
11 externally funded research projects sponsored
by different agencies viz. ICAR, DBT, PPV & FRA,
CIP, TASRI, NASF, NEC and UPCAR are also
under operation. Production of Breeders’ seed
is being done by the Institute under a Revolving
Fund Scheme.

STAFF & FINANCE

The institute has 597 sanctioned staff strength
comprising of 107 scientific, 178 technical, 102
administrative and 210 supporting staff excluding
RMP. The staff position as on 31.03.2019 was
387 including 75 scientific, 142 technical, 74
administrative and 96 supporting staff. In
218-19, total allocation was % 72,42,50,000/- and
total expenditure was 3 72,42,48,656/-. The institute
generated about ¥ 10 crore under Revolving Fund
Scheme (RFS) by sale of breeder seed etc. During
the year, 7 new scientists joined in the institute,
3 joined as inter-institutional transfer, 1 scientist
was promoted from Sr. Scientist to Principal
Scientist and 1 was promoted to Scientist (SS). In
technical category, 19 were newly joined, 27 were
promoted, 2 were transferred, 5 were retired and

2 died. Under administrative category, 7 were
joined, 2 were promoted, 1 was retired, 2 were
transferred on selection basis, 1 was transferred
within institute, 4 were granted financial up-
gradation under MACP Scheme and 4 cleared
probation period. In skilled supporting staff, 18
got grant of MACP benefit, 12 cleared probation, 1
promoted and 11 retired.

FACILITIES

The institute created state-of-the-art laboratories
for conducting basic and strategic research in the
field of biotechnology, genetics and plant breeding,
plant protection, soil science and agronomy,
plant physiology, biochemistry, and post-harvest
technology. The ICAR-CPRI is the first institute,
among plant science research institute of India, to
introduce ELISA (1984) and ISEM (1987) for plant
virus diagnosis. The virus diagnosis laboratory
is now equipped with automated ELISA
system, PCR and NASH facilities. Because of its
unique record in the field of virus diagnosis, the
Government of India has notified this laboratory
as 'Accredited Test Laboratory' for testing and
certification of tissue culture raised potato micro
plants and minitubers.

The biotechnology laboratory of the institute,
created in 1992, presently houses all the facilities
for transgenic research, DNA fingerprinting,
molecular breeding, micro propagation and cryo-
conservation. A laboratory has recently been
created for conducting basic research on cell
biology and somatic cell genetics. The radio-tracer
laboratory of the institute was created in 1996 for
carrying out basic research on nutrient dynamics
in soil and plant. This laboratory is also helping in
molecular diagnosis of plant pathogens and other
molecular biology related works. The institute
has a well-equipped fungal pathology laboratory
that has world-class facility for basic and applied
research on late blight pathogen.

The institute has 521 ha farm lands distributed
over 15 units for conducting field experiments
and undertaking breeders' seed production.
Recently, Aeroponic facility has been created
in ICAR-CPRI, Shimla, CPRI, RS, Modipuram,
CPRI, RS, Patna, and CPRI, RS, Shillong for soil
less disease free seed potato production. A BPD
Unit has been established at CPRI RS, Jalandhar
for commercialization of potato technologies
developed by the institute. The institute library
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is the second largest library in the world. Besides,
the institute has well-equipped AKMU cell, ATIC,
museumn, auditorium, conference hall, committee
room at the hqrs. and similar facilities have been
provided at the regional stations.

The institute is well equipped to organize

training programmes with the facilities like
audio-visual aids, projector, Guest house,
farmers” hostels etc.
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e EXECUTIVE SUMMARY _

DIVISION OF CROP IMPROVEMENT

Management and enhancement of potato
germplasm is the basic programme of the division
for collection, conservation, evaluation and
documentation of germplasm. During the year,
181 accessions were imported from CIP, Lima, 20
from the USA, 19 from the Netherlands, 9 from UK,
7 from Chile, 6 from Canada and 2 from Australia.
Presently > 4500 accessions of cultivated and wild
species belonging to 30 countries are conserved at
the institute in field genebanks, in vitro repository
and TPS forms. These collections were evaluated
for several important biotic and abiotic stresses,
keeping quality, processing attributes and
adaptability to various thermo-photoperiods, and
promising accessions were identified documented
and used in breeding.

In Breeding programme, three new potato varieties
Kufri Ganga, Kufri Neelkanth and Kufri Lima were
notified; and three varieties PS/06-88 (Kufri Manik)
SM/00-42 (Kufri Karan) and OS/01-497 (Kufri
Sahyadri) for table purpose and MP/4-578 (Kufri
FryoM) for French fry were recommended for
release. Eight advanced stage hybrids J/11-30, J/11-
174, MS/13-391, PS/12-10, PS/13-45 (table); MP/11-
30, MP/12-126 (chips), HT/12-751 (heat stress)
were identified. Advanced hybrids MS/12-2116,
MS/13-527, MCIP/12-185 (table), MP/9-45, MP/9-
73 (chips) and WS/07-113 (drought tolerance) were
introduced into AICRP for multi-location testing.
Standardized optimum NPK requirements (kg/
ha) for varieties/advanced hybrids namely MS/8-
1148 (240N, 40P, 150K), Kufri Neelkanth (240N,
30P, 120K), and MP/06-39 (240N, 40P, 100K).
Plant spacing (60 x 25 cm2) was found optimum
for Kufri Ganga and Kufri Mohan. Promising
genotypes were identified based on gene-specific
markers for late blight and PCN resistance, and
other multiple traits (glycol-alkaloids content,
canopy temperature as a reliable water deficit
stress indicator, tuber yield, processing attributes
and nutritional components). The ploidy level of
75 genotypes was analysed and diploids were
hybridized with sli gene donor for introgressing
self-compatibility and 3176 hybrid TPS of 6 crosses
were developed.

In Biotechnology programme, genome sequence of
androgenic dihaploid potato C-13 was analysed.

In which 30241 genes, 1.12 million SNPs and 48145
indels were identified. Genome-wide methylome
analysis for tuber shape variation in potato cv.
Kufri Bahar showed higher cytosine methylation
in variant tuber than the original. Genes and
microRNAs were identified in potato under
low nitrogen stress. Aeroponics-based precision
phenotyping enables identification of NUE efficient
genotypes based on key traits and genes involved
in improving NUE in potato under low N supply.
Two SSR markers (STIKA and STU6SNRN) were
developed for identification of Indian potato
varieties. Diagnostic SSR markers were identified
to distinguish somatic hybrids” progenies and
parents, and for nutritionally superior potato.
Advanced stage interspecific hybrid MSH/14-07
(48.65 t/ha) for higher yield, and MSH/14-112,
MSH/14-113, MSH/14-115 and MSH/14-122 for
higher tuber dry matter content (21-24%) were
selected. Besides, research on enhancing earliness
by CDF1.2 gene, CRISPR cas mediated editing of
chlorophyll synthesis gene, in-silico identification
of meiosis specific MiMe genes, activation tagging,
investigating microbial communities in the potato
rhizospheric soils, and potato transgenics for
thermotolerance, late blight resistance, StSWEET
promoter element, and biofortification of with zinc

were completed.

DIVISION OF CROP PRODUCTION

In Integrated nutrient and water management
program, a decision support system NRPPP
(Nutrient Recommendation for Potato Production
in Punjab) was developed using QUEFTS Model
for Punjab. Field experiments were carried out to
validate and calibrate QUEFTS model for NPK
recommendation. Experiments were carried for
omission plot study, split and foliar application of
potassium, boron and molybdenum, optimizing
phosphorous dose etc. with the objective of precise
nutrient application. Investigation for developing
variety specific water and nutrient management
schedule under limited water availability and
nitrogen requirement of newly released potato
varieties under drip irrigation were performed.

Yield gap analysis showed wider total yield gap
(TYG) in Meghalaya (17 t/ha) and Bihar (15.2
t/ha). Good Agricultural Practices (GAP) for



quality potato production was developed as per
control points and their compliances framed by
quality council of India. Different potato varieties
and biochemical traits viz, phenols, flavoniods,
reducing sugars etc. were studied under organic
production system. Potato based cropping
systems were studied at Gwalior and Ooty. Potato
productive, soil health, disease and pest incidence
were studied in long term plant nutritional studies.
Mechanization program focused on damage
assessment during mechanical operations,
conveyor for potato loading-unloading, minituber
size grading system etc. ICAR-CPRI net house
and handheld tool for weeding/ intercultural
operations were developed.

Infocrop model was used to study agronomic
management practices in Uttar Pradesh
showed increasing fertilizers rate and irrigation
frequency are likely to increase the yield over
farmers’ practice. Experiments were carried to
understand consequences of water levels and
mulching on potato under drip and sprinkler
irrigation, identification of climate resilient potato
cultivars under elevated CO, and temperature
and transcriptome analysis. Potential impact of
climate change on late blight, arrival and build-up
of aphid population were studied under changing
climatic parameters along with study of climate
analogues. Vulnerability assessment in Uttar
Pradesh emphasized on policy interventions and
implementation of suitable adaptation strategies.

DIVISION OF PLANT PROTECTION

During 2018-19, late blight was appeared
in early November 2018 in Hoshiarpur and
again in February 2019 in whole of Punjab.
Isolates of Phytophthora infestans were observed
sensitive to new molecules (cymoxanil,
dimethomorph and fenamidone). Developed
loop-mediated isothermal amplification (LAMP)
assay for detection of PVA, PVY, PSTVd, and
determination of viruliferous nature of aphids
for detection of PVA and PVY; dipstick kit for
detection of PVY, PVM, PVA and PVS using
commercial antibodies; validated LAMP assay for
detection of P. infestans in host tissues; validated
PCR protocol for detection of Phytoplasma and
identified Candidatus Phytoplasma ziziphi and
Ca. Phytoplasma fragaria associated with potato.
Studied  whitefly-mediated transmission of
ToLCNDV-potato and results revealed that Asia
IT 5 genotypic group of whitefly could transmit
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this virus with 100% efficiency and ToLCNDV-
potato is a monocyclic or simple interest disease.
The Indo-Blightcast model was used to predict the
appearance of late blight across the agro-ecologies
and it predicted late blight accurately across the
country. Application of dimethomorph (0.1%) and
fluopicolide 62.5 + propamocarb hydrochlorid
625 SC @ 0.3% was found effective against late
blight. Application of phosphorous acid reduced
blight severity considerably and reduction was
more in susceptible (53.75%) than moderately
resistant (41.18%) cultivar. Scheduling fungicide
application for management of late blight using
Indo-Blightcast resulted in saving of three sprays
compared to calendar based strategy. Application
of Zn as foliar and soil application resulted in
inhibition of TOLCNDV-potato DNA replication.
Mixing of nano clay with dsRNA formulation
further improved its efficacy against late blight.
Bacterial endophytes found effective against
late blight, common scab and bacterial wilt
were characterized for plant growth promotion
activities and some of them exhibited siderophore
production, nitrogen fixation and phosphorous
solubilisation activities. These endophytes were
identified as Stenotrophomonas, Pseudomonas,
Bacillus,  Acinetobacter, Klebsiella, Pantoea,
Chryseobacterium, Janibacter and Enterobacter.

In Entomology programme, aphids, whitefly,
leafthoppers and mites were monitored at
Modipuram, Jalandhar and Gwalior. At Jalandhar,
the arrival of Myzus persicae was delayed almost
one week as compared to the previous year
and Aphis spp. remained above the critical level
throughout the cropping season; and whitefly,
Bemisia tabaci remained above economic threshold
till the 2" week of November. At Modipuram,
M. persicae crossed the critical level in first week of
January, whereas whitefly remained high (32/05
plants) on early potato crop (cv. Kufri Pukhraj). At
Gwalior, the incidence of whitefly reached its peak
in second week of December. Both floating and
hoop supported Polyopropylene row covers were
effective for insect vector exclusion and thereby
in reduction of virus disease incidence. Potassium
silicate was able to suppress the adult whitefly up
to 62 % at Modipuram and Jalandhar like other
insecticides. Nanma @ 1.0% and Imidacloprid 17.8
SL @ 0.04 % could provide sustained reduction up
to 9 days after treatment while Aavya @ 0.4% had
no appreciable knockdown or residual toxicity
against whitefly. Fipronil 0.3G @ 25Kg/ha, and
Cartap hydrochloride 4G @ 25 Kg/ha were found
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as effective as Phorate 10 G @15 Kg/ha as soil
incorporated insecticides. Gene prediction revealed
22,021 genes in Aulacorthum solani. Cent-percent
cyst disintegration was recorded in PCN treatments
withNaOCl@2.0% after 10 min. GenomicDNA of G.
rostochiensis female, collected from Ooty (GrO) and
Shimla (GrS) indicated that GrO population is close
to Australian and European populations while GrS
is close to Chinese, Japanese, Italian, Canadian and
some European populations. Validation of LAMP
assay for the identification of potato cyst nematode
(Globodera species) from soil samples indicated that
target DNA could be detected up to the dilution of
1 pg/ul. Study on the effect of different cropping
system on PCN population indicated that minimum
reproduction factor was recorded in Dazomet @ 40
g/m? treated plots followed by plots planted with
Solanum sismbrifolium, after 1* year.

DIVISION OF CROP PHYSIOLOGY,
BIOCHEMISTRY AND POST-HARVEST
TECHNOLOGY

Post-harvest losses in potatoes were estimated in
cvs. Kufri Chipsona-3 and Kufri Pukhraj stored
in heaps, 10-12°C and 2-4°C. The weight loss
was found to be the highest in heaped potatoes,
followed by 10-12°C after six months and three
months, and it was the least at 2-4°C. Three
combinations of volatile oils containing 4, 6 and
9 oils were found effective for sprout suppression
up to 300 days of storage at 12°C. Chitosan
coating (0.1%, 0.25% and 0.5%) before storage
was found to reduce weight loss and Fusarium
infestation in stored potatoes, without affecting
processing traits. Study showed that tubers with
better peel thickness have better keeping traits. An
in vitro method for estimation of glycaemic index
was developed, which has low cost and better
precision. Potato varieties having lower resistant
starch contribute a higher rate of starch hydrolysis
which ultimately increases glycaemic index. Free
glutamate content can be selected as an indicator
of potato taste while developing different
products. Studies on estimation of ten phenols in
flesh and peel of popular potato varieties showed
significant varietal differences, which could be
associated with nutraceutical properties and
disease resistance of varieties. Prebiotic activity
of resistant starch showed that it is good for the
growth of Lactobacillus paracasei CD4. Metformin
was determined from potato flesh, peel and sprout
using LC-MS. Concentration of metformin in

potato sprout was higher than the concentration
reported in peel and flesh, which may be
utilized for extraction of metformin to prepare
formulations for diabetics. Key genes responsible
for the delayed dormancy/sprouting and storage,
and carotenoids pathways were identified. To
enhance the palatability of microwaved chips (low
oil), oil was applied on the surface of potato slices
before microwaving. As far the colour, fat content
and overall acceptability scores are considered,
for development of low fat potato chips, two oil
coatingsisrecommended. Under waste utilization,
possibility of synthesizing silver nanoparticles
from both peel and potato juice extract was
succeeded. Three novel potato products viz.
Potato daliya and semolina, potato halwa premix
and Lactose free potato burfi were developed and
processed for their commercialization.

DIVISION OF SEED TECHNOLOGY

A total production of 29891.35 qtls nucleus
and breeder seed was achieved from an area of
148.749 ha. Out of which, 24528.13 qtls production
from 123.692 ha was through conventional and
5363.22 qtls from 25.057 ha through hi-tech seed
production systems respectively. The percentage
of nucleus and breeder seed from conventional
system was 82.06 and 17.94 through hi-tech
system. During 2017-18, total 20893.36 qtls breeder
seed was supplied to various government and
private agencies, from plains. During 2018, a total
production of 808.64 qtls of seed was achieved
from 5.0 ha area in Kufri/Fagu. A total 222 virus-
free in vitro culture tubes of basic seed material
of 19 varieties were supplied to 19 different seed
producing organizations in India and a revenue of
¥ 11,10,000/- has been generated. As per the MoU
for breeder seed production, the healthy aeroponic
minitubers of varities viz., Kufri Himalini (13000
no.), Kufri Khyati (2500 no.) were supplied to
West Bengal State Seed Co-operation Ltd., West
Bengal for further multiplication at their farm and
arevenue of X 1, 55,000 was generated.

True potato seed (TPS) as a source of plant material
for minituber production through aeroponics
was evaluated for the first time and 100 tubers/
plant was recorded. It could serve the purpose
of accelerated breeding. The results revealed
that the hardening of microplants by gradually
acclimatizing the microplants to the natural
climatic conditions can harness the full potential of
plants for minituber production under aeroponics.
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Cultivars Kufri Himalini and Kufri Girdhari tubers
harvested after 90 days of planting had maximum
dormancy period of 105 and 180 days respectively
whereas in Kufri Swarna tubers harvested after
105 days of planting had maximum dormancy
period of 90 days. Cultivar Kufri Girdhari had
minimum dormancy when the haulm killing was
done 75 days after planting other cultivars it was
120 days after planting. Cultivar, Kufri Girdhari in
B5 medium (266 mg) resulted in maximum fresh
weight. Cultivar, Kufri Jyoti in B5 medium (10.2%)
recorded maximum dry matter content. Post-
harvest handling of aeroponic minitubers of variety
Kufri Girdhari showed the reduced biomass loss
due to shrinkage and better sprout emergence was
observed at 24°C/80-100% RH (10 days).

DIVISION OF SOCIAL SCIENCES

A survey was conducted in West Bengal for assessing
the cost and income of potato production. Study
revealed that on an average, the total cost of potato
cultivation (Cost C) was found to be % 1,65,410/- per
ha. Overall, the net income was X 44,346.0/- per ha
with the B:C ratio of 1:27. The results of Economic
Surplus model for measuring the benefits in India
revealed that the total cost of R&D of Kufri Pukhraj
was Rs. 12.1 crore. The Net Present Value (NPV)
of the benefits of Kufri Pukhraj R&D was % 10974.5
crore and 4215.5 crore at 5 and 8 per cent discount
rate respectively and the IRR of the net benefit was
43 %. Studies on Seed Replacement Rate (SRR)
revealed that the SRR for improved varieties was
100 percent and 91.8 percent in West Bengal and
Uttar Pradesh, respectively and the SRR for certified
seeds was 40.3 and 30.0 in West Bengal and Uttar
Pradesh, respectively.

The study on varietal adoption patterns showed
that Kufri Jyoti (52%) was the most popular
variety in West Bengal, which was followed by
Kufri Chandramukhi (18%) and Kufri Pukhraj
(16.2%). In Gujarat, the most popular varieties
were Lady Rosetta (40.5%) and Kufri Pukhraj
(33.3%). A study conducted to investigate
consumers’ preferences for potatoes revealed
that in Bihar, the ranks of attributes in order of
importance were: skin color > tuber size > shape
> skin smoothness > taste > cooking time > shelf
life> flesh color = texture >eye’s depth >aroma. In
Punjab, the ranks of attributes were: tuber size >
cooking time=taste shape > aroma > skin color >
shelf life > skin smoothness > texture > flesh color
>eye’s depth. A survey in West Bengal revealed
that overall; about 31 percent of potato seeds
were farm saved seeds and seeds obtained from
friends or other farmers and about 27.3 percent
of the seed were obtained from local markets/
seed traders. For popularization of technologies
developed by the institute, 528 FLDs (425 in
Bihar, 35 in UP, 30 in Meghalaya, 20 in Himachal
Pradesh, 10 in Madhya Pradesh and 8 in Punjab)
were laid out. The institute also conducted 29
national and international training programmes
at the headquarter and also at regional stations.
Many exhibitions, fairs, celebration of important
days, chat shows, etc were also organized by the
Division. Expert scientists from different discipline
of ICAR-CPRI, Shimla participated in 8 live phone-
in programmes on Doordarshan Shimla. Under
HRD Cell, 20 scientists, 21 technical officers, 8
administrative officers and 30 skilled supporting
staffs were sent to participate in various training
programmes.
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gy SEARCH PROGRAMMES g

Institute Research Programmes, PIs and Co-Pls

SL

Programmes Name
(Code No.)

PIs and Co-Pls

Management and
enhancement of potato
germplasm
HORTCPRICIL201500100129

PI: Dr. Vinod Kumar. Co-PIs: Drs. Vinay Bhardwaj, Ashwani Kumar Sharma,
Jagesh Kumar Tiwari, Dalamu, G Vanishree, Tanuja Buckseth, Raj Kumar,
Ratna Preeti Kaur, SK Luthra, Shambhu Kumar, Ashiv Mehta, Name Singh,
Bandana, S Roy, Kamlesh Malik, Sanjeev Sharma, Baswaraj R, Ravinder
Kumar, Aarti Bairwa, Jagdev Sharma, Som Dutt, EP Venkatasalem, Divya
K Lekshmanan, Arvind Kumar Jaiswal, Priyank Mhatre, Clarissa Challam,
Anil Gupta, KR Naik, Kiran Kumar, Shruti Gupta, Kameshwar Sen, Vineet
Kumar, Salej Sood, Nishant chourasia, Gaurav Verma

Breeding to evolve trait
specific varieties for
productivity, quality and
resistance to biotic and
abiotic stresses
HORTCPRICIL201500200130

PI: Dr. SK Luthra. Co-PlIs: Drs. VK Gupta, Raj Kumar, Ashwani Kumar
Sharma, RP Kaur, Shambhu Kumar, Mehi Lal, Sanjay Rawal, Vinay
Bhardwarj, Bandana, Ashiv Mehta, Dalamu, G Vanishree, Sanjeev
Sharma, S Sundaresha, Baswaraj Raigond, Aarti Bairwa, Gaurav Vermsa,
Brajesh Singh, Devendra Kumar, Name Singh, Som Dutt, Vinod Kumar,
EP Venkatasalam, Sarla Yadav, Babita Chaudhary, Divya K Lekshmanan,
Kailash Chander Naga, Susheel Sudhakar Changan, VK Dua, Jagdev
Sharma, Manoj Kumar, Prince Kumar, Salej Sood, Raj Kumar Rana, Priyank
Mhatre, Clarissa Challam, Ravinder Kumar, Subhash Katare, Kamlesh
Malik, Pinky Raigond, Jagesh Kumar Tiwari, Nishant chourasia

Genetic enhancement of
potato through molecular
and genomic tools.
HORTCPRICIL201500300131

PI: Dr. Jagesh Kumar Tiwari. Co-PIs: Drs. VK Dua, Som Dutt, VU Patil, S
Sundaresha, Vinay Bhardwaj, Hemant Kardile, Brajesh Singh, Shashi Rawat,
Ashiv Mehta, Raj Kumar, SK Luthra, Dalamu, Pinky Raigond, Baswaraj
Raigond, Sanjeev Sharma, Clarissa Challam, Vinay Sagar, Aarti Bairwa,
EP Venkatasalem, Priyank Mhatre, RP Kaur, Devender Kumar, Tanuja
Buckseth, RK Singh, Vinod Kumar, Salej Sood, Manoj Kumar, Ashwini K
Sharma, Name Singh, Sushil Sudhakar Changan, Nishant chourasia

Impact, adaptation and
management strategies

for climate resilient potato
production.
HORTCPRICIL201500300139

PI: Dr. VK Dua. Co-PIs: Drs. Devendra Kumar, Jagdev Sharma Shashi
Rawat, Sanjay Rawal, SP Singh, Sanjeev Sharma, Mehi Lal, Kamlesh Malik,
Anuj Bhatnagar, VK Gupta, Vinay Sagar, Som Dutt, Prince Kumar, Hemant
Kardile, Mohd. Abbas Shah, Sushil Kumar, Islam Ahmad, Yogesh Gupta,
Vijay Paul (IARI), Subhash Chander (IARI), Parimal Sinha (IARI), Name
Singh, Paresh Chaukhande, Sunayan Saha, Brajesh Nare, Subhash Katare,
Pynbianglang Kharumnuid, Preeti Singh

Integrated nutrient and water
management for improved
productivity of potato
HORTCPRICIL500500133

PI: Dr. Manoj Kumar, Co-PIs: Drs. VK Dua, Name Singh, Jagdev Sharma,
Raj Kumar, Prince Kumar, SP Singh, Bapi Das, Shashi Rawat, Pooja Mankar,
Dalamu, VU Patil, Sarla Yadav, Sushil Kumar, Yogesh, Divya K Lekshmanan,
Preeti Singh
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SL

Programmes Name
(Code No.)

PIs and Co-PIs

Biology, epidemiology,
modeling and management of
insect pests, vectors and cyst
nematodes of potato.
HORTCPRICIL201500600134

PI: Dr. (Mrs.) Kamlesh Malik, Co-PIs: Drs. Anuj Bhatnagar, Aarti Bairwa,
Baswaraj Raigond, Ravinder Kumar, S Sundaresha, Jagesh Kumar Tiwari,
VK Dua, Vinod Kumar, Murlidhar Sadawarti, Sanjeev Sharma, EP
Venkatasalem, Shashi Rawat, Vinay Sagar, Vinay Bhardwaj, Kapil Kumar
Sharma, Mohamad Abas Shah, Priyank Matre, Kailash Chandra Naga,
Gaurav Verma, Raghvendra KV, Subhash S

Re-defining epidemiological
parameters and management
approaches for potato
pathogens.
HORTCPRICIL201500800135

PI: Dr. Sanjeev Sharma. Co-PIs: Drs. Vinay Sagar, Baswaraj R, S.
Sundaresha, Ravinder Kumar, S Roy, Mehi Lal, Rahul Bakade, Shashi
Rawat, Anuj Bhatnagar, Vinay Bhardwaj, Aarti Bairwa, EP Venkatasalam,
VU Patil, Kamlesh Malik, Prince Kumar, MJ Sadawarti, Pinky Raigond,
Mohamad Abas Shah, Priyank Matre, Murari Lal, Subhash Chand, Islam
Ahmad, YP Singh, Kailash Chandra Naga, Subhash S, Rahul Tiwari

Post harvest management
and nutritional
enhancement of potatoes.
HORTCPRICIL201500800136

PI: Dr. Brajesh Singh. Co-PlIs: Drs. Ashiv Mehta, Jagdev Sharma, SK
Luthra, Vinay Bhardwaj, Vinay Sagar, Som Dutt, Pinky Raigond, Baswaraj
Raigond, Bandana, S Sundares ha, Ratna Preeti Kaur, Dalamu, Sanjay
Rawal, Hemant Kardile, Pynbianglang Kharumunid, Sushil Kumar,
Abhijit Kar, Vineet Sharma, Yogesh Gupta, Shelly Chopra, Alka Joshi,
Sushil Kumar Changan, N Sailo, Milan Kumar Lal, Dharmendar Kumar

Resource optimization in

potato based cropping system.

HORTCPRICIL201500900137

PI: Dr. Sanjay Rawal. Co-PIs: Drs. RK Singh, VK Dua, Devendra Kumar,
Kamlesh Malik, Jagdev Sharma, Vinay Singh, Sunil Gulati, Sukhwinder
Singh, Anuj Bhatnagar, Dhruv Kumar, SP Singh, Ashwani Kumar Sharma,
Shashi Rawat, EP Venkatasalem, Murlidhar Sadawarti, Mehi Lal, RP Kaur,
Bandana, Tanuja Buckseth, Pooja Mankar, Prince Kumar, Clarissa Challam,
Pynbiangland Kharumnuid, Divya K Lekshmanan, Brajesh Nare, Priyank
Mhatre, Bapi Das, Harvir Singh, KP Singh, RK Samadhiya, Sanjay Sharma,
T] Purakayastha, Janani P, N Sailo, Raghvendra KV

10.

Assessment of potato
technologies and its transfer
to stakeholders for improving
potato production
HORTCPRICIL201501000138

PI: Dr. NK Pandey. Co-PIs: Drs. RK Singh, Pynbiangland Kharumnuid,
Ashok Chauhan

11.

Production of nucleus and
breeder seed of important
notified varieties of potato.
HORTCPRICIL201501100132

PI: Dr. RK Singh. Co-PIs: Drs. Devendra Kumar, Tanuja Buckseth,
Ashwani Kumar, Vinay Singh, Dhruv Kumar, Prince, Ratna Preeti Kaur, S
Roy, SP Singh, M] Sadawarti, Manoj Kumar, RK Singh, Rahul Bakade, EP
Venkatasalem, Parvesh Jassal, Sumita Sharma, RK Verma, Balak Ram, KP
Singh, Harveer Singh, NK Sood, Jasvir Singh, Santosh Kumar, Pushpender
Kumar, Satinder Kumar, Kapil Kumar Sharma, Akhilesh, Arun Kumar
Singh, YP Singh, RK Samadhiya, Sanjay Sharma, Raghvendra KV, N Sailo
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DIVISION OF CROP IMPROVEMENT

PROGRAMME: MANAGEMENT AND ENHANCEMENT OF POTATO

GERMPLASM

enetic resources of a crop are the basic raw

material required for its genetic improve-
ment. ICAR-CPRI, Shimla is designated as the
National Active Germplasm Repository for potato
and it maintains potato germplasm. The main
activities are to import, conserve and evaluate
potato germplasm for important biotic and
abiotic stresses and document the information for
research use.

Collection

A total of 181 accessions were imported from CIP,
Lima, 20 from the USA, 19 from the Netherlands, 9
from UK, 7 from Chile, 6 from Canada and 2 from
Australia. Presently more than 4500 accessions of
cultivated and wild potato species, obtained from
30 countries, are conserved at the institute (Table 1).

Conservation

Field conservation: A total of 1522 Tuberosum
accessions, 741 Andigena accessions and 66
indigenous potatoes were maintained in fields at
Jalandhar. Nearly 1325 Tuberosum accessions and
90 indigenous samples were maintained in fields
at Kufri. Besides, pollen of four potato varieties

namely Kufri Anand, Kufri Ashoka, Kufri
Jawahar and Kufri Sutlej were cryo-preserved
in liquid nitrogen for future use. Ten dihaploids
of Indian commercial varieties were maintained
in glasshouses at Shimla. In wild species, 360
clones of 123 accessions representing 42 Solanum
species were multiplied for maintenance breeding
whereas, 294 accessions of 70 species were
maintained in TPS form. In total, 486 accessions
(both in tuber and TPS forms) of 125 species were
conserved at ICAR-CPRI, Shimla.

In vitro conservation: Nearly 2700 Tuberosum
accessions were maintained in in vitro form.
Minitubers of 207 accessions from in uvitro
repository were produced and added to the
germplasm collection maintained under field
conditions at Kufri. Mericlones of different
hybrids and varieties were developed and tested
for their freedom from all viruses. During this
year, 3 advanced hybrids /varieties namely Kufri
Karan (SM/00-42), Kufri Manik (PS/06-88) and
Kurfi FriyoM (MP/04-578) were found free from
all viruses.

Table 1: Potato germplasm holding at ICAR-CPRI, Shimla

No. of accessions No. of donor
Material .
Tuber In vitro True potato seed | Total countries
a) Tuberosum (Cultivars / parental lines) Indian
Cultivars bred at CPRI 56 60 60
Advanced hybrids 86 50 - 96
Indigenous varieties 51 107 - 107
Indigenous samples 97 42 97
Exotic 1837 2700 - 2840 30
b) Andigena 723 77 = 762 5
c) Wild/semi-cultivated spp. | 123 130 294 540 5
(12 speices) (29 species) (70 species) (125 species)
Total germplasm 4502
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Evaluation

A large number of accessions were evaluated for
various biotic and abiotic stresses and also for
adaptability and physcio-biochemical traits; and
promising accessions are listed in Table 2.

Wild Potato Species

SSR profiling of wild potato species: SSR
profiling of 22 wild species depicted in (Fig. 1) was
performed using SSR markers and allelic profile is
shown here (Fig. 2).

Table 2: Evaluation of potato germplasm

No. of accessions

(early)

Character Location evaluated Promising accessions
A/
Kufri 140 CP Nos. 3974, 4000, 4042, 4107, 4174, 4191 and 4221
{g;ri‘j;‘)ar 100 CP Nos. 4393 and 4405
Adaptability
145 CP Nos. 4423, 4492, 4503, 4504, MCIP/12-185, MS/10-
Modipuram 1529, MS/14-243, MS/9-723 and MSH/14-129
(Autumn: early)
(Autumn: main) 105 CP Nos. 4492, 4501, 4504, 4512, 4518, JW96 and Kufri
Sadabahar
PSTVd Shimla 100 32 accessions (infected)
CP Nos. 4404, 4423, 4492, 4499, 4502, 4504, 4512, 4516,
Leaf hopper and Modipuram s MCIP/12-185, MCIP/14-202, MS/10-1529 MS/13-527,
Mites P MS/14-243, MSP/15-44, Phuwla White and Red Flesh
(< 15% infection)
Cyst nematodes Ooty 51 CP Nos. 1137, 1330, 1533, 4350, 4388, 4502 and 4510
Best keeper: CP No. 4441
Keeping quality Jalandhar 99 Good keeper: CP Nos. 1442, 1476, 1490, 1546, 1555,
2017, 3242, 3448, 4446, 4452, 4455, 4458, 4459, 4469 and
4472
Chipping Jalandhar 99 CP Nos. 1963 and 4447
o . CP Nos. 2179, 2062, 2124, 2101, 2181, 2143, 2282, 2191
Vitamin C Modipuram 72 and 2178 (> 32 mg/100 g fr.wt.)
Zinc Shimla 74 Memphis, NJ130, Bhura Alu, Desi No.1 and JG-1 (> 25
ppm)
Iron Shimla 74 Sagita, Lal Jyoti, JG-2, Dehati Aloo and JG-22 (> 37
ppm)
0s. 3 3 , an
Protei _— Shiml 100 CP Nos. 3203, 1690, 1871, 3245 and JEX/A 763
rotein conten imla
> 1.0% soluble protein
1.0% soluble protei
Water use Modipuram 2% CP Nos. 2148, 3359, 3464 and 3599 (equal yield with
efficiency p control cv. Kufri Bahar)
CP Nos.1450, 1470, 1566, 1702, 1727, 1778, 1876, 1878,
Foliage maturity Patna 380 1881, 1890, 1907, 1916, 1930, 1940, 1985, 1997, 1998,

2002, 2006, 2370, 2419, 2423, 3179, 3265, 3269, 3360,
3774 and 4242

®
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%)

S. berthaultii

S. stoloniferum S. trifidum S. verrucosum S. vernei

Fig. 1: Twenty-two wild Solanum species of potato used in SSR study and late blight testing.
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Screening for late blight resistance: In order to
diversify the resistance source in potato breeding
programmes, 63 accessions of 18 species were
evaluated for late blight resistance under natural
disease condition at Kufri. Five accessions (2837-
0, 2895-01, 3125-0, 3125-02 and 3125-03) showed
immune reaction (0 AUDPC), seven accessions
showed below 100 AUDPC and 20 accessions
were in between 100-500 AUDPC. Rest of the
accessions observed >500 AUDPC. In another lot,
82 accessions of 22 species were screened earlier
for late blight resistance in controlled chamber, in

which most accessions were highly resistant (60)
followed by resistant (5), moderately resistant (13)
and susceptible (5). Highly resistant species have
been listed in Table 3.

Documentation

Computer databases of cultivated as well as
wild species were updated by incorporating the
evaluation data for various accessions. Databases
of availability of various accessions at different
conservation sites were also updated.

Table 3: Screening of wild potato species for foliage resistance to late blight
by whole plant assay method

Wild species No. of accessions | Accessions (Highly resistant)

S. berthaultii 3 BER25, BER57 and BER96

S. cardiophyllum 5 CPH25, CPH26, CPH62, CPH63 and CPH87

S. hougasii 1 HOU27

S. huancabambense 2 HCBO06 and HCB19

S. iopetalum 1 10P59

S. jamesii 4 JAMO7, JAM49, JAM77 and JAMS89

S. lesteri 4 LES29, LES34, LES37 and LES88

S. microdontum 2 MCD24 and MCD85

S. pinnatisectum 8 PNT11, PNT12, PNT31, PNT40, PNT41, PNT42, PNT43 and PNT44

s | BB BB o rom nog oG ripw o, 700,
, , , 2 and PLDCIP24

S. polytrichon 2 PLT18, PLT62

S. stoloniferum 2 STO40 and STO61

S. trifidum 7 TRF22, TRE35, TRF37, TRF39, TRF41, TRF42 and TRF64

S. verrucosum 4 VER55, VER58, VER59 and VER60

®
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PROGRAMME: BREEDING TO EVOLVE TRAIT SPECIFIC VARI ETIES FOR
PRODUCTIVITY, QUALITY AND RESISTANCE TO BIOTIC AND ABIOTIC

STRESSES

Research activity 1: Breeding for table
potato varieties

Hybridization and selection: In all 548851 true
potato seeds (TPS) of 207 crosses were generated
at Modipuram, Jalandhar and Patna stations. A
total of 99636 seedlings were raised from 239177
TPS (226 crosses) and 7908 clones were selected.
In initial clonal stages (F,C, F,C, and F C,), 13542
clones were evaluated at 60/75/90 days and 2130
promising clones were selected for further trials.

Advanced stage trials: In all, 127 advanced
stage hybrids were evaluated in 16 yield trials
at 60/75/90 days at Jalandhar, Modipuram and
Patna, and 40 promising hybrids were selected.
In nine preliminary yield trials, 25 promising
hybrids namely J/13-60, J/13-72, ]J/13-85, J/13-97,
J/13-100, J/13-123, J/13-135, ]/13-173, J/13-175, J/13-
195, J/13-200 (Jalandhar), MS/15-758, MS/15-1001,
MS/15-1422, MS/14-1495, MS/14-1505, MP/12-543-
white, MS/13-527, MS/14-505, MS/14-1381-red
(Modipuram) and PS/14-10, PS/14-19 & PS/14-33-
red, PS/14-09, PS/14-32-white (Patna) were selected
from 87 hybrids. In four confirmatory yield trials,
10 promising hybrids namely J/12-1, J/12-10, J/12-
31, J/12-54, ]/12-60, J/12-120, J/12-146 (Jalandhar),
MS/14-243 (Modipuram), PS/13-45 red and PS/13-
34 white (Patna) were selected from 24 hybrids.
In three final yield trials, five advanced hybrids
namely J/11-30, J/11-174 Jalandhar), MS/13-391
(Modipuram), PS/12-04 and PS/12-10 (Patna) were

selected from 16 hybrids.

Identified promising advanced stage hybrids:
Based on consistent good performance over
the years, six hybrids namely J/11-30, J/11-174,
MS/13-391, PS/12-04, PS/12-10 and PS/13-45 were
identified (Fig. 1).

J/11-30 (Kufri Frysona x MS/94-1118): The

hybrid with tuber yield of 25 and 36 t/ha

J/11-30 J/11-174

MS/13-391

gave 7% and 9% higher total tuber yield over
control Kufri Khyati (23 and 33 t/ha) at 60 and
75 days harvests, respectively (Table 1). It
produces white oblong tubers with shallow eyes
and cream flesh colour with tuber dry matter of
18%.

J/11-174 (CP3170 x CP3770): The hybrid with
tuber yield of 27 and 39 t/ha gave 23% and 24%
higher total tuber yield over control Kufri Khyati
(21 and 31 t/ha) at 60 and 75 days harvests,
respectively (Table 1). It produces white ovoid
tubers with shallow eye and white-cream glesh

colour with tuber dry matter of 15%.

MS/13-391 (Kufri Gaurav x CP2340): The hybrid
with total tuber yield of 38 t/ha (75 days) and 49 t/
ha (90 days) showed superiority of 19% and 17%
over Kufri Bahar (33 and 47 t/ha) (Table 2). The
hybrid produces attractive yellow ovoid tubers
with shallow eyes and yellow flesh. The hybrid
possesses 17% tuber dry matter at 90 days, very
good keeping quality and slight resistance to
late blight as compared to Kufri Bahar.

PS/12-10 (JEX/A-98-103 x CP2340): The hybrid
with total tuber yield of 31 and 35 t/ha showed
advantage of 8% and 9% at 75 and 90 days over
Kufri Pukhraj (29 and 32 t/ha). The hybrid (Table
3) produces white round tubers with medium
eyes and light yellow flesh having 19% tuber
dry matter, good keeping quality and moderate
level of resistance to late blight.

PS/13-45 (CP2366 x CP2340): The hybrid with
tuber yield of 27 and 34 t/ha showed advantage
of 6% and 7% at 75 and 90 days over Kufri Lalit
(25 and 31 t/ha). The hybrid (Table 3) produces
red round tubers with medium eyes and yellow
flesh with red ring in cortex having 19% tuber
dry matter, good keeping quality and moderate
level of resistance to late blight.

: 4
PS/12-10 PS/13-45

Fig. 1: Advanced stage potato hybrids identified at Jalandhar, Modipuram and Patna
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Table 1: Promising advanced stage hybrid identified at Jalandhar
Genotypes Total tuber yield (t/ha)
2016-17 2017-2018 2018-2019 Average
60 days 75 days 60 days 75 days 60 days 75 days 60 days 75 days
J/11-30 31.10 39.30 18.50 34.60 26.10 33.80 25.20 35.90
Kufri Pukhraj 28.10 36.30 13.90 23.60 24.90 35.80 22.30 31.90
Kufri Khyati 28.80 37.30 14.30 24.10 26.10 37.00 23.10 32.80
CD (0.05) 1.60 2.60 0.90 1.70 2.90 2.70
J/11-174 30.20 41.80 18.40 33.30 30.90 42.90 26.50 39.30
Kufri Pukhraj 24.90 32.50 13.90 23.60 24.90 35.80 21.20 30.60
Kufri Khyati 24.40 33.20 14.30 24.10 26.10 37.00 21.60 31.40
CD (0.05) 2.40 2.6 0.90 1.70 2.90 2.70
Table 2: Promising advanced stage hybrid identified at Modipuram
Genotypes Total tuber yield (t/ha)
2016-17 2017-2018 2018-2019 Average
75 days 90days | 75days | 90days | 75days | 90days | 75days | 90days
MS/13-391 37.24 46.67 41.99 50.25 34.86 49.79 38.03 48.90
Kufri Bahar 28.6 35.96 37.92 45.4 32.99 444 33.17 41.92
Kufri Pukhraj 38.6 43.75 43.79 47.65 36.12 50.14 39.50 47.18
C.D. 5% 1.7 1.74 2.19 1.84 1.56 1.69
Table 3: Promising advanced stage hybrid identified at Patna
Genotypes Total tuber yield (t/ha)
2016-17 2017-2018 2018-2019 Average
75 days 90days | 75days | 90days | 75days | 90days | 75days | 90 days
PS/12-10 29.89 35.12 30.87 35.82 31.50 34.84 30.75 35.26
Kufri Ashoka 22.13 - 25.08 28.39 26.46 28.99 24.56 28.69
Kufri Pukhraj 28.37 34.84 28.21 31.86 29.09 30.58 28.56 32.43
PS/13-45 26.35 == 25.21 33.96 29.49 34.04 27.02 34.00
Kufri Lalit 24.56 29.08 23.38 32.34 28.50 32.27 25.48 31.23
Kufri Lalima 20.12 24.53 21.87 2791 27.20 29.88 23.06 27.44
CD (0.05) 2.07 2.05 4.36 4.07 2.61 2.86

MS/12-2116

MS/13-527

MCIP/12-185

Fig. 2: Advanced stage hybrids introduced in AICRP for multi-location testing
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Advanced hybrids introduced in AICRP

Introduced advanced stage hybrids MS/12-2116,
MS/13-527 and MCIP/12-185 (Fig. 2) in AICRP for
multi-location testing.

MS/12-2116 (Kufri Surya x CP2340): The hybrid
with total tuber yield of 38 t/ha (75 days) and 47
t/ha (90 days) showed superiority of 12% and
25% over Kufri Bahar (37 and 38 t/ha). The hybrid
produces attractive white-cream, ovoid tubers
with shallow eyes and cream flesh. The hybrid
possesses 19% tuber dry matter at 90 days and
very good keeping quality.

MS/13-527 (MP/5-816 x Kufri Gaurav): The hybrid
with total tuber yield of 30 t/ha (75 days) and 39 t/
ha (90 days) showed superiority of 5% over Kufri
Lalima and Kufri Sindhuri (37 t/ha at 90 days). The
hybrid produces attractive dark red, round-ovoid
tubers with medium eyes and cream flesh. The
hybrid possesses 18% tuber dry matter at 90 days,
very good keeping quality and high resistance to
late blight as compared to Kufri Bahar.

MCIP/12-185 (CP4047 x Kufri Pukhraj): The
hybrid with total tuber yield of 37 t/ha (75 days)
and 49 t/ha (90 days) showed superiority of 4%
and 18% over Kufri Bahar (35 and 42 t/ha). The
hybrid produces attractive white-cream, ovoid
tubers with shallow eyes and cream flesh. The
hybrid possesses 18% tuber dry matter at 90 days
and very good keeping quality. MCIP12-185
showed resistance to late blight under field and
through detached leaf test.

Recommendation of new variety: Medium
maturing advanced stage hybrid PS/06-88 (Fig. 3)
was recommended for release in 36" group meeting
of ACIRP (Potato) held during 08-11 September,
2018 at SDAU, Sardar krushinagar, Gujarat for
eastern plains. It produces red round tubers with
medium deep eyes and yellow flesh. PS/06-88
produces nearly 25-30 t/ha tuber yield and possess
good keeping quality, nearly 19% tuber dry matter
and is moderately resistant to late blight.

Notification of new potato varieties: New
improved potato varieties namely Kufri Ganga,
Kufri Neelkanth and Kufri Lima (Fig.4) were
notified by Central Sub-Committee on Crop

Standards, Notification and Release of Varieties
for Horticultural Crops, New Delhi vide No.3-
69/2018-SD'lV Dated: 20th December, 2018 for

cultivation in north Indian plains.

Fig. 3: Tubers of PS/06-88

Optimizing  agro-techniques  for  Kufri
Neelkanth: The variety responded up to 240 kg
nitrogen (29.5 & 31.4 t/ha), 30 kg phosphorous
(27.8 & 31.5 t/ha) and 120 kg potassium (26.8 &
30.2 t/ha) per hectare for marketable and total
tuber yield, respectively. The spacing of 60 x 25
cm was optimum for higher marketable (37.2 t/
ha) and net marketable yield (33.8 t/ha) with 20%
less seed (3.33 t/ha) as compared to conventional
spacing of 60 x 20 cm, which had 36.3 and 32.1 t/
ha of marketable and net tuber yield, respectively,
where 4.17 t/ha of seed tubers of 50 g mean tuber
weight was used.

Optimizing agro-technology for Kufri Ganga: The
two year (2017-18 and 2018-19) results at 90 days
crop duration revealed that spacing of 60 x 25 cm
was optimum for higher marketable (42.9 t/ha) and
net marketable yield (39.6 t/ha) with 20% less seed
(3.33 t/ha) in comparison to conventional spacing
of 60 x 20 cm, which recorded 42.1 and 37.9 t/ha of
marketable and net tuber yield, respectively.

Kufri Ganga

Kufri Neelkanth

Kufri Lima

Fig. 4: Tubers of new potato varieties



Optimizing agro-techniques for advanced stage
hybrid MS/8-1148: The results of 90 days crop
duration, indicated response of hybrid up to 240
kg nitrogen (37.4 & 43.2 t/ha), 40 kg phosphorous
(38.8 & 43.0 t/ha) and 150 kg potassium (37.4 &
43.2 t/ha) per hectare for marketable and total
tuber yield, respectively. Tuber dry matter content
varied between 15-18 and dose of 240 N- 40 P O,-
150 K,O kg/ha recorded 17% tuber dry matter.

Evaluation forlate blightresistance at Modipuram:
Among advanced hybrids, the minimum AUDPC
was recorded in CP4510 (40) followed by MP/14-
730 (48), MSH/14-122 (83), MCIP/14-202 (85),
MP/12-118 (138), MS/13-527 (157), MSH/14-113
(170), MP/14-707 (295), MCIP/13-64 (385), MSH/14-
112 (389), MS/15-1001 (445) and MS/15-1572 (472)
as compared to Kufri Bahar (943). Among the
hybrids, lowest rAUDPC was recorded in MSH/14-
122 (0.055) and highest was in MS/14-1063 (0.590)
as against Kufri Bahar (0.628). Under laboratory
condition, by detach leaf method, one hybrid
MCIP/14-202 was found resistant (R) and 14
advanced stage hybrids namely CP4510, MCIP/13-
64, MCIP/14-211, MP/12-118, MP/14-707, MP/14-
730, MP/14-854, MS/13-527, MS/14-505, MSH/14-
7, MSH/14-112, MSH/14-113, MSH/14-122 and
MSH/14-123 were found moderately resistant and
remaining 40 were susceptible.

Research activity 2: Breeding for
processing varieties

Hybridization and selection: In total, 101392 TPS
of 73 crosses were produced at Kufri/Modipuram.
A total of 101392 TPS of 73 crosses were raised,
22036 seedlings were transplanted and 1092 clones
were selected. A total of 927 clones of F,.C,, 152
clonesinF,C,and 22 clonesin F,C, generation were
evaluated and 237, 56 and 8 clones respectively
were selected based on tuber characters and chip

colour.

Advanced stage trials at Modipuram: In F C,
stage, 7 genotypes namely MP/14-169, MP/14-171,
MP/14-332, MP/14-427, MP/14-632, MP/14-1003
and MP/14-1029 were selected from 11 hybrids.
In F C, and F C, stage, 14 hybrids along with 6
control varieties were evaluated at 75, 90 and 110
days in two trials and on the basis of total tuber
yield, processing grade yield, chip colour and dry
matter, 10 genotypes namely MP/11-30, MP/11-
126, MP/11-112, MP/12-105, MP/12-223 MP/13-
602, MP/13-662, MP/13-669, MP/13-1040 and
MP/13-1045 were selected for chips/French fries.
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Advanced stage trials at Burdwan (West Bengal):
Among the 10 hybrids evaluated along with 4
control varieties at 95 days, MP/11-30 (59 t/ha),
MP/9-73 (55 t/ha) and MP/9-45 (53 t/ha) were
found superior on the basis of quality and tuber
yield for chips than their respective controls.

Identification of advanced hybrid for AICRP

MP/11-30 (Kufri Chipsona-3xHT/97-727): Based on
last three years performance, MP/11-30 produced
42% higher processing (37 t/ha) and 20% higher
total tuber yield (42 t/ha) than Kufri Frysona (26
and 35 t/ha). MP/11-30 produces attractive white-
cream, ovoid-oblong tubers with shallow medium
eyes and white-cream flesh. The hybrids possess
20% tuber dry matter and acceptable fry colour
score (4.0).

MP/12-126 (CP 4047 x MP/99-322): Based on last
three years performance, MP/12-126 produced 9%
higher mean processing (37 t/ha) and 5% higher total
tuber yield (41 t/ha) than control Kufri Chipsona-3
(34 t/ha and 39 t/ha). MP/12-126 produces attractive
white-cream, ovoid-oblong tubers with shallow
medium eyes and white-cream flesh. The hybrids
possess 20% tuber dry matter and acceptable chip
colour score (3.6).

Advanced stage hybrid introduced into AICRP

MP/9-45 (Kufri Himsona x CP 1371): Based on last
three years performance, MP/9-45 (Fig. 5) for chips
has been introduced into AICRP for multi-location
trials. It produced 8 % higher mean processing (30
t/ha) and 9 % higher total (36 t/ha) tuber yields
than Atlantic (28 and 32 t/ha). It produces attractive
white cream, ovoid tubers with shallow medium
eyes & white cream flesh. The hybrids possess 21%
dry matter and acceptable chip colour score (3.3).

MP/9-73 (MP/97-921 x HT/97-727): Based on last
three years performance, MP/9-73 (Fig. 6) for
chips has been introduced into AICRP for multi-
location trials. MP/9-73 produced 13% higher
mean processing (30 t/ha) and 4 % higher total (36
t/ha) tuber yields than Kufri Chipsona-1 (25 and
33 t/ha). MP/9-73 is earlier in foliage senescence
(70%) than Kufri Chipsona-3 (60%) and Kufri
Chipsona-4 (65%).

It produces attractive white cream, ovoid tubers
with shallow medium eyes & white cream
flesh. The hybrids possess 22% tuber dry matter
and superior or at par chip colour score (3.5)
than Atlantic, Kufri Chipsona-3 and Kufri
Chipsona-4.
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Recommendation of new varieties: Medium
maturing French fry advanced stage hybrid MP/4-
578 (Fig. 7) was recommended for release in 36™
group meeting of ACIRP (Potato) held during 08-
11 September, 2018 at SDAU, Sardar Krushinagar,
Gujarat for cultivation in North western and
central plains. It produces white oblong tubers
with shallow eyes and white flesh colour. Hybrid
MP/4-578 produces nearly 30-35 t/ha tuber yield
and possess good keeping quality, nearly 20-21%
tuber dry matter and is field resistant to late blight
and potato virus Y.

Fig. 7: Tubers of MP/4-578

Processing quality of advanced hybrids at
Jalandhar: Among the seven processing hybrid

..-'- \n. \"_‘ 3 .‘-,

Fig. 6: Leaf, flower, sprouts and tubers of MP/9-73

Y 2T et

Fig. 5: Leaf, flower, sprouts and tubers of MP/9-45

evaluated along with six controls at 90 days,
except for MP/9-45 (19.84%), tuber dry matter of
all hybrids was more than 21% and MP/12-105
(24%) recorded highest tuber dry matter. Chip
colour score of MP/12-223 was within acceptable
range, however, French fry colour of all hybrids
except MP/11-112 was within acceptable range.
Bio-yield point (at which the probe punctures
through the skin), hardness and firmness (average
hardness during probe travel) of MP/12-70 was
highest. Whereas, flesh firmness (plateau of
the force after the bio-yield point) of MP/12-105
was maximum. Similarly, chips crispiness and
toughness (work done or total force used during
first bite/compression) was highest for MP/12-105.

Processing quality of genotypes during storage
at 10-12°C with CIPC during 2017-18: Among
the 13 genotypes, except MP/10-172, all hybrids
recorded more than 21% dry matter during
storage. After 180 days of storage only MP/11-
30 recoded acceptable chip colour score whereas
fry colour score of all hybrids were within the
acceptable range. Highest chips crispiness and
fracturability were recorded in MP/9-45.

Optimizing agro-techniques of advanced
stage hybrid MP/06-39: The hybrid responded
significantly up to 240 kg N/ha having marketable
(36.8 t/ha) and total tuber yield (41.2 t/ha).
Phosphorous application up to 40 kg P,O./ha was
sufficient as hybrid had marketable (36.9 t/ha) and

(18)
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total tuber yield (40.7 t/ha). The hybrid attained
sustainable marketable (33.3 t/ha) and total (38.7
t/ha) tuber yield at 100 kg K,O/ha. Comparable
tuber dry matter content (21.72%) and best chip
colour score (3.6) was observed with 240 N-40
P,O,-100 K,O kg/ha level.

Research activity 3: Breeding for biotic
stresses (late blight, viruses & cyst
nematodes)

Hybridization and selection: In all, 160645 TPS
were obtained from the 109 crosses attempted at
Shimla, Ooty and Shillong involving late blight
and potato cyst nematode resistant parents.

Seedling stage: A total of 14898 seedlings derived
from 91540 TPS of 41 crosses were screened and
at harvest, 1898 clones were selected at Kufri
and Ooty. In initial clonal stages (F,C, to F,C)),
1787 clones were evaluated and 778 clones were
selected at Kufri, Ooty and Shillong.

Advanced stage trials at Shimla, Ooty and
Shillong: Five F,C, advanced stage hybrids were
evaluated along with controls. SM/08-04 yielded
significantly higher compared to controls and also
showed resistant reaction to late blight disease.
In F,C, stage, among the seven advanced stage
hybrids evaluated, SM/03-25, SM/09-91 and SM/08-
11 showed yield superiority over best control,
Kufri Girdhari. In F,C, stage (10 advanced stage
hybrids, 2 trials), three hybrids namely SM/11-
120, SM/08-11 and SM/10-139 yielded significantly
higher than the best check Kufri Himalini. The
hybrid, SM/11-120 is highly resistant to late blight
and both species of potato cyst nematodes. At
Ootacamund, 9 hybrid were selected from the 30
evaluated in 5 trials. At Shillong, seven promising
advanced hybrids were selected based on the
tuber characteristics, dry matter, AUDPC and
yield from the 13 evaluated in one trial.

Evaluation at Modipuram: Among the 22 late
blight resistant hybrids (2 trials) evaluated, hybrids
SM/13-122, VMT 3-1, SM/08-21, SM/10-253, SM/13-
150 and SM/13-129 yielded significantly higher
than Kufri Bahar. A red fleshed hybrid SM/13-172
performed significantly better than Kufri Jyoti,
statistically at par to Kufri Bahar. Thirty advanced
hybrids along with seven varieties were evaluated
for late blight screening. All hybrids showed less
Area under Disease Progress Curve (AUDPC) in
comparison to highly susceptible control variety
Kufri Bahar. Minimum AUDPC was recorded in
hybrid SM/13-172 (10).

PCN screening at Kufri: A total of 22 hybrids with
standard checks Kufri Jyoti, Kufri Girdhari and Kufri
Himalini were screened against both the species
potato cyst nematodes at Kufri and one hybrid
(SM/11-120) was immune, one highly resistant
(HR) (SM/09-121) and five were found moderately
resistant (MR) to both the species of Globodera.

Recommendation of new varieties: New Potato
varieties namely Kufri Karan and Kufri Sahyadri
(Fig. 8) were recommended for release.

Fig. 8 (a): Tubers of new potato variety (Kufri Karan)

Kufri Karan (§M/00-42) a medium maturing late
blight resistant hybrid was recommended for
release in 36™ Annual Group Meeting on AICRP
(P). It possesses resistance to multiple diseases
viz., late blight, apical leaf curl virus, potato virus
Y, potato virus S, potato leaf roll virus, potato
virus A, potato virus M with moderate resistance
to potato cyst nematode. It produces nearly 30
tons/ha yield and is recommended for Indian hills
and Plateau region.

0S/01-497

Fig. 8 (b): Tubers of new potato variety
(Kufri Sahyadri)

(19)
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Kufri Sahyadri recommended for Tamil Nadu
hills during 36™ Annual Meeting of AICRP (P) is
highly resistant to both the species of potato cyst
nematode with average yield of 32 t/ha.

Molecular Breeding

Hybridization: A total of 16210 hybrid TPS
were obtained from 8 crosses to pyramid multiple
resistance genesinacommon genotypicbackground
for late blight (R1 and R3a), PVY (Ryadg, Rysto) and
potato cyst nematodes (H1, HC_QRL and Grol-4)
resistance using molecular assisted selection.

Characterization of parental lines for late blight
resistance genes: Fifty-two parental lines were
screened phenotypically under field condition
and genotypically using gene specific markers
(R1AS, CosA, R2, cLET5E4, GP 185 and R31380).
Field screening results showed that 40.38% lines
were highly resistant, 15.38% were resistant,
38.46% were moderately resistant and 5.88% were
susceptible to late blight. In molecular validation
3 lines showed positive response for R1AS, 3
for CosA, 29 for R2, 51 for cLET5E4, 46 for GP
185 and 34 for R3 1380. Among these CP2328,
CP2340 and CP1669 showed the presence of five
markers (R1AS, CosA, cLET5E4 and GP 185).
Based on phenotypic (highly resistant/resistant)

and genotypic (presence of two genes) data,
10 promising accessions viz., CP1843, CP2066,
CP2258, CP2417, OS/13-519, SM/00-191, SM/00-43,
SM/01-07, Kufri Girdhari and CP2427 identified.

Characterization of parental lines for PCN
resistance genes: FEighty-six parental lines
were screened for eight PCN resistance linked
molecular markers for identification of resistant
genotypes. The genotypes CP4052, CP4057,
CP4075 and Ivory russet were positive for highest
number of molecular markers (7), while HR/9-
5, CP4087, CP2418, CP3173 were positive for six
markers. The marker SPUD 1636 was only found
in Atlantic and Herculea and TG 432 was found in
three genotypes viz., CP3711, HR/9-5 and CP4311.

Characterization of advanced stage hybrids for
multiple resistance: Forty advanced stage hybrids
were screened for R genes/R gene linked markers
(Fig. 9) for resistance to late blight, PVY and PCN.
Among the hybrids, SM/11-120, SM/10-178, SM/10-
255, SM/09-161, SM/13-172, SM/13-169 were
promising for PCN resistance based on number
of genes/markers present in them. Most of the
advanced hybrids were having one or the other late

blight (R1 and R3) and PVY (Ryadg) resistance gene.

1kb plus ladder

1400 bp

1kb plus ladder

:

320 bp

Known +ve

Fig. 9: Hybrids possessing R1 (AS) (1400bp) marker and Ryadg (320 bp) marker/gene

Research activity 4: Breeding for
abiotic stresses (heat and water)

Breeding for heat tolerance

Hybridization and selection: A total of 175195
TPS were obtained from 68 crosses, 9580 seedlings
were raised from 53054 TPS (51 crosses) and 488
clones were selected. A total of 317 clones were
also selected from single tubers derived from 6
crosses screened under heated glass house (35-
38°C day and 22-24°C night). In all 568 clones of
F.C, FC& F C, were multiplied and evaluated
at Modipuram in winter crop and 38 clones were
selected. In F,C,, clones HT/16-240 and HT/16-113

(35 t/ha) were top yielder as compared to Kufri
Surya (27 t/ha) and Kufri Pukhraj (37 t/ha).

20

Advanced stage trials under early crop season
at Modipuram: Five hybrids namely, HT/14-101,
HT/12-834 (13 t/ha), HT/12-116, HT/12-751, HT/12-
43 (12 t/ha) were found promising as compared to
controls Kufri Surya and Kufri Lima (11 t/ha).

Advance stage trials at Bhubaneswar and Pune:
Six advanced stage hybrids were evaluated along
with control varieties at 90 DAP at Bhubaneshwar
(Rabi crop) and Pune (Kharif crop). At Bhubaneswar
significantly higher total tuber yield was obtained in
the advanced hybrid HT/12-751 (22 t /ha) followed
by HT/12-830 and HT/12-834 (19 t/ha) as compared
and best control Kufri Surya (17 t/ha). At Pune
significantly higher total tuber yield was obtained in
advanced hybrids viz.,, HT/12-43 and HT/12-834 (17 t/
ha) as compared to best control Kufri Surya (17 t/ha).
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Analysis of glycol-alkaloids in heat-tolerant
genotypes at Shimla: Total 41 samples from early
season harvest from Gujarat, Modipuram (UP)
and Pune (Maharashtra) were analysed for glyco-
alkaloids in whole tubers (unpeeled). The results
showed wide variation for the trait and, thus,
regular monitoring of glycol-alkaloids is equally
important in breeding for heat tolerance.

Identification advanced stage hybrid: Based
on four years performance (2015-16 to 2018-19)
during early planting season of at Modipuram,
advanced stage hybrid HT/12-751 (ASP-1 x HT/4-
935) wasidentified. It produced 7% and 10% higher
marketable and total tuber yields, respectively
compared to best control Kufri Surya. It produces
white-cream, ovoid tubers with shallow eyes and
yellow flesh (Fig. 10). HT/12-751 possesses 17%
tuber dry matter, long dormancy period and very
good keeping quality.

Fig. 10: Tubers of HT/12-751

Breeding for drought tolerance

Hybridization and selection: In all 4750 seedlings
were raised from 28500 TPS (8 crosses) and 203
clones were selected. Total 236 clones of F1C1,
F.C, FC, & F,C, were multiplied and evaluated
at Modipuram in winter crop and 176 clones were

selected at harvest.

Advanced stage hybrid trials: A total of 17
hybrids were evaluated under water stress and
well-watered conditions along with control Kufri
Bahar, Kufri Mohan and Kufri Pukhraj. Total
irrigations were five in control and four in water
stress strip. Considering the root pulling force,

stay-green trait and other associated traits viz.
total tuber yield, tuber dry matter under stress,
attractive tuber shape and tuber uniformity five
hybrids were selected namely WS/09-609, WS/11-
367, WS/12-110, WS/13-135 and WS/13-192,.

Stay green trait as adaptive attribute under water
stress: Hybrids WS/12-110, WS/13-135 and WS/13-
192 stayed green at 85 DAP and shown lowest
foliage senescence (< 4% yellow) with better total
tuber yield under stress as against moderate (20-
30% yellowness) in control. Stay green trait helped
in capitalizing the favorable period of moisture
availability (last watering to optimize harvest
operations) during terminal end of crop maturity.

Advanced hybrid introduced into AICRP: Based
on three years performance under water deficit
regime during 2015-16 to 2017-18 at Modipuram,
hybrid WS/07-113 (CP1748 x LT-1) was introduced
into AICRP. It produced 14% higher tuber yield at
Modipuram over the control Kufri Bahar. It recorded
higher Stress Tolerance Index (STI) due to higher
Pn rate, compact canopy and also highest mean
WUE (1.35 q tuber/ha-mm) as against Kufri Bahar
(1.26 q tuber/ha-mm) across the years of evaluation.
It possesses white-cream, oval tubers, shallow to
medium eyes and cream flesh (Fig. 11). The hybrid
has > 19% dry matter, long dormancy period and
very good keeping quality in country store.

Evaluation of advanced hybrids for higher
yield & water use efficiency: Five advanced
stage hybrids along with Kufri Bahar and Kufri
Pukhraj were tested at three soil moisture regimes
viz. 0.20-0.25, 0.40-0.45 & 0.60-0.65 bars/atm.
The total water (including effective rainfall) was
applied viz. 300, 250 & 200 mm under wet, moist
& semi-dry regime, respectively during 92 days
crop. Results showed that WS/09-609 produced
significantly higher total tuber yield (36.6 t/ha
including 7-8% tuber cracking) than Kufri Bahar
(36.4 t/ha) followed by advanced hybrid WS/11-
367 (35.7 t/ha) (Table 4). The total tuber numbers
produced by control varieties were statistically at
par with the tubers produced by WS/09-609.

Fig. 11: Leaf, flowers, tubers and sprout of WS/07-113
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Table 4: Tuber yield and WUE of different advance WS genotypes as
influenced by irrigation levels

Genotype. Total yield . Water use efficiency i
Wet Moist Semi-dry Wet Moist Semi-dry

WS/07-113 33.7 30.8 28.8 31.1 1.123 1.232 1.440 1.265
WS/09-605 36.0 34.4 33.9 34.8 Cr 1.200 1.376 1.695 1.435
WS/09-609 36.8 36.7 36.2 36.6 Cr 1.227 1.468 1.810 1.502
WS/11-367 36.4 35.2 35.4 35.7 1.213 1.408 1.770 1.464
WS/11-344 35.6 33.8 33.6 34.3 Cr 1.153 1.352 1.730 1.412
Kufri Bahar 37.9 37.2 34.2 36.4 1.263 1.488 1.710 1.487
Kufri Pukhraj 41.3 39.3 38.5 39.7 1.373 1.572 1.930 1.625
Average 36.4 35,3} 35.2 - 1.212 1.413 1.760 -
LSD at 5% (1) NS (G)2.3 (Ix G)NS - - -

Wet =0.20-0.25 bars, Moist =0.40-0.45 bars, Semi-dry =0.60-0.65 bars, Cr = Cracking in tubers, I= Irrigation, G= Genotype

Canopy temperature, areliable water deficitstress
indicator: Infrared imaging, canopy temperature
(CTemp) provides information on water status,
water use and level of stress condition besides it
indicates the actual energy released by a plant.
Analysis of CTemp in potato under water deficit
stress was undertaken at ICAR-NIASM, Baramati
(MH) using Plant Phenomics facility. Kufri Jyoti
and Kufri Chipsona-3 were grown in plastic pots
in greenhouse at 27+5°C.

Plants at 45 DAP were subjected to 10 days
of water treatments i.e. Control (100% of FC,
field capacity), stress 1 (50% of FC) and stress 2
(severe stress). The water level (respective FC)
of each treatment was maintained by LemnaTec
automated weighing and watering system.

CTemp, analysed wusing Infrared imaging
(VarioCAM® High Definition), was progressively
increased as intensity of water stress increased in
both genotypes and it was significantly higher in
Kufri Chipsona 3 than Kufri Jyoti (Fig. 12). Results
suggest that Kufri Jyoti has ability to keep CTemp
lower under severe stress. Thus, CTemp can be
a reliable indicator in screening drought tolerant
genotypes in potato.

Fig. 12 (a): Infra-red images of Kufri Jyoti & Kufri Chipsona-3
and canopy temperature under water stress levels

36 B Kufri Chipsona 3 B Kufri Jyoti

Canopy temp (°C)

Stress 1 Stress 2

Control

Fig. 12 (b): Canopy temperature under
water stress levels

Effect of deficit irrigation on root parameters: Root
length density (RLD), the length of roots per unit
volume of soil, is one of the important parameters
required to understand plant performance under
water stress. Pot culture studies showed that RLD
was higher in Kufri Surya, Kufri Badshah and hybrid
HT/7-1329 under deficit irrigation (DI) during 35 to
45 DAP as compared to full irrigation (FI) in control.
Root surface area (RSA) was also increased in Kufri
Surya, Kufri Badshah and declined in hybrids under
deficit irrigation (Fig. 13).
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Fig. 13: (a) Root length density as affected by
water stress
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Fig. 13 (b): Root surface area as effected by
water stress

Research activities 5 & 6: Development
of nutritio-nally superior varieties &
Breeding for enhanced micronutrient
content in potato

Hybridization and selection: A total of 30000 TPS
(18 crosses) were generated, 3760 seedlings were
raised from 9653 TPS of 14 crosses, 193 clones
were selected. In F,C, stage 72 clones of 12 families
were evaluated at 90 days in short row trial and 21
promising clones were selected from 7 families. In
F.C, stage 36 clones of 6 families were evaluated
in duplicate row trial at 90 days and based on
tuber attributes and nutritional components, 8
promising clones namely MSP/17-07 (yellow skin),
MSP/17-89, MSP/17-147, MSP/17-212, MSP/17-
341, MSP/17-345, MSP/17-532, MSP/17-537 (pink
or purple skin) were selected.

F C, stage: Hybrids MSP/16-150, MSP/16-300,
MSP/16-307 and MSP/16-375 produced high total
tuber yield or remained at par with control Kufri
Bahar. The result of mean phytonutrient profiling
of last two years (2016-17 and 2017-18) indicated
range of anthocyanin content in tuber flesh from
0.47 to 1.10 mg/100g FW depicted by MSP/16-
272 and MSP/16-362, respectively (Fig. 14). The
carotenoids content varied from 134 to 609 ug/100
g FW exhibited by MSP/16-298 and MSP/16-272,
respectively (Fig. 15). The Iron content varied
from 24 to 41 ppm DW basis in clones MSP/16-307
and MSP/16-004, respectively, while zinc content
ranged between 14 to 24 ppm DW in MSP/16-150
and MSP/16-004, respectively (Fig. 16).

F C, stage: Six clones of cross Bareilly Red x
CP3770 were evaluated in replicated yield trial
at 90 days and based on low degeneration rate,
tuber attributes and nutritional components, one
promising clones namely MSP/15-60 was retained
(Fig. 17). MSP/15-60 is medium maturing,

produced 38 t/ha total tube yield with nearly
27 tubers/plant. This clone can be suitable for
production of baby potatoes. The nutritional
profiling of last three years (2015-16, 2016-17
and 2017-18) on 9 F,C, clones revealed range of
anthocyanin content in tuber flesh from 0.24 to
1.58 mg/100g FW depicted by MSP/15-48 and
MSP/15-51, respectively.
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Fig. 14: Anthocyanin (mg/100g FW) content
over 2016-17 & 2017-18
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Fig. 15: Carotenoid content (ug/100g FW)
over 2016-17 & 2017-18
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The carotenoids content varied from 381 to 1099
ug/100 g FW exhibited by MSP/15-56 and MSP/15-
64, respectively. The Iron content varied from
28 to 35 ppm DW basis in clones MSP/15-26 and
MSP/16-51, respectively, while, zinc content
ranged between 16 to 23 ppm DW in MSP/15-56
and MSP/16-12, respectively. The results revealed
highest mean anthocyanin and iron content in
clone MSP/15-51. Flavouring compounds (AMP:
Adenosine 5-monophosphate, GMP: glutamic
acid, aspartic acid, guanosine 5'-monophosphate)
in microwaved tubers ranged from 3.12 (MSP/15-
44) -7.22 (MSP/15-56) ug/g FW defining that clones
with higher values would tastes better and have
higher organoleptic scores.

Nutrient profile of potato germplasm: Various
germplasm were evaluated for micronutrients
content such as anthocyanin from 0.11 (CP4406)
to 1.66 (Kala Aloo) mg/100g FW in tuber flesh;
carotenoids between 18 (CP4496) to 576 (Kala
Aloo) ug/100g FW; phenols between 10 (CP4393)
to 80 (JEX/A-122) mg/ 100g FW) and iron from
17 (CP4406) to 27 (JEX/A-122) ppm DW. Other
mineral elements viz., copper content (ppm DW)
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in tuber flesh ranged between 8 (CP4510) to 13 (CP4406), while manganese content (ppm DW) varied
from 11 ppm (CP4510) to 27 ppm (CP4498).
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Fig. 16: Iron and zinc content (ppm DW) over 2016-17  On overall basis, Kala Aloo showed highest

& 2017-18 content of anthocyanin and carotenoids, whereas
JEX/A-122 showed highest values for phenols and
zinc in tuber flesh.

Molecular profiling of breeding population:
A total of 110 lines including 108 segregating
progenies MSP/17-136 to 243 developed from
MP/4-816 and CP4242 were analysed using 60
simple sequence repeat (SSR) markers.

Only one distinct SSR marker (STI0003) was
identified as distinct and polymorphic marker on
Fig. 17: Tubers of MSP/15-60 3% agarose gel which ‘Could‘ able to differentiate
the parents and progenies (Fig. 18).
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Fig. 18: Gel profile of parents and 108 progenies and parents analysed by SSR marker (5TI0003).
Gel images: M = DNA ladder 50 bp; 1 = MP/4-816; 2 = CP4242; 3-110: MSP/17-136 to 243
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Late blight reaction at Kufri: Clones MSP/15-44
and MSP/15-56 were resistant against late blight
(AUDPC < 250) while MSP/15-26, MSP/15-51,
MSP/15-60 and MSP/15-64 were susceptible
(AUDPC > 650) compared to controls Kufri
Girdhari (highly resistant), Kufri Jyoti (susceptible)
and Kufri Himalini (resistant).

Research activity 7: Development of
nutrient and water use efficient cultivars

Hybridization and selection: A total of 33344
seedlings were raised from 57202 TPS of 86 crosses
and 6390 clones were selected. In F,C, stage 2560
clones, in F,C, stage 265 clones and in F,C, stage
50 clones were selected. Evaluation in replicated
yield trial: Twelve advanced stage hybrids namely
N/14-133, N/14-150, N/14-151, N/14-181, N/14-
254, N/14-256, N/14-59, N/14-63, N/14-75, N/14-
79, N/14-85 and N/14-230 were selected out of 48
hybrids evaluated at 90 days. All these hybrids
gave significantly higher yield than controls
except N/14-63 which produced at par yield with
controls and had 19% tuber dry matter.

In three confirmatory yield trials, two hybrids
namely N/13-49 and N/13-91 were selected on
account of significantly high yield as compared to
control out of 14 hybrids evaluated at 90 days.

Research activity 8: Diploid potato
breeding

Screening of new germplasm: Fifty diploid
accessions belonging to eight cultivated species
were raised in glasshouse for tuber multiplication
and ploidy confirmation (Fig. 19). Besides, 25
accessions of different wild species were also
subjected to ploidy analysis. Based on FACS
analysis, 23 accessions from cultivated species and
15 accessions of wild species were found diploid.
Confirmed diploids cultivated species were
hybridized with sli gene donor for introgressing
self-compatibility and six successful crosses out
of eleven attempted resulted in 3,176 hybrid TPS.
Six accessions of 23 identified diploids produced
tubers and showed self-incompatibility. Ten
accessions producing flowers were analysed for
pollen viability and results showed sterility to

partial fertility.

Multiplication and generation advancement of
diploid populations: Three diploid populations
TPS received from USDA was raised in glasshouse
and plants were analysed to confirm the ploidy as
well as self-compatibility. Tubers were obtained
in 4, 3 and 4 plants in DM x M18, DM x M6 and
USW4 x M6 populations, respectively.

All plants were self-compatible and selfing of
flowers in all the three populations resulted in
3819, 4387 and 10 seeds. Pollen viability analyses
showed that DM x M18 and DM x M6 were fully
fertile while USW4 x M6 was partially fertile
(Fig. 20).

Fig. 19: Diploid accessions for multiplication and evaluation a) Diploid accessions identified from gene bank,
b) plants of three diploid populations c) selfed berries in diploid population plants

Fig. 20: Pollen viability analysis of diploid accessions a) Fertile b) Partially fertile c) Sterile
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PROGRAMME: GENETIC ENHANCEMENT OF POTATO THROUGH
MOLECULAR AND GENOMIC TOOLS

Genome sequence analysis of dihaploid potato
C-13: Dihaploid C-13, developed earlier by anther
culture from cv. Kufri Chipsona-2, was used for
genome resequencing to analyze variations at
sequence level with respect to the potato genome.
A total of 344.794 million reads (paired end & short
reads) of very high quality data was generated
using Illumina technology.

Fig. 1: A circos plot shows pictorial distribution of
SNPs in S. tuberosum dihaploid potato C-13

Genome sequence analysis resulted in 80.68%
reference assembly with the potato genome. Overall,
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30241 genes were identified in C-13 genome, of
which 15538 genes were characterized by the gene
ontology (GO) terms. A total of 1,122,388 SNPs
(single nucleotide polymorphisms) and 48,145 indels
(insertion/deletions) were detected in C-13. In both
SNPs and indels, homozygous (65.78% and 90.16%)
were observed higher than heterozygous (34.22% and
9.84%), respectively. C-13 genome is presented in a
circos plot showing pictorial distribution of SNPs on the
potato chromosomes (Fig. 1) and GO terms in Fig. 2.

Genome-wide methylome analysis for tuber shape
variation in potato cv. Kufri Bahar: We analysed
genome-wide DNA methylation pattern by whole
genome bisulfite sequencing for potato tuber shape
variation in tissue culture-derived variant plant
(M2, elongated tuber shape) and original mother
plant (M1, round tuber shape- as control). Sequence
analysis showed ~ 38% methylated cytosines in
the samples, of which total methylation ratio (M2/
M1 = 1.15) was higher in M2 including CpG (1.19),
CHG (1.20) and CHH (1.08) contexts. Differential
methylation regions (DMRs) analysis revealed
maximum methylation on chromosome 5 CHG
context and downstream region, and higher hypo-
methylation than hyper-methylation (Fig. 3).
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Fig. 2: Gene Ontology (GO) characterization of C-13 genes in three main GO terms.
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Fig. 3: Methylome profiling of Kufri Bahar for tuber
shape variation (Original vs. de-shaped tuber)
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Precision phenotyping of contrasting potato
varieties in a novel aeroponics system for
improving nitrogen use efficiency:

Precision phenotyping of two distinct potato
varieties (Kufri Gaurav: N efficient, and Kufri Jyoti:
N inefficient) was done in aeroponics supplied
with low N (0.75 mM NO3-) and high N (7.5 mM
NQO3-). Plant biomass, root traits, total chlorophyll
content and plant N were increased with increasing
N supply, whereas higher NUE parameters
namely NUE, agronomic NUE (AgNUE), N uptake
efficiency (NUpE), harvest index (HI), and N
harvest index (NHI) were observed at low N. An
NUE efficient cv. Kufri Gaurav showed higher
tuber dry weight, fresh tuber yield, tuber number
per plant, early start of tuber harvesting, root traits,
stolon traits, NUE parameters and higher amino
acids (aspartic acid and asparagine) content at
low N supply. Higher expression of NR, NIR and
AS genes was observed in the leaf tissues of Kufri
Gaurav athigh N. Thus, aeroponics-based precision
phenotyping enables identification of NUE efficient
genotypes based on key traits and genes involved
in 1mprov1ng NUE in potato (Fig. 4).
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Fig. 4 (a): Growth of potato aeroponics with different
nitrogen doses phenotype and root biomass.
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Fig. 4 (b): Gene expression of potato plants grown in aeroponics with different nitrogen doses

Performance of potato varieties in aeroponics to
analyze genesinvolved in nitrogen use efficiency:
The available potato varieties (54 nos.) developed
by ICAR-CPRI were evaluated in aeroponics
controlled conditions with a single nutrient
solution comprising macro/micro nutrients and
all varieties performed excellent except a few.
The composition of aeroponic nutrient solution
was developed at the institute (Patent applied:
201911011277). The tuber yield and plant biomass
data showed excellent results during October to
February crop season in Shimla. Further, plant
samples were collected to analyse genes governing
nitrogen use efficiency in potato varieties.

Small RNA sequencing to identify regulatory
elements under low nitrogen stress in potato:
Potato variety Kufri Jyoti (KJ), N inefficient, was
grown in aeroponics with two nitrogen treatments
(high N and low N) under controlled conditions.
Shoot and root samples were analyzed by small
RNA sequencing to identify microRNAs involved
in N stress in potato.

Field evaluation of NUE mapping population: A
total of selected 116 clones (F,C,) from the cross
(Kufri Jyoti x Kufri Gaurav) were evaluated in 90
days replicated field trial under low nitrogen (50
kg N/ha) regime along with the parents. Variation
in leaf pattern was well noted and about nine
clones had > 200g/plant leaf FW.

There was great variability in tuber yield.
Majority of the clones were found as low yielder,
nevertheless 11 lines achieved >480 g/plant tuber
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FW. Data on leaf FW, number of tubers and their
relation with tuber yield suggested that clones
having around 200g as leaf FW with 12 to 14
tubers/plant were good yielder under low N.

Development of simple sequence repeat (SSR)
markers set for identification of Indian potato
varieties: Total of 155 SSR alleles of 12 markers
were scored in 48 varieties with alleles per locus
varied from 4 (STM1053) to 35 (STIKA), and
polymorphic information content (PIC) ranged
between 0.53 (STM1053) to 0.92 (STIKA). Total of
1492 absolute alleles frequencies were detected
in the varieties ranging from 19 (Kufri Arun or
Kufri Sadabahar) to 45 (Kufri Kundan) with
marker-wise allele frequencies were maximum
in STIKA (273) and minimum in STM5127 (73) or
STM1053 (73). A set of minimum two-markers-
set (STIKA and STU6SNRN) was developed for
varietal identification up to similarity coefficient
0.89. These newly developed SSR markers sets
of Indian potato varieties have potential roles in
varietal identification, genetic fidelity testing,
DUS and molecular characterizations (Fig. 5).

SSR fingerprinting of Somatic hybrid progenies
with FAM labelled SSR marker: Somatic hybrids
progenies [MSH/17-16: Kufri Garima x Card 10;
MSH/17-25: Kufri Garima x P10; and MSH/17-
27: Kufri Jyoti x Card 16] were analyzed by 60
SSR markers. A diagnostic marker (STI0001) was
identified to distinguish the progenies and parents

(Fig. 6).
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Fig. 5: Fingerprinting of potato varieties using SSR markers
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Fig. 6: Molecular profile of somatic hybrid progenies using diagnostic SSR marker (STI0001).

Genetic improvement of somatic hybrids:

i) Replicated yield trials: Three advanced stage
hybrids MSH/14-7, MSH/14-129 and MSH/14-131
evaluated at 75 and 90 DAP in replicated yield
trial. At harvest, advanced stage hybrid, MS/14-
07 (48.65 t/ha) produced significantly high tuber

yield than Kufri Bahar (40.04 t/ha) at 90 days
(Fig. 7). 1) Evaluation under early crop: Of 8 clones
evaluated under early crop at 75 day, MSH/14-
07 (261 g/plant) and MSH/14-129 (277 g/plant)
showed tolerance to hopper/mite and produced
significantly high yield than heat tolerant variety

(29)
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KufriSurya (188 g/plant). iii) Evaluation of elite clones
of cross P8 x Kufri Jyoti under main crop: MSH/14-113
(508 g/plant), MSH/14-115 (406 g/plant), MSH/14-
122 (374 g/plant) and MSH/14-123 (474 g/plant)
produced at par tuber yield with Kufri Bahar
(437 g/plant) at 90 DAP. Clones namely MSH/14-
112, MSH/14-113, MSH/14-115 and MSH/14-122
produced significantly high tuber dry matter
(21-24%) as compared to Kufri Bahar (20%). iv)
Evaluation of progenies of somatic hybrids for late blight
resistance: All the advanced hybrids possessed less
AUDPC than the susceptible variety Kufri Bahar.
Specifically MSH/14-113 and MSH/14-122 showed
high level of late blight resistance.

CDF1.2is candidate gene for enhancing earliness
in potato cultivars: The short-day photoperiod
promotes tuberization in potato, whereas long-
day and high-temperatures inhibit or delay
tuberization. Cycling dependent DNA with one
finger transcription factor (CDF) circadian gene
family, that underlies a major quantitative trait

locus QTL for timing of tuber initiation. Based on
this concept, we over expressed the CDF1.2 gene
in late maturing cv. Kufri Girdhari.

Fig. 7: Tuber of advanced somatic hybrid progeny
MSH/14-07

Out of 95 transformed lines, 55 were found
nptll PCR positive and these positive lines
were subjected to phenotyping for tuberisation.
When analysed phenotypicaly for maturity and
early tuberization, 25 of the transformed lines
were tuberising 13 days early and senescence
phenotype in comparsion to the non transgenic
Kufri Girdhari (Fig. 8).
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Fig. 8: T-DNA map of StCDF1.2 in pRI101AN

CRISPR/Cas mediated editing of chlorophyll
synthesis gene Phytoene Desaturase (PDS), a
proof of concept for genome editing in potato:

CRISPR/Cas system is an important tools for
elucidatinggeneticcontrolsand cropimprovement.
We attempted use of CRISPR/Cas methodology in
tetraploid potato Kufri Chipsona-1 by targeting
the chlorophyll synthesis gene PDS (Phytoene
desaturase). To construct genome editing module
for PDS gene, we designed a specific and off target
3 gRNA from for exon region of the PDS gene.

A 20 bp gRNA sequence was selected by using
the gRNA designer (CCTop) and confirmed by
manual analysis. The 20-bp sequence had tri-
nucleotide PAM sequence ie., 5-AGG-3' on
its 3' end. We designed multiplex editing of all
the 3 gRNA using potato glycine tRNA for the
simultaneous expression of all 3 gRNA under the
control of AtU6 promoter.

This construct was used for genetic transformation
of potato using intermodal stem cuttings for
efficient stable transformation. More than 80% of
the putative transformants shoot lines exhibited

mutant phenotypes ie. bleached phenotype
(