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The Central Tuber Crops Research Institute (CTCRI) with its Headquarters at Thiruvananthapuram, 
and Regional Centre at Bhubaneswar, has made significant research advancement on different 
aspects of tropical root and tubers during 2009-10.

The  major research achievements include development of a triploid clone of cassava with high 
yield and extractable starch, identification of CMR lines with high starch content, development 
of hybrid taro with high yield, development of site specific fertilizer recommendation for 
cassava, validation of organic farming technology in elephant foot yam, development of 
molecular diagnostics for major fungal and viral pathogens of  tuber crops, bio-control for 
the management of cassava tuber rot, leaf blight of taro and collar rot of elephant foot yam,  
identification of bacteria associated with entomopathogenic nematodes and  characterization 
of its metabolites, development of biopesticide for cassava mealy bug, development of different 
pasta formulations from orange fleshed sweet potato, scaling up of bioethanol production from 
cassava starch, development of LPC from cassava and sweet potato leaves, development of 
cassava-rice flour extrudates, identification of adoption gaps in varietal and fertilizer adoption 
for sweet potato, yams and taro in Orissa, cassava production system study in Maharashtra, 
estimation of price spread for the identified channels of marketing for yams and aroids, 
preparation of techno-economic feasibility report (TEFR) for special industrial based cassava 
starch, revision of  TEFR for cassava flour and fried food products, developed Oushadham, a 
web based disease and pest diagnostic system on tuber crops and algorithms for Bayesian 
clustering of microarray gene expressions data.

The institute conducted many training programmes on advvanced technologies on tuber crops 
production and utilization for the benefit for farmers and departmental officers. The network 
projects of the ICAR and extramural funding provided by agencies like DBT, DST, DRDO, SHM 
PPV & FRA and KSCSTE have accelerated the research activities of the institute. As part of 
human resource development, a number of scientists participated in international and national 
symposia and visited advanced laboratories abroad.

I wish to record my sincere thanks to Dr. S. Ayyappan, Secretary, DARE and Director General,  
ICAR and Dr. H.P. Singh, Deputy Director General (Hort.), ICAR for their guidance and support for 
achieving the mandate of the institute. I am also thankful to all my colleagues for their sincere 
efforts for accomplishing the research targets. 

Let me present the Annual Report before the tuber crops fraternity, with great satisfaction and 
pride.

Dr.S.K.Naskar 
Director

Preface
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Executive summary

The 35th Institute Research committee meeting 
was held during 5-8 May 2009. The inaugural 
session of the meeting was held in the 
presence of Dr.S.V.Ngachan, Director, ICAR 
Research Complex for NEH Region, Shillong, 
Meghalaya. Research Advisory Committee 
V of CTCRI was held on 24th February 2010 
under the Chairmanship of Dr S.M.Paul 
Khurana. The Committee discussed the 
action taken on the recommendations of 
the previous meeting and new directions 
were made for the future programmes.VIII 
Institute Management Committee meeting 
was held on 7th December 2009 under the 
Chairmanship of Dr S.K.Naskar, Director, 
CTCRI. The committee has reviewed and 
approved the fresh proposal of purchase of 
equipments for 2009-10 and works under 
plan and non-plan.

The CTCRI has been selected by NAARM, 
Hyderabad  as one of its centres for hosting Field 

Experience Training (FET) to six Agricultural 
Research Service (ARS) probationers of 86th    
FOCARS.  The CTCRI conducted the 14th All 
India Entrance Examination for Admission 
to PG programme and the award of ICAR 
Junior Research Fellowships (JRF) at CTCRI, 
Thiruvananthapuram on 24 May 2009.

Xth Biennial Group Meeting of All India Co-
ordinated Research Project on Tuber Crops 
was held at Orissa University of Agriculture 
and Technology during 9-11 October 2009 
with participants from 15 states and one 
Union Territory.

Indian Society for Root Crops in association 
with CTCRI celebrated “Thrikarthika”, the 
festival of light on the full moon day of the 
month “Vrischikam”, 1st December 2009   
as TUBER CROPS DAY. Farmers-Scientist 
interactive session was arranged to exchange 
the views and R&D efforts  in the field of tuber 
crops research. 

A memorandum of understanding for the 
conduct of M.Sc Biotechnology (integrated 
course) was executed between Kerala 
Agricultural University and Central Tuber 
Crops Research Institute. 

Dr. Wolfgang Gruneberg, Sweet Potato Crop 
Leader International Potato Center (CIP), 
Lima, Peru and Dr.Sreekanth Attaluri, CIP-Research Advisory Committee meeting in progress



CENTRAL TUBER CROPS RESEARCH INSTITUTE
A
N

N
U

A
L
 R

E
P
O

R
T
 2

0
0

9
-1

0

8

SWCA Liason Officer, Bhubaneswer visited 
CTCRI on 8-9, March 2010 to monitor the 
preliminary yield trial of Jewel-2 population 
CIP-CTCRI collaborative project.

Crop Improvement

The germplasm of tuber crops consisting of 
5,774 accessions were conserved as field 
gene bank. Exploration programmes were 
conducted in Jharkhand, Lakshadweep 
islands and Wayanad. One hundred and forty 
four accessions of tuber crops comprising 
of sweet potato, Alocasia, Xanthosoma, 
Colocasia, Yams and minor tuber crops were 
collected.

Six early maturing cassava land races Ci-4, 
Ci-24, Ci-898, Ci-901, Ci-39 and Ci-60 with 
high yield (>4 kg/plant) at seventh month 
were identified. The accessions viz. Ci-768, 
Ci-776, Ci-71, Ci-60, Ci-743, Ci-802, Ci-888, 
Ci-869 and Ci-857 recorded  high extractable 
starch content (>35%) at seventh  month. 

Sixteen cassava landraces with very good 
chip making quality were identified of 
which Ci-24 had low cyanogen content and 
was found to be CMD symptom free. Ci-60 
recorded earliness coupled with drought 
tolerance and was also found to be CMD 
symptom free. 

Eighty seven accessions of cassava were 
evaluated for drought tolerance based on 
PEG screening and 34 were found to be 
tolerant.  Five accessions gave high yield of 
more than 3 kg/plant and seven accessions 
recorded more than 25% extractable starch 
under drought.

Six cassava accessions (Ci-872, Ci-647, 
Ci-776, Ci-793, Ci-75 and Ci-863) recorded 
high sugar content, (>5%) of which Ci-
872 recorded the maximum ( 6.25%). The 
accessions Ci-883 (19 µg g-1) and Ci-894 (24 
µg g-1) recorded very low cyanogen content.  
Ci-24 and  Ci-898 have high yield combined 
with low cyanogen content of 55 µg g-1 and 
37 µg g-1 respectively .

In the irrigated plains of Tamil Nadu, the 
cassava line, CMR-1,  was found to be stable 
with high extractable starch (24-26.3%) and 
tuber yield of 28 to 53 t ha-1 while the local 
control variety, Mulluvadi recorded tuber 
yield of  10 to 20 t ha-1 only with starch 
content of  23 to 26%.  CMR -1 showed only 
mild incidence of the mealy bug attack that 
occurred at 9th month. In addition, CMR-73 
that recorded 22.3 to 26.1% starch and 20 
to 27 t ha-1  yield also was selected by the 
farmers of this region. In the hilly region of 
Tamil Nadu, six lines viz CMR-55, CMR- 58, 
CMR-62, CMR-70, CMR-73 and CMR-129 
showed higher (25-27%) starch content with 
tuber yield of  24 to 34t ha-1. 

One hundred and fifteen cassava selections 
were tested in 8 initial evaluation trials and  
59 potential lines were  identified, of which 16 
recorded cassava mosaic disease resistance. 
Forty lines recorded high tuber yield (≥ 40 t 
ha-1) of which ten recorded stability as well.   
CMR 24, CMR 46 and CMR 53 had CMD 
resistance coupled with high tuber yield and 
high starch content.

The triploid clone, 6-6, with high yield (41.9 
t ha-1) and high extractable starch (27.8%) is 
now accepted by farmers of Tamil Nadu for 
industrial use. Two superior triploid clones 
(7-8 and 1-6) with higher yield (>38 t ha-1) 
and high extractable starch (29-32%) were 
identified for on farm trials in Tamil Nadu.

A total of 4,665 true seeds of cassava 
were supplied to five AICRP (TC) centres 
in the country viz. Yethapur (Tamil Nadu), 

Jagdalpur (Chattisgarh), Peddapuram(AP), 
Dapoli (Maharashtra) and Jorhat (Assam) for 
raising the seedling progeny in those centers 
and making selections (seedling and clonal), 
suitable to those locations.

In an advanced yield trial of CMD resistant 
lines, resistance coupled with high tuber 
yield was recorded at tenth month in CR43-
11 (86.41 t ha-1) , CR43-7(61.72 t ha-1) , 
CR54A-3 (49.39 t ha-1), CR9A125 (92.58 
t ha-1)  and CR21-10 (80.24 t ha-1). Among 
the cassava mosaic resistant clones, high 
starch content was recorded by the clones, 
CR54A3 (33.4%), CR20A-2 (33.12%), CR 
43-2 (30.74%), CR45-9 (31.61%) and CR54-5 
(31.21%). 

Seventy cassava clones including seven 
released varieties were evaluated for 
starch quality. Majority of the improved 
clones recorded higher amylopectin content 
than the released varieties. Seven clones 
recorded high amylopectin (>80%), of which 
the inbred 7IVD2-3 recorded the maximum 
(83.5%). The hybrid clone 9S174 recorded 
the highest amylose content (32.3%).

Two hundred and forty four hybrid clones 
were evaluated for dry matter content and it 
ranged from 19.34% (7Amba59) to 48.18% 
(9S275). Ten cassava mosaic resistant clones 
recorded high dry matter content (>44%), of 
which 9S258 (47.0%) and 9S275 (48.2%) 
recorded the maximum.

PCR amplification condition for RGA 
and drought genes from cassava was 
standardized. Amplified fragments of RGA 
(500bp) and drought genes (700bp) were 
separated in agarose gel. Both RGA and 
drought genes (WRKY, LEA and dehydrin 
genes) were cloned into plasmid vector. The 
presence of cloned genes in the plasmid 
vector was confirmed.

In sweet potato, 15 white/cream fleshed 
clones with high yield (> 20t ha-1) and high  Field view of CMR-1
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dry matter (30%) content were selected 
for the advanced yield trial. In ten orange-
fleshed sweet potato clones the total 
carotenoids ranged from 11-14 mg 100g-1 .f.w 
and b-carotene varied from 9-13mg100g1 

.f.w. The dry matter content ranged from 
21-25%.  No significant difference in total 
carotenoids and b-carotene content within 
the clone was observed during storage. The 
retention of carotenoids of the tubers of 10 
orange-fleshed clones in different processing 
methods indicated that the highest retention 
of total carotenoids (90-95%) and b-carotene 
(89-97%) was observed in oven-drying 
followed by boiling (84-90%) and (84-91%).  
In the frying method the total carotenoid 
retention was 77-85% and b-carotene was 
72-86%. Least retention of total carotenoids 
(68-73%) and b-carotene (63-73%) was 
found in the sun-drying method.      

DNA was isolated from 250 hybrid sweet 
potato seedlings. Out of these 150 DNA 
samples were analysed with 5 ISSR   primers. 
The Single Marker Analysis (SMA) resulted in 
the identification of one marker ISSR Y818 
3/1 associated with b-carotene. 

Eleven hybrid selections of D. alata have been 
identified from row trials, which gave higher 
yield with good cooking quality and compact 
tuber shape. Dry matter contents of 789 
clones were evaluated, which recorded a 
wide range from 13.0-45.7%. Majority of the 
clones (69.3%) recorded dry matter content 
in the range of 24-33% while seven per cent 
of the clones had dry matter above 36 per 
cent.

In the minor edible species, D. bulbifera,  
tetraploids and octoploids were identified. 
The cross between octoploid male and female 
was highly successful with 65 % fruit set. The 
immature hybrid seeds were cultured in vitro 
and the seedlings were raised.

In advanced yield trial of greater yam 
accessions with purple flesh color, Da 273 

recorded the maximum yield (29.60 t ha-1) 
followed by Da 310 with 22.2 t ha-1 and these 
accessions were identified for on farm trials.

Crude protein content of 67 yam accessions 
was analysed and  it ranged from 1.14% in Da 
325 to 4.7% in Da 11 on fresh weight basis. 
Ascorbic acid content of 20 accessions was 
recorded and it ranged from 1.25 mg100g-1 in 
Da 68 to 12.25 mg100g-1 in Da 123.

The field gene bank of D.alata was screened 
to identify accessions with anthracnose 
disease resistance. Six accessions viz. Da 10, 
Da 11, Da 60, Da 62, Da 64 and Da 157 were 
found to be tolerant.

Six recent collections of Amorphophallus were 
evaluated for yield and cooking quality along 
with Sree Padma as control. The accession 
Am-90 gave the highest yield of 37.00 t ha-1, 
followed by Am-93 (34.56 t ha-1) against 
32.09 t ha-1 in the standard Sree Padma. 

The Amorphophallus hybrid Am H -102 that 
gave significantly higher yield of 43.8 t ha-1 
than the check varieties was identified for 
on farm trials in Kerala. The hybrid clones 
showed resistance to collar rot.

In taro, the hybrid Co H 4-3 with high yield 
(22.2 t ha-1) was identified for on farm trials in 
Kerala. Thirty taro leaf blight tolerant clones 
were isolated.

The biochemical studies of Curcuma species 
showed that highest dry matter and starch 
content (31 % and 21%) was observed in 
Curcuma malabarica. Lowest dry matter 
and starch (21% and 10%) was recorded in 
C. amada and C. sylvatica and other species 
possessed 24-28% dry matter and 14-15% 
starch. Highest total carotenoid (15.34 mg 
100g-1 .f.w.) and b-carotene (13.23 mg100g-1 

.f.w.) was recorded in the clone SV3-17.

A total of 1250 accessions of different 
tuber crops were maintained in the In vitro 
gene bank. 5218 cultures of cassava, 3040 

cultures of sweet potato and 1320 cultures 
of Dioscorea were micropropagated for 
conservation and multiplication of germplasm. 
In C. parviflorus, callus induction and plantlet 
regeneration was observed in Sree Dhara 
and Co-1 in picloram (50 µM) supplemented 
medium.

Crop Production

Of the various weed management strategies 
tested in cassava var. Sree Vijaya under 
rainfed conditions, 2 hand weedings and 
4 weedings remained on a par with weed 
free control. However, intercropping cassava 
with green manure cowpea proved to be an 
alternative to hand weeding twice. In situation 
similar to rice fallow, sequential cropping 
of vegetable cowpea (var. Pusa Komal) and 
grain cowpea (var. C-152) in short duration 
cassava is a feasible practice. Saving of full 
P and half N for short duration cassava was 
possible in both sequential and intercropping 
systems with cowpea.

The first year experiment to evaluate the 
agronomic K efficiency of the 6 selected 
genotypes of cassava (Aniyoor, W-19, 7 
Sahya (2) for consumption purpose and 
6-6, 7II E3-5 and CR43-8 for industrial uses) 
proved that Aniyoor and 6-6 were the most 
K efficient ones as maximum yields (43.8 t 
ha-1) could be obtained even without the 
application of K fertilizer. In a long term 
manurial experiment in cassava var. Sree 
Visakham, the yield obtained with application 
of micronutrients (Zn and B) and secondary 
nutrient (Mg) either alone or in two nutrient 

Field experiment on INM strategy of tannia
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or three nutrient combinations along with the 
recommended dose of NPK and FYM were 
on a par indicating no additional advantage 
of using these nutrients either in two or three 
nutrient combinations over single nutrient 
application. Soil test based application of 
NPK@ 91:0:60 kg ha-1 along with FYM 
@7.5 t ha-1 recorded an yield (26.16 t ha-1) 
on par with the recommended dose of NPK 
@100:50:100 kg ha-1 along with 12.5 t ha-1 
FYM (31.02 t ha-1) suggesting the need to 
apply fertilizers and manures based on soil 
test data in cassava. 

A total of 24 N fixers, 22 P solubilizers 
and 3 Trichoderma sp. were isolated from 
the different treatments of the long term 
manurial experiment and the potent N fixer 
with an N fixing capacity of 11.76 µg g-1 and 
the P solubilizer with a P dissolving efficiency 
of 113.167 µg g-1 was identified as Bacillus 
subtilis and Enterobacter sp. respectively 
through molecular characterization. The 
soil physical properties  estimated under 
continuous cultivation of cassava for 19 years 
indicated the favourable effect of organic 
manures, especially green manuring in situ 
with cowpea in reducing the bulk density and 
particle density and improving porosity and 
water holding capacity of the soil. Application 
of Zn alone reduced particle density and bulk 
density, whereas Mg alone improved porosity 
and water holding capacity of the soil. 

Under the State Horticulture Mission 
funded project on the demonstration and 
popularization of INM practices involving 
secondary and micronutrients in cassava, soil 
test based application of Zn, NPK and FYM 
was the most economical (B:C ratio 1.75) 
followed by application of Mg, NPK and FYM 
(1.62). Application of NPK and FYM based on 
soil testing, ie., NPK @ 82:6.3:68 kg ha-1 along 
with FYM @ 6.8 t ha-1 was more economical 
(1.45) than the POP recommendation (1.27) 
(NPK @100:50:100 kg ha-1+FYM @12.5 t 
ha-1) and farmers’ practice (1.09).

Site specific fertilizer recommendations 
have been developed for cassava using the 
yield- uptake relationships. A website on 
site specific nutrient management has been 
created for uploading in CTCRI website. 
Online fertilizer calculation software has been 
developed for including in CTCRI website.

Detailed on farm experiments to validate Site 
Specific Nutrient Management  technology 
in cassava have been laid out in the states 
of Kerala, Tamil Nadu  and Andhra Pradesh 
under DST sponsored project on Nutrient 
decision support system for precision farming 
of cassava.

Representative hilly areas for studies 
on soil spatial variability, runoff and soil 
physical properties were identified at major 
cassava growing hilly regions of Kadambur, 
Pachamalai and Kalrayan hills in a SERC-DST-
Fast Track scheme on Assessment of soil 
carbon sequestration potential of hill cassava 
production systems: Relationship among soil 
properties and glomalin. 

Growing sweet potatoes in poly bags (used 
cement bags) resulted in the production of 
557 g bag-1 (total tuber yield) and 501 g bag-1 
(marketable tuber yield) in the variety Sree 
Arun under conventional manuring practice. 
As the polybags occupied an area of 1000 
cm2, it is possible to produce a yield of 50 t 
ha-1. Organic manuring practice in poly bags 
improved the quality constituents of the 
tuber viz., dry matter and total carbohydrate 
contents of Sree Arun and Sree Kanaka, 
besides improving the total carotenoids and 
b-carotene content of Sree Kanaka. However, 
organic manuring recorded lower tuber yield 
as compared to the conventional practice. 

Extraction of transcriptionally competent, 
high quality total RNA from 1 mm thin fibrous 
root, 3 mm thick non-tuberous root and 
leaves of sweet potato variety Sree Arun 
was standardized using RNesay kit. The yield 

of total RNA in thick, non-tuber forming root, 
fibrous root and in the leaf was 15.2, 70.3 
and 85.35 ng µl-1 respectively. The absorption 
ratio at 260/280 nm and 260/230 nm of 
total RNA extracts also showed that these 
RNA extracted can be used in downstream 
applications.

Organic farming was on a par with conventional 
practice in Dioscorea rotundata, D. alata and 
D. esculenta during the fourth year. The 
elephant foot yam varieties, Gajendra, Sree 
Padma and 2 locals responded equally well 
to organic farming and conventional practice. 
There was slight lowering of bulk density and 
particle density and improvement in water 
holding capacity of the soil under organic 
management in all the varieties. Bacterial 
count of soil was significantly higher, the 
dehydrogenase enzyme activity and the count 
of N fixers were slightly higher in organic 
plots. Organic farming proved superior to 
conventional and traditional practices in taro 
during the first year.

Under the State Horticulture Mission funded 
programme organic farming technology for 
elephant foot yam standardized at CTCRI was 
validated and popularized in an area of 13 
acres (5.2 ha) in Kollam and Pathanamthitta 
districts of Kerala. Organic farming proved 
significantly superior at all locations with 
higher corm yield (34.60 t ha-1) and additional 
returns (Rs. 43,651 ha-1) over conventional 
practice. Organic corms had significantly 
higher dry matter and Mg contents and 
significantly lower oxalate content. Among 
the chemical parameters, available K was 
appreciably higher in organic plots.

Investigations on planting material production 
techniques in Amorphophallus indicated that 
minisetts of 100g from whole corm resulted 
in significantly higher canopy spread, pseudo-
stem girth, plant height and corm yield. 
Sett treatment with cow dung slurry gave 
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significantly higher corm yield. In Gajendra 
and Sree Padma, the sprouting was 14.6 and 
3.2% at 1 month, 76 and 56.8% at 2 months 
and 94 and 91.2% respectively at 3 months 
and full shoot development took 3 months. 
There were 6 stages identified during 
sprouting to full canopy development and the 
multiplication was 3 fold. 

Under the state horticulture mission funded 
programme rapid multiplication of planting 
materials in tuber crops using shade net 
nursery was undertaken. Six tons of elephant 
foot yam seed materials, 10,000 stems of 
cassava and 5 tons of yams were produced 
by minisett techniques. Revenue of Rs. 
1.5 lakhs was generated by way of sale 
of planting materials. Two new shade net 
houses for planting material production are 
being constructed. Cassava multiplication 
programme have been started in the 
reclaimed sloppy lands of block V.

In tannia, application of NPK@ 80:50:100 
kg ha-1 along with FYM @ 25 t ha-1 and 
dolomite as the liming material recorded the 
highest cormel yield of 16.23 t ha-1. The INM 
strategy evolved is: of the total N, 75% as 
organic manure (25% FYM, 25% as neem 
cake, 25% as green manuring, 25% as bio-
fertilizer (seed treatment + soil drenching)), 
25% as chemical fertilizer N+ total P (50 kg 
ha-1) as basal, full K as chemical fertilizer 
(MOP) + Pseudomonas (seed treatment + 
soil drenching). 

At CTCRI head quarters, under the ICAR and 
State Horticulture Mission funded projects on 
Production and distribution of quality planting 
materials of tropical tuber crops, 30,000 
stems of cassava, 20,000 cuttings of sweet 
potato, 15000 kg of elephant foot yam, 7500 
kg of Dioscorea alata, 300 kg of Dioscorea 
rotundata, 300 kg of  Dioscorea esculenta, 
800 kg of tannia, 355 kg of taro and 100 kg 
arrowroot were produced and distributed to 
farmers and other agencies in different parts 

of the country. A revenue of Rs. 1,50,000/-
could be generated  towards the sale of 
planting materials.

Crop Protection

Field trial conducted at Salem, Tamil Nadu 
recorded reduced tuber rot incidence and 
increased tuber yield of cassava with soil 
application of Trichoderma viride along with 
Azospirillum or AM fungi at the time of 
planting. Application of microbes (biocontrol 
agents and biofertilizers) to the soil reduced 
the tuber rot incidence compared to the 
control plots where no microbes were applied. 
Sixteen bacteria isolated from cassava 
rhizosphere were characterized for their 
beneficial properties and four isolates RB1, 
RB2, RB3 and RB4 were found to have plant 
growth promoting effects. The RB4 was found 
to inhibit the CMD symptom development on 
Nicotiana benthamiana. Dipping the roots 
of cassava settlings (25 days old) of variety 
Sree Vijaya for three hours in plant growth 
promoting rhizobacterial (PGPR) suspensions 
just before transplanting reduced the 
cassava mosaic disease incidence. Infectious 
clones of both Indian cassava mosaic virus 
(ICMV) and Sri Lankan cassava mosaic 
virus (SLCMV) were generated in the binary 
vector pGreen II. Infectivity of the clones in 
Nicotiana benthamiana and cassava were 
confirmed through biolistic inoculation and 
agro-inoculation. A cassava transformation 
protocol was optimized. Cassava 
transformation was done with three hairpin 
constructs of SLCMV/ICMV in the cassava 
cultivar H-226. Transformation efficiency was 
0.6 to 1%. Full genome of SPLCV (2.8kb) was 
amplified through rolling circle amplification 
and the amplified product (2.8kb) has been 
cloned in pUC18 vector. Sequence of 3/4th of 
the genome (1800 bp) has been determined 
using different sets of primers. Analysis of 
the sequence data revealed that the isolate 
under study is more closely (95%) related 

to SPLCV isolate reported in Spain. Nucleic 
acid probe required for virus diagnosis and 
distribution studies was prepared using the 
coat protein gene of SPLCV. Eight samples of 
vermi composts were collected from different 
places in Kerala and Tamil Nadu. Fungal, 
bacterial and actinomycetes population in 
the 8 vermi compost samples collected from 
various locations in Kerala and Tamil Nadu 
were estimated. The population differed 
significantly among the samples. Four fungal 
isolates and six bacterial isolates showed 
>50% inhibition by direct confrontation and 
>75% inhibition by the production of diffusible 
metabolite method against Sclerotium rolfsii 
and Phytophthora colocasiae. Cell wall glucan 
elicitor of P. colocasiae has been isolated 
and its elicitation activity was assayed. Cell 
wall lipid of P. colocasiae was also isolated 
and elicitation activity was observed. The 
antagonistic activity of biocontrol agent 
Trichoderma harizanum was tested against 
all the P. colocasiae isolates and was found 
to have effective antagonistic activity. RT-
PCR based diagnosis of potyviruses infecting 
yams using potyvirus group specific primers 
POT 1 and POT 5 has been standardized. 
The PCR amplified product has been cloned 
and sequenced. The virus free D.alata plants 
were developed through thermotherapy 
and chemotherapy. Totally nine, forty four, 
sixteen and two isolates of Phytophthora 
colocasiae, Sclerotium rolfsii, Colletotrichum 
gleosporioides and Phytophthora palmivora 
respectively were collected newly, 
isolated, purified and are being maintained. 
Amplification and sequencing of rDNA-
ITS region of all the pathogens has been 
done. Bacteria were isolated from 12 more 
nematode cultures this year and a total 
of 47 bacterial isolates are maintained by 
subculturing once in 25 days on nutrient 
agar slants. Ten bioactive molecules were 
separated and purified from organic fraction 
of one  bacteria associated with novel EPN. 
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Structure of three of them were elucidated 
based on spectral analysis (NMR, IR and 
LCMS) and found to be novel based on 
differences in optical rotation and melting 
point. The molecules have varying degree of 
activity to different fungi and bacteria. One 
of the molecules (compound II) was found 
to be far better compared to Bavistin for 
the suppression of Rhizoctonia solani and 
Penicillium expansum.  A patent application 
has been filed for one of the molecules 
(application No. 1686/CHE/2010). The 
second molecule has been cleared by CTCRI 
for filing another patent regarding the process 
of isolation and its antimicrobial properties.  
Very high incidence of cassava mealybug 
was noticed in Salem and Erode districts of 
Tamil Nadu. The mealy bug was identified 
as Paracoccus marginatus. Biopesticide 
prepared from cassava and yam bean 
seed with cassava leaf distillate was found 
effective against this pest. A biopesticide 
was formulated for the management of 
mealy bug in cassava. Management of 
mealy bugs in cassava was demonstrated to 
cassava farmers and Horticultural officers of 
Tamil Nadu by conducting two Workshops at 
Santhiyur under KVK and at Poonachi under 
SPAC and by circulating brochures. The 
fumigant prepared from cassava leaf was 
very effective to manage the mealy bugs. A 
formulation of the biopesticide was prepared 
using cassava seed/yam bean seed extract 
with mealy substance dissolving solvents.

Crop Utilisation

Functional pasta was prepared from the 
orange-fleshed sweet potato variety ST 
14 having a high carotene content of 
approximately 14 mg 100g-1, incorporating 
other ingredients like maida and whey protein 
concentrate. The product developed as a 
novel instant cooking (2-3 min) functional 
food had a high protein content of 15% and 
cooks to a product with glossy outer finish 
having soft but non-sticky nature. Due to 
the slow digestibility of starch over a period 
of 2h, the sweet potato pasta could be 
considered as an ideal food for diabetic and 
obese people. The high retention of carotene 
in the cooked pasta imparts a good colour as 
well as anti-oxidant property to the pasta.  
The high carotene sweet potato pasta was 
formally launched at the 22nd Meeting of the 
ICAR Regional Committee held at Bengaluru 
during 13 to 15 May, 2010.  

Protein and fiber-enriched pastas were 
developed from sweet potato flour 
incorporating wheat semolina, protein 
sources like whey protein concentrate 
(WPC), defatted soy flour and fish powder, 
dietary fiber sources like oat meal, wheat 
bran and rice bran and edible gum sources 
like guar gum, xanthan gum, locust bean gum 
and partially hydrolyzed guar gum (sun fibre). 
These pasta formulations had low in vitro 
starch digestibility indicating their use as low 
glycaemic foods.

The technology perfected at laboratory level 
for the single step conversion of cassava 
starch bioethanol using stargen and yeast 
was scaled up to 5 k level (batch process). 
Approximately 558 g ethanol kg-1 starch could 
be obtained @ Stargen levels of 2400 mg 
kg-1 starch, which is near to the theoretical 
yield of 567 g kg-1.  The overall saving of 
processing time by 48 h, coupled with high 
ethanol yield were the major advantages of 
the new technology over the earlier patented 
process.

As part of the studies on the use of cassava 
leaves as a source of edible protein, several 
processing techniques were evaluated for 
elimination of cyanogens and phenols from  
cassava leaves. Pounding followed by boiling 
or sundrying reduced cyanogens by 85 – 90%, 
while shade drying whole leaves resulted in 
94 – 95% reduction.  Further processing by 
soaking in dilute acid, followed by washing 
could reduce cyanogen to a safe limit of < 
10 ug g-1.  

Leaf protein concentrate (LPC) was prepared 
from cassava  and sweet potato leaves by  
alkali extraction and  thermo coagulation of 
the protein.  The yield  of LPC  obtained from 
fresh cassava and sweet potato leaves were 
6.0g and 6.3 g per100g respectively. Cassava 
LPC had a protein content of 52%, phenols 
1.6 mg 100g-1, amino acid 0.7 mg 100g-1. 
Cyanogen level in LPC was <10ug g-1,  
which is within the  safe limit recommended Cassava-rice flour  extrudate 

Whey protein fortified sweet potato pasta

Mealy bug infestation of cassava field in Tamil Nadu
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by  WHO/FAO. Compared to cassava, sweet 
potato  LPC contained only 32% protein.

Market variations in total vitamin C content 
were observed in tubers of different cultivars 
of Amorphophallus and Colocasia. The values 
were 6.5-20.5 mg 100g-1 in Amorphophallus 
and 11.0-17.4 mg 100g-1 in taro.

The dehydroascorbic acid (oxidised form of 
vitamin C) level contributed significantly to 
the total vitamin C content in the tubers. 
In taro, the dehydroascorbic acid level 
constituted 65-70% of the total vitamin C and 
in Amorphophallus the values were 40-50%. 

Extrudates were prepared from cassava 
blended with defatted soybean, pearl millet, 
sorghum, potato and rice flours, in varying 
proportions. Highest expansion ratio was 
obtained for cassava-rice flour extrudates. 

Quick cooking dehydrated cassava and 
Amorphophallus tubers were developed to 
reduce bulk during export and to increase the 
shelf life of the product with a cooking time 
of only 2-3min.

Edible biofilms were developed from cassava 
starch using hydrocolloids like gum acacia, 
gum tragacanth and xanthan gum and the 
hydrocolloids improved the film forming 
property of starch.  

Particle boards with a density of 740-880 
kg m-3 were developed in collaboration with 
CIRCOT, Nagpur from waste cassava stems 
blended with resin and wax. 

Studies on the bioactive principles in Chinese 
potato showed that flavonoids and phenols 
were the  major phytonutrients. Maximum 
retention of ascorbic acid in sweet potato 
leaves was obtained through microwave 
cooking.

 Alpha amylase susceptibility of cassava 
starch could be increased through steam-
pressure treatment whereas it decreased the 
digestibility of sweet potato and arrowroot 

starches.  Physical modification of cassava, 
sweet potato and arrowroot starches 
were carried by pregelatinization using 
drum drying technique at different starch 
slurry concentrations  and drum speed. 
Pregelatinized arrowroot starch showed 
lower bulk density than sweet potato and 
cassava starches. Among the three starches, 
the WAI was highest for sweet potato 
starch and lowest for arrowroot starch after 
pregelatinization.  In comparison to untreated 
starches, higher peak viscosities were 
obtained at a lower temperature of around 
50ºC for the treated starches.

Graft copolymers were synthesized by 
the copolymerization of methacrylamide 
on to cassava starch by free radical 
initiated polymerization and characterized 
by determination of structure and other 
properties. These copolymers exhibited stable 
and high viscosities at high temperatures. 
Saponified graft copolymers are found to be 
very effective in the removal of heavy metal 
ions such as Hg2+, Pb2+, Cu2+ and Zn2+ from 
aqueous solutions. Solid adhesive having 
very good sticking properties on ceramic, 
wood and glass surfaces was developed 
from cassava starch and patent application 
submitted.

Social Sciences

The resource allocation for cassava, sweet 
potato, elephant foot yam, yams, taro  and 
other crops are 33%, 20%, 18%, 14%, 
10% and 5%  respectively as perceived by 
the judges and this allocation proportion 
was used as criteria for fixing number of 
researchable issues for different crops. All the 
researchable issues were prioritized based 
on the importance and relevance scores.  
Fifty prioritized issues for various tuber crops 
are identified for further prioritization based 
on economic indicators.    A survey among 
the tuber crops in Orissa indicated that while 
recommended practices with regard to land 

preparation, spacing, inter culture were well 
received by the farmers, there appeared 
adoption gaps in varietal and fertilizer adoption 
for sweet potato, yams and taro. Surveys 
conducted in Maharashtra indicated that 
cassava is an upcoming crop in Maharashtra 
state mainly grown in the districts of Nashik, 
Beed, Latur, Solapur, Satara and Pune and the 
entire production is utilized by the factories 
for sago making. Market channels were 
identified and estimated price spread for 
elephant foot yam, taro and greater yam 
(purple fleshed) in the identified market 
channels in India. Estimated marketing 
efficiency indices for elephant foot yam 
(Gujarat), purple fleshed greater yam (Andhra 
Pradesh) and taro (Baruvasagar) were 66, 85 
and 130% respectively indicating that scope 
exists for improving the marketing efficiency 
for elephant foot yam and greater yam 
markets. Supply response studies indicated 
that lagged price, lagged yield, rainfall and 
lagged area were influencing cassava farmers 
in Kerala in adjusting their area under cassava 
in response to the cassava prices. High yield 
response of cassava in Kerala indicates that 
the price incentive can bring about the desired 
increase in production. While in Tamil Nadu, 
lagged price and lagged yield were found 
to have influence on cassava area and yield 
respectively. Techno-Economic Feasibility 
Report (TEFR) on special industrial adhesives 
based on cassava starch was prepared and 
revised Techno-Economic Feasibility Reports 
on cassava flour and fried food products with 
latest machinery and cost details. Algorithms 
were developed for bayesian clustering of 

Purple fleshed greater yam in a market in Gujarat
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microarray gene expressions data. SNP 
detection tools were applied to Expressed 
Sequence Tag (EST) data on cassava. Value 
of Mitscherlich’s coefficient, which is used 
for estimating the stress due to shortage of 
K and N; and Optimum levels of the stress 
factors like moisture content, N and K on 
tuber yield of sweet potato were estimated by 
conducting field trials at Rajendra Agricultural 
University (RAU) Dholi, Bidan Chandra Krishi 
Viswa Vidyalay (BCKV) Kalyani and Regional 
Centre of CTCRI Bhubaneswar.  A web based 
disease and pest diagnostic system on tuber 
crops viz., Oushadham was developed and 
uploaded into CTCRI website. A preliminary 
analysis of the information gathered from 
Kerala on assessment of gender issues 
in horticultural crops indicated that the 
involvement of farm women in cassava 
cultivation was very negligible; however, 
in Tamil Nadu there appears to be greater 
participation of women in cassava farming. 
Another significant observation was that the 
role of farm women in the decision making of 
cultivation activities was also much restricted 
to around 20-25%. Improved cassava 
varieties released by CTCRI performed better 
and recorded 25 to 40% more yields than the 
local varieties grown with farmers’ practices 
in the demonstration plots laid in Kerala.

Regional Centre

A total of 736 germplasm accessions are 
maintained in field. The stock include: 

Sweet Potato-268, Cassava-113, Taro-146, 
Elephant foot yam-33, Yam bean-45, Yam-46, 
Coleus-5, Arrowroot-2, I. trifida-76, Tannia-1 
and Alocasia-1.  28 new accessions of tuber 
crops were also added to enrich the genetic 
base. 1620 cultures of 84 genetic stocks of 
released and exotic lines are maintained in 
vitro. 32 released varieties and 12 promising 
lines of sweet potato, 14 released varieties 
of cassava, 5 promising lines of taro and D. 
alata were multiplied.Progressive evaluation 
trials with 5 orange flesh sweet potato 
showed promising results with the lines 
440127 and CIPSWA-2.  These lines may be 
recommended for release based on the results 
of AICRP trials.  116 germplasm accessions 
have been evaluated in replicated row trials. 
Yield was observed to be in the range of 1.66 
- 44.66 t ha-1. Yield of more than 16 t ha-1 
was observed in 41 accessions. Based on 
cooking quality and minimum weevil damage 
(0-20%), 14 accessions were evaluated for 
high starch and low sugar contents. 10 lines 
were found to have high starch (22.5 -25.0 
%) and 5 lines with high starch and low sugar 
(2.3-2.8%) contents. 

Forty seed raised plants were also evaluated 
for yield, high starch, high carotene and low 
sugar contents. Tuber yield of more than 20 t 
ha-1 was recorded in 12 lines.  Of the 12 lines, 
8 are cream/white fleshed and 4 are orange 
fleshed.  Four orange fleshed lines were 
found to have total carotene in the range of 8 
- 12 mg 100g-1.  8 cream/white fleshed lines 
were found to have high starch and low sugar 
contents.

Morphological characterization for 20 
characters for each of 116 sweet potato 
accessions have been completed. Seven 
characters for each of 45 yam bean have been 
recorded. Lowest seed yield was recorded as 
20 gm plant-1 and highest seed yield 47 gm 
plant-1. Of the 45 accessions, 4 accessions 
showed  higher tuber yield in the range of 18-

19 t ha-1. 32 elephant foot yam accessions 
have also been screened. Yield was recorded 
in the range of 3.08- 16.43 t ha-1. Six lines 
gave better yield (14-16 t ha-1) with starch 
(17-18%) and dry matter (28-30%). Yield of 
46 yam accessions was observed as 5.6 to 
17.3 t ha-1. Of the 129 taro accessions, yield 
was observed in the range of 2.11 to 12.5 t 
ha-1. Among the 5 Chinese potato varieties/
accessions,  yield was recorded as 16.0 to 
21.6 t ha-1. The higher yield was recorded by 
tissue culture raised plants of Sree Dhara. 

Sprouting was induced in dormant apical 
and lateral buds of Amorphophallus within 
30- 40 days under ambient conditions of 
temperature (30 ± 200C) and moisture (70-
80%).   Further, the use of thiourea was found 
to hasten the sprouting within 20-25 days 
and plants developed even from one year 
stored dormant buds.

In vitro raised plants of Amorphophallus were 
hardened using sterilized soil-sand (1:1) 
mixture and subsequently established in soil 
in pots and field. Percentage of establishment 
was observed to be 56 to 60%. In vivo axenic 
bud sprouts when transplanted showed 
tuberization in 20% plants. Such bud sprouts 
(25 – 30 g) could yield 60-75 g tubers.

In elephant foot yam drip irrigation at 100% 
PE recorded higher corm yield (31.8 t ha-1) 
and it was on a par with 80% PE (31.0 t 
ha-1). Similarly fertigation of 120: 120 N: K2O 
kgha-1 recorded higher yield (31.9 t ha-1). 
However it was comparable with 100: 100 
N: K2O kg ha-1 (30.5 t ha-1).  Inoculation of 
VAM fungi for sweet potato during kharif also 
showed positive response on moong with 
a yield response of 109 per cent followed 
by application of lime + FYM + NPK + 
ZnSO4 (95.73%). Significantly highest tuber 
yield (13.33 t ha-1) was recorded with the 
application of lime + FYM + NPK + MgSO4 
with a yield response of 35.1 and 11.1 % over 
that of NPK and FYM + NPK, respectively, b carotene rich sweet potato accession 
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followed by lime + FYM + NPK + ZnSO4 
(12.97 t ha-1). Application of graded doses 
of NPK (50, 100 and 150 % NPK) recorded 
a yield response of 32, 84 and 128 per cent 
over control.  Integrated use of lime + 
FYM + NPK + MgSO4 recorded highest 
dehydrogenase activity (1.833 µg TPF hr-1 g-1 
soil) followed by 150% NPK (1.818 µg TPF 
hr-1 g-1 soil).

Among the germplasm, CIP-440127 recorded 
highest tuber yield (12.33 t ha-1) at Erasama 
in Orissa during 2008 followed by CIP-440038 
(10.04 t ha-1), Pusa Safed (9.15 t ha-1), while 
it was lowest in Gautam (4.47 t ha-1), and 
Sree Nandini (4.98 t ha-1), whereas Pusa 
Safed found superior with a tuber yield of 
19.63 t ha-1 followed by CIP-440038 (19.26 t 
ha-1 and CIP-440127 (18.61 t ha-1) in another 
location at Erasama.  At Canning, Samrat 
has recorded highest tuber yield (16.18 t 
ha-1) followed by CIP-SWA-2 (13.76 t ha-1), 
and Sree Bhadra (13.46 t ha-1), while it was 
lowest in Sankar (5.76 t ha-1.

The electroantennogram (EAG) studies with 
C. formicarius indicated that, in general, 
the electrophysiological response of female 

antenna to headspace volatiles collected 
from different genotypes was found higher 
than male antenna.  The response of female 
antenna to the volatiles collected from 
stems/roots was also found higher than 
those collected from sweet potato leaves.
Headspace volatiles of sweet potato plants 
and tubers of genotypes, namely, S-643, 
Howrah, 90/235, SB 72/7, BX 102, 90/263, 
BP-2, 1197 have shown high degree of 
resistance in field (0-5%) during the year 
2008-2009 and 2009-2010 under heavy 
sweet potato weevil population load. 

Female weevil C. formicarius was more 
attracted towards some of these genotypes 
when compared to male weevil. The 
per cent attraction was also found more 
in tuber extracts than plant headspace 
volatiles. Genotypes S-643 (male 2.0mV; 
female 2.9mV), BX 102 (male 2.6 mV; 
female, 3.3.mV) have shown high degree 
of resistance to weevil (0% field damage) 
followed by Howrah and SB 72/7. 

One-hundred thirty two yeast strains were 
isolated from hot spring, brick kilns and 
soil samples and screened for tolerance to  

temperature (< 400 0C), sugar (< 20%), 
ethanol (<12%) and ethanol productivity. Out 
of these, T3 strain was selected for further 
study. T3 strain was mutated by UV irradiation 
to increase thermo-tolerance (> 400 0C), but 
none of the 19 mutants were stable. Using 
T3 strain as the fermentative organism, both 
saccharification and fermentation steps were 
combined for ethanol production. The ethanol 
yield was 74 g kg-1 fresh tuber [Var. ST 10 
having 18% extractable starch, (w/w), fresh 
weight basis] showing 70% bioconversion of 
starch into ethanol. 

For greater yam seed systems, the 
researchers gave high importance to cooking 
quality (Mean=4.56, SD=0.62) followed 
by high yield (Mean=4.24, SD=0.83) and 
high storability (Mean=4.18, SD=0.81). 
Conjoint analysis of farmer preferences of 
seed attributes revealed that they indicated 
highest utility for a tuber yield of 30 t ha-1 
(U= 5.206, SE=1.481) followed by 25 t ha-1 
(U=2.603, SE=0.741) and excellent cooking 
quality (U=0.794, SE=1.481).
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Brief history 
The Central Tuber Crops Research Institute 
(CTCRI) was established during the Third 
Five Year Plan for intensification of research 
on tuber crops (other than potato).   The 
Institute started functioning in July 1963 
with its headquarters (HQ) at Sreekariyam, 
Thiruvananthapuram, Kerala in an area of 
21.5 ha.  Later, an area of 26.69 ha has been 
added.  CTCRI has one Regional Centre (RC) at 
Bhubaneswar functioning in an area of 20 ha.  
The All India Coordinated Research Project on 
Tuber Crops (AICRPTC) was started at CTCRI 
in 1968 with three centres at Dholi in Bihar, 
Coimbatore in Tamil Nadu and Acharya N.G. 
Ranga Agricultural University, Hyderabad, 
Andhra Pradesh. The AICRP TC which was 
started for testing and popularization of 
location specific tuber crop technologies in 

Introduction

various parts of India has presently 16 centres 
including CTCRI HQ and Regional Centre. The 
Institute is also one of the centres of All India 
Coordinated Research Project on Harvest 
and Post Harvest Technology.  The CTCRI is 
conducting basic and applied research on 
various edible tropical tuber crops. 

Research  Mandate

•	 To undertake basic, strategic and applied 
research for generating technologies  
to enhance productivity and utilization 
potential of tuber crops (other than 
potato)

•	 To act as a national repository of scientific 
information on tuber crops

•	 To coordinate network research with State 
Agricultural Universities for generating 
location specific technologies
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•	 To act as a centre of human resources 
development for various clientele systems 
involved in tuber crops research and 
development

•	 To undertake transfer of tuber crops 
technology through consultancy, 
outreach programmes and linkage with 
developmental agencies

General Achievements

The CTCRI is the only one of its kind in the 
world dedicated solely to the research on 
tropical tuber crops.  Nearly four decades 
of concerted research have led to the 
development of several production and 
processing technologies for tuber crops 
besides release of nearly 49 improved 
varieties. The target group of most of the 
technologies being marginal and resource poor 
farmers, adequate emphasis is also given for 
on farm evaluation and popularisation of the 
technologies. In addition, several industrial 
Hi-tech technologies were also developed in 
the recent past enabling resource generation 
through consultancies. 

•	 CTCRI bagged the Sardar Patel 
Outstanding Institution Award for the 
year 2005, instituted by the ICAR for 
outstanding contribution made in the 
improvement of tropical tuber crops 
and development of low cost production 
technologies. The award carries a cash 
prize of Rs. 5 lakhs, besides a plaque, 
certificate and citation. At the special 
function organized at ICAR HQ, New 
Delhi on 18-08-2006, Dr.S.Edison, 
Director of the Institute received the 
award from Shri Kantilal Bhuria, Hon’ble 
Union Minister of State for Agriculture, 
Govt. of India.

•	 The Institute has bagged many national 
and International recognitions in the past 
that include  J.J. Chinoy Gold Medal 
(1970), three ICAR Team Research 
Awards (1985,1996, 1998), D.L. Plucknett 

Award for Tropical Root Crops, Hari Om 
Trust Award (1993), Jawaharlal Nehru 
Award (1975, 1995, 1998, 2000 and 
2003), Young Scientist Award instituted 
by Deseeya Sasthra Vedi (1996), NRDC 
cash reward for biodegradable plastics 
(2000), Pat Coursey Award (2000, 2006) 
and  Vasantharao Naik Memorial Gold 
Medal (2002).

•	 In recognition of its contribution to 
cassava growers and consumers 
worldwide, CTCRI has been rewarded 
at the First International Meeting on 
Cassava Plant Breeding, Biotechnology 
and Ecology organized at Brasilia, Brazil 
during 11-15 November, 2006. On behalf 
of CTCRI, Shri H.S.Puri, Ambassador 
of India to Brazil received the Plaque 
and Citation from Ms. Maria Silva, the 
Hon’ble Minister of Environment, Govt. 
of Brazil. One more feather to the cap of 
CTCRI.

•	 The Best Annual Report Award (1997-
98) among the category of Small 
Institutes was conferred to Central Tuber 
Crops Research Institute for succinctly 
presenting the research results.

•	 The 14th Triennial Symposium of the 
International Society for Tropical Root 
Crops (ISTRC) was organized for the first 
time in India at Thiruvananthapuram, 
Kerala during 20-26 November, 2006. 
This Symposium was jointly organized 
by ISTRC, the Indian Society for Root 
Crops (ISRC) and the Central Tuber 
Crops Research Institute (CTCRI). The 
focal theme of the Symposium was 
“Roots and Tubers for Sustainable 
Development: Issues and Strategies”. 
Shri R.L.Bhatia, His Excellency the 
Governor of Kerala inaugurated 
the Symposium on 20th evening at 
Mascot Hotel, Thiruvananthapuram 

in a ceremony presided over by Shri 
Mullakkara Retnakaran, Hon.ble Minister 
for Agriculture, Govt. of Kerala. The 
Symposium, organized in 10 technical 
sessions including the Plenary session 
was attended by 280 participants 
including 75 delegates from abroad 
representing 32 different countries.  

•	 The infrastructural facilities of the 
Institute have been tremendously 
increased during the X and XI Plan 
periods. Additional laboratories like 
Food Extrusion Laboratory, Transgenic 
glass House, Bioinformatics Laboratory, 
Biodiversity sheds, Modernised Computer 
Cell, Seed Storage Laboratories, Net 
Houses etc. have been constructed. 
The Institute Headquarters has been 
renovated thoroughly, giving a totally 
new look to it, with modern laboratories. 
A number of new and sophisticated 
equipmenmt have been added to the 
existing ones to raise the standard 
of research. These include several 
imported equipments like the Food 
Extruder, Texture Analyzer, Differential 
Scanning Calorimeter, FTIR, Rapid 
Viscoanalyser, HPLC, Atomic Absorption 
Spectrophotometer, Autoanalyser, Gel 
Documentation System, Realtime 
Quantative PCR Nitrogen analysers, 
Fibre analyser etc. The infrastructural 
facilities of the Regional Centre have also 
been considerably improved through the 
creation of additional laboratory space, 
providing several new equipments. 

•	 Extramural support by way of research 
schemes from both International (like 
CIAT, CIP, CIRAD etc) and National 
agencies (like ICAR, DST, DBT, DRDO, 
LSRB, JNU, UGC, PPIC, KSCSTE, 
DSIR,SHM,PVP & FRA etc), was a 
great boon to the Institute to upgrade 
the research infrastructure as well as 
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to facilitate detailed studies on frontier 
areas of research. The Network projects 
of ICAR has helped the Institute to focus 
research on priority areas.   

•	 Established  a  full  fledged  local  area 
network  connecting  the  various  
divisions and administration wing. The 
entire network is supported by state 
of the art equipments such  as  hubs,  
switches  and  structured cabling  and  
the  network  is  powered  by windows  
nt  operating  system  as  its backbone  

and  powerful  pentium  iii  and pentium   
iv   machines   as   its   nodes. The 
network consists of windows nt server, 
internet proxy server, intranet file 
server and email  server,  computers,  
laser  printers, inkjet printers, dotmatrix 
printers, scanners, dtp  and  multimedia  
work  stations.  Legal licensed  versions  
of  popular  software packages  like  
windows  98,  windows  xp, systat 6.0, 
mstatC, microsoft office 2000, microsoft 
office xp, pagemaker 6.5, corel draw 

6.0, harward graphics 3.0, dbase iv for 
windows, ism multiscripts, norton anti 
virus pack, visual studio etc. are installed 
for various type of applications. 

•	 Internet connectivity is now available 
through the local area network, and 
user can access the internet from any of 
the nodes connected to  the  network.  
CTCRI  has  set up  a  home page on 
the internet. This can be accessed at  
http://www.ctcri.org  which  provides  
a comprehensive  picture  about  the  
various activities of the institute.
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Mandatory Crops 

1. Cassava Manihot esculenta Crantz. Euphorbiaceae; 2. Sweet potato Ipomoea batatas (L.) Lam. Convolvulaceae; 3. Greater yam Dioscorea alata L. Dioscoreaceae; 
4. White yam Dioscorea rotundata Poir. Dioscoreaceae; 5. Lesser yam Dioscorea esculenta (Lour.) Burk. Dioscoreaceae; 6. Taro Colocasia esculenta (L.) Schott. 
Araceae; 7. Tannia Xanthosoma sagittifolium (L.) Schott. Araceae; 8. Elephant foot yam Amorphophallus paeoniifolius (Dennst.) Nicolson Araceae; 9. Giant taro 
Alocasia macrorrhiza (L.) Schott. Araceae; 10. Swamp taro Cyrtosperma chamissonis (Schott) Merr. Araceae; 11. Chinese potato Solenostemon rotundifolius 
(Poir) J.K. Morton Labiatae; 12. Yam bean Pachyrrhizus erosus (L.) Urban Leguminaceae; 13. Arrowroot Maranta arundinacea L. Marantaceae; 14. Canna Canna 
edulis (Ker-Gawler) Cannaceae.

321 4

5 6 7 8

9 10 11 12

13 14
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Organisational set up
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The Director looks after the overall 
administration of the Institute, with the 
support from the various Research Divisions, 
Regional Centre, Research Co-ordination and 
Management   Unit, Administration, Farm 
Office and Library.  Besides, the Research 
Advisory Committee (RAC) and Institute 
Management Committee (IMC) assist in 
identifying the priority areas for the Institute. 

The research programmes of the Institute 
are carried out in the Divisions of Crop 
Improvement, Crop Production, Crop 
Protection, Crop Utilization and   Section 
of Social Sciences at the HQ and RC.   The 
AICRP with its HQ at CTCRI works on location 
specific tuber crops technologies through 13 
Co-ordinated centres located in 13 States.    

•	 The Institute is also the HQ for the Indian 

Society for Root Crops, a scientific 
society (established in 1971) devoted to 
the research and development of tropical 
tuber crops. It has a present membership 
strength of 375 comprising of 250 life 
members, 55 ordinary members, 20 
student members and 50 institutional 
members.  ISRC also publishes the 
Journal of Root Crops (biannual) and 
has organised three National Symposia, 
three International Symposia and one 
International Group Meeting in the past.

•	 The library has registered a phenomenal 
growth with a collection of 15130 
books and 2520   reprints.  Besides 110 
journals are being subscribed annually 
comprising 62 Indian Journals and 48 
foreign journals.  Library also offers 

in house services like AGRINEWS, 
CONTENTS PAGE SERVICE and CTCRI 
Library News.  Library catalogue and 
Holding list of journals and serials were 
digitized and made available for use in 
OPAC.

•	 The Institute has International 
collaborations with International Potato 
Centre (CIP), Lima, Peru and International 
Centre for Tropical Agriculture (CIAT), 
Cali, Colombia. There are twenty nine 
externally aided projects currently in 
operation at the Institute.  

•	 The Institute publications include annual 
reports, CTCRI Newsletter, Technical 
bulletins (>35), extension pamphlets 
(> 130) and the annual report of AICRP 
on Tuber Crops. 
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Staff position (2009-10)

Category
No. of posts
Sanctioned

Filled Vacant

RMP
Scientific
Technical
Administrative
Supporting
Total

1
48
48
30
66
193

1
42
43
26
51
163

0
6
5
4
15
30

Progressive Expenditure 2009-10 

Plan
Rupees in Lakhs

Sl. 
No

Head of Account
RE 

2009-10
Progressive Expenditure 

2009-10

1 a.   Estt. Charges

b.  OTA 

2 TA 20.00 20.00

3 Works 25.00 25.00

4 Equipments 105.00 104.42

5 Contigencies 89.70 93.44

6 Library 20.00 16.94

5. HRD 0.30 0.20

Total 260.00 260.00

6 AICRP on TC 210.00 210.00

7 AICRP on PHT 12.85 7.06

8 Plan Schemes 60.07 51.05

Non-Plan
1 a.  Esst. Charges 1046.30 1046.28

b.  O.T.A - -

2 TA 6.64 6.64

3 Other Charges 58.71 58.27

4

Works
1.  Annual Repairs & Maintenance
     a.  Office Buildings
     b.  Residential Buildings
2.  Minor works

2.42
0.23
2.47

2.46
1.19
2.00

5 Other Items - -

Grand Total 1116.77 1116.84
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Research 
Achievement 
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Crop Improvement
per accession. They were screened for 
various characters like tolerance to cassava 
mosaic disease (CMD), incidence of whitefly, 
tolerance to drought, early maturity, tuber 
shape ideal for chip-making, starch content, 
starch quality, cyanogen content, chip making 
quality and nutrient use efficiency and the 
results are summarized below.

Screening for CMD symptoms and 
white fly incidence

The landraces were screened for symptoms 
of cassava mosaic disease and 20 CMD free 
accessions were identified (Table-1.1). Six 

Table-1.1. Elite cassava landraces selected for economic characters 

O N G O I N G  P R O J E C T S

Mega Project I: 
Collection, Conservation, 
Cataloguing and Evaluation of 
Germplasm of Tropical Root and 
Tuber Crops
Mega Project Leader: S.K. Naskar

CI/C/BR/231

Collection, Conservation, Cataloguing 
and Evaluation of Cassava 
Germplasm
Santha V. Pillai, M. N. Sheela, K.Susan John, 
G. Padmaja, M.S.Sajeev, Bala Nambisan, A. N. 
Jyothi, C.A. Jayaprakas, Vinayaka  Hegde and 
V. Ravi

Collection, Conservation and 
Characterisation

Two high yielding local cultivars were 
collected from Kollam district in Kerala. 
One thousand six hundred and sixty nine 
accessions of cassava have been replanted 
in the field.  Characterisation based on eleven 
key descriptors has been done in the land 
races and the catalogue has been updated. 
Characterisation of tubers based on latest 
IPGRI descriptors has been done in 180 
landraces.

Three hundred landraces were selected 
and planted in a row trial with 25 plants 

CMD free 
accessions

Early maturing 
accessions

(yield plant-1)

Accessions with high 
yield under drought

(yield plant-1)

Accessions with high starch  
under drought

(starch % on fresh weight 
basis)

Nutrient use 
efficiency (tuber yield/
plant without fertilizer)

Ci-7

Ci-24

Ci-26

Ci-37

Ci-60

Ci-82

Ci-118

Ci-60  (5.0kg)

Ci-24  (4.5 kg)

Ci-39  (4.5kg)

Ci-898  (4.5 kg)

Ci-901  (4.1 kg)

Ci-4  (4.0 kg)

Ci-60  (10.0 kg)

Ci-7 (4.8kg)

Ci-29 (4.4kg)

Ci-4   (3.6kg)

Ci-16 (3.1kg)

Ci-71 (27.7)

Ci-135 (27.0)

Ci-65  (27.0)

Ci.-3 (26.1)

Ci-77  (25.9)

Ci-793 (25.7)

Ci-855 (25.2)

Ci-102  (8.5kg)

Ci-39  (6.3 kg)

Ci-55  ( 6.2 kg)

Ci-56   (6.0 kg)

Ci-126  (5.9 kg)

accessions showed only mild symptoms. 
They were also screened for the incidence 
of white fly and it was found that all the 
landraces were infected.

Tolerance to drought 

Ninety seven accessions were evaluated 
for tolerance to drought based on PEG (Poly 
Ethylene Glycol) screening. Thirty four were 
found to be drought tolerant based on PEG 
tolerance. Five accessions yielded more than 
3.00 kg plant-1 under drought (Table 1.1) 
and 9 accessions recorded more than 25% 
extractable starch under drought. 
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Early maturity

Two hundred and fifty landraces of cassava 
were evaluated for earliness, at seventh 
month after planting. Six early maturing 
accessions with high yield of more than 4 kg 
plant-1 were identified (Table 1.1.).  Among 
the early maturing clones, four accessions 
viz.Ci-4, Ci-24, Ci-39, and Ci-60 recorded high 
dry matter content  (>40%) also.  

Tuber shape ideal for chip making

Tubers with long cylindrical shape is ideal 
for chip making in machine. As such, these 
accessions were screened for tuber shape 
and five high yielding accessions (Ci-863, 
Ci-170, Ci-585, Ci-591 and Ci-795) with ideal 
tuber shape were identified. 

Nutrient use efficiency

Two hundred and sixty six landraces, which 
were planted without any fertilizer, were 
evaluated for tuber yield and other chemical 
characters. Tuber yield per plant ranged 
from 300 g to 8.5 kg plant-1. Five accessions 
recorded high yield (> 5 kg plant-1), of which 
Ci-102(8.5 kg plant-1) recorded the maximum 
(Table 1.1)

Biochemical traits

Biochemical traits like dry matter content, 
extractable starch, sugar, bitterness, 
cyanogen content and cooking quality were 
tested in 91 accessions. Extractable starch 
content at seventh month ranged from 
19.8 - 39.0 %. Ten accessions recorded very 
high extractable starch content of which 
Ci-768 recorded the maximum (39%). The 
accessions viz. Ci-768, Ci-776, Ci-71, Ci-60, 
Ci-743, Ci-802, Ci-888, Ci-869 and Ci-857 
recorded  high extractable starch content 
(>35%) at seventh  month.  Starch content 
per se ranged from 30.0% to 45.0 %. Sugar 
content varied from 2.0- 6.3%.  Six accessions 
(Ci-872, Ci-647, Ci-776, Ci-793, Ci-75 and Ci-
863) recorded high sugar content (> 5% ) of 
which Ci-872 recorded the maximum ( 6.3%). 

Bitterness was tested in 91 accessions 
and cyanogen content was analysed in 45 
non bitter accessions. Fourteen accessions 
showed low cyanogen content with a 
range of 19 to 54 µg g-1 and were found to 
have superior culinary quality as well. The 
accessions Ci-883 (19 µg g-1) and Ci-894 (24 
µg g-1 ) recorded very low cyanogen content.  
Ci-24 and Ci-898 have high yield combined 
with low cyanogen content of 55 µg g-1 and 
37 µg g-1 respectively 

Chip making quality 

Chip making quality was tested in 46 
accessions. Sixteen were found to be very 
good and 13 were average. The accessions 
viz. Ci-17, Ci-116, Ci-209, Ci-621, Ci-746, 
Ci-773, Ci-768, Ci-800, Ci-858, Ci-859, 
Ci-860, Ci-864, Ci-868, Ci-870, Ci-871, Ci-
898 and Ci-901 had very good chip making 
quality. Among the accessions with good 
chip making quality, Ci-24 had low cyanogen 
content and was found to be CMD symptom 
free. Ci-60 recorded earliness coupled with 
drought tolerance and was also found to be 
CMD symptom free. 

CI/S/BR/228

Collection, Conservation, 
Characterisation, Cataloguing and 
Evaluation of Sweet Potato Germplasm

C. Mohan , B. Vimala, Bala Nambisan, Lila Babu, 
C.A.Jayaprakas, V.Ravi, G.Byju, M.S.Sajeev, 

Vinayaka Hegde and A.N. Jyothi

Sweet potato germplasm contains 1091 
accessions which include 684 indigenous and 
407 exotic collections from other countries 
including CIP, Lima, Peru.

Germplasm collection

Six new sweet potato accessions were 
added to the existing 1091 germplasm, which 
includes one collection from NBPGR, Thrissur 
viz.JAA90/56, one from Andaman Island 
(Varsha), two from Goa state (Khanjankad 

New germplasm accession JAA90/56 
from NBPGR, Thrissur

local and Pusa Safed varieties) and two 
accessions from IGKV, Jagdalpur viz., Indira 
Mathur and Indira Naveen. A total of 93 in 
vitro sweet potato germplasm received from 
NBPGR, New Delhi were micropropagated. 

Conservation

Sweet potato germplasm is conserved now 
in both upland and lowland conditions to 
know the yield performance of the core and 
new collections. 

Upland conservation

The core collection, new collections and 
duplicates (two mounds each) were planted 
in field during June-2009, October-2009 
and February-2010. The new six collections 
were evaluated for morphological characters 
and among them three were found to be 
Varsha, Khanjankad and Pusa Safed. The new 
collection from NBPGR, Thrissur (JAA90/56) 
performed better and recorded 2 kg tuber 
per mound with light yellow flesh and cream 
colour skin.
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Lowland conservation

The 135 core collection from germplasm 
and new collections (186) were planted in 
lowland during June 2009 and very good 
yield was obtained from all the accessions. 
The morphological and tuber characters were 
recorded using digital photography in these 
accessions.

CIP descriptors and digital 
photography 

The descriptors recommended by CIP was 
recorded for 30 new indigenous collections 
made during last year from North-East India 

2009 and January, 2010 for further evaluation. 
In the landraces, incidence of viral diseases 
and drought tolerance were recorded.

CI/Y/BR/227

Collection, Conservation, Cataloguing 
and Evaluation of Germplasm of 
Yams
M.N.Sheela, K.Abraham, C.Mohandas, 
S.Sundaresan, James George, J.T.Sheriff and 

M.L.Jeeva

Collection of germplasm

Sixteen new accessions of yams comprising 
of greater yam (10), lesser yam (4) and 

accessions of D.esculenta, four accessions of 
D.bulbiferra and 36 accessions of wild yams.

Cataloguing and evaluation of 
accessions

The new accessions were characterized 
based on IPGRI descriptors. The old 
accessions were also characterized based on 
the revised IPGRI key descriptors viz. spines 
on stem base, tuber shape, tuber length, flesh 
colour at central transverse cross-section, 
total weight of harvested tubers [kg], overall 
assessment of cooked tuber and stay-green 
ability.

Yield

In D.alata, yield ranged from 0.2 kg plant-1 
(Da 6) to 3 kg plant-1 (Da 33). In D. rotundata, 
yield ranged from 0.25 kg plant-1 (Dr 337) 
to 3.9 kg plant-1 (Dr 334).  The accessions 
viz. Dr 344, Dr 334, Dr 130 and Dr 24 were 
found to be high yielding (>3. kg plant-1). 
In D.esculenta, yield ranged from 0.1kg (De 
31) to 1.7 kg plant-1 (De 156). Two new 
D. esculenta collections, Ademau and a 
collection from Andamans were found to be 
high yielding and recorded variation from the 
existing germplasm accession.

Disease and pest resistance

The field gene bank of D.alata was screened 
to identify accessions with anthracnose 
resistance. Six accessions viz. Da 10, Da 
11, Da 60, Da 62, Da 64 and Da 157 were 
found to be resistant with a score of 1. Eleven 
accessions viz. Da 1, Da 33, Da 34, Da 35, Da 
54, Da 57, Da 65, Da 120, Da 159, Da 200 
and Da 201 were found to be tolerant with a 
score of 2-3. Three accessions viz. Da 41, Da 
65 and Da 159 recorded resistance against 
Cercospora leaf spot disease.

In D. rotundata, Dr 27, Dr 11, Dr 103, Dr 5, 
Dr 171, Dr 175 and Dr 313 were found to be 
highly susceptible to nematode incidence. 
Dr 334, the highest yielding accession was 

Digital photography of sweet potato germplasm

and six new collections made during this 
year. Duplicates were found in North-East 
collections which includes, 4 Kanjankad type, 
3  duplicates in one collection and 2  duplicates 
in another accession. The core collection 
of germplasm was digital photographed for 
17 key morphological characters that are 
recommended by International Potato Centre, 
Lima, Peru. The 17 characters will be used for 
duplicate identification.

Evaluation of landraces

Seventy five landraces from sweet potato 
germplasm were planted in upland and 
lowland condition during July, December, 

D.bulbifera (2) were added to the germplasm. 
Received 136 accessions of greater yam and 
63 accessions of lesser yam from NBPGR 
regional station, Trichur.

Conservation of germplasm

Maintained the germplasm as field gene 
bank by planting 5 mounds/accession. 
The accessions of eight wild species were 
maintained inside shade net house. Also 19 
new accessions of wild yams collected from 
Meghalaya and Tripura were also maintained 
inside the shade net house. Presently 
the germplasm of yams comprise of 855 
accessions which include 433  accessions of 
D.alata, 218 accessions of D.rotundata, 164 
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found to be free from nematode attack. Dr 
22 identified earlier as immune also did not 
show any field infestation.

Biochemical characterisation

Dry matter content of 182 accessions was 
recorded. In D. alata, dry matter content 
ranged from 19.2% in Da 271 to 39.7% in Da 
340. In addition to Da 340, Da 22, Da 127, Da 
255 and Da 70 also recorded high dry matter 
content (>35%). In D.rotundata, dry matter 
content ranged from 18.72 (Dr 5) to 42.7% (Dr 
107). In D.esculenta, De Ademaua had low dry 
matter content of 16.5%, while collection from 
Andamans recorded high dry matter content of 
25.2%. 

Starch content of 14 greater yam accessions 
were analysed and it ranged from 12.9 (Da 310) to 
23.5% (Da 68). Purple fleshed accessions recorded 
less starch content than white fleshed types. 

Crude protein content of 67 accessions was 
analysed. In general greater yam accessions 
recorded higher crude protein than D. rotundata 
and D.esculenta and it ranged from 3.6% (Da 
338) to  16.1% (Da 11) on dry weight basis. 
On fresh weight basis, crude protein ranged 
from 1.11% in Da 325 to 4.7% in Da 11. 

Ascorbic acid content of 20 accessions were 
recorded and it ranged from 1.25 mg 100g-1 
in Da 68 to 12.25 mg 100g-1 in Da 123.

Cooking quality of 115 accessions were 
recorded. Twenty nine D. alata accessions 
recorded excellent cooking quality.  

Advanced Yield trial

In the advanced yield trial of greater yam 
accessions with purple flesh colour, Da 273 
recorded the maximum yield (29.60 t ha-1) 
followed by Da 310 with 22.2 t ha-1.  Da 
273 had light purple colour with anthocyanin 
content of 50 mg 100g-1 and Da 310 is a dark 
purple fleshed accession with an anthocyanin 
content of 80 mg 100g-1 and these accessions 
were proposed for on farm trial.

CI/A/BR/216

Collection, Conservation, Cataloguing 
and Evaluation of Aroids Germplasm

Santha V Pillai, G. Suja, C. A. Jayaprakas, K. 

Susan John, Vinayaka Hedge and M .S. Sajeev

Collection, conservation and 
characterisation

Two new accessions of taro, collected from 
Kohlapur were added to the germplasm. Five 
hundred accessions of aroids, consisting 

CI/G/BR/223

Collection, Conservation, Cataloguing 
and Evaluation of Minor Tuber Crops

B.Vimala, Bala Nambisan and C.Mohan

Tuber samples of 31 accessions of Chinese 
potato were received from NBPGR, (RS), 
Trichur. All the accessions were planted 
for multiplication. The available germplasm 
accessions viz, Chinese potato-90, Yam bean-
63, Arrowroot-7, Canna-5, one accession 

each of Tacca and Vigna, Curcuma-11 species, 
Table-1. 2. Tuber yield and cooking quality in AVT of Amorphophallus

Accession No. Tuber yield (t ha-1) Cooking quality

Am-90 37.00 Good

Am-93 34.56 Good

Am-89 33.82 Good

Am-91 30.98 Good

Am-94 30.86 Good

Am-92 30.86 Good
Sree Padma

(Check variety)
32.09 Good

CD 3.56

of taro (350), Amorphophallus (90) and 

Xanthosoma (60) were replanted in the field. 

Forty accessions of taro, collected recently 

from North East Hill (NEH) region, were 

characterised for 40 characters.

Evaluation

Recent collections of taro from NEH region 

were evaluated for tuber yield. Tuber yield per 

plant ranged from 250 g to 850 g (C-706)

Six recent collections of Amophophallus were 

evaluated for yield and cooking quality along 

with Sree Padma as control. The accession 

Am-90 recorded the highest yield of 37.00 t  

ha-1, followed by Am-93 (34.56 t ha-1) against 

32.09 t ha-1 in the standard Sree Padma. 

Cooking quality was good in all the accessions 

(Table-1.2).

Typhonium-3 species and 2 species each of 

Coleus and Costus are maintained in the field 
gene bank. An yield trial was conducted with 
4 released varieties of Chinese potato. The 
highest yield of 24 t ha-1 was observed in 
Sree Dhara followed by CO-1(23.46 t ha-1). 
In Nidhi and Suphala, the yield was 22 t ha-1. 
The data showed no significant difference in 
yield among the four released varieties.

The yield data for the release of arrowroot 
accession Ma-7 was submitted and 
presented to the Kerala State Variety Release 
Committee Meeting. Since there was no 
significant difference in yield between the 
7 accessions it was not approved for the 
release.

The biochemical studies of Curcuma species 

showed that highest dry matter and starch 
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content (31 % and 21%) was observed in 
Curcuma malabarica. Lowest dry matter 
and starch (21% and 10%) was recorded in 
C. amada and C. sylvatica and other species 
possessed 24-28% dry matter and 14-15% 
starch. Leaves of several species contain 
aromatic compounds and its properties 
have not been studied. The distribution of 
phenolics and soluble proteins in the leaves 
of 11 Curcuma species as well as their 
antioxidant property were studied.  The 
studies showed that Curcuma leaves contain 
a high concentration of phenolics including 
flavanoids.  Phenols ranged from 4.8-14.8 
mg g-1 and flavanoids varied from 1.6-3.8 mg 
g-1. High contents of phenols and flavanoids 
were observed in C. haritha, C.amada C. 
brog and C. zedoaria. The phenolic extract 
showed considerable antioxidant property. 
The soluble proteins ranged from 5-10%.  
Aqueous extract also showed significant 
radical scavenging activity.  The studies 
showed that both organic and aqueous 
extracts of Curcuma leaves had antioxidant 
activity and can be potential sources of 
natural antioxidant with possible medicinal 
value.  Polysacchride and protein content was 
studied in the tubers of C. malabarica, C. brog 
and C. ceasia. The polysaccharides ranged 
from 0.8-2.2% and soluble protein varied 
from 1.3-5.3%. The monosaccharides present 
in the polysaccharides were arabinose and 
galactose. Both polysaccharides and proteins 
showed antioxidant properties.

CI/G/BR/224

In vitro Conservation of Tuber Crops 
Germplasm and Callus Cultures for 
Somaclonal Variation
M. Unnikrishnan, M.N. Sheela and C. Mohan 

In vitro Active Gene Bank (IVAG) in 
tuber crops 

A total of 1250 accessions of different tuber 
crops were maintained in the In vitro Active 
Gene Bank during the year. This included 

790 accessions of cassava, 338 accessions 
of sweet potato, 72 accessions of yams, 
28 accessions of Dioscorea wild species, 
5 accessions of Coleus and 5 accessions 
of Colocasia. One accession each of the 12 
Curcuma wild species also were maintained 
in vitro. 

Micropropagation

5218 cultures of cassava, 3040 cultures of 
sweet potato and 1320 cultures of Dioscorea 
were micropropagated for conservation and 
multiplication of germplasm.

In vitro cultures and exchange of germplasm

A total of 167 accessions (sweet potato - 
115, cassava - 30 and yam - 22) received 
as in vitro cultures from NBPGR, New Delhi 
during the year were micropropagated and 
maintained.

In vitro cultures for maintenance of 
medicinal, wild and weedy species of 
tuber crops

Cultures of  Kaempferia species (3 spp) 
Dioscorea (14 spp), Alpinia (3 spp), Asparagus 
racemosus, Maranta arundinaceae, Canna 
edulis, Tacca leontopetalloides, Curculigo 
ocheoides, Costos speciosus, Globba species, 
Hedichium coronarium and Hornstedia fenzilii 
were maintained. Protocols were standardized 
for the micropropagation of all these species 
and production of micro rhizome in some of 
them.

Ex situ conservation of tuber crops 
floral  diversity in shade net house

A total of 1422 accessions including Colocasia 
(1099), Amorphophallus  (wild elephant foot 
yam-74 and elephant foot yam-50), Dioscorea 
(105), Costus (15), cassava (21), sweet 
potato (24), Tacca leontopetalloides (4), 
Alocasia (12), Xanthosoma (10), Kaempferia 
species (3) and Coleus (5) were maintained 
in shade net houses and in field. 

Multiplication of planting materials

Cassava, Taro and Elephant foot yam (released 
varieties) were multiplied for distribution in 
an area of 450 cents. The Nicobary variety 
of D. alata (Achin IC. N. 405630) was also 
multiplied and supplied.

Germplasm exploration in Lakshadweep

Joint exploration with NBPGR Regional 
Station, Thrissur was conducted in 5 islands 
of the Lakshadweep viz. Kadamath, Amini, 
Kavarathy, Suheli Cheriyakara and Androth. 
19 collections of tuber crops was made 
which included cassava (1), sweet potato 
(1), Alocasia (4), Xanthosoma (3), Colocasia 
(2), Ipomoea denticulate (1), Dioscorea (4) 
and Tacca leontopetalloides (3). Tacca was a 
unique collection from the islands as it was 
a wild plant growing in the area being used 
for food and medicine similar to arrowroot, 
by the locals. 

Regeneration of collection made from 
germplasm exploration conducted in 
Jharkhand

Sixty four germplasm collections of different 
tuber crops were regenerated from the 
collection made during the previous year. 
Eight Dioscorea accessions were transferred 
to in vitro cultures. 

Conservation

A total of 416 germplasm accessions 
collected during 2009-10 were planted 
in field for conservation and further 
characterization and evaluation during the 
current year. This included 301 accessions 
of taro. 94 accessions of elephant foot yam, 
13 accessions of Alocasia and 8 accessions 
of Xanthosoma collected from locations like 
Kerala, Tamil Nadu, Karnataka, Jharkhand, 
North Eastern states, Uttar Pradesh, Sikkim 
and Lakshadweep. 
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Characterization

Biochemical characterization based on total 
phenol and calcium oxalate content were 
conducted with cormels of 5 accessions , viz. 
IC- 343174, IC- 331730, Sree Rashmi, Sree 
Pallavi and Sree Kiran. 

Evaluation

IC–34174, IC-331730, IC-336476, IC -202448, 
IC-324496 were planted in field for yield 
evaluation along with the released varieties 
Sree Rashmi, Sree Pallavi and Sree Kiran.

Production of quality planting materials 
(certified seed) in tuber crops

Supplied  corms of different varieties (Sree 
Padma, Bidam Kusum and local) of elephant 
foot yam that were free from mosaic leaf 
symptoms to Crop Protection Division for 
Virus indexing and later multiplication for 
production of certified seed.

Mega Project II: 
Varietal Improvement in Tropical 
Tuber Crops
Mega Project Leader: K. Abraham

CASSAVA
CI/C/BR/225

Varietal Improvement in Cassava for 
Mosaic Disease Resistance, Yield and 
Quality

M. Unnikrishnan, C. Mohan, Santha. V. Pillai, 

S.Ramanathan, M.Anantharaman, T.Makesh 

Kumar, M.L.Jeeva, M.S.Sajeev and G.Byju

Field evaluation and confirmation of 
stability of selections made for CMD 
resistance, yield and extractable starch 
content

Isolation of stable selections

Repeated evaluation trials were conducted 
and selections were isolated with stability 
to different target characters like CMD 

resistance, extractable starch content and 
tuber yield. One hundred and fifteen selections 
were tested in 8 initial evaluation trials and 
59 potential lines were identified of which 16 
recorded cassava mosaic disease resistance. 
Twenty four lines recovered CMD symptoms 
and 19 were found to be partially resistant. 
Thirty three lines recorded high extractable 
starch (≥ 25%) whereas 12 lines recorded 
stability in starch content. Forty lines recorded 
high tuber yield (≥ 40 t ha-1) of which ten 
recorded stability as well.   CMR 24, CMR 46 
and CMR 53 had CMD resistance along with 
high tuber yield and starch content.

Farmer’s participatory evaluation 
and selection of CMD resistant lines 
with suitability to different farming 
situations

Irrigated plains of Tamil Nadu

Intensive cultivation of cassava is practiced 
in the irrigated plains of Tamil Nadu and there 
is continuous demand for better performing 
varieties in this industrial belt. Hence the 
cassava mosaic resistant (CMR) lines were 
evaluated in 8 farmer’s plots in Salem and 
Erode districts during 2008-09. The line 
CMR-1 was found to be stable with high 
(24 - 26.3%) extractable starch and tuber 
yield of 28 to 53 t ha-1, while the local control 
variety, Mulluvadi recorded tuber yield of  10 to 
20 t ha-1 only with starch content of  23 to 
26 %. CMR -1 showed only mild incidence 
of the mealy bug attack that had occurred 
at 9th month. CMR-1 was free from cassava 
mosaic disease symptoms also. During the 
current season, CMR-1 has been planted 
in more than 60 acres and the demand for 
its planting material has increased. CMR-73 
that recorded 22.3 to 26.1% starch and 20 
to 27 t ha-1  yield also was selected by the 
farmers of this region. In addition, 9 CMR 
lines identified for stability in starch content 
were planted in one plot in Salem district, 
for evaluation under drip irrigation along with 

Sree Padmanabha and local control. The 
other 3 lines also were planted in 2 farmers 
plots. CMR-1 has been planted in other 15 
farmer plots in the irrigated plains for further 
confirmation, before furnishing the variety 
release proposal document.

Hilly areas

In Tamil Nadu, the area of cassava cultivation 
is progressing, especially in the hilly areas 
where the soils are poor in nutrients and 
rainfed. H-165 is the only variety found 
suitable in this region. In order to identify 
high yielding clones, 11 CMR lines were 
evaluated in two farmers’ plots in Kadambur 
(Sathyamangalam) and Burgur (Bhavani) hills 
of Erode district. Six lines viz CMR-55, CMR- 
58, CMR-62, CMR-70, CMR-73 and CMR-
129 showed higher (25-27%) starch content 
with tuber yield of  24 to 34 t ha-1. These 
lines were planted in two plots in Kadambur 
and Arinkium hills (Sathyamangalam) for 
further evaluation during 2009-10. CMR-1 
was also planted in Mattally hills (Kollegal) 
of Karnataka state to test its suitability to this 
high elevation area.

Rainfed plains of Kerala

Nine lines viz. CMR-1, CMR-2, CMR-3, CMR- 
9, CMR-14, CMR-15, CMR-18, C-50 and 
C-22 were planted in one farmer’s plot for 
selecting a better performing line under this 
situation during 2009-10 season.

Selection of CMD resistant lines with 
better culinary quality and carotene 
content

Replicated row trials were planted using 47 
new CMR lines for culinary quality and 21 
lines for carotene content. The evaluation will 
be carried out in 2010.

True seed cassava propagation

A total of 4,665 open pollinated seeds were 
collected from 20 cassava mosaic disease 
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resistant lines and 46 high carotene lines 
and other varieties. These seeds were sent 
to the 5 AICRP centers at SAU’s s in Andhra 
Pradesh, Assam, Tamil Nadu, Maharashtra 
and Chattisgarh for raising the seedling 
progenies and making appropriate selection 
at their locations.

Maintenance of high carotene cassava 
lines

One hundred and fifty five lines with cream 
to orange tuber flesh having different levels 
(0.5mg-100-1 to 1.2 mg 100gm-1) of total 
carotene were maintained. Ten new lines 
isolated from seedling progeny were added 
to the stock.

Multiplication of resistant lines 

Twenty eight potential CMR lines selected in 
on farm trials were planted for multiplication 
to meet the demand for planting materials.

CI/C/BR/228

Genetic Improvement of Cassava 
through Triploidy Breeding

M.T.Sreekumari, K.Abraham, M.Unnikrishnan 

and S.Ramanathan

Evaluation for yield and starch content

Evaluation trial -1

Ten triploid selections were evaluated along 
with the released triploid variety, Sree 
Harsha, and the advanced selection, 4-2. 
Tuber yield ranged from 26.8 t ha-1 (1-4) 
to 39.6 t ha-1 (7-8). Triploid 7-8, recorded 
significantly higher yield than the released 
variety, Sree Harsha and 4-2. The extractable 
starch content ranged from 23.5 per cent in 
1-10a to 30.0 per cent in the highest yielder 
7-8.  Among the rest, five clones viz. 1-1, 
2-1, 2-12, 1-12 and 30-3 also were selected 
for further evaluation based on higher yield 
(>32.0 t ha-1) and high extractable starch 
content (>25.0%) (Table-1.3). 

evaluated for yield and starch content. The 
trial was done in a randomized block design 
with three replications. Here also, Sree 
Harsha and 4-2 were included as the check 
varieties. Tuber yield ranged from 26.7 in 9-7 
to 38.2 t ha-1 in 11-3 and extractable starch 
content from 24.5 % in 16-17 to 30.0 % in 
6-4 and  11-3. Two clones viz. 45-5 and 11-3 
having significantly higher yield than the 
released variety Sree Harsha were selected 
for further evaluation. 

Screening triploids for desirable traits 

Seventy six clones were screened for isolating 
desirable ones based on important traits 
such as ideal plant type, high leaf retention 
capacity, pink rind colour and yellow flesh 
colour in addition to high starch content and 
CMD tolerance. Forty three clones had erect 
non-branching/erect branching plant type with 
high harvest index, which are ideal for closer 
planting for enhanced net returns. Based on 
high leaf retention capacity, six clones were 
identified suitable for testing for drought 
tolerance. Based on market preference, 
eight clones having purple rind were 
isolated.   Three yellow fleshed clones, which 
are nutritionally rich having high carotene 
content were identified in addition to sixteen 
high starch clones suitable for industrial use. 
The clones were screened for symptoms of 

Table 1.4.Evaluation of triploid selections for 
yield and starch

Lines
Tuber yield 

(t ha-1)
Starch (%)

1-1a 31.5 26.8
2-15 35.8 27.4
1-6 41.9 27.8
9-1 30.8 25.4
2-17 29.9 26.4
75-2 40.4 30.0

Sree Harsha 34.9 26.8

4-2 36.5 28.1

CD (0.05) 4.157 -

High yielding triploid selection 1-6

Table-1.3. Evaluation of triploid selections

Hybrids
Tuber yield

(t ha-1)
Extractable 
starch (%)

1-1 32.5 25.2
2-1 32.4 27.5

75-10 29.8 28.6
16-6 30.5 27.0
7-8 39.6 30.0
2-12 38.5 28.5
1-10a 31.9 23.5
1-4 26.8 27.6
1-12 34.8 30.0
30-3 33.8 26.2
Sree 

Harsha
33.2 27.8

4-2 35.8 28.6
CD (0.05) 3.772 -

Evaluation trial - 2

Tuber yield and extractable starch content of 
six triploids was tested for the third season 
along with Sree Harsha and 4-2 as checks. 
The triploid 1-6 gave significantly higher yield 
than both the check varieties. In addition, 
2-15 and 75-2 also gave reasonably higher 
yield of 35.8 and 40.4 t ha-1 respectively. The 
extractable starch content in the above three 
clones was high ranging from 27.4 to 30.0 
per cent as in the previous seasons proving 
the stable performance (Table 1.4.). 

Evaluation trial-3 (Preliminary 
evaluation)

Eight clones of the 4th clonal generation were 



CENTRAL TUBER CROPS RESEARCH INSTITUTE
A
N

N
U

A
L
 R

E
P
O

R
T
 2

0
0
9

-1
0

31

Early maturing CMD resistant clone: CR 54A-3

cassava mosaic disease at various stages of 
growth and seven clones having nil/negligible 
symptoms were isolated.

Evaluation for earliness

Twenty two clones were screened for 
isolating early harvestable clones. Tuber yield 
ranged from 2.3 to 3.0 kg plant-1 during 7th 
month, 2.7 to 3.4 during 8th, 2.9 to 3.4 during 
9th month and from 3.0 to 4.1 kg plant-1 during 
10th month harvest. Four clones viz. 1-1a, 
44-7, 1-6 and 7-8 were identified as early 
harvestable ones in which extractable starch 
content ranged from 25.6 to 26.7 per cent 
during seventh month.  

CI/C/BR/229

Development of Elite Inbreds of Cassava 
and their use in Heterosis Breeding 
M.N.Sheela, K.Abraham and S.N.Moorthy

This project was undertaken with the 
objective of developing elite inbred lines in 
cassava and their utilization in the improvement 
of starch quality traits, protein content and 
keeping quality.

Pollination

A 6x6 diallel cross of inbred lines was 
attempted to study the inheritance of 
starch content and quality traits in cassava. 
1412 flowers were pollinated in thirty six 
combinations and 382 hybrid seeds were 
produced

Harvesting of seedlings and evaluation 
trials

Five hundred and fifty inbred lines were 
harvested. The inbred lines,  I-99/101-1, I-US 
3-1 and I-13 S5-32 were found to be high 
yielding (>50 t ha-1) .

In an yield trial of CMD resistant lines, 
resistance coupled with high tuber yield 
(>50 t ha-1) was recorded at tenth month in 
CR43-11 (86.41 t ha-1), CR43-7 (61.72 t ha-1), 
CR54A-3 (49.39 t ha-1), CR 9A 125 (92.58 t 

ha-1)  and CR 21-10 (80.24 t ha-1). Among 
the cassava mosaic resistant clones, high 
starch content was recorded by the clones, 
CR54A3 (33.4%), CR20A-2 (33.12%), CR 
43-2(30.74%), CR45-9 (31.61%) and CR54-
5(31.21%). Seven CMD resistant lines were 
evaluated for extractable starch content 
of which CR 59-8 recorded the maximum 
(30%).

Earliness

Nine elite clones were evaluated for yield 
and starch content at sixth month. CR 54A19 
recorded the highest yield (5 kg plant-1) with 
dry matter content of 32.54% and had good 
cooking quality. CR 54A-3 recorded an yield 
of 4 kg plant-1 with high drymatter (38.66% ) 
and starch contents (30.26%). Maximum dry 
matter (39.08%) at sixth month was recorded 
by the hybrid 8S14.

Cooking quality 

Among the hybrids evaluated, 9S163, 9S98, 

9S258 (47.0%) and 9S275 (48.2%) recorded 
the maximum.

One hundred and forty inbred lines were 
evaluated for starch content. Nine clones 
recorded high starch content (>30%). Among 
inbred lines evaluated, I-MS2-8 recorded the 
highest starch content (42.18%). 

Seventy cassava clones including 7 released 
varieties viz. Vellayani Hraswa, Sree Jaya, 
Sree Vijaya, Sree Rekha, Sree Prabha, 
Sree Prakash and Sree Padmanabha were 
evaluated for amylose /amylopectin content. 
The released varieties have amylose and 
amylopectin content of 28-29% and 71-72% 
respectively. Majority of the improved clones 
recorded higher amylopectin content than 
the released varieties. Seven clones recorded 
high amylopectin (>80%) of which the inbred 
7IVD2-3 recorded the maximum (83.5%). 
The hybrid clone 9S174 recorded the highest 
amylose content (32.3%). 

Twenty promising cassava clones with low 
cyanogen content and Sree Rekha were 
evaluated for crude protein content. Eighteen 
clones recorded higher crude protein than 
Sree Rekha (3.36%) on dry weight basis of 
which 9/CP13 recoded the maximum(9.63%). 
The protein rich clones recorded low dry 
matter that ranged from 18.6 to 33.9%. The 
crude protein on fresh weight basis ranged 
from  0.86 (Sree Rekha ) to 2.11 % ( 9/CP-
17).  The clones viz. 9/CP1, 9/CP-2, 9/CP5, 9/
CP13 and 9/CP17 were selected for further 
evaluation.  

CI/C/BR/230

Isolation and Characterization of 
Stress Responsive Genes in Cassava
C. Mohan, M. Unnikrishnan, T. Makeshkumar and 

J. Sreekumar

Based on the knowledge available from 
other crops like rice, sorghum, Arabidopsis, 
tobacco, barley and cocoa, this project 
was started with the objective of designing 

9S162, 9S114, 9S275 and 9S47 had good 
cooking quality coupled with CMD resistance, 
high yield and dry matter content.

Biochemical analysis of elite clones 
for starch quality traits and protein 
content

Two hundred and forty clones were evaluated 
for dry matter content, which ranged from 
19.34 % (7Amba59) to 48.18% (9S275). Ten 
cassava mosaic resistant hybrids recorded 
high dry matter content (>44%) of which 
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degenerate primers to amplify putative 
stress responsive genes in cassava and to 
clone and characterise these putative genes 
based on its DNA sequence.

Amplification and cloning of stress 
genes

The individual stress genes sequences are 
given below:

1. NBS-1 Cicer arietinum clone GVI1.8 
NBS-LRR type disease resistance pro-
tein gene

2. NBS-2(a): Manihot esculenta HNL4 
gene

AGGGCTAGGGGGAGGCCGAATCAAGC-
CTTTTGTCAACATCTCCTGTACTTGTTTCT-
CAATCTCATCTTTCTGGGAGTGAGCATAC-
CTGTAAGGGCGTGTAACGACCCAGAAATC-
CGGACCGCTACCGGCGTTAGGATCCAGATC-
GACTTAAGGTCGCCGGGACCCGTAGCAAGC-
CTAACATACATCCTGTATAGCTGGTATAATC-
CCATACATGATCAAACATAAGCATAAACTT-
TAAAACATAAAACTGTAAACTTCTTCTT-
TAACCCGTTTGACCTGTGTATGCACTATGACT-
GAACTCATAGAACCCCTAGGGTCAGCATAC-
CCTTTGTCAAACTCGGTCCATCACATGAAAC-
GACATAAAATAAAACTCATGTATAAAGG-
GATTAACCAACTCGGGCCAAGCACAATAC-
TATAACTCTGAACATATAACATAATATCAT-
TATGCAATACAACTCTTTTTACATCAATA-
CACAACCTTACATTACATCATGTCCAC-
TACTATTCTACTACATGTCAAGACCATAAC-
CATATCTCGTCGTCTTCCCCACCCCCCC

3. NBS-2(b): Populus trichocarpa clone 
POP040-B14

A G G G C T A G G G G G A G G C C A C A A -
GATTTTCTTTCCCTTTCTTGTCTCTTATCTC-
CAGATCAAACTCTTGCAATAGAAGGATC-
C A C C G A AT G A GTC TC G GT T T T G C T TC -
CTTTTTCTTGATCAAATATCGCAAAGCTG-
CATGGTCAGAGTAGACAATGACTTTGGTC-
CCCAAGAGATATGGTCTGAATTTCTCTAAAG-
TAAATACAACAGCTAAGAGCTCCTTTTCTGT-
TGTTGCGTAGTTGCTTTGTGTAGCATCCAGT-
GTGCGAGAGGCATAGTGAATGACATGGGGT-
GAGTTTCCCACACGTTGCCCCATGACTGCTC-
CTACTGCATAGTTGCTTGCATCACACAT-
GATTTCAAAGGGCATGTTCCAATCAGGTGCT-
TGAATAATTGGGGCAGTCACAAGCAATTTCTT-
TATCAGATCAAATGCAGTTTTGCAACCT-
GTATCAAAATCAAATGTCACATCTTGTTG-
GAGCAATTTATATAAAGGTTGTGTGATTTTG-
GAGAAATCTTTATGAATCTCCTATAGAATC-
CTGCATGACCAAGGAAAGAACGGACT-
TCTTTAACATTAGTAGGATAAGGTAGATTTT-
TAATTGTGTCTACCTTAGCCTTGTCTACT-

Table 1.5. Details of the stress genes and the primers used for the study

Stress gene
(Drought)

Primers
(Sequence)

Tm
(°C)

Product size 
(bp) Gene name

Gel sequence

LEA (C3)
Lea1R-5’CCAATAACAGCTCAAGAATCA
Lea1L-5’TTCCCTTCCATCCCACTCT

51.0 500 442
Glyceraldehyde-
3-phosphate 
dehydrogenase (GAPDH)

WRKY (C5)

Hvwrky38R-
5’AGAACAGCGACGGCTCCGGCAAG
Hvwrky38L-
5’GATCGATCGAACTCCGCCATGG

61.0 800 --- ---------

Dehydrin 
(C7)

CldhnR-
5’AAAGAGAGAGAAAATGGCAGGTTAC
CldhnL-5’GGAGTAGTTGTTGAAATTCTCTGC

57.8 500 461
CassavaTy3/Gypsy-like 
retrotransposon

Disease, 
NBS-1

NBS1R-5’ARIGCTARIGGIARICC
NBS1L-5’GGIGGIGTIGGIAAIACIA

46.6 600 531

Cicer arietinum clone 
GVI1.8 NBS-LRR type 
disease resistance 
protein gene

NBS-2
S2-5’GGIGGIGTIGGIAAIACIAC
AS2-5’IAAIGCIAGIGGIAAICC

46.6
600
&
800

557
&

813

Manihot esculenta HNL4 
gene &
Populus trichocarpa 
clone POP040-B14

The RGA genes (600 & 800 bp) and drought 
genes (500 (LEA & Dehydrin), 800 bp 
(WRKY)) amplified were gel eluted and 
purified using gel elution kit from Qiagen. The 
purified fragment cloned into PCR cloning 
vector pGEM-T Easy cloning vector (3.5 kb) 
for further confirmation and sequencing the 
DNA fragments. 

Sequencing and annotation of 
genes

The cloned stress genes were grown in 
selection medium and white clones were send 
for sequencing to Xcelris lab, Ahmedabad. 
The sequence similarity was assessed for 
individual genes using NCBI, Vec Screen, 
BLAST (Basic Local Alignment Search Tool) 
progamme. The details of the stress genes 
and the primers used are given in Table.1.5.

GAAGGCGAGGGGGAAGCCTCCACACT-
TGGCAACTATTTGTTTTCCTAATCTCTCCA-
GCTCTGGAGGACAAGCAAATGAACCA-
GTTTCCACCAGCATTGGAAAGGCTTTCT-
TCGTAAACAGCTGCCAACTCTTAGCAG-
CACTCAAAAAATGTAGCTCATGCAGAG-
GGCTGCTCGGATCGGCATGCATAGCTACT-
TCCTTAATGCGGGTAGTAAACAACAGTT-
TACTACCATTCATGACATCTGGAAAGATG-
GCTTTCAAGTCATCCCAAACTTCAATTTTC-
CATATATCATCCAAGACGATCAAATACCTCT-
TCTTGCTCAAAACCCTGTAAAGTTTCTC-
CTCTAGATCATCTTTATTCATTGCAGCTAAGT-
TGTCTTTGCTAATGCTCAAAACCCTTCTTCCA-
ATCTCATGTAAAATCTCTCTTGCTCTGTAGTCT-
TGAGAAACATAAACCCATGCACAAAGAT-
CAAAATGCCTCTTAACCTCGGTACAATTATA-
CACTTTCTTGGCTAAAGTCGTCTTCCCCAC-
CCCCCC
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TCAATTCCTTTAGCTGAAACAACATGTC-
CTAAGACCATACCTTGATTAACCATAAAAT-
GACACTTTTCATAATTAAGCACAAGGTTA-
GACTTAAGGCATCTCTGTAGGATCTTTTCCA-
AGTTGGCAAGGCATTCGTCAAAGGAGTTAC-
CATGCACTGTGAAGTTATCCATGAACACT-
TCAATTGTCTTCCCCACCCCCCC

4. LEA: Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH)

CATCTCGTAGTCGAGGAACCAGCCTCCAT-
TCAACCTGAGTCTTCTACAAGGGACGAAC-
CTAAAGCAGTTCCTGCCCAAGTTGTAACT-
TCACAAGGAGAGGCTGAAGCGAAAGTCT-
CATAGCCTTAGTGCATCTAGCACCTAGCGCTG-
GCATTGACTGAGACAACCTCTCTTCTCGAG-
GAGCCCCAGTTGTCTGTGCTAATAGCTAA-
GAACGTTTTGTGGCCTGGAGATCATCATCGC-
CTAAATGCTGTCGAGATAGACGATCTCTACGA-
CAACATCATCCACTCCATGATGGAGAATGCT-
CTGTGTGCATACATAGCCAAGGAGCAGGA-
CAAGGATTTGAGGGAGAGTTAAGGGCATAG-
GAGACGGACAAAAGTTTTGTACAAGAA-
GAGTGTTCGAGGCTAAAGGCTCGTGTTAATG-
GAGTGGGAGTAGGGGTTAATCACTA

5. Dehydrin: Cassava Ty3/Gypsy-like 
retrotransposon

GAGAAAATGGCAGGTTACTACAGGAG -
GTTCGTACAAGGCTTCTCAAAGATAGCG-
GCTCCTATGACCAAACTGACTCAGAAGAAC-
TAGAAGTTTGTCTGGTCAGACCAGTGCAAA-
GAAAGCTTTGAGGAGCTCAAGAGGAGAT-
TGACATCAGCACCAGTGCTAGCTCTACCTGT-
TAGTAACGAGGATTTCACAGTATTCTGTGATG-
CATCTCGAGTGGGATTGGGTTGTGTTTTGATG-
CAGAGAGATAGGGTGATTGCTTATGCTTCTA-
GACAGTTAAAGAAGCACGAGTTGAATTAC-
CCTACCCATGACCTAGAGATGGCAGCAGT-
TATTTTTGCACTCAAGATGTGGCGGCATTAC-
CTCTATGGGGTTAAATGCGAGATCTTCACT-
GATCTCAAGAGTTTACAGTACATCTTGAGT-
CAGAGGGAGCTGAATTTGAAGCAGAGAACT-
TCAACAACTACTCC 

SWEET POTATO
CI/S/BR/226

Varietal Improvement of Sweet 
Potato
B. Vimala, S. Ramanathan, C.A. Jayaprakas and 

M. Nedunchezhian

The objective of the project is to evolve 
white/cream-fleshed clones possessing 
high yield, dry matter and starch. About 
73 clones selected from the previous trial 
were evaluated in a non-replicated row trial.  
Twenty vine cuttings of each clone were 
planted. Based on yield, 38 clones which 
produced 5.0 kg and above tuber yield/clone 
were selected. The yield of selected clones 
ranged from 5.0-7.0 kg/row. The selected 38 
clones were evaluated in a non-replicated 
row trial (50 vine cuttings/clone). The yield 
data are given in Table 1.6. The data showed 
that tuber yield ranged from 12-37 t ha-1 and 
the highest yield of 37 t ha-1 was recorded 

in the clone ST-10-1 followed by Co3-42-8  

(35 t ha-1). Twenty clones produced > 20 t 

ha-1 yield and in 17 clones the yield was < 20 

t ha-1.  Based on yield, dry matter and cooking 

quality 25 clones were selected to conduct 

the preliminary yield trial.

Preliminary yield trial was conducted with 

25 clones along with control Sree Arun for 

two seasons (October – December 2009 and 

January- March 2010). The yield data of the 

two seasons and dry matter (%) are given in 

Table 1.7. In the first season, the yield ranged 

from 15-28 t ha-1. In 19 clones the yield was 

> 20 t ha-1, out of which 6 clones produced 

tuber yield of > 25 t ha-1. The highest yield 

of 27.78 t ha-1 was observed in SV3-27-5 

and SV3-27-12. Seven clones registered low 

yield (<20 t ha-1).  The yield data of second 

season showed that the tuber yield varied 

from 16-30 t ha-1. 19 clones produced > 

20 t ha-1, out of which the yield of 7 clones 

was > 25 t ha-1.  Highest yield of 29.63 t ha-1 

was observed in the clone S-1-11 followed 

by SV3-27-2, SV3-27-5, SV3-27-7 and IGSP-

10-6 (28 t ha-1) and the yield of 7 clones was 

< 20 t ha-1. Only 4 clones (S-1-11, SV3-27-5, 

SV3-27-7 and SV3-27-12) produced >25 t 

ha-1 yield in both the seasons.

Dry matter content of the 25 clones indicated 

that it varied from 25-42% (Table 1.7). In 22 

clones the dry matter was >30%. Only two 

clones registered 40 and 42% dry matter. 

Dry matter was <30% in 4 clones. Based on 

tuber yield, dry matter content and cooking 

quality tests, 15 clones were selected for the 

advanced yield trial.

Table 1.6. Non- replicated trial in sweet potato

Clones
Yield 

(t ha-1)
Clones

Yield  
(t ha-1)

Co3-4-1 18.52 SV-280-1 23.46

Co3-4-9 23.46 SV-280-9 17.28

Co3-4-12 22.22 SV3-27-2 20.06

Co3-4-17 22.84 SV3-27-3 24.07

Co3-4-23 18.52 SV3-27-4 24.07

Co3-42-4 12.35 SV3-27-5 17.28

Co3-42-8 17.28 SV3-27-6 20.99

Co3-42-9 34.57 SV3-27-7 23.46

KS-7-3 19.75 SV3-27-12 23.46

KS-7-4 16.05 IGSP-14-6 17.44

ST-10-1 37.04 IGSP-14-8 16.05

ST-10-2 24.07 IGSP-10-2 11.11

ST-10-5 20.99 IGSP-10-6 14.20

ST-10-11 24.07 IGSP-10-7 17.28

S-1-3 20.99 IGSP-10-8 23.46

S-1-4 18.83 IGSP-10-12 11.73

S-1-9 23.46 IGSP-10-17 14.82

S-1-11 23.58 IGSP-10-22 25.93

S-1-60-1 20.99 IGSP-10-24 14.82
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and Ist clonal populations respectively), 301 
clones (22.5%) were selected on the basis of 
compact tuber shape and good tuber traits. 
From the clonal plants, 523 clones were 
evaluated for cooking quality. The clones 
having excellent/good cooking quality were 
9.6%, those having average quality were 
51.8% and those having poor quality were 
38.4%. Dry matter content of 789 clones were 
evaluated, which recorded a wide range from 
13-45.7 %. Majority of the clones (69.3%) 
recorded dry matter content in the range of 
24-33 %. About seven per cent of the clones 
had dry matter above 36 per cent.   

Seedling harvest and selection 

600 seedlings from the cross combinations 
and open pollination were harvested. There 
was low survival of the seedlings (23.8%) and 
about 3 per cent of the seedlings harvested 
were tuberless, showing only fibrous roots. 
Out of the 600 harvested seedlings, 316 
were selected (52.6%) for clonal evaluation. 
The selection was based on compact tuber 
shape and desirable tuber flesh traits.  

Intervarietal hybridization, natural 
cross pollination and seed production 
in D. alata 

Hand pollinations were done in 74 parental 
combinations of D. alata involving 23 female 
and 16 male parents. The total number 
of pollinations was 7344. The female 
parents were clones developed from the 
sexual progeny and the male parents were 
germplasm accessions having desirable 
tuber characters. The number of flowers 
pollinated in each combination ranged from 
27 – 135. The per cent fruit set ranged from 
7.5 – 79.3 and the per cent seed set ranged 
from 1.8 – 68.6. The number of seeds in cross 
combinations ranged from 1 – 264 and the 
total seeds obtained were 5519. The average 
fruit set was 43. 0 % and the average seed 
set was 29.9 %.

Over the past four years, parental 
combinations were progressively selected, 
based on pollination results, for maximizing 
fruit setting, seed setting and seed germinating 
combinations. Even apparently good looking 
seeds from normal fruit setting combinations, 
do not germinate in some cases. Such males 
and females were identified and eliminated. 
With continuous selection, the following 
improvements were obtained in 2009, with 
the fruit setting combinations increasing 
from 83 to 97 %, seed setting combinations 
increasing from 77 to 100 per cent and seed 
germinating combinations increasing from 30 
to 99 %.

About 1700 seeds resulting from natural 
cross pollination in 16 female parents were 
also collected. The average seed set was 
20.9 %.

Hybridization involving minor edible 
species

Hand pollinations in different accessions 
of D. bulbifera was carried out. Among the 
accessions octoploid females and males and 
tetraploid males were identified and verified 
by cytology. Octoploid female was pollinated 
with octoploid male (93 pollinations) and 
fruit set was 64.5 per cent. When octoploid 
female was pollinated with tetraploid male 
(236 pollinations), the fruit set was very 
low (1.7 %). However, by accident the vine 
of the fruiting female plant was cut one 
month after pollination. In order to save the 
developing seeds, they were cultured in 
medium. The seeds started germinating two 
months after inoculation and 50 seeds out of 
200 have germinated. Hence embryo rescue 
can be used in intervarietal and interspecific 
crosses wherein seeds may not germinate on 
maturity, under normal conditions.

Intervarietal hybridization by hand pollination 
was found successful in D. oppositifolia (right 
turning) and D. pentaphylla (left turning). 

Table 1.7.  Preliminary yield trial in sweet potato

Clones

Yield  
(t ha-1)

Oct-Dec, 
‘09

Yield  
(t ha-1)

Jan-Mar-
’10

Dry matter
(%)

CO3-4-1 26.46 23.15 30.55
CO3-4-9 21.16 25.31 32.75
CO3-4-17 18.52 17.50 29.70
CO3-42-4 16.38 20.37 30.40
CO3-42-8 18.50 16.05 31.25
ST-10-1 21.16 20.37 42.15
ST-10-11 25.43 23.46 31.25

S-1-4 21.16 22.84 26.60
S-1-9 23.14 21.61 32.60
S-1-11 25.43 29.63 28.50

SV280-9 22.05 21.61 33.00
SV-3-27-2 21.16 27.78 32.80
SV-3-27-4 23.14 19.75 31.20
SV-3-27-5 27.78 28.40 39.55
SV-3-27-6 18.50 19.00 31.58
SV-3-27-7 26.46 27.78 35.90
SV-3-27-12 27.78 25.31 34.25
IGSP-14-6 21.16 23.46 35.95
IGSP-14-8 15.43 20.99 36.38
IGSP-10-6 21.16 28.40 40.35
IGSP-10-7 17.58 18.50 31.60
IGSP-10-8 20.19 21.54 34.25
IGSP-10-12 15.43 16.05 31.20
IGSP-10-22 21.13 23.46 30.50
IGSP-10-24 20.99 16.67 30.63

Sree 
Arun(control)

23.50 24.60 24.45

YAMS
CI/Y/BR/208 

Varietal Improvement Programme 
of Edible Dioscorea
K. Abraham and M.T. Sreekumari

Clonal evaluation and selection of D. alata 
hybrids

Unselected populations of IIIrd, IInd and Ist 
clonal plants of hybrids were harvested and 
evaluated for compact tuber shape and 
good tuber flesh traits like white colour, non-
graininess, non-oxidation of cut surface and 
uniform appearance. Among the 1337 clones 
harvested (259, 658 and 420 from the IIIrd, IInd 
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Fruit set and seed set were normal and 
seed germination was 29 and 19 per cent 
respectively in the two species. Interspecific 
hybridization was also attempted on D. 
tomentosa (left turning). When D. tomentosa 
was crossed with D. pentaphylla there was 
very low degree of fruit set (4.8 %) with no 
seed set. When D. tomentosa was crossed 
with D. bulbifera there was considerable 
fruit set (35.9%) and the fruits were looking 
normal. Seed set was also observed (16.1%) 
but the seeds were not well filled and they 
did not germinate in nursery. Interestingly 
when left turning D. tomentosa was crossed 
with right turning D. alata, there was normal 
fruit set (23.4%) but the seeds were not well 
formed. 

Collection of germplasm 

Germplasm collection trips were undertaken 
in the forest areas of Wyanad and Pechippara 
in Kerala to collect different wild species 
of Dioscorea. A total of 1040 accessions in 
six wild Dioscorea species, viz., D. wallichi, 
D.pentaphylla, D. tomentosa, D. oppositifolia, 
D. bulbifera and D.hispida were collected.

AROIDS

CI/C/BR/208

Varietal Improvement Programme 
in Edible Aroids

M.T. Sreekumari, K. Abraham and M. N. Sheela

Elephant foot yam (Amorphophallus 
paeoniifolius (Dennst) Nicolson)

Evaluation of the 1st clonal progeny

Evaluation of two hundred and twenty two 
first clonal progeny was done for various 
morphological characters as well as yield 
performance. Plant height ranged from 28.5 
to 53.0 cm, leaf spread from 26.5 to 70.5 
cm and shoot girth ranged from 3.0 to 9.5 

could be grouped into three categories viz. 
well formed corms of 450 to 1120 g, small 
corms of 120 to 350 g and cormels of weight 
ranging from 25 to 40 g. The well-formed 
medium sized corms are ideal for marketing 
and the other two are good for use as planting 
material.

Taro (Colocasia esculenta (L.) Schott)

Evaluation to isolate taro leaf blight 
tolerant hybrids

Eighty two hybrids were evaluated to isolate 
leaf blight tolerant clones. This includes 26 
hybrids of the cross Co H 4-3 x wild taro, 32 
of Sree Kiran x wild taro and 24 belonging 
to Sree Kiran x Co H 4-3. Symptoms of 
blight incidence were recorded at fortnightly 
intervals. Thirty symptom-free lines were 
isolated. 

Yield performance of clonal selections

Sixteen clones were evaluated along with the 
released variety, Sree Kiran as check. Cormel 
yield ranged from 15.2 t ha-1 in Co H-23-2 to 
22.2 t ha-1 in Co H-4-3. Two of the clones viz. 
4-3 and 4-10 recorded significantly higher 
yield than the released variety and were 
selected for confirmatory trial for assessing 
the stability in yield performance (Table 1.8).   

cm. A wide range in yield from 100 g to 1050 
g was observed and number of cormels per 
corm ranged from 3 to 63. Based on yield, 
56 selections were isolated for 2nd clonal 
evaluation.    

Evaluation of hybrids 

Altogether sixty six clonal selections were 
evaluated during the period under report. For 
this, two advanced varietal trials comprising 
of 21 clones, one preliminary yield trial with 
16 clones and one row trial with 29 clones 
were done. In the AVT -1, 13 selections were 
evaluated along with the released varieties, 
Sree Padma and Sree Athira as check 
varieties. Corm yield ranged from 27.7 in Am 
H-23 to 43.8 t ha-1 in Am H -102, which was 
significantly superior to both the released 
varieties. In the second trial with eight clones, 
Am H-101 gave significantly higher yield of 
41.9 t ha-1 than the check varieties. In the 
preliminary evaluation trial in which hybrids 
generated from Sree Athira, Sree Padma, 
Gajendra and Chrukuri were included, corm 
yield ranged from  32.5 to 48.5 t ha-1  Based 
on yield and cooking quality, six clones were 
identified for further evaluation. 

Taro hybrid : Am H-102

Planting material production

Eight hundred plants raised from cormels 
weighing 25 - 50 g of two hybrid clones gave 
reasonably higher tuber production compared 
to the weight of planting material used. The 
harvested material from cormel grown plants 

Table-1.8. Evaluation of advanced hybrid taro clones

Hybrids Tested Yield (t ha-1)

4 – 3 22.2

4 – 5 17.0

4 – 10 21.8

S-73 19.2

S-2 17.5

S-25 18.2

Co H 23 – 2 15.2

Sree Kiran 17.2

CD (0.05) 2.831



CENTRAL TUBER CROPS RESEARCH INSTITUTE
A
N

N
U

A
L
 R

E
P
O

R
T
 2

0
0

9
-1

0

36

Shelf-life of corms and cormels

To identify hybrids having longer keeping 
quality, 15 clones were screened. Weight loss 
of intact and detached corms and cormels 
was recorded at weekly intervals. Weight 
loss was more (45 to 70 %) from 3rd week 
onwards in detached tubers compared to (20 
to 30%) in the intact ones. Intact tubers of 
three of the hybrids viz. 6-4, H-150 and and 
Co H-4-3 were found to have longer shelf-life 
of 90-115 days. 

cassava and 33 varieties (released & pre-
release) of sweet potato were established 
at CTCRI (RC), Bhubaneswar. Efforts were 
also undertaken to collect the varieties 
released by AICRP (TC) centres. Replicated 
evaluation trial was conducted at both the 
centres and database of varieties based on 
55 descriptors of cassava was prepared. 
In sweet potato also, database of varieties 
based on key descriptors was prepared. 
Seventeen distinct morphological traits along 
with reference varieties were identified as 
DUS descriptors in cassava. In sweet potato, 
12 key descriptors were identified for DUS 
characterization. 

Evaluation of Orange-fleshed Sweet 
potato and Mapping of Genetic Loci 
Associated with b- Carotene
Principal Investigator: B.Vimala
Funded by LSRB, DRDO, Govt of India

The tubers of 10 orange-fleshed clones were 
stored and dry matter and carotenoids were 
estimated on 1st, 7th, 14th, 21st, 28th and 35th 
day after storage. The total carotenoids 
ranged from 11-14 mg 100g-1 .f.w. and 
b-carotene varied from 9-13 mg 100g-1 f.w. 
The dry matter content was 21-25%. The 
data showed that there was no significant 
difference in total carotenoids and  b-carotene 
during storage.

The total carotenoids and  b-carotene  were 
estimated from the tubers of 10 orange-
fleshed clones  in different processing 
methods The analysed data indicated that 
the highest retention of total carotenoids 
(90-95%) and b-carotene (89-97%) was 
observed in oven drying followed by boiling 
(84-90% & 84-91%) respectively and frying 
(77-85% & 72-86%). Least retention of total 
carotenoids (68-73%) and  b-carotene (63-
73%)  was found in the sun drying method.      

DNA was isolated from 250 hybrid seedlings. 
Out of these 150 DNA samples were analysed 
with 5 ISSR   primers. The Single Marker 
Analysis (SMA) resulted in the identification 
of one marker ISSR Y 818 3/1 associated 
with b-carotene.

Genetic Improvement of Yam Using 
DNA markers 

Principal Investigator : K.Abraham

Funded by : Indo-French Centre for the 
Promotion of Advanced Research (IFCPAR), 
New Delhi

This project was a collaborative research work 
between the Central Tuber Crops Research 
Institute (CTCRI), India and the Centre de 
Cooperation Internationale en Recherche 
Agronomique pour le Developpement 
(CIRAD), France. Under the project, several 
thousands of controlled pollinations were 
done in greater yam. The triploids and 
tetraploids were produced for the first time 
and were found to have increased vigour and 
higher tuber yield than diploid hybrids.  

Cytological studies were undertaken in the 
unique tetraploid males (2n=80). The mode 
of inheritance of microsatellite markers in 
controlled crosses in 2n = 40 types indicated 
their diploid nature. The discovery of fertile 
2n = 80 types  with majority of bivalents 
during meiosis and the simple Mendelian 
inheritance of the microsatellite markers in 2n 
= 40 types have also led to a revision of the 
basic chromosome number of greater yam, 
establishing that the 2n = 80 and 40 types 
are tetraploids and diploids respectively as 
against the previous assumption of octoploids 
and tetraploids.

The genetic diversity of the CIRAD and 
CTCRI accessions (Pacific and Indian 
accessions respectively) of greater yam 
was assessed and compared. The Pacific 
and Indian accessions formed two separate 
clusters indicating the genetic divergence 
of the accessions of the two geographical 
locations. The characterisation of germplasm 
accessions has led to the identification 
an allele (Ats-1) that could be linked to 
anthracnose resistance. These findings are 
of great practical applications in the genetic 
improvement of greater yam since combining 
the genetically divergent accessions would 
maximise heterosis and heterozygosity, both 
contributing to higher tuber yield. 

Taro hybrid : Co H-4-3

EXternal Aided Project

Developing DUS Testing Criteria and 
Varietal Gene Bank Establishment 
for the Tropical Tuber Crops, 
Cassava and Sweet Potato

Principal Investigator: K.Abraham

Funded by Protection of Plant Varieties and 

Farmers’ Rights Authority (PPV&FRA)

Fifty five descriptors comprising of 34 
morphological and 21 quantitative traits 
in cassava and 45 characters including 32 
key descriptors and 13 quantitative traits in 
sweet potato were identified and used for the 
characterization of the varieties. Developed DUS 
testing sites at CTCRI (HQ), Thiruvananthapuram 
and at CTCRI (RC), Bhubanewsar. An area of 
900 sq. m has been fenced and brought under 
drip irrigation (CTCRI-RC).

Collected and established 17 released 
varieties of cassava and 26 released varieties 
of sweet potato in the varietal gene bank 
at CTCRI-HQ. Fourteen released varieties of 
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Crop Production

38.4 t ha-1) and lowest was observed in the 
weed free plot (0.6 t ha-1) at two months 
after planting. The highest tuber yield was 
observed in the weed free plot (28.03 t ha-1), 
which was on par with two hand weedings 
(23.51 t ha-1) and four weedings (26.95 t 
ha-1). The tuber yield obtained with two hand 
weedings (T1) was comparable with growing 
green manure cowpea as intercrop (18.47 t 
ha-1) (T7). The tuber yield in herbicide treated 
plots were 16.41 t ha-1 and 15.07 t ha-1in T4 
and T5 respectively, whereas in intercropped 
plots were 14.71 t ha-1 and 18.47 t ha-1 in T6 
and T7 respectively.

CP/A/C/221

Resource Management for Short 
Duration Cassava
G. Suja, K. Susan John and T. Srinivas

Cassava production system involving 
legumes

Two short duration cassava varieties, 
Vellayani Hraswa and Sree Vijaya were 
evaluated in 2 cropping systems (sequential 
cropping and intercropping) involving 2 types 
of cowpea (vegetable and grain types) under 
2 fertility levels (full recommended dose of 
NPK, 1/2 N + full P+ full K) for the second 
and third seasons. During the second year, 
both the varieties performed equally well 

ONGOING PROJECTS

Mega Project I: 
Production and Integrated Nutrient 
and Water Management in Tuber 
Crops and Related Physiological 
Studies

CASSAVA
CP/C/PY/220

Weed Management in Cassava
C.S. Ravindran and V. Ravi

A field experiment was conducted with 10 
treatments and 3 replications in RBD under 
rainfed conditions in cassava variety, Sree 
Vijaya. The treatments were: T1-two hand 
weedings at monthly interval, T2-four hand 
weedings  at monthly interval, T3- weeding 
with mechanical weeder, T4-herbicides 
: Alachlor  followed by Glyphosate, T5-
herbicides : Butachlor  followed by Glyphosate, 
T6-cassava intercropping with  vegetable  
cowpea, T7-cassava intercropping with  
green manure cowpea, T8-farmer’s practice, 
T9-weed free plot and T10-unweeded control. 
The dominant weeds were Cyperus rotundus, 
Cyanodon dactylon, Panicum repens, 
Boerhaavia diffusa and Cleome viscosa. The 
highest weed infestation was observed in the 
unweeded control plot (fresh weed weight 
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Table 2.1.  Yield, quality and biomass production of short duration cassava varieties as
 affected by systems involving cowpea and fertility levels

Treatments
Fresh 

tuber yield
(t ha-1)

Tuber dry 
matter 

(%)

Tuber dry 
biomass

yield
(t ha-1)

Mean tuber 
bulking rate

(g day-1)

Total dry 
biomass 

production
(t ha-1)

Harvest 
Index

Varieties

Vellayani Hraswa 28.87 42.34 11.44 5.15 21.50 0.524

Sree Vijaya 26.12 39.00 10.30 4.64 20.38 0.503

CD ( 0.05) NS 1.825 NS NS NS NS

Systems
Sequential 
cropping

33.17 41.38 12.40 5.58 22.60 0.546

Intercropping 21.83 39.96 9.34 4.20 19.28 0.481

CD ( 0.05) 2.032 NS 1.736 0.782 3.306 0.041

Cowpea types

Vegetable cowpea 27.58 41.46 10.87 4.89 20.78 0.520

Grain cowpea 27.42 39.89 10.87 4.89 21.10 0.507

CD ( 0.05) NS NS NS NS NS NS

Fertility levels

Full N 28.38 39.77 10.98 4.94 21.39 0.506

Half N 26.62 41.57 10.75 4.84 20.49 0.521

CD ( 0.05) NS NS NS NS NS NS
Controls
( Sole cassava)
Vellayani Hraswa 26.15 42.00 11.01 4.95 19.99 0.551

Sree Vijaya 26.82 34.75 7.44 3.35 17.19 0.514

in systems involving cowpea (tuber yield of 
28.87 and 26.12 t ha-1) (Table 2.1). Tuber and 
total dry biomass yield and harvest index of 
the 2 varieties were almost the same. Of the 
2 systems, sequential cropping (33.17 t ha-1) 
proved superior to intercropping (21.83 t ha-1) 
in fresh tuber yield, tuber and total biomass 
production as well as harvest index. Both 
vegetable cowpea (var. Pusa Komal) and grain 
cowpea (C-152) were found to be equally 
compatible with short duration cassava 
under both the systems. The dose of N could 
be reduced to half to short duration cassava 
in both the systems involving cowpea. The 
same trend was observed during the third 
season also.

CP/C/SS/229

Screening Potassium Efficient 
Cassava Genotypes for Industrial 
and Domestic uses
K. Susan John, M. N. Sheela and G. Suja

The project was initiated during June 2008 
with the overall objective of identification 
of cassava genotypes having high K use 
efficiency (physiological K efficiency) coupled 
with good yield and quality for domestic 
and industrial purposes, to exploit the K 
use potential of these cultivars to reduce 
the quantity of K fertilizers and thereby the 
cost of cultivation. The specific objectives 
were identification of K efficient genotypes 
of cassava having good yield, good cooking 

quality, low HCN for domestic purpose and 
K efficient genotypes with high dry matter, 
starch and yield for industrial uses. From 
the first year’s experiment on preliminary 
screening of suitable K efficient genotypes 
based on the different crop characteristics 
including physiological K efficiency, 3 
genotypes each viz., Aniyoor, W-19, 7 
Sahya-2 for domestic and 6-6, 7III E3-5 and 
CR 43-8 for industrial uses were selected. 

During this year, the objective was to evaluate 
the agronomic K efficiency including the K 
adaptation index of the above 6 genotypes 
at 4 different levels of K viz., 0, sub-optimal 
(50 kg ha-1), optimal (100 kg ha-1) and super-
optimal (150 kg ha-1). The experiment was 
conducted in split plot design with varieties 
(6) in main plots and levels of K (4) in the 
sub plots, with 24 treatment combinations 
replicated twice. The application of N, 
P and FYM was based on soil test data.
The crop was harvested at 10th month and 
statistical analysis of the yield data (Table 
2.2) indicated significant effect of varieties 
on tuber yield and there was no significant 
effect of levels of fertilizers and  interaction 
of varieties and levels of K on tuber yield. 
Among the 6 varieties, 7III E3-5 recorded the 
highest tuber yield of 49.9 t ha-1and was on 
par with CR 43-8 (47.9 t ha-1). Among the 

Table 2.2. Effect of levels of K on tuber yield of 
selected cassava genotypes

Treatments
Varieties / 
K levels 

K 0 K 50 K 100 K 150
Mean of  
varieties

Aniyoor 43.8 25.0 36.7 33.5 34.8

W-19 35.2 25.6 51.8 31.5 36.0

7 Sahya (2)33.9 49.4 64.2 29.1 44.1

6-6 43.8 32.4 43.5 41.7 40.4

7III E3-5 45.4 44.4 54.6 55.2 49.9

CR 43-8 33.0 55.9 44.8 57.9 47.9

Mean of  K 
levels

39.2 38.8 49.3 41.5

CD (0.05) Varieties:7, CD (0.05) K levels: NS, 
CD (0.05) Varieties x K levels:NS
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two sets of varieties, Aniyoor and 7III E3-5 
were identified as the most K efficient for 
domestic and industrial uses respectively as 
they recorded the maximum tuber yield ( 43.8 
t ha-1 and 45.4 t ha-1) without the use of K 
fertilizer ( Table 2.2). Biometric characters of 
the selected genotypes indicated significant 
effect of varieties on fallen leaves at 3MAP 
and interaction effect of varieties and levels 
of K on fallen leaves at 3MAP as well as stem 
girth at 3MAP.

CP/C/SS/208

Long Term Effect of Manures and 
Fertilizers in an Acid Ultisol Growing 
Cassava
K. Susan John, C.S. Ravindran and James 
George

The third phase of this project was initiated 
in 2004 with emphasis to study the impact of 
different organic manures and micronutrients 
on tuber yield, tuber quality, soil chemical 
properties and plant uptake of nutrients. 
The experiment consisted of 20 treatments 
replicated thrice in RBD. The variety used 

was Sree Visakham (H-1687).The organic 
manures used were FYM @ 12.5 t ha-1, 
green manuring  in situ with cowpea, vermi 
compost @ 3.91t ha-1, coir pith compost 
@4.6 t ha-1 having an N content of 1.6 and 
1.36% respectively to provide N @100 kg 
ha-1, ash @ 2.7 t ha-1 to supply K@100 kg 
ha-1 and crop residue. 

The average fresh green biomass of cowpea 
incorporated in the green manuring in situ 
treatment was 8.373 t ha-1 contributing to 
about 41.865 kg ha-1 of N. In the crop residue 
plot, the leaf, stem and total plant biomass 
added on dry weight basis was 2.584, 7.557 
and 10.141 t ha-1, which contributed to 99.38, 
75.27 and 174.65 kg N respectively. Under 
the soil test based fertilizer recommendation 
treatment, the initial soil test data for organic 
C, P and K was 0.939%, 56.47 and 267.68 
kg ha-1 respectively. Based on this, a fertilizer 
dose of NPK @ 91:0:60 along with 7.5 t 
ha-1 of FYM was fixed. The micronutrients 
included were Mg as MgSO4 @ 20 kg ha-1, 
Zn as ZnSO4 @ 12.5 kg ha-1 and B as Borax 
@ 10 kg ha-1. The results of the harvest of 
the 5thseason crop are presented below:	
Tuber yield

The highest tuber yield of 32.03 t ha-1 was 
obtained from T1(NPK@ 125:50:125 kg 
ha-1 + FYM @12.5 t ha-1) and was on par 
with all treatments, except T3, T6, T7, T18 
and T20. Application of organic manures viz., 
green manuring in situ with cowpea ( 23.87 
t ha-1), vermi compost (30.32 t ha-1) and coir 
pith compost (27.16 t ha-1) produced yield 
on par with FYM (31.02 t ha-1) indicating 
the possibility of substituting FYM with 
these organic manures (Fig.2.1). Application 
of organic manures alone (T7), half the 
recommended dose of chemical fertilizers 
along with organic manures (T6) produced 
significantly lower yields (22.34 and 21.40 
t ha-1 respectively). However, absolute 
control resulted in the lowest yield of 13.98 
t ha-1. The yield obtained with application of 

micronutrients viz., Zn and B and secondary 
nutrient viz., Mg either alone or in two 
nutrient or three nutrient combinations along 
with the recommended dose of NPK and 
FYM were on par indicating no additional 
advantage of using these nutrients either 
in two or three nutrient combinations over 
single nutrient application (Fig 2.2). Soil test 
based application of NPK@ 91:0:60 along 
with FYM @7.5 t ha-1 produced tuber yield 
(26.16 t ha-1 ) on par with the recommended 
dose of NPK @100:50:100 kg ha-1 along with 
12.5 t ha-1 FYM (31.02 t ha-1) (Table 2.3).

Tuber quality

Treatments did not produce significant 
effect on the cyanogenic glucoside and 
starch content of cassava tubers. However, 
application of organic manures viz., 
vermicompost and coir pith compost instead 
of FYM produced tubers with low cyanogenic 
glucoside contents and comparatively higher 
starch contents. There was no marked 
difference in the cyanogenic glucoside 
content of tubers due to application of FYM 
and green manuring in situ with cowpea. The 
content of HCN was found to be the highest 
when micronutrients and secondary nutrient 
together (B + Zn + Mg) as in T11 and T18 
were used (Table 2.3).

Soil chemical properties

Among the various chemical properties, 
significant effect of treatments was noticed in 
the status of Mg in soil. There was significant 
effect of treatments on the total uptake of 
nutrients viz.,N, P, K, Ca, Mg, Cu and Mn.

Microbiological studies

No significant effect of treatments on 
the population of bacteria, fungi and 
actinomycetes was observed. A total of 24 
N fixers, 22 P solubilizers and 3 Trichoderma 
isolates were obtained from the different 
treatments of the experiment. The potent N 
fixer with an N fixing capacity of 11.76 µg g-1 

Aniyoor: K efficient cassava genotype for domestic use

7III E3-5: K efficient cassava genotype for industrial use
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and P solubilizer with a P dissolving efficiency 
of 113.167µg g-1 was identified as Bacillus 

Table 2.4. Influence of organic manures on soil enzyme activities

Organic 
manures

Dehydrogenase
(mg TPF 

formed g-1h-1)

Nitrate reductase
(µg NO2-N formed 

g-1h-1)

Urease
(mg urea 

formed g-1h-1)

Acid phosphatase
(µg para nitro phenol 

released g-1h-1)

FYM 0.022 0.052 1.999011 2.161
GM 0.016 0.059 1.998954 1.715
VC 0.023 0.059 1.998899 1.738
CPC 0.020 0.052 1.998862 1.712
CR 0.024 0.054 1.998858 1.704
Ash 0.027 0.057 1.998865 1.331

CD(0.05) NS NS NS NS

Soil physical properties

The soil physical properties  under different 
treatments determined after continuous 
cultivation of cassava for 19 years indicated 
the favourable effect of organic manures 
especially green manuring in situ with 
cowpea in reducing the bulk density and 
particle density and improving porosity 

Table 2.3. Tuber yield and tuber quality parameters of cassava (5th season crop)

Notation Treatments
Yield

 (t ha-1)
Starch (%)

HCN
(OD value)

T1 NPK @ 125:50:125 kg ha-1 + FYM @ 12.5 t ha-1 32.03 19.59 0.141

T2 NPK @ 100:50:100 kg ha-1 +FYM @ 12.5 t ha-1 31.02 18.76 0.207

T3 NPK @ 50:25:100 kg ha-1  + GM 23.87 20.25 0.228

T4 NPK @ 100:50:100 kg ha-1 + VC 30.32 19.19 0.119

T5 NPK @ 100:50:100 kg ha-1 + CPC 27.16 21.07 0.113

T6 ½ NPK + CR + VC + CPC 21.40 20.78 0.190

T7  VC+ CPC+ Ash+ CR 22.34 21.98 0.146
T8 NPK @ 100:50:100 kg ha-1 +FYM @ 12.5 t ha-1+B 26.76 19.67 0.202

T9 NPK @ 100:50:100 kg ha-1 + FYM @ 12.5 t ha-1 + B+ Zn 30.52 21.39 0.129

T10 NPK @ 100:50:100 kg ha-1 + FYM @ 12.5 t ha-1 +Mg +B 26.87 19.89 0.182

T11 NPK @ 100:50:100 kg ha-1 + FYM @ 12.5 t ha-1 
+Mg+ Zn + B

25.91 17.02 0.220

T12 NPK @ 50:25:100 kg ha-1  + GM+ Zn 27.94 21.76 0.197

T13 NPK @ 50:25:100 kg ha-1  + GM+ Mg 28.93 22.01 0.178

T14 NPK @ 50:25:100 kg ha-1  + GM+ B 26.60 20.18 0.208

T15 NPK @ 50:25:100 kg ha-1  + GM+ Zn+ Mg 30.05 21.85 0.160

T16 NPK @ 50:25:100 kg ha-1  + GM+ Zn+ B 27.20 21.14 0.142

T17 NPK @ 50:25:100 kg ha-1  + GM+B+ Mg 24.45 18.31 0.238

T18 NPK @ 50:25:100 kg ha-1  + GM+B+ Mg+ Zn 22.80 19.78 0.301

T19 STBF (NPK @ 91:0:71 kg ha-1+ FYM @7.5 t ha-1) 26.16 18.53 0.164

T20 Absolute control 13.98 19.08 0.149

  CD (0.05) 7.927 NS NS

FYM-Farmyard manure, GM-Green manuring in situ with cowpea, VC-Vermi compost, CPC-Coir pith compost, 
STBF- Soil test based fertilizer recommendation, CR-Crop residue, Zn-Zinc, Mg-Magnesium, B-Boron

subtilis and Enterobacter sp. respectively 
through molecular characterization. Positive 
correlation existed between the population of 
N fixers and available N status of the soil. The 
Trichoderma isolated from this experiment 
showed 80% inhibition against all the four 
major fungal diseases of tropical tuber crops 
viz., Sclerotium rolfsii causing elephant foot 
yam collar rot, Phytophthora colocasiae 
causing taro blight, Phytophthora palmivora 
causing cassava tuber rot and Colletotrichum 
gleosporioides causing yam anthracnose.

Enzyme studies

The activity of enzymes viz., dehydrogenase, 

nitrate reductase, urease and acid 
phosphatase also was studied and the 

treatments did not produce any significant 
effect on these enzyme activities (Table 2.4). 

and water holding capacity. The effect of 
secondary nutrient, Mg and micronutrients 
was not spectacular. However, application 
of Zn alone reduced particle density and bulk 
density, whereas Mg alone improved porosity 
and water holding capacity of the soil.
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cassava production regions. The NPK 
fertilizer requirements were estimated using 
the Microsoft Excel spreadsheet version 
of QUEFTS in combination with a solver 
module. 

The four locations were selected in such a 
way that they represented the different soil 
types and major cassava production regions 
of India. It can be observed that imbalanced 
NPK fertilizer application resulted in an actual 
yield of 11.41 t ha-1 tuberous root dry matter 
whereas the model predicted a yield of 
10.50 t ha-1 tuberous root dry matter. Figure 
2.3 shows the relation between cassava 
tuberous root yields predicted by the model 
and measured yields at different cassava 
production regions and it showed good 
agreement which indicates that the calibrated 
model can be used to improve NPK fertilizer 
recommendations for cassava in India.

Based on the studies conducted under the 
sub project, the QUEFTS model has been 
parameterized and calibrated for making 
NPK fertilizer recommendations for cassava 
in India. The fertilizer NPK requirements for 
a target yield can be calculated using the 
model. Data collected from different field 
experiments conducted in major cassava 
production regions of India during 1975 
to 2002 were used to calibrate the model. 
The derived parameters of minimum and 
maximum accumulation of nitrogen (35 and 
80), phosphorus (250 and 750) and potassium 
(32 and 102) are proposed as standard 
borderline values in the QUEFTS model for 
cassava. A linear increase in tuberous root 
yield was suggested by the model with N, P 
and K uptakes of 17.6, 2.2 and 15.6 kg N, P 
and K per 1000 kg tuberous root yield. The 
average N: P: K ratio in total plant dry matter 
was 7.6:1:6.9. The relationship between soil 
NPK supply and soil chemical properties for 
major cassava production regions of India 
was also developed. Relationships between 
fertilizer nutrient recovery efficiencies 

CP/A/C/227

Development of a Nutrient Decision 
Support System for Precision 
Farming of Cassava
G. Byju, V. Ramesh and V.S. Santhosh Mithra

In order to test the sensitivity of the model 
to boundary values of NPK uptake, the 
model was run with three different sets of 
parameters (sets 1-3, Table 2.5) keeping 
the potential yield at 24.5 t ha-1 dry matter. 
When the data were deleted from 2.5 to 5.0 
to 7.5 per cent, a lot of difference could be 
observed in the slope of the boundary lines. 
But the balanced NPK uptake requirements 
were similar for all the three sets of data. 
The differences were found to be maximum 
when the yield targets were close to yield 
potential. Since there is large variability 
of internal efficiencies in farmers’ fields, it 
is proposed that set 4 (Table 2.5) could be 
used as standard parameter set in QUEFTS 
for cassava as these include the maximum 
range of variability.

Potential yield and nutrient 
requirements

There is great variation in the potential yield 
(Ymax) of cassava among the major cassava 
production regions of India. The potential 
yield values range from 17.5 to 24.5 t ha-1 
tuberous root dry matter. The NPK uptake 
requirements at different yield potentials of 
cassava showed that the relation between 
yield and nutrient (N, P or K) uptake is linear 
at lower yield targets, indicating that plant 
growth is mainly limited by NPK uptake. At 
higher yield targets that are closer to yield 
potential, there was great reduction in the 
internal efficiency values. When the yield 
target approaches the yield potential, the IE 
values decreased drastically from the linear 
level and reached minimum values. The 
results indicate that maximizing the nutrient 

efficiencies by balanced NPK application will 
give more profit to farmers than aiming for 
higher yield targets closer to potential yield.

Indigenous nutrient supply and fertilizer 
nutrient recovery efficiency

The indigenous N supply (INS) was calculated 
from the unfertilized plots. This is based on 
the assumption that nitrogen is the most 
important nutrient element that restricts 
cassava growth. When we determine the 
indigenous P supply (IPS) and indigenous K 
supply (IKS) from these unfertilized plots, 
the values will be highly underestimated. 
Hence IPS and IKS were determined from 
plots that did not receive P and K fertilizers 
respectively. The soil indigenous nutrient 
supply and different soil test values (pH, 
organic carbon, available N, P and K) were 
plotted in all possible combinations to 
develop the relationships between them. The 
regression equations and their correlation 
coefficients developed for the four major 
cassava production regions in India are 
given in Table 2.6). Due to very similar soil 
conditions, and lack of suitable data set, the 
relationships developed for Tamil Nadu region 
have been adopted for Maharashtra too. 
When we added other soil test values, there 
was no improvement in the relationships.

There were wide variations in the fertilizer 
nutrient recovery efficiencies of N, P and K 
by cassava. The average values of recovery 
efficiencies of N, P and K were 50, 30 and 
50 per cent respectively. Another major 
observation from the data set was the 
considerable variation in REn, REp and REk 
with the amount of fertilizer applied. The 
relationships between recovery efficiency 
and amount of NPK fertilizers applied were 
developed ( Table 2.7).

Validation of the model

The calibrated QUEFTS model for cassava 
was validated using data from four major 
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and fertilizer rates were also developed. 
Validation of the model using experimental 
data resulted in good agreement between 
predicted and measured yields.

The calibrated model can be used in other 
regions also, provided that we develop 
the relations between soil supply and soil 
chemical properties. Also, if we can develop 
the basic equations for nutrients other 
than N, P and K, the model can include 

Table 2.6. Indigenous supply of N, P and K (kg ha-1) 
from four major cassava production regions 

expressed in soil chemical properties

Location Regression equations n R2

Kerala INS = 188.84 OC - 6.2265 35 0.78

IPS = 0.3302 Bray1 P + 8.3511 21 0.73

IKS = 0.7398 Exch K - 9.9405 22 0.83

Tamil Nadu INS = 221.94 OC + 4.8519 23 0.86

IPS = 0.6067 Olsen P + 1.084 15 0.82

IKS = 0.2499 Exch K + 29.051 15 0.81
Andhra 
Pradesh

INS = 129.11 OC + 54.055 24 0.41

IPS = 0.3586 Bray 1 P + 3.3456 11 0.77

IKS = 1.0296 Exch K - 41.702 11 0.81

Maharashtra INS = 221.94 OC + 4.8519 23 0.86

IPS = 0.6067 Olsen P + 1.084 15 0.82

IKS = 0.2499 Exch K + 29.051 15 0.81

Table 2.7. Regression equations describing the 
relation between recovery efficiency (%) and NPK 

application (kg ha-1) for cassava

Regression equation n R2

REn = -0.0032N2 + 0.7589N + 3.1553 48 0.75

REp = 39.498e-0.0061P 36 0.66

REk = -0.0021K2 + 0.6608K + 0.8699 60 0.78

Fig.2.3. Tuber yield of cassava predicted by QUEFTS 
model and measured in major cassava production 

regions of India

Fig 2.4. Screenshot of the software developed for SSNM of cassava

CP/C/SS/228 

Integrating Soil Quality and Soil 
Conservation Measures for Sloping 
Lands in Cassava Production Systems 

V.Ramesh, C.S.Ravindran and J.Sreekumar

The tipping bucket was installed in a sloping 
cassava field at Kilathoor, which is around 9 
km from Kadambur town and 2.5 km from the 
nearest village, Iratipalayam. The installed 
tipping bucket is of 6 l capacity along with 
a water collection tray of 15 feet length 
capable of estimating run off and nutrient loss 
in a field area of about 50 m2. Measurements 
will be taken up using a manual counter, 
which records the number of tips during each 
rainfall event. 

Soil quality studies at Kadambur

For this study, 30 surface geo spatial soil 
samples were collected in a representative 
hill from top to bottom at a distance 
of approximately 0.5 km and covering 

Table 2.5. Constants of borderline functions showing the relationship of tuber yield of cassava to maximum 
accumulation (a) and dilution (d) of N, P and K in total plant dry matter

Nutrients Set 1 Set 2 Set 3 Set 4

a (2.5th) d (97.5th) a (5.0th) d (95.0th) a (7.5th) d (92.5th)
a 

(2.5th)
d 

 (97.5th)
N 34.5 79.7 36.7 74.3 39.4 69.4 35 80
P 250.4 749.8 261.8 722.6 284.7 707.8 250 750
K 31.7 101.9 34.2 97.5 39.5 92.3 32 102

other nutrients also. The study shows that 

fertilizer recommendations can be improved 

by the calibrated QUEFTS model based on 

the derived parameters and equations. A 

screenshot of the software developed for 

site specific nutrient management (SSNM) 

of cassava is shown in Fig. 2.4.
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Table 2.8. Variation in soil properties at different 
altitudes of Kadambur

Parameter Minimum Maximum

pH 5.65 8.52

Organic C (%) 0.12 1.57

Sand (%) 20 45

Silt (%) 15 33

Clay (%) 22 64

Table 2.9. Yield attributes of sweet potato in pots and poly bags under 
conventional and organic manuring practices

Treatments
No. of tubers plant-1 Tuberyield (g/pot/polybag) Vine yield

(g/pot/
polybag)Total Marketable Total Marketable

Containers

Pot 3.77 2.44 362 314 224

Polybag (1) 2.88 1.88 264 224 384

Polybag (2) 2.09 1.44 489 432 458

SE± 0.163 0.112 19.547 19.737 31.912

CD (0.05) 0.478 0.331 57.324 57.881 93.558

Varieties

Sree Arun 2.95 2.01 418 366 403

Sree Kanaka 2.87 1.83 325 282 308

SE± 0.133 0.092 15.960 16.115 26.056

CD(0.05) NS NS 46.804 47.259 70.412

Manures

Conventional 3.18 2.25 438 389 344

Organic 2.65 1.59 305 259 367

SE± 0.133 0.092 15.960 16.115 26.056

CD(0.05) 0.390 0.270 46.804 47.259 NS

Manuring in the conventional practice 
resulted in the production of more number of 
tubers per plant (3.18/2.25) as compared to 
organic practice (2.65/1.59).

Tuber yield, both total and marketable grade 
tubers per pot/polybag were significantly 
altered by the containers used for the 
study (Table 2.9). The maximum tuber yield 
was realized in sweet potatoes grown in 
polybags(2) with two vines (489/432 g). 
Growing of sweet potato in pots (362/314 g) 
with single vine also recorded fairly high yield 
as compared to the planting of a single vine  
in polybags (1) (264/224 g). Better sweet 
potato yield was realized in the variety Sree 
Arun (418/ 366 g) as compared to that of 
Sree Kanaka (325/282 g). The conventional 
practice of manuring resulted in the higher 
tuber yield (438/389 g) as compared to the 
organic practice (305/259 g).

one from each village. The soil samples 
collected are different in respect of slope 
gradients, management practices and levels. 
Considerable variations in soil properties 
could be observed among the samples at 
different locations (Table 2.8).  

The vine yield of sweet potato was higher in 
polybags(2) with two vines (458 g) and lower 
in pots with single vine (224 g). Contrary to 
the lower tuber yield realized in polybags(1) 
with a single vine, the vine yield was higher 
(384 g) than that of pots. The vine yield of 
Sree Arun was significantly higher than 
Sree Kanaka (308 g) whereas manures had 
no significant effect in modifying the vine 
production.

Pronounced varietal variation was observed in 
the dry matter as well as total carbohydrate 
contents of tuber, where Sree Arun recorded 
significantly higher values (22.22 and 
17.83%) as against Sree Kanaka (18.45 
and 15.00). Organic manuring practice 
was helpful in increasing the dry matter 
and total carbohydrate contents of tuber. 
Marked difference in total carotenoids and 
b-carotene contents of tuber were noticed 

SWEET POTATO
CP/S/A6/232

Production of Sweet Potatoes in Pots 
and Polybags under Conventional 
and Organic Manuring Practices
G.M.Nair and Bala Nambisan

Realizing the importance of cultivating sweet 
potatoes in pots and poly bags (used cement 
bags), both under conventional practice of 
manuring and organic manuring practice, 
an experiment was laid out using two early 
maturing varieties, Sree Kanaka and Sree 
Arun. The varieties were planted in the 
month of June and Sree Kanaka and Sree 
Arun were  harvested at 80 DAP and 95 DAP 
respectively. In the conventional practice, 
each plant received 60 g FYM, 1.332 g urea, 
1.5 g Rajphos and 1.002 g muriate of potash, 
whereas in the organic manuring practice 
each plant received 120 g FYM.

The number of tubers produced per plant (total 
and marketable grade) were significantly 
higher in pots (3.77/2.44) as compared to 
that of polybags (2.88/1.44). The minimum 
number of tubers per plant in polybags(2) is 
due to the planting of two vines as against 
single vine in pots and polybags(1). There 
was no remarkable variation in the production 
of tubers per plant by the two varieties. 
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Total RNA from 3 mm thick-non-tuberous root –Lane 1 & 2
Total RNA from the thin (1 mm) fibrous root - Lane 3 & 4
Total RNA from the leaf                                 - Lane 5 & 6        

Fig. 2.5.Total RNA extracted from thick-non tuberous 
root, thin fibrous root and leaves of sweet potato 

variety Sree Arun in 1% agarose gel

under conventional and organic practice; 
the organic practice recorded higher values 
(8.27/7.72) in Sree Kanaka as compared to 
7.07/6.58 in conventional practice.

CP/S/PY/235

Analysis of Gene Expression 
During Storage Root Formation and 
Development in Sweet Potato 

V. Ravi, S.K. Naskar and T. Makeshkumar

In this sub-project, extraction of 
transcriptionally competent total RNA from 
fibrous root, thick non-tuberous root and 
leaves of sweet potato variety, Sree Arun 
was standardized. High quality total RNA 
was extracted from the 3 mm thick, non-
tuber forming root, 1 mm thin fibrous root 
and leaf of sweet potato variety Sree Arun 
by RNesay kit. The yield of total RNA was 
maximum in the leaf than in the root (Table 
2.10, Fig. 2.5). The absorption ratio at 
260/280 nm and 260/230 nm of total RNA 
extracts (Table 2.11) also shows that these 
RNA extracted were of high quality and can 
be used in downstream applications. Further 
work is in progress.

ELEPHANT FOOT YAM

CP/A/A/231

Planting Material Production 
Techniques in Amorphophallus

James George

Agro techniques for enhancing 
multiplication ratio

Normally corm setts (cut pieces of mother 
corm) weighing about 750 g to 1 kg is the 

Treatments
Cowdung 

slurry

Cow dung
slurry+

Trichoderma
Wood ash Control Mean

Minisett 100 g 21.68 17.40 17.33 13.88 17.57
Scooped bud 16.05 13.72 14.99 12.81 14.39
Minisett from top half 100g 15.88 15.33 17.49 13.14 15.46
Mean 17.87 15.48 16.60 13.28

CD (0.05) Source: 1.47, CD ( 0.05) Treatment: 1.70, CD ( 0.05) Source x Treatment: NS

Table 2.13. Corm girth (cm) as influenced by sett source and sett treatments in elephant foot yam

Treatments
Cow dung 

slurry

Cow dung 
slurry+

Trichoderma
Wood ash Control Mean

Minisett 100 g 29.89 23.67 24.50 20.11 24.54
Scooped bud 21.73 20.44 18.52 19.50 20.05
Minisett from top half 100g 26.22 22.77 24.27 23.39 24.16
Mean 25.95 22.29 22.43 21.00

CD (0.05) Source:2.32, CD(0.05) Treatment:2.68, CD Source x Treatment: NS

Table 2.12 Corm yield of elephant foot yam (t ha-1) as influenced by sett sources and sett treatments

conventional planting material in elephant 
foot yam. It is planted either as cut piece 
or as whole corm. However, use of such a 
large planting material as mother seed corm 
results in low multiplication ratio, high cost of 
planting material and difficulty in transportation. 
Preliminary studies conducted at CTCRI revealed 
that these limitations could be overcome by 
adopting minisett technique. Hence a study was 
taken up with three sources of seed material 
(minisett 100 g, scooped central bud, minisett 
100 g from top half) and 4 sett treatments (cow 
dung slurry, cow dung slurry + Trichoderma, 
wood ash and control) in factorial design in RBD 
with 3 replications. 

The experiment was initially raised in a nursery 
and then transplanted to the main field when 
50% of the minisetts sprouted. Biometric 
observations made prior to transplanting 
revealed that minisett 100 g and minisett 
100 g from top half of the corm were on 
a par in growth attributes. No significant 
difference could be observed among the sett 
treatments. 

Growth attributes

Among sett source, minisett 100g from 
whole corm as well as minsett 100g from top Table 2.10. Total RNA yield from root and leaves of 

sweet potato variety, Sree Arun

Material
Total RNA yield 

ng /µl
Mean

1st elute 2nd elute
Thick non-tuberous root 17.7 12.7 15.2

Thin fibrous root 51.6 89.0 70.3

Leaves 58.3 112.4 85.35

Table 2.11 Absorption ratio at 260 / 280 and 260 
/ 230 nm of total RNA extract from the roots and 

leaves of sweet potato variety, Sree Arun

Material

Absorption 
ratio at 260 

/ 280

Absorption 
ratio at 260 

/ 230

1st 
elute

2nd 
elute

1st 
elute

2nd 
elute

Thick non-tuberous root 1.94 1.92 0.51 0.37

Thin fibrous root 2.1 1.79 2.06 2.09

Leaves 1.79 0.29 0.61 1.68
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Fig. 2.6. Sprouting % of planted corms in 
2 varieties of elephant foot yam

Sprouting corm with few roots. New corm is initiated 
at this stage just at the base of the sprout. Roots are 

initiated on the surface of newly initiated corm

half of corm resulted in significantly higher 
canopy spread, pseudo stem girth and plant 
height at 7 MAP than the scooped central 
bud. However, among the different sett 
treatments, no significant difference could 
be observed. Interaction effect between sett 
source and sett treatment was absent.  

Corm yield

Minisett 100 g from whole corm resulted 
in significantly higher corm yield than the 
other two sett sources (Table 2.12). Scooped 
central bud gave significantly inferior corm 
yield. Sett treatment with cow dung slurry 
gave significantly higher corm yield. Sett 
treatment with wood ash also produced 
comparable yield.

Superior corm yield in 100 g minisett from 
whole corm as well as from top half corm 
could be attributed to the significantly 
superior corm girth otained in both the sett 
sources as indicated in Table 2.13. Sett 
treatment with cowdung slurry resulted in 
significantly higher corm girth.

P/A/PY/234

Studies on Production Physiology of 
Elephant foot yam (Amorphophallus 
paeoniifolius)
V. Ravi, James George, G. Suja, M. 
Nedunchezhiyan

Multiplication of planting material and 
recording some basic observations

The target contemplated for the reporting 
year was multiplication of two elephant foot 
yam varieties viz., Gajendra, Sree Padma 
and recording some basic observations on 
sprouting, plant height, pseudostem girth, 
canopy spread, and corm yield at the time 
of harvest. The average size of planting 
material (cut pieces of corm) was 300 g. The 
cut pieces of corms were treated with cow 
dung slurry and surface dried under shade 
before planting. The sprouting of planted 

corms was 14.6 and 3.2% in Gajendra and 
Sree Padma respectively at 1 MAP. At 2 MAP, 
the sprouting increased to 76 and 56.8% in 
Gajendra and Sree Padma respectively and 
during 3rd month (8 WAP), 94 and 91.2% 
sprouted in these two varieties respectively 
and the shoot attained full development with 
pseudostem (petiole) and canopy (Fig. 2.6). 
There were 6 stages identified from sprouting 
to full canopy development. In stage A, the 
sprout was about 2-3 cm size and with little 
root developing from the corm initiated at 
the base of cataphyll. This sprout developed 
into stage B in about 10 – 12 days. In stage 
B the cataphyll was about 15-20 cm length. 
The stage C where the leaf emerges from 
the cataphyll develops within 4-5 days. In 
stage D the emerging leaf tends to open and 
in stage E the leaf canopy spreads. In stage 
F the leaf canopy fully develops. The whole 

MULTIPLE CROPS

development of leaf from stage A to stage 
F occurs in about 26 – 30 days. There was 
no significant difference between these two 
varieties in plant height, girth of pseudostem 
and canopy spread. The plant height, girth of 
pseudostem and canopy spread was 40 cm, 
11.0 cm and 82.6 cm in Gajendra and 41.8 
cm, 12.8 cm and 83.5 cm in Sree Padma.  The 
crop was maintained under rainfed conditions 
with 517.9 mm rainfall in 24 days in 8.5 
months period. Plants of these two varieties 
maintained their shoot till November end and 
completely senesced in December with the 
cessation of rain. The crop was harvested 
during January. Gajendra produced 132.7 kg from 
147 plants, while Sree Padma produced 119.6 kg 
from 120 plants. The average corm size was 902 
g in Gajendra and 996.7 g in Sree Padma. Thus the 
multiplication was 3 fold. 

Cataphyll enclosing 

the new leaf lamina 

and petiole

CP/A/A/224  

Organic Farming of Yams and Aroids
G. Suja, S.Sundaresan and R.S. Misra

Organic farming of elephant foot yam

A field experiment was carried out in split 
plot design with 4 varieties (Gajendra, Sree 
Padma and 2 locals (Peerumade local and 
VFPCK local) in main plots and 2 practices 
(conventional and organic) in subplots for the 
first season.

Among the varieties, Peerumade local (33.25 
t ha-1) proved superior followed by Gajendra 
(27.20 t ha-1) (Table 2.14). Organic farming 
(24.52 t ha-1) was on a par with conventional 
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Table 2.15.Yield response of  Dioscorea species to production systems (t ha-1)

Table  2.16. Yield response of taro varieties to 
organic farming (t ha-1)

Species/ Production systems
Conventional

system
Traditional

system
Organic
system

Mean of
Dioscorea species

Dioscorea rotundata 19.49 13.60 18.56 17.21

Dioscorea alata 23.67 23.12 21.67 22.82

Dioscorea esculenta 13.74 10.99 10.92 11.88

Mean of production systems 18.96 15.90 17.05
CD (0.05):  Dioscorea species: NS; CD (0.05) Production systems: NS

CD (0.05) Species x systems: NS

Varieties/ 
Production 
systems

Conventional
system

Traditional
system

Organic
system

Mean of
varieties

Sree Kiran 9.34 7.24 10.11 8.90

Sree Rashmi 8.50 7.61 11.79 9.30

Local 8.82 9.02 9.37 9.07
Mean of 
production 
systems

8.88 7.95 10.43

CD (0.05):  Varieties: NS; CD (0.05) Production 
systems: 1.636 CD (0.05) Varieties x systems: NS

Organic farming of yams

Three species of Dioscorea (D. rotundata (var. 
Sree Priya), D. alata (var. Sree Keerthi and D. 
esculenta (var. Sree Latha)) were tested under 
three production systems viz., conventional, 
traditional and organic farming in split plot 
design for the fourth season. The Dioscorea 
species were assigned to main plots and the 
production systems to sub plots. 

The production systems did not vary 
significantly and organic farming was on a 
par with conventional practice (Table 2.15). 
Among the physical properties of the soil, 
particle density was significantly lower and 
water holding capacity significantly higher 
under organic management. The pH of organic 
plots was significantly higher. The organic 
C, available N, P and K and dehydrogenase 
enzyme activity were favoured under 
organic management. Except for P and 
Mg, the mineral content of the tubers also 
did not vary appreciably due to the impact 
of the different production systems. The P 

content of traditionally grown tubers and Mg 
content of organically produced tubers was 
significantly higher. 

Organic farming of taro

A field experiment in split plot design with 
3 varieties in main plots (Sree Kiran, Sree 
Rashmi and local) and 3 production systems 
in sub plots (conventional, traditional and 
organic) was carried out for the first season. 
The varietal effect was not significant. 
Organic farming proved superior (10.43 t ha-1). 
Varieties x production systems interaction 
was absent (Table 2.16). 

CP/G/AG/233

Precision Approach in Tuber Crops 
Cultivation
James George, G. Byju, M. S. Sajeev and J. 
Sreekumar

Effect of drip irrigation with fertigation 
on the yield and yield attributes in 
cassava

Precision approach in agriculture is gaining 
relevance nowadays since every input is 
becoming scanty, at the same time, demand 
for higher productivity is ever increasing. 
Hence a study was undertaken in cassava 
to make inputs precisely available to the 
crop so that wastage could be minimized 
and maximum productivity from the input 
could be made possible.A major resource or 
component required in cassava cultivation 
is adequate supply of water, which is often 
wasted, whether it is by rainfall or irrigation. 
Hence it was envisaged to study the water 

Table 2.14. Yield response of elephant foot yam 
varieties to organic farming (t ha-1)

Varieties/
Production 
systems

Conven-
tional 

Organic Mean of 
varieties

Peerumade local 34.20 32.29 33.25

Gajendra 28.66 25.75 27.20

Sree Padma 19.21 19.29 19.25
VFPCK local 23.75 20.76 22.25
Mean of production 
systems

26.46 24.52

CD (0.05) Varieties: 6.174; CD (0.05) Production 
systems: NS; CD (0.05) Varieties x production 
systems: NS

Varietal response to organic farming in 
elephant foot yam: Field view

Organic farming of taro: Field view

practice (26.46 t ha-1), which means that the 
varieties responded equally well to both the 
practices. There was slight lowering of bulk 
density and particle density and improvement 
in water holding capacity of the soil under 
organic management in all the varieties. The 
pH, organic C, available N, P and K of organic 
plots was same as that of conventional 
plots. Bacterial count of soil was significantly 
higher in organic plots. The population of 
fungi, actinomycetes, P solubilizers, N fixers 
and dehydrogenase enzyme activity was 
almost same in both the production systems. 
However, the dehydrogenase enzyme activity 
and the count of N fixers were slightly higher 
in organic plots.



CENTRAL TUBER CROPS RESEARCH INSTITUTE
A
N

N
U

A
L
 R

E
P
O

R
T
 2

0
0

9
-1

0

47

Table 2.17. Effect of drip irrigation and fertigation 
on leaf area index (LAI) at 2 MAP in cassava

Treatments F1 F2 F3 Mean

Drip irrigation at 100% PE 1.24 1.27    1.17 1.23    
Drip irrigation at 80% PE 1.08    1.49    1.01 1.19    
Drip irrigation at 60% PE 0.87 0.88 0.87 0.87
Mean 1.06 1.22 1.02

CD (0.05) Drip irrigation : 0.34, CD (0.05) fertigation: 
NS, CD ( 0.05) Drip irrigation x fertigation: NS  

requirement of cassava, to standardize 
methodology for drip irrigation and fertigation 
and how precisely it could be applied for 
higher productivity and economic returns.

The experiment was laid out in split plot 
design with drip irrigations in main plot (drip 
irrigation at 100% PE, drip irrigation at 80% PE 
and drip irrigation at 60% PE) and fertigation 
levels in sub plots (F1: N&K 50:30:20 - 50% 
during 1-40 days, 30% during 41-80 days and 
20% during 81-120 days; F2: N&K 30:50:20 
- 30% during 1-40 days, 50% during 41-80 
days and 20% during 81-120 days; F3: N&K 
50:40:10-50% during 1-40 days, 40% during 
41-80 days and 10% during 81-120 days) 
along with 2 controls ie., surface irrigation @ 
IW/CPE 0.6 (5cm depth)  + NPK as basal and 
top dressing and recommended package of 
practices (rainfed)

Planting of the first year experiment was 
done on 30 December 2009 so as to take 
advantage of the dry spell during January 
to May in the growth period of the planted 
cassava. Minisetts were initially raised in 
a nursery and transplanted on the 28th day. 
Transplanting was done on ridges made at 
a distance of 60 cm and planting was done 
on ridges at a spacing of 45 cm. After ridge 
formation, drip system was laid out in the 
field and outlets spaced at a distance of 45 
cm on the ridges so as to coincide with the 
minisett spacing on the ridges. At the time of 
field preparation, FYM @ 12.5 t ha-1 and full 
dose of P fertilizer were applied as basal. The 
transplanted cassava plants established in 5 
days time and life saving irrigation was given 
to all the plants invariably. Drip irrigation and 
fertigation was started from the second week 

(after establishment) as per the schedule 
made. 

The results of the first observation on LAI and 
plant height at 2 months after planting (MAP) 
indicates that LAI of drip irrigation made at 
100 % PE was significantly superior to that 
of PE 60 %, however, the former was on 
par with that of 80% PE (Table 2.17). There 
was no significant difference among the 
different fertigation treatments as well as for 
the interaction between drip irrigation and 
fertigation.Similar trend was also observed in 
the case of plant height (cm) at 2 MAP. The 
crop will be harvested during August 2010.

CP/G/AG/236

Rapid Multiplication of Disease Free 
Planting Materials in Tuber Crops
James George, G. Suja, M. Nedunchezhiyan, M. 
Unnikrishnan, M. N. Sheela, Archana Mukherjee, 

T. Makeshkumar and Vinayaka Hegde 

A new sub-project was initiated during 
the current year with the major objective 
to generate and multiply quality planting 
materials in tuber crops. The work will start 
with cassava and Amorphophallus initially and 
later on other important tuber crops will also 
be covered. The major targets of the project 
are indexing and in vitro multiplication, micro-
propagation and hardening, multiplication of 
planting materials under protected cover, 
multiplication of planting materials in field, 
harvest and storage.

The work formally began in December 2009. 
Indexing and in vitro multiplication being 
a major component of the project in order 
to generate virus free planting materials, 
H-226, H-165 and Sree Vijaya have already 
been indexed and mother cultures raised. 
From these, sub-culturing of indexed H-226 
-200 nos, Sree Vijaya- 32 nos, H-165- 166 
nos have been generated and is due for 
hardening. In the case of Amorphophallus, 
apparently disease free crop have been 
identified prior to harvest and they have 
been separated out and planted for minisett 
multiplication and subsequently indexing. 

Amorphophallus in vitro plants raised at RC 
of CTCRI, Bhubaneswar will also be further 
multiplied. 

CONCLUDED PROJECTS

CP/A/C/221

Resource Management for Short 
Duration Cassava
G. Suja, K. Susan John and T. Srinivas

Over the last two decades, cultivation of 
cassava as a monocrop in uplands has 
declined. Whilst, cassava is being more and 
more cultivated in low lying areas after the 
main crop of rice, banana or vegetables for 
which short duration varieties hold promise. 
Moreover cassava has been changing its 
role from a traditional fresh human food to 
an efficient crop for animal feed and starch 
production. At present about 10 short 
duration lines are available for cultivation. 
However, the performance of these lines for 
diversified use ie.,food, feed and industry 
needed exploration. The major objectives 
were to evaluate the production potential 
of short duration lines of cassava, to assess 
the possibility of saving nutrient inputs and 
develop a nutrient management schedule for 
short duration cassava as well as to develop 
a cassava- legume system for lowland.

Evaluation of production potential of 
short duration cassava

Ten short duration/early-bulking lines of cassava, 
viz., CI-732, CI-848, H-165, Kalpaka, Sree 
Jaya, Sree Prakash, Sree Vijaya, Triploid 
2-18, Triploid 4-2 and Vellayani Hraswa, were 
evaluated for biomass production, yield, 
quality and nutrient uptake in situation similar 
to a rice fallow in RBD with 3 replications for 3 
years. Triploid 2-18 out yielded others (38.34 
t ha-1), followed by triploid 4-2, Sree Vijaya, 
Sree Jaya and Vellayani Hraswa, which were 
on a par (30-32 t ha-1), due to appreciably 
higher total biomass, crop growth rate, mean 
tuber bulking rate and harvest index. Starch 
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content remained the same (22-28%). Sree 
Vijaya, Sree Jaya, Vellayani Hraswa and 
Kalpaka appeared promising for cultivation in 
rice fallows for food purpose due to their high 
yield, good cooking quality and low cyanogen 
content (29.2-43.8 µg g-1). Triploids 2-18 and 
4-2 proved ideal for industrial uses owing 
to their high tuber dry biomass production. 
Cooking quality of Vellayani Hraswa, Kalpaka, 
Sree Jaya, Sree Vijaya, CI 732 and CI 848 
was good. The uptake of N, P and K was 
significantly higher in triploids due to higher 
whole plant biomass production. There was 
no appreciable variation in the organic C, 
available N, P and K status of the soil under 
the influence of these lines.

Nutrient management for short duration 
cassava

Five short duration cassava lines (Vellayani 
Hraswa, Kalpaka, Sree Jaya, Sree Vijaya 
and Triploid 2-18) that proved superior in the 
first experiment were evaluated for growth, 
biomass production, yield, quality and 
nutrient uptake under 4 levels of fertility (full 
FYM+ NPK, 75% FYM + NPK, 50% FYM + 
NPK and based on soil test data) in split plot 
design with 3 replications for 3 years. The 
short duration cassava lines were assigned 
to main plots and fertility levels to sub-plots. 
Triploid 2-18 yielded the highest (28.45 t 
ha-1) followed by Vellayani Hraswa (24.77 t 
ha-1). The high yielders produced appreciably 
taller plants and more leaves, higher total and 
tuber biomass. Nutrient management based 
on soil test data for organic C, available P and 
K status, which resulted in the saving of full P, 
10% N and 15 % K by the third year, promoted 
plant height, leaf production and nutrient 
uptake, produced higher tuber yield (24.18 t 
ha-1), tuber and total biomass, dry matter and 
starch content of tubers besides maintaining 
organic C, available N, P and K status of the soil, 
leading to positive nutrient balance.

Cassava production system involving 
legumes

Two short duration cassava varieties, Vellayani 
Hraswa and Sree Vijaya, were evaluated in 2 

Table. 2.18. Quantity of planting materials har-
vested and sold during 2009 - 2010

Crop
Quantity 

harvested
(kg)

Quantity sold
(kg)

Elephant foot yam 

D. alata

D. rotundata

D. esculenta

Tapioca stems
Sweet potato 

vines 

Arrowroot 

Colocasia 

Xanthosoma 

15000

7500

300

300

30000*

20000*

100

355

800

5670

1320

190

145

11360*

11800*

25

30

700

cropping systems (sequential cropping and 
intercropping) involving 2 types of cowpea 
(vegetable and grain) under 2 fertility levels 
(recommended dose of NPK, 1/2 N +full P+ 
full K) in split plot design for 3 years. Both the 
varieties performed equally well in systems 
involving cowpea (24.55 and 21.46 t ha-1).  Of 
the 2 systems, sequential cropping (26.07 t 
ha-1) proved superior to intercropping (19.94 
t ha-1). Both vegetable cowpea (var. Pusa 
Komal) and grain cowpea (var. C-152) were 
found to be equally compatible with short 
duration cassava under both the systems. 
Saving of full P and half N for short duration 
cassava was possible in both sequential and 
intercropping systems with cowpea.

EXTERNAL AIDED PROJECTS

Mega Seed Project on Seed Production 
in Agricultural Crops and Fisheries 
–Tuber crops

Principal Investigator: C.S. Ravindran
Co-Investigator: James George
Funded by: ICAR network

Rapid Multiplication of Planting 
Materials in Tuber Crops using Shade 
Net Nursery
Principal Investigator: James George

Co-Investigator: C. S. Ravindran

Funding Agency: State Horticulture Mission, 
Kerala

Total Budget: Rs. 22.90 lakhs

Rapid multiplication of planting materials in 
tuber crops using shade net nursery was 
undertaken. Six tonnes of elephant foot yam 
seed materials, 10,000 stems of cassava 
and 5 tons of yams, were produced by 
minisett techniques. Two new shade net 
houses for planting material production are 
being constructed. Cassava multiplication 
programme has been started in the reclaimed 
slopes of Block V.

Integrated Nutrient Management 
Strategy for Tannia (Xanthosoma 
sagittifolium L.Schott) with Special 
Emphasis on Diagnosis of Nutritional 
Disorders
Principal Investigator: K.Susan John

Co-Investigator: G.Suja

Funding Agency: Kerala State Council for Science, 

Technology and Environment

Total Budget: Rs. 7.625 lakhs 

The target contemplated for the II year was 
to find out the suitability of liming materials 
viz., gypsum (CaSO4) and dolomite (CaCO3 
MgCO3) which were identified as the best 
2 from the 5 amendments tried during the 
Ist year. Gypsum and dolomite gave better 
results for correction of subsoil acidity by 
increasing pH and exchangeable Ca. The 
above target was achieved by laying out the 
field experiment for the 1st season in tannia 
with 10 treatments replicated 4 times in RBD, 
where gypsum was used in 2 replications 
and dolomite in the other 2 replications. 
There was not much incidence of nutrient 
disorder symptoms due to Mg deficiency in 
the dolomite applied plots and the yield data 

*Numbers

During this period, a total revenue of Rs. 
1,50,000/- was generated.
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Field experiment on INM strategy for tannia

Cormel yield under various INM practices

Cormel yield under various INM practices

Table 2.19. Economics of soil test based 
application of major, secondary and 

micronutrients in cassava

Treatments Yield
(t ha-1)

Gross 
income
(Rs ha-1)

Gross 
cost

(Rs ha-1)

Net 
income
(Rs ha-1)

B:C 
ratio

T1 28.95 72365 66451 5914 1.09

T2 33.18 89960 65512 17448 1.27

T3 38.84 97110 60011 37099 1.62

T4 42.19 105468 60343 45125 1.75

T5 34.63 86563 59692 26871 1.45

also indicated the superiority of dolomite, 
which resulted in a yield (including corm and 
cormels) of 15.91t ha-1 as against 12.76 t ha-1 
from gypsum. Application of FYM @ 25 t 
ha-1 and NPK@ 80:50:100 kg ha-1 along with 
dolomite as the liming material produced the 
highest cormel yield of 16.23 t ha-1.  In this 
treatment the organic manures and fertilizers 
were applied as follows: of  the total N, 75% 
as organic manure (25% FYM, 25% as neem 
cake, 25% as green manuring, 25% as bio-
fertilizer (seed treatment + soil drenching)), 
25% as chemical fertilizer N+ total P (50 
kg ha-1) as basal, full K as chemical fertilizer 
(MOP) + Pseudomonas (seed treatment + 
soil drenching). 

Demonstration and Popularization 
of Integrated Nutrient Management 
(INM) Practices Involving Secondary 
and Micronutrients in Cassava

Principal Investigator:K.Susan John
Co-Investigator: G.Suja, C.S. Ravindran and M. 
Anantharaman
Funding Agency: State Horticulture Mission, 
Kerala
Total Budget: Rs. 7.25 lakhs 

The objective of the demonstration trial was 
to popularize the significance of soil test 
based application of FYM, major (N, P, K), 
secondary (Mg) and micronutrient (Zn) on 
yield and quality attributes of cassava. For 
this, the trial was laid out in 13 locations 
of 2 districts of Kerala viz., Kollam and 
Pathanamthitta involving 17 farmers in an 
area of 5.28 hectares. The results revealed 
that soil test based application of Zn, NPK 
and FYM (T4) was the most economical (B:C 
ratio 1.75) followed by application of Mg, NPK 
and FYM (T3) (1.62) (Table 2.19). Application 
of NPK and FYM based on soil testing (T5), 
ie., NPK @ 82:6.3:68 kg ha-1 along with FYM 
@ 6.8 t ha-1 was more economical (1.45) 
than the POP recommendation (1.27) (T2) 
(NPK @100:50:100 kg ha-1+FYM @12.5 
t ha-1) and farmers’ practice (T1) (1.09).The 
technology has been approved for inclusion in 
the Package of Practices Recommendations: 
Crops 2010 of Kerala Agricultural University.

Validation and Popularization of Organic 
Farming Technology in Elephant foot 
yam 
Principal Investigator: G. Suja
Co-Investigators: K. Susan John, C. S. Ravindran, 
S. Ramanathan
Funding Agency: State Horticulture Mission, 
Kerala

Total Budget: Rs. 12.85 lakhs 

Organic farming technology for elephant foot 
yam standardized at CTCRI was validated in 
an area of 13 acres (5.2 ha) in Kollam and 
Pathanamthitta districts of Kerala in 10 on 
farm sites viz., Shakthikulangara (Kavanad), 
Karunagapally, Kulasekharapuram, Chadaya-
mangalam and Anchal panchayats of Kollam 
district and Kadampanad, Thumpamon 
and Omallur panchayats of Pathanamthitta  
district. Organic farming proved significantly 
superior at all locations with higher corm 
yield (34.60 t ha-1) and additional returns 
(Rs. 43,651 ha-1) over conventional practice. 
Organic corms had significantly higher dry 
matter and Mg contents and significantly 
lower oxalate content. Among the chemical 
parameters, available K was appreciably 
higher in organic plots. The organic farming 
technology package standardized for elephant 
foot yam is as follows: farmyard manure @ 
36 t ha-1, green manuring with cowpea to 
generate 20-25 t ha-1 of green matter in 45-
60 days, neem cake @ 1 t ha-1 and ash @ 
3 t ha-1. The technology has been approved 
for inclusion in the Package of Practices 
Recommendations: Crops 2010 of Kerala 
Agricultural University.
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Crop Protection

new PGPR bacterial isolates on cassava 
plant growth and CMD was studied. Different 
methods of application viz., soil application 
of bacterial suspensions, sett treatment and 
treatment of rooted settlings were done. The 
increase in plant growth (shoot length and no. 
of leaves) was observed in all the bacterial 
isolates but one isolate of P. fluorescence 
showed more growth promotion compared to 
other isolates. The apparently healthy setts of 
Sree Vijaya were used for the experiment. Up 
to 3 months there were no CMD symptoms 
on these plants. However, when the already 
infected stems of Sree Visakham were used 
with the same treatments, CMD symptom 
appeared in the beginning itself and no 
inhibition of CMD symptoms was noticed. 

Combined effect of PGPR and Boerhavia 
diffusa leaf extract on cassava mosaic 

Soil application of bacterial suspension (PF II) 
and one spray with 5% aqueous leaf extract 
of B. diffusa and one  spray with bacterial 
suspension (PF II) could reduce the CMD 
incidence though there was no complete 
inhibition of symptom development.

Isolation of rhizosphere microflora from 
cassava and their characterization

Bacteria were isolated from rhizosphere soil 
collected from appar ently healthy cassava 
plants and cultural and morphological 

ONGOING PROJECTS

Mega Project I: 
Integrated Pest and Disease 
Management

PLANT PATHOLOGY

CASSAVA
CS/C/VR/228

Investigation on Induced Resist-
ance, Antiviral   Plant Extracts and 
Reversion Phenomenon for the 
Management of Cassava Mosaic
Vinayaka Hegde, T. Makeshkumar and M. L. 

Jeeva

Management of cassava mosaic 
through Plant Growth Promoting 
Rhizobacteria (PGPR)

Effect of soil application of two PGPR isolates 
namely Pseudomonas fluorescence (PF-II) 
and P. aeruginosa (PA –II) and two sprays of 
2mM Salicylic acid at 20 days and 40 days 
after planting on cassava mosaic disease 
was studied under a replicated field trial. The 
cassava variety Sree Vijaya was used in all the 
treatments. Observation on CMD incidence 
was noticed at weekly intervals. There was 
no reduction in the CMD incidence in any of 
the treatment compared to control.

 Under glasshouse conditions, effect of 6 
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characters of 16 bacterial isolates were 
studied. The bacterial isolates were 
characterized for their beneficial properties 
like IAA production, ammonia production, 
HCN production, phosphate solubilisation 
(Table 3.1) antagonistic properties against 
Phytophthora and Sclerotium and plant 
growth promotion activities. The one isolate 
(RB4) was found to have good antagonistic 
property against Phytophthora and Sclerotium 
plant growth promotion activity, siderophore 
production and IAA production. The same 

Table 3.1.  Characterization of bacteria isolated 
from cassava rhizosphere for some of the benefi-

cial properties

Isolates P solubilization 
(ppm)

IAA 
production 

(mg/ml)

Siderophore 
production

Hydrogen 
cyanide 

production

Ammonia 
production

RB1 23 3.80 + + -

RB2 25 5.60 + _ +

RB3 1.5 5.80 + + _

RB4 12 8.80 + _ +

RB5 _ 3.60 _ _ +

RB6 _ 7.40 _ _ +

RB7 _ 0.06 _ _ +

RB8 _ 3.40 + _ _

RB9 _ 10.00 _ _ +

RB10 _ 4.40 _ _ +

RB11 _ 0.08 _ _ +

RB12 _ 0.16 _ _ _

RB13 _ 0.12 _ _ +

RB14 _ 0.20 _ _ +

RB15 9 0.60 + _ _

RB16 _ 0.20 _ _ _

Inhibition of Sclerotium rolfsii growth by cassava 
rhizosphere bacterial isolate RB4

isolate was also found to inhibit the symptom 
development of cassava mosaic virus on 
tobacco (Nicotiana benthamiana) when 
applied prior to inoculation.

CS/C/VR/225

Studies on Variability in Viruses 
Affecting Cassava Mosaic Disease 
and their Management through 
Transgenic Technology

T. Makeshkumar  and Vinayaka Hegde

Cassava mosaic disease samples were 
collected from different parts of the country 
to ascertain the virus associated with it. 
In this regard, 22 samples were collected 
during this year from Tamil Nadu (Salem – 
8; Trichy-10), Andhra Pradesh (Kovur-2) and 
Lakshadweep (2). Total DNA isolated from 
all these plants were subjected to multiplex 

Fig. 3.1. Diagnosis of SLCMV and ICMV from the 
cassava samples collected from various places 

through multiplex PCR

PCR analysis for Indian cassava mosaic virus 
(ICMV) and Sri Lankan cassava mosaic virus 
(SLCMV) and diagnosis results revealed that 
all are of SLCMV ( Fig. 3.1).  No variation was 
observed among these isolates.

In order to screen the cultivars resistance 
against cassava mosaic virus infection, 
infectious clones of ICMV and SLCMV were 
generated in the binary vector pGreen  II. 
This was achieved by cloning redundant 
sequences, partial dimmers, head-to-tail, 
to reach partial multimeric genomes. Each 
construct contained redundant sequences 

a

b

 Infectivity of infectious clones of SLCMV  
and ICMV on  a) Cassava  b)  N. benthamiana

and the intergenic region with origin of 
replication was duplicated. Infectious 
clones were confirmed for their infectivity in 
Nicotiana benthamiana (both SLCMV & ICMV) 
and cassava (cv.H-226) (SLCMV) through 
biolistic inoculation and agro-inoculation.

Three hairpin constructs (Rep_IV2, Trap_IV2, 
Synthetic gene _IV2) were developed. Partial 
sequences from AC1 (Replicase) (616bp) and 
AC3 (Trap) (350bp) genes from SLCMV were 
cloned into a pING71_IV2 vector as inverted 
repeats interrupted by the IV2 intron. Upon 
expression of the RNA, the intron is spliced 
and the compelmetary RNA sequences form 
double-stranded molecules with stem and 
loop structure, called hairpin, to present the 
target for RNA silencing complex. A synthetic 
gene (1kb) was synthesized deriving small 
sequences (25-50nt) from all important 
portions of the ICMV and SLCMV genomes 
of both DNA-A & DNA-B serving as targets 
for siRNA production. This artificial gene was 
cloned into pING71_IV2 vector as hairpin 
construct. 

A cassava transformation protocol was 
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optimized. Using different Agrobacterium 
strains (viz., LBA 4404, C58C1, GV3001, 
AGLO) harbouring a pOYE153 clone (GUS 
gene in pING71) the co-cultivation period 
and infection efficiency was standardized. 
96% infection was observed with AGLO and 
92% with LBA 4404 and C58C1 when four 
days co-cultivation was done.

Fig. 3.2   Amplication of full genome of SPLCV 
through rolling circle amplification

of SPLCV which has part of coat protein 
gene and part of replicase gene. Through 
RCA strategy, the amplified products were 
restricted with unique enzyme (Bam H1) and 
the restricted products having 2.8 kb size 
(Fig.3.2) were gel eluted and cloned in pUC 
18 vector. Presence of full genome in these 
clone were confirmed by restriction analysis. 
Using different sets of primer, sequencing 
was completed for ¾ th (~1800bp) of 
genome and to complete the sequencing of 
the remaining portion, synthesis of suitable 
sequencing primer is in progress. Analysis of 
the sequence data revealed that the isolate 

Table 3.2 Symptoms observed in different edible 
Dioscorea species

Sl. 
No

Dioscorea 
species Symptoms

1 Dioscorea 
alata

Mosaic, mottling, green banding, 
chlorosis, puckering, curling, leaf 
tapering, leaf distortion, reduction in 
leaf size  and dwarfing

2 Dioscorea 
rotundata

Mosaic, mottling , green banding, 
chlorosis, leaf distortion, reduction 
in leaf size, 

3 Dioscorea 
esculenta

Mosaic, mottling, green banding, leaf 
distortion and  puckering

yam growing areas of  Thiruvananthapuram, 
Pathanamthitta and Kollam districts of Kerala, 
Cuttack district of Orissa and North Eastern 
States, Tripura and Meghalaya. Totally 52  and 
42 samples have been tested from farmers’ 
field and CTCRI respectively. RNA/DNA was 
isolated from all the infected samples.

Symptoms observed

The symptoms observed in different edible 
Dioscorea species are described  in Table 
3.2

Fig. 3.3 Amplification of DAV from infected plant 
from farmers’ field

Fig. 3.4 Dioscorea alata Badnavirus

GUS assay of cassava explants transformed 
with pOYE 153 clone

SWEET  POTATO

CS/S/VR/226

Studies on Emerging Viral Disease 
Problems in Sweet potato

T. Makeshkumar, M.L.Jeeva  and  B.Vimala

Coat protein gene of SPLCV was cloned in 
pET vector. Clones obtained were confirmed 
for the presence of CP gene through colony 
PCR and restriction analysis. Orientation of 
the gene in the vector was confirmed through 
sequencing. These clones were induced for 
protein production and the isolated protein 
were analysed and found that the desired 
protein could not be detected either in soluble 
or insoluble fractions. 

Cloning of full genome of SPLCV (2.8kb) was 
attempted using two different strategies 1. 
Amplification using specific primer designed 
for this purpose, 2. Rolling circle amplification. 
Using specific primer, amplification was 
obtained for 1.5 kb product which was cloned 
in pGEM-T easy vector. Sequence analysis 
of this clone showed it has partial genome 

under study is more closely (95%) related to 
SPLCV isolate reported in Spain.  

YAMS
CS/G/VR/228

Characterisation of Yam Viruses in 
India 
M. L. Jeeva, Vinayaka Hegde and T. Makeshkumar

Survey and collection

Leaf samples/aerial tubers/vine cuttings  of 
yams (Dioscorea alata, D. esculenta and D. 
rotundata) have been collected from different 

PCR/RT-PCR detection

Among farmers’ field samples, 16 were 
positive for Dioscorea alata potyvirus (DAV)  
(Fig 3.3. ) and 4 samples were positive for 
Badnavirus (DaBV) (Fig 3.4). One sample 
showed mixed infection of both. Badnavirus 
(DaBV) was present only in samples of D. 
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alata collected from Thiruvananthapuram and 
Pathanamthitta districts.

Amplification through genus specific  
primers

Identification of poty viruses using poty genus 
specific primers have been done successfully 
with POT 1 and POT 5; MJ1 and MJ2; POT1 
and POT 2 primer combination which gave 
1.0 kb, 320 bp and ~200bp amplicons 
respectively. The  POT 1 and POT 5 primer 
combination could detect the presence of 
any potyvirus in the samples effectively(Fig 
3.5 a,b)

Fig 3.5 Diagnosis of potyvirus infecting D alata through poty 
viral group specific primers 

(a) POT 1 and POT 5; POT 1 and POT 2 primers
(b) MJ1 and MJ2 primers

a

M        1         2       3 M    1  2  3

b

CS/G/PT/229

Epidemiology and Management 
of Colletotrichum gloeosporioides 
causing Anthracnose in Greater 
Yam (Dioscorea alata)
M.L. Jeeva, R.S.Misra,Vinayaka Hegde and M. 
Nedunchezhiyan

Epidemiological studies

Different varieties of D. alata( Sree Keerthi, 
Sree Karthika, Sree Roopa, Sree Shilpa and 
Orissa Elite) were planted for observing the 
development of the disease for epidemiology 
studies. The observation was made at 
regular intervals. The disease incidence 
starts generally in August after heavy 
rainfall except in some plants which showed 
symptom immediately after sprouting from 

infected tubers. The intensity was high 

Orissa Elite

Sree Karthika

Sree Keerthi
Anthracnose symptoms in different greater yam 

(D alata) varieties

Fig 3.6 Anthracnose  development in D alata 
(variety Orissa Elite)

during October – November when the high 
temperature followed the rainfall (Fig 3.6). 
The disease intensity significantly varies 
between varieties. Orissa Elite is highly 
susceptible whereas all others are tolerant. 
The tuber will be completely dried with dead 
skin due to severe infection.

Management trial 

The disease management trial for anthracnose 
in greater yam was laid out in split plot design 
with different treatments at Regional Centre, 
Bhubaneswar. There were two  main plots  - 
one staking and another non staking. Total 
nine treatments with one control were taken 
up in sub-plots. The ten treatments were 
control (T1),   Soil application of Trichoderma 
(T2), Tuber treatment with Bavistin (T3),   
Tuber treatment with Trichoderma (T4),  
Spraying Dithane M- 45 (T5),   Soil application 
of Trichoderma + Tuber treatment with 
Bavistin (T6), Soil application of Trichoderma 
+ Tuber treatment with Trichoderma(T7).   
Soil application of Trichoderma+ Spraying 
Dithane M- 45 (T8),  Tuber treatment with 
Bavistin+ Spraying Dithane M- 45 (T9 ) 
and  Tuber treatment with Trichoderma + 
Spraying Dithane M- 45 (T10). 

Observations were made on disease intensity 
at 6th month after planting. The soil and 
tuber treatment with Trichoderma showed 
maximum yield and less disease intensity in 
both staking and non-staking plots (Table 3.3 
and 3.4)

Cloning, sequencing and analysis

For further characterization the amplified 

products of DAV and Badna viruses 

were cloned in pGEM-T vector and then 

transformed to DH5 a E. coli cells. The 

amplified product of potyvirus obtained using 

POT 1 and POT 5 primer combination was also 

cloned for sequencing. Two DAV sequences 

which showed >5% variation from the 

earlier sequence were submitted to NCBI 

database. 

Host range studies

Ten different Nicotiana spp and different 

cowpea cultivars have been tried for 

mechanical transmission . Aphid transmission 

also attempted with two species Aphis 

craccivora and A. gossypii with different 

acquisition and inoculation access period. 

Both the transmission were not successful. 
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Table 3.5. Microbial population in different 
vermicompost samples 

Sample 
No

Fungi x 104

cfu/ g
Bacteria x106 

cfu/ g
Actinomycetes 

x 104 cfu/ g

1 7.0 (11.137)* 5.6 (15.523) 16.66 (11.988)

2 7.0 (11.128) 5.0 (15.425) 16.0 (11.983)

3 9.66 (11.464) 16.0 (16.556) 5.33 (10.881)

4 7.66 (11.233) 7.66 (15.800) 6.33 (11.014)

5 4.0 (10.575) 15.0 (16.457) 33.0 (12.703)

6 15.33 (11.940) 8.66 (15.941) 43.0 (12.970)

7 13.66 (11.818) 7.0 (15.755) 7.0 (11.149)

8 3.0 (10.270) 7.33 (15.778) 10.0 (11.510)

LSD 0.4055 0.5224 0.3394

applied resulted in significantly higher tuber 
yield. All the microbial treatments resulted 
in significantly reduced tuber rot incidence 
in cassava compared to control where no 
microbial culture was applied. Soil samples 
were collected and analyzed for chemical and 
biochemical characteristics. The available 
Nitrogen content was significantly higher in 
soils treated with Azospirillum which was on 
par with that of application of all cultures in 
soil. The available phosphorus content was 
significantly higher in soils which received 
AM fungi and phosphate solubilising 
bacteria. Among the micronutrients, iron was 
significantly higher in soils which received 
application of Pseudomonas fluorescens while 
the zinc availability was significantly more 
in soils treated with AM fungi. In order to 
assess the influence of different treatments 
on soil quality, soil enzyme activities viz. 
urease, b-Glucosidase and dehydrogenase 
were studied. Microbial biomass C was also 
determined. 

CS/A/PT/230

Exploitation of Vermicompost for 
Eco-friendly Management of Taro 
Leaf blight and Collar rot of Elephant 
foot yam 

S.S. Veena, James George and M. L. Jeeva

Isolation of microorganisms from 
vermicompost

Fungal, bacterial and actinomycetes 
populations in eight vermicompost samples 
(Kerala -5 and Tamil Nadu -3) were 
enumerated using selective media.  The 
population differed significantly among 
samples. The sample collected from Salem 
showed maximum fungal and actinomycetes 
population (Table3.5).  A total of 51 fungal, 53 
bacterial and 22 Actinomycete isolates were 
obtained. Irrespective of place of collection 
or source of materials used for vermicompost 
preparation, in all the samples the array of 
microbes remained same. Aspergillus spp 
was the predominant fungi followed by 
Trichoderma spp and Penicilliumspp. Bacillus 
spp and Streptomyces spp were the major 
bacterial and actinomycetes genera. 

MULTIPLE CROPS
CS/G/PT/224

Development of Bioformulation 
for Sustainable Production and 
Management of Soil Borne 
Diseases of Tuber Crops
R.S. Misra, M.L.Jeeva, and G.Byju

On farm experiments were conducted in 
Salem, Tamil Nadu and in Guntur Andhra 
Pradesh. The experiments were laid out in 
a split plot design. Significant differences in 
tuber yield were observed between the main 
plot treatments, 100% and 50% NPK levels. 
The treatments where Trichoderma viride 
along with Azospirillum or AM fungi were 

Table 3.3.  Effect of different treatments on anthracnose intensity in D. alata (variety Orissa Elite)

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Mean

Staking 3.67 4.33 2.00 3.00 3.00 2.00 3.67 2.33 3.00 3.00 2.99

Non Staking 4.33 3.67 3.33 3.33 4.00 2.33 2.67 3.67 2.00 4.33 3.37

Mean 4.00 4.00 2.67 3.17 3.50 2.17 3.17 3.00 2.50 3.70 3.17

Replication  : Three ; CD for staking (0.05%) : 0.4303;  CD for treatments (0.05%) : 0.7232 ; Staking x treat-
ments  : 0.9895

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Mean

Staking 16.00 12.90 16.19 13.81 13.30 17.17 13.45 16.23 14.29 13.36 14.67

Non Staking 10.82 12.73 13.28 10.81 11.26 13.95 12.76 11.73 14.16 11.47 12.30

Mean 13.41 12.82 14.74 12.31 12.28 15.56 13.11 13.98 14.23 12.42 13.48

Table 3.4.Effect of different treatments on tuber yield (t ha-1) in D. alata ( variety Orissa Elite)

Yield loss assessment
Observations were made on the yield of D. 
alata plants infected by anthracnose. The 
data showed 70 % yield reduction in plants 
with 100 % infection compared to the plants 
showing 30 % infection.

*Values in parentheses are natural log values 
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Mycelial inhibition shown by fungal isolate 1F6 against S. rolfsii and P. colocasiae

Mycelial inhibition shown by bacterial isolate  1B10 against S. rolfsii and P. colocasiae

purified from organic fraction of one bacteria 
associated with novel EPN. Structure of three 
of them were elucidated based on spectral 
analysis (NMR, IR and LCMS)and found to be 
novel based on differences in optical rotation 
and melting point. Remaining seven are in 
the process of structure elucidation and 
identification. The molecules have varying 
degree of activity to different fungi and 
bacteria. For the suppression of Rhizoctonia 
solani and Penicillium expansum, one of the 
molecules (compound II) was found to be far 
better compared to Bavistin. Their process 
of isolation and properties are novel and will 
be of use in pharmaceutical and pesticidal 
industries. The bioactivity of the molecules 
were further enhanced by providing certain 
treatments.

Toxicity to insects

The bacteria were raised on tryptic soya 
broth and 96 hour. bacterial culture (isolate 
B), cell free culture filtrate and ammonium 
sulphate precipitated and dialyzed aqueous 
fractions @ 10 µl each were injected 
intrahaemocoelically to surface sterilized 
fourth instar larvae of Galleria mellonella. 
Sterile tryptic soy broth was injected as 
control. At 12 hour. of injection, the larvae 
which received bacterial culture and aqueous 
fraction recorded 100% mortality and the 
one which received cell free culture filtrate 
recorded 100% mortality at 48 h. In control 
no mortality was recorded (Table 3.6).

In vitro testing of organisms against 
Phytophthora colocasiae and Sclerotium 
rolfsii

Forty one fungal and forty three bacterial 
isolates were tested against Sclerotium rolfsii 
and Phytophthora colocasiae using 1. Dual 
culture/ direct confrontation method and 2. 
Production of diffusible metabolites 

The isolates showed more inhibition by  
 

Table 3.6 Effect of bacterial culture, cell free 
culture filtrate and aqueous fraction against 

Galleria mellonela larvae.

Fraction
Mortality (%)

6 h 12 h 24 h 48 h 96 h

 Bacterial culture Nil 100

 Cell free culture    
 filtrate Nil Nil Nil 100

 Aqueous fraction Nil 100

 Control Nil Nil Nil Nil Nil

diffusible metabolite production method 
than direct confrontation method. To select 
the potent isolates, the criteria, >50% 
inhibition by direct confrontation and >75% 
inhibition by the production of diffusible 
metabolite method was used. Four fungal 
isolates showed >50% inhibition by direct 
confrontation and >75% inhibition by the 
production of diffusible metabolite method 
against S. rolfsii and P. colocasiae. Six 
bacterial isolates showed >50% inhibition 
by direct confrontation and >75% inhibition 
by the production of diffusible metabolite 
method against S. rolfsii and P. colocasiae.

N E M A T O L O G Y

CS/G/PT/222

Exploiting Novel Entomopathogenic 
Nematodes
C. Mohandas

Collection of samples

Twenty soil samples were collected from 
Assam, Nagaland, Tamil Nadu, Kerala 

and Lakshadweep. Only one sample from 
Lakshadweep yielded an EPN.

Maintenance of nematodes and bacteria

Sixty five novel EPNs collected from different 
parts of the country are being maintained alive 
on laboratory reared Galleria mellonella larvae 
by subculturing once in every month. Bacteria 
were isolated from 12 more nematode 
cultures this year and a total of 47 bacterial 
isolates are maintained by subculturing once 
in 25 days on nutrient agar slants.

Separation of bioactive molecules

Ten bioactive molecules were separated and  
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Identification of bacteria and  
nematodes

Bacteria

The DNA was extracted from 12 bacterial 
isolates. The 16S rDNA genome region was 
amplified. The amplified DNA fragments were 
gel purified using QIA quick gel extraction kit 
and cloned into Escherichia coli DH5á cell 
using pGEM-T easy vector and sequenced at 
Delhi University South Campus. 	
Oligonucleotide sequences obtained from the 
sequencing reactions were blasted in the NCBI 
homepage in order to find out the nucleotide 
similarity. Based on Blast analysis, the bacteria 
were found to belong to the following seven 
genera Acinetobacter, Bacillus, Klebsiella, 
Achromobacter, Comamonas, Brucellaceae 
and Stenotrophomonas.

Nematodes

Genomic DNA was isolated from pure culture 
of EPN isolates K, B, N and Hy. The D2 and 
D3 region of 28S rDNA were amplified. The 
amplified product (600 bp) was eluted using 
QI quick gel extraction kit and eluted and 
sequenced at Bangalore Genei. Based on 
Blast analysis, nematode isolates K, B and 
N were found to have 90% similarly and the 
isolate Hy showed 96% similarity respectively 
to Rhabditis sp.

Registration of bacteria

One bacteria isolated from nematodes found 
infesting sweet potato weevil has been sent 
to NBA for registration in Form III along with 
required enclosures and acknowledgement 
has been received. The bacterial sample also 
has been sent to NBAIM, Mau and IMTECH, 
Chandigarh for deposition.

Patenting

Three different cyclic dipeptides have been 
isolated and purified from organic fraction of 
one bacteria and their structure elucidated 
based on NMR, IR and LCMS. These 

were found to be novel isomers based on 
optical rotation and melting point. These 
molecules possess antimicrobial and anti 
cancer properties. Hence the molecules are 
processed through ITMU for patenting. One 
has been already sent and the others are 
approved by ITMU. 

ENTOMOLOGY

CS/G/PT/222

Refinement of Integrated Pest 
Management Module for the Major 
Pests of Cassava and Sweet potato

C.A. Jayaprakas, K. Rajasekhara Rao and C. 
Mohandas

Effect of biopesticides on the adult and 
nymph of spiralling whitefly, Aleurodicus 
disperses

Biopesticides prepared from the seeds of 
cassava, yam bean and neem were sprayed 
against sweet potato white fly, Aleurodicus 
disperses,in cassava field at a conc. of 1% 
, and their  mortality was recorded at 1, 3 
and 5 days after treatment (DAT).  All the 
treatments were highly lethal to adult, and 
mortality was recorded 100% on 1 DAT itself. 
The mortality of nymph was relatively less 
at 0.05%, but mortality was complete when 
treated at a concentration of 1.0% (Table 
3.7). 

Screening cassava germplasm for 
resistance to Bemisia tabaci 

Germplasm collection of cassava was 
screened for the resistance to whitefly, 
Bemisia tabaci. Of the 20 lines screened, no 
line was found resistant to whitefly incidence. 
Adults and nymphs were found in all plants 
(Table 3.8).
Table.3.8. Incidence of Bemisia tabaci on cassava 

germplasm from October to December 2010

Accessions
October November December

Adult Nymph Adult Nymph Adult Nymph
CI- 850 0 3.3 0.3 1.7 0 0.3
CI-855 0 8.7 0 3.7 0.3 2.3
CI-856 0 2.0 0 7.3 0.7 2.3
CI-857 0 5.0 0.3 6.3 0 1.7
CI-858 1 4.0 0 6.0 0.3 1.0
CI-859 0 4.3 0.7 7.0 0.7 2.7
CI-860 0 5.0 0.3 4.3 1.7 4.7
CI-861 1 3.7 0.3 1.3 0 3.7
CI-862 0.7 3.7 0 3.0 0.3 3.0
CI-863 0.3 4.3 0.3 3.0 0 3.3
CI-864 0 3.7 0.3 4.3 0 2.0
CI-865 0.7 2.3 0.7 7.3 0 2.3
CI-866 0 3.0 0 5.7 0.3 0.3
CI-867 0.3 3.7 0.3 1.0 0.3 5.0
H-1687 0 1.3 1.0 1.7 0 4.7
CI-868 0 11 1.7 2.0 0.3 1.0
CI-869 0 3.3 0 1.7 0 5.3
CI-870 0 10.3 0 3.0 0 0.7
CI-871 0 1.7 0.7 0.7 1.0 0
CI-872 0 7.7 0 0.7 0.3 2.7

Table 3.7. Mortality of nymph of spiralling whitefly 
due to the treatment of biopesticides. 

Treatment 
(%)

Mortality (%)
Days After Treatment

1 3 5
CSE (0.05) 0 10 13.3

YBSE (0.05) 0 10 16.7

NSE (0.05) 0 10 16.7

CSE (1.0) 100 100 100

YBSE (1.0) 100 100 100

NSE (1.0) 100 100 100 

CSE- Cassava seed extract, YBSE- Yam bean seed 
extract,NSE- Neem seed extract, 

CS/G/PT/222

Management of Insect Pests 
Associated with Stored Yams and 
Aroids by using Biopesticides

C. A. Jayaprakas and M. Unnikrishnan

Effect of insecticides on mealy bugs on 
tubers of stored elephant foot yam (EFY)

Treatment with synthetic insecticides at the 
egg stage showed that hatching was mostly 
affected due to the treatment of quinalphos 
0.001%. The percentage of hatching due the 
treatment of malathion, quinalphos, lambda 
cyhalothrin and fenvalerate at 0.001% was 
20.7, 16.0 and 24.7 respectively as against 
96.0% in the control.  
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Table.3.9  Mortality (%) of early stages of mealy bugs due to the treatment of different insecticide

Insecticide

Concentration of the insecticide (%)

0.05 0.01 0.005 0.001 0.0005 0.0001

Dichlorvos 100 100 94 86 76 58

Quinalphos 100 100 90 84 74 64

Fenvalerate 100 100 88 76 74 54

Dimethoate  100 98 90 80 62 52

Paramethion  100 96 88 78 60 50

Cypermethrin 100 100 90 76 68 46

Control 0 0 0 0 0 0

Table 3.10  Mortality of early stages of mealy bugs due to the treatment of biopesticide

Biopesticide
Concentration (%)

5 3 1 0.5 0.1 0.05 0.01 0.005

CSE 100 84 76  64 52 44 34 26 

YBSE 100 100 94  82  70 54 46 30  

NSE 100 90  82 70 62 48 42 30 

Control 0 0 0 0 0 0 0 0

CSE- Cassava seed extract; YBSE- Yambean seed extract; NSE- Neem seed extract

Larval stages of the mealy bug (crawler) 
move faster and cause contamination on 
other tubers. Locally available insecticides 
viz. dichlorvos, quinalphos, fenvalerate, 
dimethoate, paramethion, cypermethrin 
were treated on the larval stages at various 
concentrations. Cent percent mortality was 
observed due to the treatment dichlorvos, 
quinalphos, fenvalerate and cypermetrin  at 
a concentration of  0.01% (Table 3.9). Even 
with a concentration of 0.0005 over 70% 
mortality was recorded with all the three 
insecticides. 

Treatment of late stages of mealy bug with 
insecticides showed 100% mortality  at 0.5% 
of dichlorvos, fenvalerate and paramethion. 
When these insecticides were treated at 
0.005% on early instars, over 85% mortality 
was recorded, but treatment with the 
same concentration on later stages caused 
mortality between 58 to 66% only.  

Effect of biopesticides on mealy bugs 
on elephant foot yam

Petroleum ether extract of seeds of cassava, 
yam bean and neem was prepared at different 
concentrations using water with a few drops 
of surfactant. Treatment with yam bean seed 
extract has shown 100% mortality with a 
conc. of 3%, but at the same concentrations 
of the petroleum ether extract of neem and 
cassava seeds were 90 and 80% respectively 
(Table 3.10)

EXTERNAL AIDED PROJECTS

Development of Mosaic Resistant 
Transgenic Cassava 

(ICAR under Network project on 
transgenics in crops)
Principal Investigator: T. Makeshkumar

Totally 17 transgenic lines (independent 
events in different period) having replicase 
gene were challenged inoculated by grafting 

with severely infected H 226 along with 
control (table 3.11). Control plants showed 
symptom development in 21 – 26 days. 
The symptoms were very severe which has 
mosaic and leaf distortion. However the 
transgenic lines showed mild symptoms after 
45 – 60 days after grafting and seven lines 
showed recovery from infection after 90 days 
and they were remained healthy. These plants 
will be further evaluated for their consistency 
in resistance level. 

Table: 3.11 Details regarding evaluation of trans-
genic lines for the cassava mosaic virus resistance

Recovery of CMD symptoms in transgenic cassava

Transgenic 
line No Response to challenge inoculation

5/07, 9/07, 
15/07, 6/08, 
9/08, 12/08

Showed mild mosaic symptom on 48 
days after grafting and gradually the 
symptom expression increased to 
symptom grade of 3 after 60 days.

13/07, 47/07, 
3/08, 5/08, 
14/08, 21/08, 
24/08

Showed mild mosaic symptom on 55 
days after grafting and the symptom 
expression remained to symptom 
grade of 2 till 75 days. Later slowely 
symptoms were disappeared and the 
plant has shown recovery from the 
infection on 86 days after grafting and 
remains healthy. 

16/07, 29/07, 
19/08, 29/08 

Showed mild mosaic symptom on 55 
days after grafting and the symptom 
expression remained to symptom 
grade of 2 till 80 days. Later slowly 
symptoms were disappeared and the 
plant has shown recovery from the 
infection on 95 days after grafting and 
remains healthy.
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Cloning of full length Replicase (AC1) 
gene of Sri Lankan cassava mosaic 
virus (SLCMV) 

Replicase gene of SLCMV was amplified using 
gene specific primer (~1.1 kb) and cloned in 
pGEM- T easy vector. Clones having replicase 
gene were confirmed through colony PCR and 
restriction analysis. Further confirmation was 
done through sequence analysis. Attempts 
are being made to reclone this gene in plant 
transformation vector (pBinAR and pBI121) 
and the work is in progress as we are yet to 
get the confirmed clone.

Cassava Transformation

Callus and cotyledon explants of cassava 
H-226 were used for Agrobacterium mediated 
transformations with Rep gene construct pBI-
121-R in LBA4404 and Re_IV2 gene construct 
in LBA4404. Transformation events were 
carried out using cotyledons of regenerated 
somatic embryos and embryogenic calli as 
target tissues. 

After transformation, Agrobacterium 
was killed using antibiotics such as 
carbenicillin (500 mg/l) and cefotaxime 
(250 mg/l). The cocultivated explants 
were transferred to selection medium 
(MS+Picloram+Antibiotic). Paromomycin 
was used as the selection antibiotic with a 
concentration of 25 mg/l. In high selection 
pressure, none of them responded to shoot 
development in case of the construct Rep in 
pBI-121 and only one has shown response to 
shoot development for the construct Re_IV2 
gene.

Isolation and Development of Plant 
Growth Promoting Organisms 
from High Biodiversity Region for 
Tropical Tuber Crops

(ICAR under Application of Microorganisms 
in Agriculture and Allied Sectors (Nutrient 
management, PGPR and bio control)
Principal Investigator: R. S. Misra

Survey  and collection of soil samples

Survey, collection and analysis of soil and rock 
samples from areas of Kerala, Tamil Nadu, 
Arunachal Pradesh and Assam for different 
microbes led to the isolation of 133 more 
agriculturally important microorganisms (78 
bacteria, 41 fungi and 14 actinomycetes). 
In these, 21 were K solublizers, 12 were 
P soubilizer sand 16 were found to have 
biocontrol role against soilborne plant 
pathogens of tuber crops.

Potassium solubilizers

Microorganisms were collected from 
weathered rock sample, rhizosphere soil of 
rock plants and rhizosphere soil of plants 
grown in the area of high biodiversity region 
of Quarry vencode and Akkulam, Trivandrum, 
Kollam mineral area and Rhizosphere soil of 
Idukki. Of the 21 isolates (named them as 
KSB) screened from the main isolates by a 
preliminary screening method on silicate 
containing media and 14 were quantified 
in two potassium sources such as feldspar 
and mica. In feldspar medium, KSB2 and 
KSB4 were showing comparatively high 
solubilization rate where as KSB2 and KSB10 
were the potent mobilizer in mica source. 

Phosphorous solubilizers 

Twelve Phosphorous solubilising bacteria 
were screened from 78 cultures isolated. This 
when quantified gave PSB 9 as the efficient 
one with a high solubilising capacity of 194 
ppm. Based on morphological, biochemical 
and molecular studies, PSB 9 was found to 
be Klebsiella sp.

Nitrogen  fixers

Fifteen N fixers were screened from 33 
bacteria isolated during(2008 -2009).  N 
fixation was quantified and the efficient one 
NF55 showed N fixing capacity of 20.01 
ppm. Pot trial done on Sweet potato with 
NF55  indicated that half to three fourth of the 
recommended dose of N can be substituted 

with this N fixer (NF55) as regard to breadth 
of leaf but no significant effect on leaf length 
and number when vegetative growth was 
considered. Morphological, biochemical and 
molecular (16S rDNA)investigation of NF55 
identified it as Bacillus subtilis. Another set 
of 42 N fixers when quantified showed NF62 
having a N fixing capacity of 21.72 ppm which 
was identified as Bacillus cereus.

Biocontrol efficacy of various 
Trichoderma isolates against soil borne 
fungal pathogens of tropical tuber crops

Direct confrontation Assay between 
Trichoderma and pathogen

The Trichoderma spp. isolated were evaluated 
for their antifungal activity against the fungal 
pathogens by dual culture assay on PDA. 
The Trichoderma isolates Tr1, Tr9, Tr10, Tr11, 
Tr12, Tr13, Tr14 and Tr15 proven to show 
significant inhibition of the pathogens (Table 
3.12)

Table 3.12. Effect of Trichoderma isolates against 
Sclerotium rolfsii, Phytophthora colocasia and 

Phytophthora palmivora under in vitro

Isolate 
No.

Percentage Suppression against

Sclerotium 
rolfsii P. colocasiae P. palmivora

Tr1 64.01 100.00 82.40
Tr2 50.72 3.01 78.90
Tr3 59.42 54.79 93.33
Tr4 24.53 47.90 52.00
Tr5 23.19 58.90 54.66
Tr6 49.27 35.61 61.69
Tr7 31.88 26.34 30.35
Tr8 66.67 26.34 62.39
Tr9 88.84 58.90 98.99
Tr10 73.91 100.00 100.00
Tr11 68.11 100.00 100.00
Tr12 60.86 100.00 100.00
Tr13 68.11 100.00 100.00
Tr14 66.67 95.89 100.00
Tr15 63.77 95.89 96.77

Quantification of mycolytic enzymes 
produced by Trichoderma

All the Trichoderma isolates were grown in 
PDB and the culture filtrate when assayed 
for chitinase and ß-1, 3 glucanase by 
Dinitrosalicylic acid method showed that Tr5, 
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Table 3.13 Enzyme assay of the Trichoderma isolates

Isolate No. Chitinase 
(EU)

ß-1,3 Glucanase 
(EU)

Tr1 4.36 28.79
Tr2 4.23 46.97
Tr3 4.87 43.64
Tr4 3.97 41.21
Tr5 12.69 74.24
Tr6 4.87 63.94
Tr7 4.42 37.58
Tr8 6.67 49.09
Tr9 3.91 15.46
Tr10 4.68 44.85
Tr11 3.78 35.76
Tr12 8.2 38.79
Tr13 3.46 50.00
Tr14 6.54 38.49
Tr15 3.71 47.89

Tr6, Tr8, Tr12 and Tr13 gave significant yield 
of mycolytic enzymes (Table 3.13). 

extract of A5 showed considerable inhibition 
of Sclerotium rolfsii indicated the antifungal 
role of secondary metabolites of A5.

Five Pseudomonas cultures previously 
isolated were checked for antagonism against 
S. rolfsii, P. colocasiae and P. palmivora by 
dual cuture assay. It showed P2 with the 
highest percentage suppression for S. rolfsii 
(55.55%) and P4 to P. colocasiae (84.17%) 
and P. palmivora (82.31%). Study of the 
possible mechanism for the antifungal 
role showed that diffusible compounds and 
siderophore of P2 and P4 is responsible for 
antagonism.

Pot trial with Trichoderma asperellum 
for the control of collar rot of 
Amorphophallus

The pot trial with Amorphophallus showed 
low natural incidence of collar rot (T1- 6.25%). 
T3 and T4 also showed negligible incidence 
of collar rot of 3.23% and 6.45% respectively 
when compared toT2 (46.67%).

Molecular Diagnosis of 
Fungal diseases of Cassava, 
Amorphophallus, Taro and Yam

(ICAR under National Fund for Basic 
and Strategic Research in Agricultural 
Sciences)
Principal Investigator: M. L. Jeeva

Collection and maintenance of isolates

Totally 8, 17, 67 and 48 isolates of P. palmivora 
var palmivora, Phytophthora colocasiae,  
Sclerotium  rolfsii   and  Colletotrichum  
gloeosporioides   were collected, isolated, 
purified and are being maintained

Developed genomic DNA extraction 
protocol for Sclerotium rolfsii 

Sclerotium rolfsii genomic DNA isolation is 
difficult due to high mucilage and protein 
content.  In view of this routinely used DNA 
extraction procedure was modified and 
developed a new DNA extraction protocol, 
which yielded DNA of high quality and quantity 

Inhibition of S. rolfsii by the diffusible 
compounds produced by Trichoderma

The test carried out using cellophane paper 
method described by Dennis and Webster 
(1971) revealed that Tr12, Tr14, Tr13, Tr15, 
Tr3, Tr9 and Tr11 inhibited S. rolfsii to the 
maximum by its diffusible compounds

Inhibition of S. rolfsii based on the 
volatile compounds produced by 
Trichoderma

The effect of volatile metabolites from 
selected antagonistic isolates against S. 
rolfsii was assessed according to the method 
described by Dennis and Webster (1971). 
S.rolfsii found to cover the entire plate like 
that of the control within 5 day showed that 
the volatile compounds have no significant 
role in inhibiting the pathogen. 

Primary screening of Actinomycetes and 
Pseudomonas isolates for antagonism

Of the 14 actinomycetes isolated, A5 
showed reasonably good inhibiton of S. rolfsii 
(62.85%) on direct confrontation assay. It 
was found that the diffusible and volatile 
compounds of A5 have significant role in 
inhibiting the pathogen The organic crude 

from S. rolfsii suitable for PCR-based analysis. 
DNA was extracted from soil infested with 
the pathogen with few modifications of earlier 
procedure. The standardized method resulted 
in isolation of high quality of DNA, suitable for 
PCR amplification and sequencing. 

Amplification and sequencing of rDNA 
ITS region 

Ribosomal DNA sequence data has 
been widely used to design pathogen 
specific molecular primers due to their 
high gene copy number and the nature of 
the sequences containing both conserved 
and variable regions. In view of that, an 
approach was made to amplify ITS region of 
Phytophthora palmivora(ITS1/ITS 4 primers, 
product size: 820 bp),(fig. 3.11) Phytophthora 
colocasiae(ITS1/ITS 4 primers, product size: 
880 bp), Sclerotium rolfsii (ITS4/ITS 6 primers, 
product size: 700 bp) and Colletotrichum 
gloeosporioides (ITS1/ITS 4 primers, product 
size: 580 bp) (Fig. 3.7).

Characterization   of   smaller   subunit   
ribosomal  DNA   of   Colletotrichum 
gloeosporioides and Sclerotium rolfsii 

The nuclear smaller subunit is one of 
the highly conserved DNA regions with 
less variation. Accordingly, the sequence 
encoding the small subunit ribosomal DNA 
can be used for designing species specific 
primers for Colletotrichum gloeosporioides 
and Sclerotium rolfsii.  In view of this, study 
was conducted to characterize the smaller 
subunit of ribosomal DNA. The primer pairs 
SUF/SUR1 yielded a single amplicon of 
~500 bp for Sclerotium rolfsii and SUF/ 
SUR2 yielded a single amplicon of ~500 
bp for Colletotrichum gloeosporioides. (Fig. 
3.8 and 3.10). According to BLAST and 
Phylogenic tree results, the small subunit 
rDNA sequences of C. gloeosporioides 
and Sclerotium rolfsii matches with other 
fungal small ribosomal sequence (Fig. 3.9). 
This suggests that, 18S region of both the 
pathogens are non conserved one within 
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species and shares sequence similarity with 
18S region of other fungi.

Actin  gene  amplification  of  
Phytophthora  palmivora

Actin is a  globular protien found in all 
eukaryotic cells. It is one of the most highly-
conserved proteins in eukaryotic organisms. 
Hence this region can be exploited for 
pathogen specific primer designing. In view 
of that, an approach was made to amplify 
and sequence the actin gene region of 
Phytophthora palmivora. Universal actin 
primers were used for amplification of P. 
palmivora and it yielded a single amplicon of 
~950bp. 

Purification of antigen   from   Sclerotium 
rolfsii   and   production of polyclonal 
antiserum   

The mycelium of S. rolfsii was snap-freezed 
in liquid nitrogen and lyophilized. The 
lyophilized mycelium was injected to rabbit 
along with 1 X PBS (1 mg/ml) and 1 ml of 
Freund’s adjuvant. Booster injections of the 
same antigen were given twice at one week 
interval. Blood sample was collected from the 
rabbit and antiserum was obtained from it.

RAPD based assessment of genetic 
variability among Colletotrichum 
gloeosporioides and Sclerotium rolfsii 
isolates 

The genetic variability among Colletotrichum 
gloeosporioides and Sclerotium rolfsii 
isolates obtained from the same region were 
analysed by RAPD. The primers used for 
amplification were purchased from Operon 
Biotechnologies, Germany. Initially twenty 
random primers of Operon ‘A’ series were 
screened using PCR. Three primers, viz., OPA 
1, OPA 3 AND OPA 9 for C. gloeosporioides 
and three primers, viz., OPA 1, OPA 5 AND 
OPA 9 for S. rolfsii showing good polymorphic 
bands were chosen for further analysis.

Fig.3.11: PCR amplification using ITS 1/ ITS 4 primer 
pair. Lane M: 100 bp-DNA ladder; Lane 1 to 5: P  palmivora.

Fig. 7: PCR amplification using Actin gene primer. 
Lane M: 100 bp-DNA ladder; Lane 1 to 4:  P palmivora.

Fig. 3.7:  PCR amplification using ITS1/ITS4 primer 
pair. Lane 1: 1.5 kbp-DNA ladder; Lane 2 to 3: ITS 

amplified product of two C. gloeosporioides isolates 
(Cg 8-17 and Cg 8-3); Lane 4: negative control.

Fig. 3.8: PCR amplification using SSU-F/ SSU-R2 
primer pair. Lane M: 100 bp-DNA ladder;  lane 1 to 4 
smaller subunit of ribosomal DNA amplified product 
of four C. gloeosporioides isolates (Cg 8-01, Cg 8-17, 

Cg 8-19, Cg 8-25).

Fig. 3.9 : Unrooted neighbour-joining tree of 18 sequences 
of SSU-rDNA products showing sequence similarity. The 
branch lengths are proportional to genetic distance, which 
is indicated by the bar. Bootstrap values (percentages of 

1,000 replications) are indicated at the internodes.

Fig. 3.10: PCR amplification using SSU-F/ SSU-R1 
primer pair. Lane M: 100 bp-DNA ladder; lane 1 to 4 
smaller subunit of ribosomal DNA amplified product 

of four S. rolfsii isolates (S-5, S-8, S-13, S-20).
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BA (0.01 ppm) + NAA (0.01 ppm) also gave 
fairly good results.

Purification of viruses

Selection of host plants

Cowpea and different species of Nicotiana 
plant were used for mechanical and aphid 
transmission. For aphid transmission, both 
Aphis gossypii and A. craccivora were 
used several times to transmit the virus 
but the percentage of transmission was 
very low and the observed symptoms 
were different. Dioscorea alata potyvirus 
was also mechanically transmitted using 
different buffers (1:2w/v). The buffers used 
were Sorenson’s Phosphate buffer and Yam 
Mosaic buffer(pH 7.7). For the selection of 
best multiplication host, transmission was 
tried several times with different species of 
Nicotiana. The purification of the virus from 
these host plants was found to be difficult and 
hence purification of the virus directly from the 
source plant D. alata was done.
Development of diagnostic methods
ELISA

In development of diagnostic methods, the 
tissue cultured plants as well as field plants 
were used for performing different methods 
of ELISA viz; DAC, DAS and TAS ELISA with 
group specific antibodies. 	

The plants which showed negetive for 
ELISA were subjected to PCR techniques. 
Further these plants should be subjected to 
chemotherapy and thermotherapy for virus 
elimination.

RT-PCR

The detection of Dioscorea alata potyvirus 
from DAC-ELISA positive sample which gave 
a high virus titer value was used for RT-PCR 
using the Potyvirus specific primers. The 
amplified product of ~270 bp was obtained 
for Dioscorea alata potyvirus. The amplified 
product was cloned and sequenced. Analysis 
of sequence showed the Dioscorea alata 

Development of Virus free Greater 
Yam through Molecular based 
Techniques 

(Funded by DBT, Govt. of India)
Principal Investigator: M. L. Jeeva

Multiplication of Nodal Explants

Different varieties of D.alata, viz., Sree Roopa, 
Sree Keerthi, Sree Karthika, Orissa Elite, some 
local cultivars and tissue cultured plants  were 
subcultured in MS media supplemented with 
NAA:BA @ 1: 1.75 ,which was found to be 
good for  culturing. These were maintained 
for further experiments.

Chemotherapy

MS media supplemented with filter sterilized 
antiviral chemicals, ribavirin and quercetin, 
at 5 ppm and 10 ppm concentration, were 
used for nodal culturing to produce virus free 
plants. After its establishment in the antiviral 
incorporated media, it was again subcultured 
in the media with same combination. The 
media without any antiviral chemical was 
kept as control. The cultures were observed 
for its development and survival data was 
recorded.   

Observation after two months showed that 
addition of antiviral chemicals into the media 
did not show any significant impact on growth 
of nodal cultures. On molecular analysis, it 
was found that the virus was still present 
in the plants. So higher concentration of 
antiviral chemicals was tried, but the tissue 
was unable to survive in higher concentration 
and since it was further subjected to 
thermotherapy for efficient virus elimination.

Thermotherapy

From the previous study, the suitable 
temperature used for thermotherapy was 
standardized at 360 C and the nodal cultured 
plants were kept for different periods, viz., 
15 days,30 days and 45 days. The cultures 
were observed for its development and 

survival data have been taken. Observation 
after 15 days showed that thermotherapy 
did not show any significant impact on 
growth of nodal cultures. The percentage of 
survival was also found to be more than 90%.
These plants were subjected to PCR-based 
detection for virus indexing. It was observed 
that about 50% of the plants were virus-free 
and the remaining was virus infected. The 
virus-free plants were subcultured and are 
being maintained for hardening. The plants 
still having virus were again subjected to 
thermotherapy for 15 more days. After 
thermotherapy there was a noticeable 
development of callus. 

Combined chemo and thermotherapy 
for producing virus free plants 

Initially chemotherapy treated nodal 
cultured plants were further subjected to 
thermotherapy at 360C for 30 days and 
virus indexing was done through PCR based 
technique.  The result showed that combined 
chemo and thermotherapy was found to be 
more reliable than individual treatments. 70 % 
of the  plants were found to be virus free after 
combined chemo and thermotherapy.

Standardization of meristem culture

The meristem culture of different varieties of 
D. alata was done in MS media supplemented 
with different hormone concentrations.  The 
field grown plants as well as the nodal 
cultured tissue culture plants were used as 
explants. After proper surface sterilization 
the meristems were kept in the medium 
immediately. 

The response of meristem in these different 
hormone combinations was taken. Liquid MS 
media was found to be more effective than 
solid MS media. The combination of BA (0.2 
ppm) + NAA (0.02 ppm)+ GA3(0.05 ppm) 
+ Thiourea (15 ppm) was more effective 
than other treatments. The treatments,T2- 
BA (0.01 ppm) + NAA (0.01 ppm) and T4-
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potyvirus isolate under study is more similar 
to yam mild mosaic virus (NCBI accn. No. AF 
548517 and 541516).

Large scale production of virus free 
planting materials

The nodal cultured plants were first transferred 
to different media like sand: soil (1:2) mixture 
and vermiculite with and without sterilization 
and grown in plastic cups.There was no 
significant difference in the survival as well as 
development between the treatments. After 
two months they were again transferred to 
big pots and the plants which showed a good 
survival rate were finally planted out in net 
house conditions. The tubers were harvested 

dishes for 4 to 5 days at 20ºC and mycelia 
were then transferred and maintained on 
potato dextrose agar medium. A total of 
15 pure cultures were added to the culture 
repository along with the 8 cultures obtained 
from IISR, Calicut.

Morphological and cultural characte-
rization of the pathogen isolates

Different media and various temperatures 
were tested to characterize the growth of P. 
colocasiae. Among the solid media tested, 
carrot agar supported the maximum mycelial 
growth and 280C favored the maximum 
growth rate of P. colocasiae. The isolates 
differed in their colony characteristics on 

standardization procedures to isolate the 
promoter sequence is in progress.

Isolation of elicitor from P. colocasiae

 Cell wall glucan was isolated from P.  
colocasiae and the carbohydrate and protein 
content was estimated. The crude elicitor 
was biossayed for its elicitation activity 
by injecting the extract in to main vein of 
Colocasia esculenta varieties viz Telia and 
Muktakeshi.  Isolation of lipid elicitor was 
also performed according to  and bioassayed 
for its elicitation activity.

Preparation of bioformulation. 

Trichoderma sp was tested for its biocontrol 
activity against P. colocasiae by dual culture 
technique. The plate was incubated at 28°C 
and the inhibition activity was observed. 
Tichoderma sp effectively suppressed the 
growth of the pathogen. Various substrates 
were employed for the mass multiplication of 
Trichoderma using solid state fermentation. 
The efficacy of the substrates was determined 
by checking the spore count at regular 
intervals. It was found that the presence 
of wheat bran has maximum growth of 
Trichoderma.

Antineoplastic Molecules 
Associated with Bacteria from 
Entomopathogenic Nematodes
(Funded by KSCSTE)
Principal Investigator: C. Mohandas

Ten pure compounds were isolated from 
organic fraction of the cell free culture filtrate 
of bacteria and structure of three of them was 
elucidated as diketopiperazine derivatives.

Out of three diketopiperazine derivatives 
tested for anticancer activity, compound 
two exhibited good anticancer activity.  
One cyclic dipeptide derivative gave good 
cytotoxic activity to the following cell lines viz 
HeLa (cervical cancer), A549 (lung cancer), 
MDM B-231 (breast cancer) and A 375 (skin 

Multiplication of virus free greater yam produced through tissue culture

after seven to eight months and these were 
again planted in net house. 

The virus indexed tissue cultured plants 
were also hardened and these were further 
used for large scale production of virus free 
planting materials.

Phytophthora Leaf blight of Taro

(ICAR- under IISR Outreach Programme 
on Phytophthora, Fusarium and Ralstonia 
Diseases of Horticultural and Field Crops)

Principal Investigator: R. S. Misra

Collection of pathogen isolates and 
purification.

P. colocasiae was isolated from mature 
leaves of taro showing typical symptoms of 
taro blight. Small leaf tissue segments of 2-3 
cm were sterilized in 1% sodium hypochlorite 
for 2 min, rinsed twice with sterile distilled 
water and placed onto Phytophthora selective 
medium. Segments were incubated in Petri 

culture media. Some of them were fast 
growing while others were slow growing. 
The surface of the colony varies as plane, 
diffused mat, cottony or puffy. The sporangia 
are elongated, lemon or pear shaped.

Identification of suitable promoter 
for elicitor gene isolated from P. 
colocasiae 

An elicitor of 15 kDa was isolated from 
Phytophthora colocasiae and the cDNA of the 
elicitor gene has been successfully cloned 
and sequenced. Linking the elicitor gene 
with suitable promoter may help in creating 
transgenic taro cultivar with increased 
disease resistance. An efficient wound 
inducible promoter PVS3 has been identified 
as suitable promoter for the cloning of elicitor 
gene. PVS3 promoter sequence is conserved 
among the plants species and offers a number 
of advantages over the conventionally used 
constitutive promoter, such as the cauliflower 
mosaic virus 35S (CaMV35S). Currently 
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cancer). No significant cytotoxic activity was 
recorded against HTL 116(Colon cancer) and 
A 431(skin cancer). This compound was non 
toxic to the normal cell (FS normal fibroblast 
cell line). All the three compounds possess 
antibacterial and antifungal activity against 
some human pathogenic bacteria and fungi 
and also against some agriculturally important 
fungi.

Taxonomy and Biology of Entomopa-
thogenic Rhabditis (Oscheius) sp. 
(Rhabditidae : Nematoda) and Its 
Bacterial Symbionts
(Funded by DST, Govt of India)
Principal Investigator:  C. Mohandas

Fifty one isolates of nematodes were 
collected from different states of India. A 
total of 62 nematode isolates are maintained 
in the laboratory. Bacteria isolated from 
them are also maintained in the laboratory. 
Morphology and morphometry of 22 
nematode isolates and biochemical properties 
of 15 bacterial isolates were studied. 16S r 
DNA of 12 bacterial isolates was sequenced 
and all of them were found to be different 
on BLAST analysis. Infective juveniles of the 
nematodes were effective in managing the 
ants (Oecophylla sp. and Crematogaster sp.) 
in field conditions.

New Bioactive Molecules from 
Bacteria Associated with Novel 
Entomopathogenic Nematodes
(Funded by LSRB, Govt. of India)
Principal Investigator:  C. Mohandas 

Symbiotic bacteria were isolated from 
infective juveniles of the entomopathogenic 
nematodes belonging to genus Rhabditis 
(Oscheius). The bacterial fermentation was 
carried out in Tryptic soy broth (TSB) for 
different time intervals and the antimicrobial 
action was evaluated with the cell free 
culture filtrate at each time. The maximum 
antimicrobial action was found at 72 h and 

this culture filtrate was separated into 
aqueous and organic fractions using ethyl 
acetate. The fermentation was carried out 
several times to yield about 10 g of oily 
residue which was passed through a silica 
gel column chromatography with varying 
solvents starting from a non polar solvent to a 
polar solvent. Three main active subfractions 
were obtained, which were mixtures of two 
or three compounds. One of the compounds 
obtained in a pure white powder form, which 
was subjected to NMR, FTIR and it was found 
to be a derivative of diketopiperazine. 

The proteins in the aqueous fraction was 
precipitated by ammonium sulphate and 
dialyzed. These were used for the qualitative 
and quantitative assay of protease, lipase, 
lecithinase, DNase and chitinase.

The culture filtrate at different dilutions was 
used to check the nematicidal activity against 
plant parasitic nematodes. The organic 
extract as well as the subfractions eluted 
out from the column was also subjected to 
nematicidal assay. The nematicidal activity 
was obtained at 200 µg ml-1 for the purified 
fractions.

The bacterial cells and their metabolites were 
used to study the insecticidal activity against 
Galleria mellonella larvae both by topical 
application as well as by intra haemocoelic 

Table.3.14. Mortality of S. oryzae due to the action of biofumigant prepared from 
cassava leaves with various quantity of water

ml water/ 
250 g 
leaves

Mortality of weevil  (Minutes after treatment)

15 30 45 60 120 1 Day

100 68.3 93.3 100.0 100.0 100.0 100.0

150 36.7 93.3 93.3 100.0 100.0 100.0

200 26.7 68.3 90.0 100.0 100.0 100.0

250 16.7 45.0 85.0 98.3 100.0 100.0

300 21.7 48.3 55.0 76.7 96.7 100.0

350 11.7 31.7 18.3 45.0 68.3 86.7

injection and these were found to be lethal 
against insects.

Management of Coleopteran Pests 
in Stored Cereals and Pulses with 
Biofumigant Isolated from Cassava

(Funded by LSRB)

Principal Investigator: C.A. Jayaprakas

Isolation of insecticidal principles from 
cassava leaf and its action on stored-
product insect pests

Biofumigant was prepared from cassava 
leaves at various combination of water and 
leaf. The biofumigant was extracted from 
250 g of leaves with various quantity of 
water ranging from 100 to 350 ml. and tested 
against Sitophilus oryzae. Result showed that 
high mortality was observed at 15 minutes 
after treatment (MAT) in the combination 
of 250 g leaves and 100 ml water (Table 
3.14), and complete mortality of the weevil 
was recorded at 45 MAT. Even with the 
combination of 250 g leaves in 300 ml water, 
100 % mortality of weevil observed on one 
day after treatment (DAT) and hence this 
combination was taken as the optimum.  

Action of the biofumigant was tested on the 
common stored-product insect pests viz. 
S. oryzae, Rhyzopertha dominica, Tribolium.
castaneum and Callosobruchus maculatus.  
The bioassay was conducted at 100 ml plastic 
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jar and the result showed complete mortality 
of C. maculatus and R. dominica even at 5 
MAT (Table 3.15).  Tribolium was relatively 
resistant to the biofumigant but complete 
mortality was achieved at 40 MAT.   

Table 3.15. Mortality of stored-product pests due to the action of biofumigant extracted from cassava leaf 

Time 
(min.)

Per cent mortality
T. castaneum C. maculatus R. dominica S. oryzae

5 0.0 100.0 100.0 6.7

10 18.3 100.0 100.0 20.0

15 53.3 100.0 100.0 26.7

20 81.7 100.0 100.0 45.0

25 93.3 100.0 100.0 68.3

30 98.3 100.0 100.0 86.7

35 100.0 100.0 100.0 96.7

40 100.0 100.0 100.0 100.0
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Crop Utilization

ranged between 2.79-3.67, 0.388-0.491 g 
cm-3 and 9.13-11.21% for native cassava flour 
extrudates and the corresponding values for 
fermented cassava flour extrudates were 
3.34-3.79, 0.310-0.507 g cm-3  and 9.75-
11.98 %, respectively. 

The textural properties of the extrudates 
showed that the hardness, toughness, snap 
force and snap energy values ranged between 
25.43-30.75 N, 14.18-18.31 N.S, 7.74-11.02 
N and 1.05-1.46 N.S for native cassava flour 
extrudates and the corresponding values for 
fermented cassava flour extrudates were 
34.20-58.97 N, 18.26-22.30 N.S, 17.27-
20.21 N and 1.84-4.40 N.S, respectively. 
All the textural values were found higher for 
fermented cassava flour extrudates.

Extrusion trials of native and fermented 
cassava flour with coconut powder

Fermented cassava flour was prepared from 
M4 variety cassava tuber and the coconut 

ONGOING PROJECTS

Mega Project: 
Post Harvest Technology and 
Industrial Biotechnology of Tuber 
Crops

CASSAVA

CU/C/PE/238

Development of Cassava and 
Coconut based Food Extrudates
J. T. Sheriff, M.S. Sajeev, G.Padmaja and S.N. 
Moorthy

(CTCRI Thiruvananthapuram) 

K.Madhavan, T.Vidhan Singh and Mathew George

(CPCRI Kasaragod)

Extrusion trials with native and 
fermented cassava flour

Native cassava flour and fermented cassava 
flour (M 4 variety) were extruded in the 
single screw food extruder separately. The 
temperatures of feed zone, compression 
zone and metering zone were set at 70, 80 
and 900 C.  A 2 mm diameter round die was 
used. The extruder screw speed was 80 rpm. 
The temperature of die zone varied between 
140-1600C. The dosing screw speed was 20 
rpm. The physical properties of the extrudates 
were analysed. (Table 4.1). The expansion 
ratio, bulk density and moisture content 

Table 4.1  Physical properties of native and 
fermented cassava flour extrudates

Type of flour
Die temp .

0C
Expansion 

ratio
Bulk density  

g cm-3 M.C %

Cassava 
flour

(Native)

140 2.79 0.491 11.21

150 3.67 0.425 10.15

160 2.81 0.388 9.13

Fermented 
cassava 

flour

140 3.34 0.507 11.98

150 3.79 0.328 9.97

160 3.75 0.310 9.75
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powder received from CPCRI, Kasaragod 
was mixed with the fermented cassava 
flour in different proportions for producing 
three blends.fermented cassava flour and 
coconut powder (85:15, 90:10 and 95:5).  
The blended powder was then conditioned 
to 16% moisture content and fed into the 
single screw food extruder. The feeder zone 
temperature, compression zone temperature 
and metering zone temperature of the 
extruder were fixed at 600C, 700C and 800C 
respectively. The dosing screw speed and 
extruder screw speed were fixed at 20 and 
80rpm respectively. A 2mm die was used. 
The die temperature of the extruder varied 
from 180 to 2000C. 

The volumetric and mass flow rate were in 
the range of 11.49-35.53 cm3 min-1 and 0.25-
0.90 Kg/h, respectively. The high volume 
and mass flow rate were recorded for 85:15 
fermented cassava and coconut powder 
blend extruded at 1800C of die temperature.
The physical properties of the extrudates 
showed that the expansion ratio, bulk density 
and moisture content of the extrudates varied 
between 1.32-2.13, 0.204-0.630 g cm-3 and 
6.55-8.87%, respectively. It was observed 
that the expansion and moisture content 
of the extrudates decreased when the die 
temperature increased from 1800C to 2000C 
for all the combination of the fermented 
cassava-coconut powder. A high expansion 
was achieved at 1800C of die temperature for 
95:5 fermented cassava and coconut powder 
blend. Low dense and low moist product 
was obtained at 2000C of die temperature for 
90:10 fermented cassava-coconut powder 
blends. 

The textural properties of the extrudates 
showed that the hardness and toughness 
values of the products decreased for all the 
blends when the die temperature increased. 
The hardness and toughness values ranged 
from 9.03-51.67N and 4.16-21.87 N.S, 
respectively. The low hardness and toughness 

were recorded for 95:5 fermented cassava 
and coconut powder blend obtained at a die 
temperature of 2000C. 

Sweet potato

Bioactive Principles from Tuber 
Crops
Lila babu

Studies on phenols, flavonoids and 
antioxidant activity in coleus tubers

The tuber was analysed for phenols, flavonoids 
and antioxidant potential. The analysis 
showed that this minor tuber contained the 
largest phenol content among all the edible 

loss while sundrying retained phenols better 
than the other two methods, indicating that 
the concerned phenols were either highly 
labile or were volatile in nature 

Loss of flavonoids on processing

Flavonoids, which comprise the major portion 
of phenols in coleus suffered large losses on 
processing . Methanol soluble flavonoids 
recorded 94% loss on lyophilising, 30 % loss 
on ovendrying and the least loss of 18 % 
on sundrying. Flavonoids soluble in acidified 
methanol suffered 98% loss on lyophilising, 
69% loss on oven-drying and 51% loss on 
sun-drying (Table 4.2).

Table 4.2. Flavonoid content in coleus flour processed by different methods

Solvents used

Flavonoids, mg/100 g fw
Sun-dried Oven-dried Lyophilised

Total extract PE washed
fraction

Total 
extract

PE washed
fraction

Total 
extract

PE washed
fraction

Methanol 1.02 0.96 0.87 0.86 0.07 0.05

Acidified methanol 1.12 0.85 0.70 0.49 0.07 0.05

tropical tuber germplasm analysed including 
yams, sweet potato, cassava and aroids. The 
yield of phenols was maximum when acidified 
methanol was used as the extractant. A 
large proportion of phenols were comprised 
of flavonoids. When the extracts obtained 
were washed with petroleum ether to 
remove lipids, a sizable proportion of phenols 
were lost and was recovered from the pet 
ether fraction, showing that a fair amount of 
phenols was present in the lipid fraction 

Phenol changes on processing

The tuber was chipped and processed into 
flour by three drying methods, sun-drying, 
oven-drying and freeze-drying and the 
changes in phenol content in the products 
were followed.  All the three methods were 
seen to result in substantial loss of phenols. 
Interestingly freeze drying led to maximum 

Partitioning of Phenols and 
determination of antioxidant potential

Partitioning of the phenols was done by 
column chromatography using progressively 
polar solvents starting with hexane and 
culminating in ethanol. The resulting fractions 
were concentrated under reduced pressure, 
dried under nitrogen and each fraction was 
reconstituted to a fixed volume of methanol 
and was analysed for phenols, flavonoids and 
DPPH radical scavenging activity.

Though the yield by dry weight was 
maximum in the acetone fraction, the phenol 
content per gram weight was maximum in 
the ethanol fraction followed by the ethyl 
acetate fraction. The same trend was found 
in case of flavonoids. Antioxidant activity 
was more in acetone fraction followed by 
ethyl acetate and ethanol fractions. This 
discrepancy was due to the fact that all the 
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fractions were dissolved in same volume of 
methanol irrespective of the weight of the 
fraction (yield). Yield of acetone fraction was 
much more compared to others. Among the 
nonpolar fractions, hexane yielded 43 mg g-1 

dry wt phenols, the next solvent petroleum 
ether gave only 4.4 mg g-1 while chloroform 
gave a better yield of 31.25 mg g-1.  No 
flavonoid could be detected in hexane and 
petroleum ether fractions and no antioxidant 
activity was discernible in hexane, petroleum 
ether and chloroform fractions.

IC 50 determination of  DPPH RSA in 
whole extracts and in  the fractions

In order to get a realistic picture of the 
antioxidant potential of the various fractions, 
IC50 value with respect to DPPH radical 
scavenging activity was determined in the 
whole extracts obtained with methanol 
and acidified methanol and in the various 
fractions obtained with sequential extraction 
of solvents. The total extract of methanol 
and acidified methanol gave IC 50 values of 
260 µg and 210 µg respectively, which was 
expected since they constituted the sum 
total of phenols and flavonoids in the tuber. 
Among the fractions IC 50 value was the least 
(940 µg) for ethyl acetate fraction indicating 
its superiority over the other fractions with 
respect to free radical scavenging.

Studies on retention of ascorbic acid 
in sweet potato leaves as affected by 
mode of processing

Earlier studies had shown that sweet potato 
leaves are a potent source of ascorbic 
acid apart from many other nutraceuticals. 
Since the leaves are to be consumed after 
processing by different methods, it is 
important to estimate the extent of retention 
of ascorbic acid after processing in order to 
assess their bioavailability. With  this objective, 
leaves of three varieties were pooled into 
tender and mature leaves, processed by 
various methods and the retention analysed 

by titration method using 2,6 dichlorophenol 
indophenol. The processing modes were 
boiling, blanching, microwave cooking, and 
powdering after drying by three methods: 
sun-drying, oven-drying and shade-drying.

The results showed (Table.4.3)that the best 
processing method for retention of ascorbic 
acid was microwave cooking. There was 
not much difference between blanching and 
boiling, both methods resulting in roughly 
50% loss in ascorbic acid. All the drying 
methods resulted in large losses and the 
maximum loss was seen on oven drying in 
two varieties while the third variety registered 
maximum loss on sun drying which probably 
had a connection with the lesser content of 
chlorophyll b in the latter ornamental variety. 

Testing authenticity of DNPH 
spectroscopic method for estimation 
of ascorbic acid and dehydroascorbic 
acid  in sweet potato leaves

The titration method using 2,6 dichlorophenol 
indophenol estimates only the native 
ascorbic acid in the sample .Dehydroascorbic 
acid, the oxidised form of ascorbic acid also 
contributes to vitamin C activity, though the 
latter does not possess antioxidant activity. 

In order to arrive at a reliable spectrophoto-
metric method, the dinitrophenyl hydrazine 
(DNPH) method was evaluated. In this 
method, the native ascorbic acid is converted 

to dehydroascorbic acid by treating with any 
oxidising agent and then the total ascorbic 
acid is estimated as dehydroascorbic acid. 
Though a linear standard curve could be 
obtained, the estimated values in sweet 
potato leaves appeared inflated. So, in order 
to test the authenticity of the method as 
applied to sweet potato leaves, the following 
procedure was adopted. The leaves were 
pooled into tender and mature lots, and in 
each the native ascorbic acid was estimated 
by the titration method. Then the estimation 
by DNPH method was done in two ways; one 
without treating with the oxidising agent and 
the other after treating with the oxidising 
agent. The former will give values of native 
dehydroascorbic acid present in the sample 
while the latter will give total ascorbic acid 
(ascorbic acid + dehydroascorbic acid).The 
native ascorbic acid can be computed from 
these two values by subtracting the former 
from the latter and if the method is authentic, 
it should be matching with the native ascorbic 
acid values obtained by the titration method. 
Two varieties were tried and in both of them, 
the values of native ascorbic acid did not 
tally in case of tender leaves while in mature 
leaves roughly comparable values could be 
obtained. This showed that in tender leaves 
of sweet potato DNPH method is not reliable 
perhaps due to interference from phenols 
and anthocyanins. 

Table 4.3: Changes in ascorbic acid on processing of sweet potato leaves

Processing 

methods

Ascorbic acid mg/100g  fw
Sree Bhadra Sree Kanaka Ornamental

Tender Mature Tender Mature Tender Mature

Raw 44.05 48.06 41 28 33.28 28.1

Boiled 20.61 13.17 25.05 22.1 16.61 14.86

MW 30.44 22.2 36.77 24.46 28.13 19.20

Blanch 22.66 12.68 26.02 23.97 20.31 10.62

Sun-dry 12.79 8.72 16.62 13.33 8.47 2.30

Oven-dry 10.84 7.65 14.59 8.71 9.74 4.12

shade-dry 20.63 12.66 16.90 10.17 10.59 5.93
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MULTIPLE CROPS

CU/G/BC/235

Developing Technology for 
Nutritionally Fortified Pasta and 
Designer Food Products from Tuber 
Crops 
G. Padmaja, S.N.Moorthy, J.T.Sheriff and 

M.S.Sajeev

Functional pasta was developed from sweet 
potato flour incorporating wheat semolina, 
protein sources like whey protein concentrate 
(WPC), defatted soy flour and fish powder, 
dietary fiber sources like oat meal, wheat 
bran and rice bran and edible gum sources 
like guar gum, xanthan gum, locust bean gum 
and partially hydrolyzed guar gum (sun fibre). 

The effect of pasta shape on cooking 
characteristics and starch digestibility 
of sweet potato flour (SPF) - wheat 
semolina (WS) pasta was studied. The 
formulations consisted of maida: WS 
(75:25, control), SPF: WS (75:25; T1), SPF: 
maida: WS (60:15:25; T2), SPF: maida:WS 
(45:30:25;T3), SPF:maida:WS (30:45:25; T4) 
and SPF:maida:WS (15:60:25; T5). The mixes 
made with two varieties of sweet potato viz., 
Sree Arun and Sree Kanaka were extruded 
in a pasta making machine (La Monferrina, 
Italy) using two dies viz., round die no. 62 
and flat die no. 48 and cut into short pasta 
of length of Ca. 3.0 cm. Cooking loss and 
swelling index were studied on dry pasta. 
Cooking loss was around 5-8% for the control 
pasta, for while it was more for the pasta 
with higher levels of incorporation of sweet 
potato flour. Pasta shape did not influence 
the cooking loss. Whilst the swelling index 
was from 1.70-2.06 for the control pasta, it 
ranged from 1.58-1.88 for the pasta from Sree 
Arun and 1.21-1.99 for the pasta from Sree 
Kanaka. Pasta shapes as well as varieties did 
not influence the swelling index. Pasta with 
higher levels of sweet potato flour had higher 
in vitro starch digestibility (IVSD). There was 

no significant difference between the IVSD of 
round and flat pasta. Release of glucose into 
the in vitro system from all the pasta samples 
was slow, indicating their potential as a low 
glycaemic food. 

High protein pasta formulations had 70% 
SPF and 27% maida (control) and 60% SPF 
and 27% maida for T1, T3 and T5, while T2, 
T4 and T6 had 50% SPF and 27% maida. 
Protein sources viz., WPC, DSF and FP were 
added @ 10% for T1, T3 and T5 and 20% 
for T2, T4 and T6. All the formulations had 
3% cassava starch. SI was slightly higher for 
the protein-fortified pasta from Sree Arun 
than Sree Kanaka. Lower SI was observed 
for 20% WPC fortified pasta, while 20% DSF/
FP fortified pasta had higher SI than 10% 
fortification. Cooking loss was 12% for the 
control pasta and was 10-12% for the WPC 
fortified pasta. Cooking loss was the highest 
for FP fortified pasta (12.4-16.06%). Crude 
protein content could be elevated from 6.8-
7.7% in the control pasta to 21-22%, 11-17% 
and 18-24% in 20% WPC, DSF and FP fortified 
pasta respectively.

Dietary fiber enriched pasta was developed 
from sweet potato using the fiber sources 
viz., oat meal, wheat bran and rice bran 
and the proportions were similar to the 
protein-fortified pasta. Cooking loss was 

considerably reduced for the pasta with 20% 
level of incorporation of fibers. Least cooking 
loss was observed for the WB-fortified pasta, 
which also had the highest swelling index 
(Table 4.4). Comparison of the in vitro starch 
digestibility of the protein and fiber fortified 
pasta showed that all the finer sources 
significantly reduced the starch digestibility. 
Among the protein sources, WPC reduced 
starch digestibility.  

Scanning electron microscopic studies on 
the protein and fiber fortified cooked pasta 
showed that WPC incorporation resulted in 
a strong protein-starch interaction. Highly 
swollen starch granules were visible in the 
fiber fortified pasta.

Edible gums viz., guar gum, xanthan gum, 
locust beam gum and partially hydrolyzed 
guar gum were used at 1.0 and 3.0% levels 
to fortify sweet potato pasta, with 72% 
and 70% SPF in the former and latter cases 
respectively. Although, cooking loss did not 
change between the gum sources; swelling 
index was significantly higher when pasta was 

Table 4.4: Cooking characteristics of dietary fibre 
enriched pasta from sweet potato

Treatment
Cooking loss (%) Swelling index

Sree 
Arun Sree Kanaka Sree Arun Sree 

Kanaka

Control 19.46 17.62 1.43 1.44

T1(10% OM) 14.97 13.26 1.10 1.74

T2(20% OM) 15.74 10.24 1.52 1.36

T3(10% WB) 12.90 13.60 2.14 1.48

T4(20% WB)  11.56 7.75 1.80 1.74

T5(10% RB) 16.95 11.04 2.12 1.42

T6(20% RB) 13.25 8.03 1.32 1.26

Fig. 4.1a: In vitro starch digestibility of protein 
enriched pasta from sweet potato (Sree Arun)

Fig. 4.1b: In vitro starch digestibility of fiber enriched 
pasta from sweet potato (Sree Arun)
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WPC fortified cooked pasta DSF fortified cooked pasta FP fortified cooked pasta 

dried at 700 C .All the gum sources reduced 
starch digestibility indicating their use in the 
formulation of low glycaemic pasta.  

CU/C/PE/231

Production of Food Extrudates from 
Tuber Crop Flour /Starch
J. T. Sheriff, G.Padmaja, S.N. Moorthy, M.S. 

Sajeev and S. Sundaresan 

Extrusion of sweet potato flour   

Orange flesh sweet potato flour was prepared 
from ST-14 variety of sweet potato tuber. The 
â-carotene content of the raw flour was 14.0 
mg/100g. The flour was conditioned to the 
required moisture contents (3 levels, 12, 
14 and 16%) through addition of water and 
fed into the single screw food extruder. The 
feeder zone temperature, compression zone 
temperature and metering zone temperature 
of the extruder were fixed at 60, 70 and 800C 
respectively. The dosing screw speed and 
extruder screw speed were fixed at 20 and 
80 rpm respectively. A 2mm die was used. 
The die temperature of the extruder varied 
from 160 to 180 0C in steps of 10 0C. The 
conditioned sweet potato flour at various 
moisture levels (12, 14 & 16%) was extruded 
at three different die temperatures (160, 170 
& 180 ºC)

The physical properties of the extrudates 
showed that the expansion ratio, bulk density 
and moisture content of the extrudates varied 
between 2.03-2.52, 0.59 – 1.08 g cm-3 and 
7.20-9.69%, respectively. It was observed 
that the expansion ratio of the sweet potato 
flour at 12% moisture content extruded 

at 180 0C of die temperature recorded the 
highest expansion. The expansion ratio 
increased from 2.03 to 2.52 when the die 
temperature increased from 160 to 180 0C 
for 12% m.c. sweet potato flour. The bulk 
density of the extrudates decreased when 
the die temperature increased for 12% and 
16% m.c. sweet potato flour. The textural 
properties of the orange flesh sweet potato 
flour extrudates showed that the hardness 
and toughness values of the extrudates 
ranged between 61.84 – 130.53N and 24.85-
72.22 N.S, respectively. The snap force and 

Fig 4.2. Effect of moisture content and die temperature on colour of the orange fleshed sweet potato extrudates 

snap energy values ranged between 4.82-
16.81 N and 0.83-3.53 N.S, respectively. It 
was observed that the colour intensity of the 
extrudates reduced when the die temperature 
increased from 160 to 180 0C.  (Fig 4.2)  

Extrusion trials of Amorphophallus 
flour

Amorphophallus was procured from local 
market and washed, peeled, sliced and 
the slices were dried. Fine flour was 
prepared from the dried chips. The flour was 
conditioned to the required moisture content 
(12 and 14%) through addition of water 
and extruded at different die temperatures. 
(200, 215 & 230 ºC). Extruder Screw Speed 
was fixed at 3 levels(70, 80 & 90 rpm ). One 
minute discharge of the extrudates was also 
collected for the estimation of volumetric and 
mass flow rates. The volumetric and mass 
flow rate of the extruder ranged between 
29.75-73.68 cm3 min-1 and 16.76-39.21 
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g min-1, respectively. The expansion ratio, 
bulk density and moisture content of the 
extrudates varied between 1.57-2.27, 0.452-
0.705 g cm-3 and 7.67-8.94% respectively. 
The hardness, toughness, snap force and 
snap energy values of the extrudates were in 
the range of 8.76-54.33 N, 3.13-36.37 N.S, 
3.88-7.05 N and 0.92-2.31 N.S respectively. 
Increase in extruder screw speed from 70 to 
90 rpm decreased the hardness and toughness 
of the products. Increase in die temperature 
from 200 to 230 0C increased the hardness 
and toughness of the extrudates. The oxalate 
content of Amorphophallus flour extrudates 
having the feed moisture content of 12 and 
14%, processed at 200 0C of die temperature 
and 70,80 and 90rpm of extruder screw 
speed were determined. The values ranged 
between 532-607 mg/100g. 

Extrusion trials of cassava and banana 
flour 

Three varieties of banana flour, Musa Saba, 
Musa Nendran and Musa Cavendish were 
supplied by NRC Banana, Thiruchchirapally. 
Cassava flour and banana flour were mixed in 
the ratio of 80:20 and blends were conditioned 
to 16% m.c. The feeder zone temperature, 
compression zone temperature and metering 
zone temperature of the extruder were fixed 
at 60, 70 and 800C respectively. The dosing 
screw speed and extruder screw speed were 
fixed at 20 and 80 rpm respectively. A 2mm 
die was used. The die temperature of the 
extruder was 190 0C. 

The expansion ratio of the extrudates ranged 
between 3.27-3.37 and bulk density between 
0.236-0.278 g cm-3. The moisture content of 
the extrudates was between 7.70-8.82%. 
The hardness, toughness, snap force and 
snap energy of the cassava banana flour 
extrudates varied between  34.44-48.08 N, 
29.04-43.65 N.S, 12.64-15.09 N and 11.64-
18.62 N.S, respectively.

Extrusion trials of over matured 
cassava flour 

Five varieties of over matured cassava 

(19 months, 21 months and 24 months 

tubers) were collected from CTCRI farm and 

converted in to cassava flour. The cassava 

flour is conditioned to 16% m.c. Biochemical 

analysis of the cassava showed that the 

starch, sugar, fat, ash, protein and fibre 

values are in the range of 72.59-84.90%, 

2.45-15.04, 1.15-3.70, 0.10-2.32, 2.10 – 3.85 

and 0.24-2.02 % respectively. The Volumetric 

and mass flow rates of the extruder for the 

feed of different maturity ranged between 

33.77-135.28 cm3 min-1 and 12.17- 33.55 

g min-1, respectively. The expansion ratio, 

bulk density and moisture content of the 

extrudates ranged between 2.81-4.84, 0.22-

0.53 g cm-3 and 5.17-11.77 %, respectively. 

The starch, sugar, fat, ash, protein and fibre 

values of the extrudates are in the range of 

71.43-85.71 %, 7.53-13.59 %, 0.20-1.33 %, 

1.47-2.98 %, 2.45-4.90 % and 0.07-0.67 %, 

respectively.

Extrusion trials of cassava and sweet 
potato starch

Cassava and sweet potato starch were 

blended (1:1) and extruded.  in food extruder. 

The feeder zone temperature, compression 

zone temperature and metering zone 

temperature of the extruder were fixed at 

70, 80 and 90 0C respectively. The dosing 

screw speed and extruder screw speed were 

fixed at 20 and 80 rpm respectively. A 2mm 

die was used. The die temperature of the 

extruder was 175 and 185 ºC. The volumetric 

and mass flow rate of the extruder ranged 

between 28.77-44.82 cm3 min-3 and 4.244-

8.80 g min-1, respectively. The expansion ratio 

of the extrudates ranged between 2.28-2.48 

and bulk density between 0.31-0.32 g cm-3. 

CU/C/PE/241

Technology Upgradation for Starch 
Processing Machineries 
J.T.Sheriff, M. S. Sajeev and A. N. Jyothi,

Evaluation of industrial rasper 

A sago factory at Rasipuram, Salem (M/s 
Jyothi Sago Factory, Mettala) was selected 
for evaluating the performance of the industrial 
rasper developed at CTCRI. The factory was 
established in 1974 and the crushing capacity 
is 75 tonnes/day. For installation of the rasper 
the following arrangements were made. 

i.	 Dismantling of the existing sheet roller 
rasper.

ii.	 Measurement of bed bolt distances and 
fabrication of m.s. channel bed frame 
replacing the wooden frame work.

iii.	 Drilling of holes in the m.s.channel bed 
frame to suit the existing bed bolts

iv.	 Alterations in the feeder wooden plank

v.	 Modifications of the feed box to suit the 
fabricated m.s.channel frame  

vi.	 Fitting of a flat pulley in the 2” shaft of 
the rotor

After installation of the rasper the machine 
was tested with 425 Kg of cassava tubers. It 
was observed that the rasping effect of the 
rasper was less and the discharge carried 
small pieces tuber and the consistency of 
the pulp was thick. In order to increase the 
efficiency, a m.s. frame work consisting of 
a round hole sieve was fabricated and fitted 
at the bottom side of the rasper. Alterations 
were also made in the concrete bed to 
accommodate the fabricated sieve bottom. 
Further modifications were also carried out 
in the bottom sieve frame by replacing the 
round hole sieve with rectangular sieve of size 
1.5 x 20mm. The rotor sides were covered 
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with 3mm thick m.s plates. The hard wooden 
planks in the feeder box was replaced with 
soft wood (chavuk wood) so that the rotor 
blade will retain its sharpness for a longer 
period. The rasper was again tested with 
250 Kg of cassava tubers. The capacity of 
the rasper was found to be 1.875 tonnes per 
hour. The current rating was between 11-15 
A and power requirement was 3KW. The 
owner of the factory was convinced of the 
performance of the machine and there are 
possibilities to commercialise these machine 
to the industry. 

Evaluation of a vegetable washer 

A vegetable washer was evaluated at Karunya 
University, Coimbatore to find the suitability 
of the machine for cleaning and washing of 
cassava tubers. All the parts of the machine 
are made up of stainless steel. The machine 
consisted of a drum of size 2m length and 
56cm diameter having 8 mm round hole 
perforations around the periphery and kept at 
an inclined position. Inside the drum a helical 
anger is fixed to transmit the material from 
feeder to discharge outlet. The bottom side 
of the drum is inside a trough, which contains 
water. Fifteen nozzles are fitted at each side 
of the drum on its length side for washing 
the tubers under pressure. The water in 
the trough was agitated through an air 
compressor at 80PSI. The washed water is 
filtered and recycled through a 0.5hp pump. 
At the discharge end three jet nozzles were 
kept to wash the tuber at high pressure. The 
output of the jet nozzle was calculated as 4.3-
5.0 litres of water per minute. The machine 
was evaluated with 25Kg of uncleaned 
cassava tubers. During operation the speed 
of the rotor was found to be 77-88 rpm. The 
machine removed 2.6 Kg of dirt (7.41%) and 
outer corky layer of the tuber in 6 minutes 
45 seconds. The capacity of the rasper was 
estimated as 312 Kg/h. The machine can be 

used for washing of the cassava tubers in the 
industry by incorporating modifications.

CU/G/PE239

Development of Biofilms from 
Native and Modified Tuber 
Starches
M.S. Sajeev, S.N.Moorthy, J.T. Sheriff and A.N. 

Jyothi

Rheological and pasting properties of 
cassava starch with hydrocolloids and 
glycerol

Cassava starch was added with hydrocolloids 
viz., acacia and tragacanth gum at 10, 20 and 
30% and xanthan gum   at 3, 4 and 5%  to get 
binary composites of  starch:gum. Glycerol 
was added to this composites at 10, 20, 
30 and 40% to get (starch: gum): glycerol 
composites. Rheological properties were 
measured under frequency sweep test using 
a Rheometer with parallel plate assembly of 
one mm gap.  The mechanical spectra were 
modeled using power law to characterize the 
gelated starch-hydrocolloid-glycerol system. 
The pasting characteristics viz., peak, trough, 
break down, final and set back viscosity were 
analysed using a rapid visco analyser with 
standard I profile. 

From the dynamic mechanical spectra of 
the starch-gum-glycerol composites, it was 
found that storage modulus was greater than 
loss modulus over the entire frequency range 
at all the combinations for all the gums  as 
seen from the representative data for the 
tragacanth gum. Also, large dependency of 
storage modulus on frequency was observed 
for all the composites, whereas for loss 
modulus, this was true only in the range 
5.18 to 7.54 Hz. These results indicated 
the   formation of a visco-elastic solution 
due to the gelatinization-gelation process of 
starch-hydrocolloid-glycerol composites.   To 
analyse the predominance of solid or liquid 
components of the visco-elastic  behaviour 

of the gelated starch composites, the data 
were fitted into  power law models  as: 	 and 
, where, G’ is the storage modulus, Pa, G’’ is 
the  loss modulus, Pa, w is angular frequency, 
s-1 ‘a’  and ‘c’ are the intercepts, ‘b’ and ‘d’ 
are the slope of the log (G’, G’’) vs. Log (w) 
curve. 

These results showed that as the 
concentration of gum increased in the binary 
mixture, the value of ‘b’ also increased, 
showing the predominance of solid nature 
and among the gums, xanthan produced 
a gelated starch system with more solid 
characteristics than that of the other two 
gums. This is also confirmed by the low 
values of “d”. However, by adding glycerol 
to the binary composites, the variation is not 
that pronounced and minimum effect was 
noticed for acacia gum. 

Addition of acacia gum alone or with glycerol 
to starch reduced the peak viscosity of 
the composites at all the concentrations 
studied.  Native cassava starch had a peak 
viscosity of 3469 cP and acacia gum 34 cP, 
it decreased to 2509, 1706 and 1059 cP for 
90:10, 80:20 and 70:30 starch: gum blend. 
Addition of glycerol again decreased the 
peak viscosity values. Addition of gum and 
glycerol lowered the trough viscosity values 
also. Pasting temperature values ranged 
from 75°C for (90:10):20 to 94°C for 90:10, 
(80:20):20 and (80:20):40. Xanthan gum had 
higher viscosity values than native starch ie., 
5835 cP for peak, 1700 cP for trough and 
4176 cP for final viscosity. But addition of 
gum and glycerol to starch lowered all the 
viscosity parameters at all the combinations. 
Tragacanth gum having very low viscosity 
values the addition of which also decreased 
the viscosity parameters to a great extent.

Rheological and Physico-mechanical 
properties of modified starch based films 

Cassava starch was modified with sodium 
hypochlorite by adding 2.5, 5, 7.5, 10, 15, 20 
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and 25 ml, giving rise to 0.1, 0.2, 0.3, 0.4, 0.6, 
0.8,1.0% available chlorine in the modified 
starch solution and the effect of addition on 
the pasting and rheological properties of the 
starch were analysed . The viscosity values 
of the native starch was found to be 2992, 
1221 and 1753 cP for peak, trough and final. 
The peak and final viscosities increased up 
to 5 ml addition of sodium hpochlorite, there 
after the values gradually decreased. But the 
trough viscosity values increased up to 7.5 ml 
addition. At all the concentrations of sodium 
hypochlorite, the values of loss modulus 
was always higher than that of storage 
modulus; indicating the formation of a dilute 
suspension/gel due to heating of the starch. 

Modified starch prepared by adding 0.1 and 
0.3% available chlorine was mixed with 10% 
acacia gum and the resulting film thickness 
was found to be higher than that of the native 
starch film. Also thickness of film was found 
to be increased with the increase in degree 
of modification. Tensile force was also found 
to be higher for the modified starch based 
films. It increased from 1.72  to 2.22 2.32 and 
2.42 N for acacia, tragacanth and xanthan 
gum respectively for the modified starch with 
0.1% chlorine. It further changed to 2.18, 
2.45 and 3.41 N for the above gum with 
0.3% chlorine modified starch films. These 
results showed that maximum tensile force 
was achieved for xanthan gum and minimum 
for acacia gum added films. Elongation at 
break was minimum (22.56 mm) for acacia 
gum films and maximum (42.57 mm) for 
tragacanth films. 

Rhelogical and biofilm forming 
properties cassava starch- acacia gum-
glycerol-antimicrobial oil composites

The rheological properties viz., storage 
modulus, loss modulus, phase angle, 
and complex viscosity of cassava starch- 
acacia gum- glycerol composites added 
with different spices oils viz. clove, garlic, 

ginger, cinnamon and lemon grass oils are 
presented in Fig.4.3. For all the oils, it was 
observed that loss modulus was greater 
than that of the storage modulus, indicating 
the formation of a diluted suspension/paste. 
And also the phase angle values higher than 
45° or hovering around 45° showed the 
predominance of liquid behaviour of the paste 
in their viscoelastic characteristics. In all the 
cases, the complex viscosity was found to 
be decreased with increase in frequency, 
whereas storage and loss modulus increased 
with increase in frequency. Addition of gum 
acacia and glycerol increased the dynamic 
modulii values of the native starch, more 
influence exerted by gum acacia but did not 
produce much variation in the viscoelastic 
properties of the gelated starch. Addition 
of antimicrobial oils to the tertiary mixture 
of cassava starch-gum-glycerol produced 
a dilute suspension/paste with more liquid 
nature.

The swelling volume reduced from   52.5 ml/g 
of the native starch to 41.87 ml/g by  adding 

acacia gum and no change by adding glycerol 
to the starch-gum solution The addition of 
oil at different concentration  to this tertiary 
blend of affected  the swelling volume and 
in all the cases, the values were less than 
that of the native starch, extent of variation 
depends on the type of oil and concentration. 
The solubility increased by adding gum and 
glycerol and anti microbial oils at various 
concentrations to the starch-gum-glycerol 
mixture also increased the solubility when 
compared to the native starch. 

Physico-mechanical properties of 
biofilm  

Biofilms were developed by incorporating 
antimicrobial agents (clove, cinnamon, 
garlic, ginger and lemon grass oil) at 
different concentrations of 1, 2, 3, 4 and 
5% to the cassava starch: acacia gum-
glycerol composites and their physici 
mechanical properties are represented in 
Fig.4.4.  Thickness of the cinnamon (5%) oil 
incorporated film was highest (0.151 mm) 
and clove oil (1%) film was lowest (0.102 

Fig.4.3     Rheological properties of cassava 
starch-acacia gum-glycerol composites added 

with antimicrobial oils at different concentrations

Fig.4.4    Physico-mechanical properti es of films 
made from cassava starch-acacia gum-glycerol 

composites added with antimicrobial  oil at 
different concentrations
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mm).The moisture content of clove oil and 
lemon grass oil film was lower than that of the 
control films whereas garlic oil film had same 
moisture content except at 3% oil. Whiteness 
index ranged from 27.98 to 43.95  and total 
color difference from 55.39 to 71.37% due 
to the addition of oils. Water solubility was 
highest for the films made from garlic oil at 
5%  and lowest for the lemon grass oil films 
at 3%  Cinnamon oil when added at 4%, 
yielded film of maximum tensile force where 
as garlic oil 2% resulted the lowest tensile 
strength Maximum elongation at break was 
obtained when the film was made with 4% 
garlic oil and minimum with lemon grass at 
5% . The antimicrobial activity of oils  in the 
decreasing order against E. coli, is lemon g
rass>ginger>cinnamon>clove>garlic, 
whereas against S. aureus, the order is lemon 
grass>cinnamon>ginger, clove>garlic oil. 
by adding with starch, gum and glycerol, 
spices oils  lost their activity may be due to 
antagonistic effect of various ingredients  and 
hence procedure for preparing the  filmogenic 
solutions are to be modified.

CU/G/BC/236

Development of Protein and Nutrient 
Concentrate from Cassava and 
Sweet potato Leaf

Bala Nambisan

Cassava and sweet potato leaves, a by 
product of tuber harvest,  are a good source 
of protein and vitamins which can provide 
a valuable supplement to starchy diets. 
Direct consumption of cassava leaves is 
strongly limited because of the presence 
of toxic cyanogens. For the full nutritional 
potential of cassava leaves to be realised, the 
leaves have to be submitted to appropriate 
processing to eliminate the limiting factors. 
The leaves can also be processed to obtain 
protein concentrates.

Objectives  : 

(1)To devise efficient processing techniques 
to develop detoxified,  nutrient rich cassava 
leaf product. 

(2) To develop protein concentrate from 
cassava  and sweet potato leaf

Evaluation of different processing 
methods for elimination of antinutritive 
constituents from cassava leaves  in 
three cassava varieties

Cassava leaves  were harvested from a local 
cultivar  M4  and  CTCRI  varieties  H 1687 
and  Sree Padmanabha and processed using 
different methods .The processing techniques 
were i) pounding and boiling  ii) pounding 
and shade-drying iii) cutting and oven-drying 
iv) shade-drying whole leaves. Fresh and 
processed leaves were analysed for total 
cyanogens (cyanoglucoside, acetonecy-
anohydrin, free cyanide), total phenols, total 
carotenoids, b-carotene, crude protein and 
amino acids. The percentage retention of the 
different constituents was determinedin the 
processed leaves

The processing effects on cassava leaf 
cyanoglucosides showed that crushed/
pounded leaves after boiling or sun-drying, 
retained 10–15% cyanoglucosides. Oven- 
dried chopped leaves retained highest levels 
(50 - 70%). When whole leaves with petioles 
were sun-dried (48h), retention of cyanogen 
was  approx 5 - 6%.  Although there was 
significant reduction, .the residual cyanogen 
content ranged from 60 - 120 µg g-1  in dried 
leaf.  Which is higher than the safe level (10 µg 
g-1) recommended by the CAC of  FAO/WHO, 
indicating the need for further processing. 
It was also observed that differences in the 
initial content of CNG and linamarase activity 
in the fresh leaf caused variation in cyanogen 
content  between  different samples of sun-
dried leaves

Sun-dried leaves retained the least amount 
of carotenoids (30%), all other processes 
retained 80 – 90 % of total carotenoids (30 – 
36 mg /100g dw) and 70 – 80% of b-carotene. 
The retention of amino acid acid was highest 
in oven-dried leaves (90%), other processes 

retained 30 – 70%. Oven-dried leaves retained 
the maximum amount of phenols (up to 80%) 
whereas the other processes (sun-drying, 
boiling, pounding etc) retained phenols by  40 
– 60% .The studies showed that there was 
no significant difference in the percentage of 
retention of cyanogens between varieties, 
but  varietal differences were observed in the 
case of polyphenols.

Reduction of cyanogen in sun/shade 
dried cassava leaf to safe levels

Dried and powdered cassava leaf samples 
were treated with a wide range of acidic, 
basic and neutral aqueous solvents, washed 
and dried. The solvents used were organic 
acids (different concentrations of acetic, 
citric and lactic acids), sodium bicarbonate, 
and salt solution. Evaluation of the cyanogen 
retained  in  the different  treatments showed 
that soaking in 0.2% acetic acid for 30 min 
and subsequent washing could reduce 
cyanogen content to <10 µg g-1. The reduction 
was brought about by solubilisation of the 
cyanogens in the medium. This simple 
technique was found to reduce cyanide to 
the safe levels recommended by the CAC of 
FAO/WHO. This leaf product can be safely 
utilised for human/animal consumption. 
Table 4.5 shows the comparative distribution 
of nutritive and antinutritive constituents of 
sundried and detoxified leaf.

Leaf protein concentrate from cassava 
and sweetpotato leaves

Leaf protein concentrates (LPC) were prepared 
from aqueous extracts of fresh cassava leaves 
with 2% sodium metabisulphite, pH 9.0. The 
aqueous extract was adjusted to pH 4.0 - 
5.0 by addition of acid, and heated to 900C. 
The coagulated protein was collected by 
centrifugation, washed with water and dried. 
LPC was also prepared by altering the pH of 
the extraction medium and by precipitating 
the protein at room temperature. Comparison 
of the protein yields showed that maximum 
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yield was obtained with alkaline extraction 
and thermo coagulation. The yield of LPC 
obtained from cassava leaf was 6.0g/100g 
fresh leaf. Dried leaves gave lower yields.
The yield of protein isolated from fresh 
sweetpotato leaf using the same procedure 
was 6.3g/100g.

Some nutritional characteristics of cassava 
LPC were determined and compared with 
that of   cassava leaf. Dried cassava leaves 

modified in order to increase the yield of protein.

CU/G/BC/231

Studies on the Nutritive Value 
of Colocasia esculenta and 
Amorphophallus paeoniifolius
S.Sundaresan and G.M. Nair

Possible variations in the nutrient and 
antinutrient contents of the tubers were 
studied in selected germplasam accessions. 
The nutritional parameters, viz. dry matter, 
starch, protein, phenolics, sugars, vitamins 
and minerals were determined in the samples. 

The antinutritional status of the cultivars was 

assessed by determining the levels of soluble 
oxalate and calcium oxalate. Detailed studies 
were also carried out on the ascorbic acid 
and dehydroascorbic acid   levels in tubers 
of different cultivars to examine their relative 
proportion and the contribution towards total 
vitamin C content.

Cultivar differences in nutritional and 
antinutritional components

Significant differences were observed 
in the content of starch, protein, total 
phenolics and oxalate profile of some of the 
germplasam collections of Amorphophallus 
and Colocasia.

Amorphophallus

The starch content in Amorphophallus varied 
from 12.5 to 17.8%.  Higher starch content 
was observed in NDA-9 while Bidan Kusum 
showed the lowest value. The crude protein 
levels showed values in the range of 3.1 to 
4.0 %.  Total phenolics content   variations 
were found to be in the range of 66-110 
mg/100g. Wide deviations (0.06-0.28%) 
were seen in the levels of calcium oxalate 

and the lowest value was noticed in NDA-5.  

As regards to the mineral content, significant 

variations were observed with respect to 

calcium, phosphorus and potassium

Colocasia

The starch content in Colocasia showed 
values in the range of 10.9 to 12.7%. The crude 
protein content in different accessions were 
in the range of 1.83 to 2.50%. Wide variations 
were observed in the total phenolics content, 
the values  showing 38-130 mg/100g.The 
calcium oxalate content also varied markedly 
among the accessions(0.02- 0.15%). The 
lowest value of oxalate level was observed 
in TC-917.   Higher amounts of phosphorus, 
potassium and calcium were present in all the 
cultivars and some accessions showed large 
variations in the content of these minerals. 
Moderate levels of Fe and smaller amounts 
of Mg, Cu, Zn and Mn were also found in all 
the accessions.

Studies on the vitamin C content in 
tubers of different cultivars

The oxidized form of ascorbic acid, the 
dehydroascorbic acid, is also biologically 
active and contributes towards the total 
vitamin C activity. The dehydroascorbic acid   
content has been reported to constitute 
only a small fraction as compared to the 
level of ascorbic acid. However, the content 
of dehydroascorbic acid is found to vary 
significantly depending on several factors. 
In view of the limited information available 
on these aspects in edible aroids, detailed 
studies were carried out to examine vitamin 
C profile in different cultivars of Colocasia and 
Amorphophallus.

 The studies indicated marked variations in 
the total vitamin C content among different 
cultivars. In Amorphophallus cultivars, the 
values varied from 6.5 to 20.5 mg/100g while 
the cultivar variations in taro were found to 
be from 11.0 to 17.4 mg/100g. The studies 
further indicated that the dehydroascorbic 
acid level contributed significantly to the 
total vitamin C pool. The proportion of 
dehydroascorbic acid was found to be 65-70 % 
in taro and 40-50 % in Amorphophallus.

contained  protein ( 28%),  crude fibre,  7.0%, 

cyanogen ( range 60 – 200 µg g-1 dw) total 

carotene content 25 - 30mg/100g dw, 

phenols  3-6 mg/100mg, amino acids 1.8 

mg/100 mg and phytin 160 mg/100 g. 

Cassava LPC had a protein content of 52%, 

cyanogen 4-9 µg g-1, phenols 1.6 mg/100mg, 

amino acid 0.7mg/100mg. Protein content 

in LPC was almost two fold the content in 

dried leaf.  The concentration of phenols 

and amino acid was reduced to 50% of the 

original. Cyanogen level in LPC was <10 

µg g-1,  which was in conformation with the 

safe level recommended by the CAC, WHO/

FAO The product appeared to be non toxic, 

satisfactory in appearance, and would be 

subjected to further study.

Compared to cassava, sweet potato LPC 

contained only 32% protein, suggesting that the 

process of protein isolation would have to be 

Table 4.5   Comparison of nutritional and 
antinutritional constituents of cassava leaf meal   

and detoxified leaf

Constituents
Cassava leaf 

meal 
Var 1     Var 2

Detoxified leaf 
product

Var 1      Var 2          

Cyanogen mg/g 79.0 100.0 4.0 6.0

Tannin mg/100mg 5.1 10.0 2.0 4.0

Amino acid mg/100mg 1.8 1.9 0.7 0.8

Carotene mg/100g 39.2 47.0 29.2 21.0

b-carotene mg/100g 19.2 21.0 9.0 14.0

Protein g/100g 28.1 29.0 34.0 32.0



CENTRAL TUBER CROPS RESEARCH INSTITUTE
A
N

N
U

A
L
 R

E
P
O

R
T
 2

0
0

9
-1

0

75

CU/G/BC/233

Physical Modification of Tuber 
Starches for Food and Industrial 
Applications
A.N. Jyothi, S.N. Moorthy, M. S. Sajeev and J. 

T. Sherriff

In vitro starch digestibility of steam-
pressure treated tuber starches

Physical modification of cassava, sweet 
potato and arrowroot starches was carried 
out by steam-pressure treatment which 
involves the action of steam and pressure on 
starch under different conditions. The in vitro 
starch digestibility of the treated starches 
was determined after incubation with porcine 
pancreatic amylase. The %digestibility 
of native cassava, sweet potato and 
arrowroot starches were 25.7, 30 and 25.4% 
respectivelyafter 30min of incubation. In the 
case of cassava starch the treatment brought 
about an increase in enzyme susceptibility 
in general, with the digestibility varying 
from 24.1 to 34.4%. However, reverse was 
the case with sweet potato and arrowroot 
starches. There was a slight decrease in 
digestibility after steam-pressure treatment 
for these starches. The values ranged from 
20.43 to 27.8% for treated sweet potato 
starch and 19.5 to 28.7 for arrowroot 
starch. Also, the effect on digestibility was 
found to depend on the conditions used 
for the treatment. Though there was not a 
strict trend, generally it was observed that 
increase in duration of the treatment at 
each pressure level resulted in a decrease 
in digestibility for all the three starches. The 
study showed that steam-pressure treatment 
can be utilized in making cassava starch more 
digestible and sweet potato and arrowroot 
starches less susceptible to enzymes. Hence 
modified starches with required digestibility 
characteristics can be prepared. 

Pregelatinization of tuber starches by 
drum drying

Cassava, sweet potato and arrowroot were 
subjected to pregelatinization by drum 
drying under different levels of starch slurry 
concentration and drum speed (frequency) 
using a factorial 3x3 design. The slurry 
concentrations used were 30, 40 and 50% 
(w/v) and drum speed were 1, 2 and 3rpm 
(frequency- 9.1, 18.2 and 27.0). All the 
treated starches were then subjected to 
analysis for their physicochemical properties 
viz., bulk density, moisture content, WAI, WSI, 
viscosity, dynamic mechanical properties and 
in vitro starch digestibility.

Properties of the pregelatinized starches

The yield, moisture content, bulk density, 
water absorption index and water solubility 
index of the drum dried starches were 
determined (Table 4.6). 

Physical properties

The yield of the pregelatinized starches 
varied from 62.5 to 90.0 % for cassava, 60 
to 98% for sweet potato and 63 to 85% 
for arrowroot starch. The moisture content 
varied from 2.64 to 10.27% in the case of 
pregelatinized cassava starch; 1.0 to 10.9% 
for sweet potato starch and 2.43 to 10.32% 
for arrowroot starch. The bulk density values 

of the modified cassava starch were in the 
range 0.407 to 0.574 and that of sweet potato 
starch ranged from 0.44 to 0.62. In the case 
of arrowroot starch, the values varied from 
0.391 to 0.601. Arrowroot starch showed 
lower bulk density than sweet potato and 
cassava starches, especially at lower starch 
slurry concentrations. It was observed that in 
general, the bulk density was higher at 40% 
slurry concentrations for sweet potato and 
arrowroot starches. 

Water absorption and water solubility 
indices

Among the three starches, the WAI was 
highest for sweet potato starch and lowest 
for arrowroot starch after pregelatinization. 
For cassava starch, water absorption index 
was in the range 13.72 g g-1 (for the sample 
prepared by using 30% slurry at 1rpm drum 
speed to 16.21 g g-1 (for the sample prepared 
by using 40% slurry at 3rpm speed)(Fig 
4.5). In the case of sweet potato starch, 
the lowest WAI was obtained for sample 1 
(14.75 g g-1) and highest for the sample S9 
(17.96 g g-1). Compared to the other two 
starches arrowroot starch showed lower 
water absorption after pregelatinization and 
the values ranged from 12.74 g g-1 (sample 
A1) to 14.3 (sample A5). 

The water solubility index was significantly 
higher for arrowroot starch after 

Table 4.6. Properties of drum dried cassava starch

Sample Conc. of 
slurry(%)

Drum 
speed 
(rpm)

Yield (%)
Moisture 
content 

(%)
Bulk 

density WAI(g/g) WSI(%)

C1 30 1 76.7 8.6 0.574 13.72 11.5
C2 30 2 90 9.34 0.501 14.75 11.0
C3 30 3 80 10.27 0.407 15.05 8.5
C4 40 1 57.5 5.04 0.52 14.87 8.6
C5 40 2 62.5 5.14 0.534 15.77 9.1
C6 40 3 67.5 3.27 0.503 16.21 8.3
C7 50 1 66 6.20 0.487 15.23 9.9
C8 50 2 68 3.85 0.581 15.41 9.8
C9 50 3 64 2.64 0.455 15.72 8.9
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pregelatinization in comparison to cassava 
and sweet potato starches. Cassava starch 
showed the lowest WSI after treatment. 
For cassava and sweet potato starches the 
values ranged from 8.3 – 11.5% and 8.5- 
14.2% respectively, whereas in the case 
of arrowroot starch, the water solubility 
index was in the range 23.1 – 39.9%. Good 
solubility is preferred in many food and textile 
applications of starch.

Pasting properties

A significant increase in peak viscosity was 
observed for all the three starches after drum 
drying treatment. These higher viscosities 
are obtained at a lower temperature of 
around 50ºC. The peak viscosity of the drum 
dried starches ranged from 4209 to 6892cP 
for cassava; 4752 to 7069cP for sweet 
potato and 2157.5 to 6105cP for arrowroot. 
The viscosity breakdown also showed a 
corresponding increase. 

Rheological properties

The dynamic rheological properties such as 
storage modulus (G´), loss modulus (G´´) 
and phase angle (d) of starch pastes were 
determined over a frequency sweep from 
0.1 to 10Hz. The native and pregelatinized 
starches exhibited weak gel properties as 

in all cases loss modulus was higher than 
storage modulus. Both the moduli had an 
increasing trend with frequency. Generally, 
the gels of pregelatinized starches showed 
slightly reduced moduli values than that 
of the unmodified starch gel throughout 
the frequency range indicating decrease in 
viscous properties and gel strength. However, 
the loss modulus was higher for the treated 
starches, which shows increased elastic 
properties. 

Concluded ProjectS
CU/G/PE/240

Process Technology for the 
Production of Dehydrated Quick 
Cooking Tubers
M.S.Sajeev, J.T. Sheriff, A.N. Jyothi

1.	 To study the textural properties of sweet 
potato and amorphophallus tubers 

2.	 To study the effect of cooking by different 
methods on the  physico-textural 
characteristics of different tubers 

3.	 Effect of different dehydration  methods 
on the quality of the frozen and thawed  
product.

Textural and gelatinization properties 
of sweet potato tubers

The textural, gelatinization and pasting 
characteristics of the tubers of white fleshed 
sweet potato viz., CO3-4, SV 280, SI60; 
cream viz., Sree Arun, Sree Varun, and 
orange viz., 362-7 and SV 98 were analyzed. 
Significant variations were observed in 
the properties of the raw tubers  among 
different varieties (p<0.05). From the results 
obtained by hierarchical clustering at 80% 
similarity, three groups were obtained as 
: Group I- Sree Arun, CO3-4; Group II- Sree 
Varun, SI 60, SV 98 and SV 280 and Group 
III: 362-7. These results showed that no 
visible difference among different coloured 

varieties could be observed from the texture 
of the raw tubers. Based on the value of 
rate constants in the  dual mechanism of 
first order kinetic model, the cooking quality 
of the tubers can be compared objectively 
and the varieties can be grouped according 
to the ease of cooking as:  CO3-4 > Sree 
Arun > SV 280 > SV 98 > SI 60 > 362-7 
> Sree Varun. This is almost in agreement 
with the classification of the varieties based 
on the pasting properties of flours extracted 
from different varieties.  Principal component 
analysis of the texture profile parameters, 
differential scanning calorimetric properties 
and pasting properties could also be used to 
group the varieties which are similar to the 
classification based on the colour of the flesh 
of the tubers. 

Textural and rheological properties of 
Amorphophallus tubers

Textural properties of Amorphophallus tubers 
viz., bio yield, firmness, toughness shear force 
and shear energy were 34.72N, 38.38N, 
295Ns, 188.34N and   1289Ns. Textural 
profile parameters of the cooked tubers were 
0.60, -0.03Ns, 0.43 and 1.21 for  springiness, 
adhesiveness, cohesiveness and  chewiness 
respectively.  Dual mechanism first order 
kinetic model  with the  rate constant of  
0.126 min-1  was found to be best suited to 
study the texture degradation during cooking. 
The values of storage and loss modulus and 
phase angle of the starch gel significantly 
varied with the concentration of the starch. 
Frequency sweep data of the starch gel at 
various concentrations were modeled by 
power law equations and polynomial model. 
Among the various rheological models to 
study the relationship between shear rate 
and shear stress, Ostwald, Bingam and 
Herschel- Bulkely were found to be best 
suited. The pasting properties of starch at 
different concentrations  were measured 
using Rapid Visco Analyser and observed that 

Figure 4.5. RVA patterns of native and drum dried 
tuber starches
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peak viscosity increased from 268 to 5703 
Cp, trough viscosity from 264 to 2764 cP, 
final viscosity from 408 to 4062 cP, set back 
from 144 to 1298 cP  when the concentration 
increased from 5 to 10 %. However the 
there is only a slight change in the pasting 
temperature.

Physico-textural changes of tubers 
associated with various mode of 
cooking

Textural  and rheological changes for the 
cassava, sweet potato and Amorphophallus 
tubers associated with the various mode of 
cooking  viz., conventional cooking (water 
boiling), microwave cooking and pressure 
cooking were carried out  by employing 
response surface methods by changing the 
process variables like power/temperature, 
thickness, loading rate, time of cooking. 
The texture profile and dynamic rheological 
properties were analyzed  and found affected 
by these parameters either linearly  or 
quadratically and interaction affect was also 
significant for some of the properties.  

Dehydration characteristics of cooked 
and frozen tubers 

The tubers after peeling and washing were 
cut into different sizes 10, 15 and 20 mm3 
(cubes) and cooked for 30 min and after 
cooling to ambient temperature, they were 
frozen at different temperatures viz: -10, -20 
and -30°C. Drying studies were conducted 
under microwave power at   300, 600 and 
900 W, tray drying at 50, 60 and 70°C and 
convection oven drying at 100, 125 and 
150°C.  

The frozen tubers when subjected to 
microwave drying, the drying rate was found 
to be increased at the initial stages and then 
gradually decreased or become constant with 
time of drying as evidenced from the drying 
rate vs. drying time curves. The average 
drying rate increased with the increase 

in tuber size and power level and hence 
reduction in drying time with the increase in 
power level and thickness. This holds good for 
cassava as well as Amorphophallus tubers. 
Unlike microwave drying, the drying rate of 
frozen tubers decreased with increase in the  
tuber sizes and increased with increase in 
drying temperatures under tray drying and 
oven drying. The trend of the drying rate with 
respect to drying time reveals a decreasing 
trend, the slope of which depends on the 
drying temperature and tubers sizes. It is 
also worth mentioning that the drying rate 
was significantly low when compared to 
microwave drying and hence higher drying 
time was required to achieve the quality  of 
dried samples.

Colour changes 

The dehydrated samples were subjected 
to colour determination by measuring the 
Hunter colour coordinates ‘L’, ‘a’ and ‘b’ values 
by Minlota Spectrphotometer C2600 by 
keeping the aperture opening in the medium 
(8/11 mm)  for 15 and 20 mm samples and 
small (3/5 mm)  for 10 mm samples. The 
total colour change and browning index 
were calculated with respect to freezing 
temperature, thickness of tubers and drying 
temperatures 

 For the tubers frozen at -10°C, the total colour 
changes of the samples with respect to the 
raw tubers was maximum for the samples 
subjected to 70 °C drying temperature 
(20.04) and minimum at 50 °C (13.65) for 10 
mm samples whereas for 20 mm samples, 
the colour change gradually increased with 
increase in temperature  ie., 13.95, 19.43 
and 27.68 at 50, 60 and 70 °C. These results  
showed  maximum colour changes occurred 
at the highest drying  temperature. Browning 
index varied from 28.24 to 32.14 for 10 mm 
samples, 30.37 to 37.98 for 15 mm samples, 
34.15 to 46.20 for 20 mm samples showing 

that maximum browning occurred for the 
samples exposed to high temperature of 70 
°C for 20 mm samples.

For the samples frozen at -20°C, colour 
changes due to increase  in drying temperature  
from 50 to 70°C  ranged from 10.78 to 11.05 
for 10 mm samples, 9.05 to 12.98 for 15 mm 
samples, 13.83 to 14.86 for 20 mm samples. 
The browning index decreased for 10 mm 
samples from 27.96 to 22.80 whereas for 15 
and 20 mm samples, it was increased, i.e., 
28.6 to 35.15 and 31.90 to 35.64 when the 
temperature increased from 50 to 70°C.For 
the samples frozen at -30°C, colour change 
of 15.65 was obtained for 10 mm samples, 
15.64 for 15 mm, 17.22 for 20 mm samples 
at 70 °C, indicating less difference in colour 
for the samples frozen at -30°C. Browning 
index values also changed very little, 31.54 
to 33.00 for 10 mm, 30.16 to 38.86 for 15 
mm and 32.34 to 34.27 for 20 mm samples 
when the temperature increased from 50 to 
70°C. 

Rehydration capacity 

The amount of water absorbed by the 
dehydrated samples during cooking in boiled 
water for different time intervals 30, 60, 90, 
120 and 150 sec is designated as  rehydration 
capacity which is calculated as percent 
increase in weight of sample due to cooking 
with respect to the dry sample. The samples 
subjected to tray drying was analysed for their 
water absorption during cooking. Gradual 
increase in water absorption with respect to 
time was observed in all the cases. 

For cassava tubers, the maximum rehydration 
capacity   of  0.690, 0.703 and  0.579 for 10,15 
and 20 mm samples, respectively  at 50°C 
drying temperature showing  20 mm samples 
absorb less water due to cooking than the 
other samples at a particular temperature. 
For the samples frozen at - 20°C, maximum 
water absorption was obtained as 0.818 at 
50°C, 1.593 for 60°C, and 1.873 for 70°C 
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for the samples sizes of 10, 15 and 20 mm 
respectively. When the freezing temperature 
increased to -30°C, the rehydration capacity 
of  0.810,  0.523 and  0.474 for 10, 15 and 
20 mm, respectively at 50 °C was obtained 
. whereas at 70 °C, the values were 1.366,  
1.363 and 1.294 for the above sizes. These 
results showed higher water absorption 
capacity is achieved by the samples frozen 
at -20°C.  

For the Amorphophallus tubers, frozen at 
-10°C, due to the increase in cooking time 
from 30 to 150 sec, the rehydration values 
increased by 30.24, 75.47 and  120.76% at 
50°C; 38.2, 88.90 and 206.48% at 60 °C and 
17.83, 38.54 and 158.51% at 70°C for 10, 15 
and 20 mm samples, respectively,  showing  
maximum water absorption by 20 mm 
samples dried at 60 °C where as minimum by  
10 mm samples dried at 70 °C .For the tubers 
frozen at -20 °C, the maximum rehydration 
capacity was obtained as 2.851,  2.831  and  
2.792  at 50 °C; 2.303,  2.802 and  2.296  
at 60 °C; and  3.041,  2.309 and  2.733  at 
70°C for 10, 15 and 20 mm, respectively. For 
the samples frozen at -30 °C, the rehydration 
capacity was  2.493,  2.488  and 2.191  at 
50 °C, 2.549, 1.708,and  1.165  at 60°C and  
2.177,  2.442 and  2.294  at 70°C for 10, 15 
and 20 mm, respectively. 

Textural properties of the cooked tubers 

The dehydrated tubers cooked  in boiling 
water for different time intervals from 30-150 
sec and the firmness  of the cooked tuber 
were measured using a food texture analyser 
under force in compression mode by using 
P/75 probes by  keeping the strain as 50% at 
2mm/s test speed and the values are depicted 
in Fig.4.6. For the 10 mm samples frozen at 
-10 °C, the firmness decreased to 25.95, 
7.05 and 9.72 after 150 seconds of cooking  
for the samples dried at 50, 60 and 70°C 

respectively. The firmness after 150 seconds 

of cooking was 9.38, 4.30 and  7.29 N for 

10 mm samples frozen at -20°C at the above 

drying conditions whereas for -30°C frozen 

samples, the values were 21, 14.48 and 6.90 

N for the above drying temperatures. In the 

case of 15 mm samples frozen at -10°C, the 

firmness of the sample cooked for 150 s was 

39.07, 11.48, 10.36 N and 16.76, 7.02 and 

6.27 N for -20°C frozen samples and 15.56, 
17.11 and 7.84 N for -30°C frozen samples 
dried at 50, 60 and 70°C. For the 20 mm 
samples the values were 57.56, 10.95 and 
66.39 for -10°C frozen samples, 55.38, 5.13 
and 10.83 N for -20°C frozen samples, 40.18, 
61.54 and 3.62 N for -30°C frozen samples 
dried 50, 60 and 70°C, respectively. From 
these results, it was concluded  cooikng time 
of  60- 150s was sufficient depending on the 
thickness of the tuber slices. 

Fig. 4.6. Firmness of the dehydrated tubers after cooking for different time as affected by freezing and drying   
temperature and tuber size.(a)10 mm tubers, (b) 15 mm tubers, ( c) 20 mm tubers
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CU/G/BC/233

Development of Cassava Starch 
based Alternative Gelling Agents as 
Substitute for Agar in Plant Tissue 
Culture Media

A.N. Jyothi, M. S. Sajeev and M. L. Jeeva

Objectives

The objectives of the project were to 
evaluate the potential of cassava starch 
as an alternative low cost gelling agent in 
tissue culture mediumfor the in vitro shoot 
regeneration using nodal explants of cassava/
sweet potato, to evaluate the performance of 
plant species, in vitro, on media formulations 
when gelled with native/modified cassava 
starch, agar and a mixture of the two and 
to study the effect of gelling agents based 
on cassava starch and other hydrocolloids 
like gums, as substitute for agar in tissue 
culture media and to evaluate the plantlet 
performance.

Salient findings

Formulation of different gelling agents

In order to study the solidification pattern, 
following different gelling media were 
prepared.

1.	Starch in different concentrations viz., 6, 
8, 10, 12 and 14% was gelatinized and 
autoclaved. 

2.	Different combinations of starch (6, 8, 10, 
12 and 14%) and nutrient agar (0.125, 
0.25, 0.375, 0.5%).

3.	Starch and gelatine in different 
concentrations (Starch: gelatine- 1:1, 1:2, 
2:1).

4.	Starch and konjac glucomannan in different 
concentrations (Starch- 6, 8, 10, 12 and 
14%and glucomannan- 0.15, 0.25, 0.5%).

5.	Pregelatinized starch- 12, 14, 6, 18, 20 
and 24%

6.	Control:  agar 0.8% 

The solidification pattern was studied after 
autoclaving and subsequent cooling. The 
rheological properties of the gels were 
determined using a rheometer.

Solidification pattern

The solidification pattern of the different 
gelling agents was as follows:

Native starch

6% & 8% starch-not solidified, viscous fluid 

10% - viscous fluid/semisolid

12 and 14% starch – solidified

Starch with agar

 All concentrations of starch except 6% 
showed produced solid gels with good 
consistency in presence of agar especially in 
concentrations 0.25 and 0.5%.

Pregelatinized starch

14% - semisolid, not compact

16% - semisolid

18% - good solidification

20% - good solidification

The gels prepared by mixing the starch with 
gelatin and konjac glucomannan were not 
stable and could not retain their consistency 
on storage.

The tubes containing the amended media 
were inoculated with the nodal cuttings 
of cassava plants (variety H-226) along 
with control sample of agar. Majority of the 
tubes were contaminated and discarded. 
Contamination was more in the samples 
amended with starch. During autoclaving the 
gelatinized starch bubbles up and stick to 
the sides of the tubes which leads to more 
contamination in comparison to agar. To 
avoid contamination due to the bubbling of 
the samples, the medium was autoclaved in 
screw caped bottles and while hot carefully 
transferred to the culture tubes under laminar 

flow. In this way, the contamination was 
reduced to a large extent.But this type of 
handling was also difficult and not practical 
since it involves transfer of the hot gelatinized 
starch. 

The studies showed that 8, 10 and 12% 
starch showed optimum solidifying properties 
for application in tissue culture media. With 
0.25-0.5% agar along with starch, good plant 
growth comparable to that obtained with 
0.8% agar alone was obtained.  

Konjac gum along with starch was found 
to be not suitable dueto the liquid nature of 
the medium after autoclaving. Also, before 
autoclaving it was very thick and not able 
to handle easily. With gelatine also, we 
could not get the required consistency for 
the medium and the gel was cohesive in 
nature. With pregelatinized starch very high 
concentrations were required to obtain a 
solid consistency, which also due to the 
lower viscosity and adhesive properties was 
not suitable to replace agar in the medium. 
Though not as clear as agar medium, the root 
system was visible in the medium amended 
with starch. 

Cassava starch was not easy to handle 
like agar due to its viscous nature after 
gelatinization.When lower concentrations 
are used thinning of the medium was noticed 
after autoclaving. At higher concentrations, 
due to the jumping of the gelatinized starch 
during autoclaving, there were more chances 
for contamination from the sides of the culture 
tubes and cotton plug. Therefore, starch 
cannot be used like agar since gelatinization 
is required before mixing with the medium, 

Cassava plants in tissue culture media amended 
with (1) cassava starch 8% and agar 0.25% and (2) 

cassava starch 8% and agar 0. 5%
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otherwise non-uniform gelatinization and 
gelling during autoclaving was observed.
If pregelatinized starch was used, very high 
concentrations are required to keep the 
solid consistency which not stable after 
autoclaving and on storage. Therefore, only 
partial replacement of agar could be possible 
with starch. 

Though cassava starch could give plant 
growth comparable to that in agar culture 
media amended with starch and agar, due 
to the difficulties and practical problems in 
handling the medium and gelling agents, 
we could not recommend cassava starch as 
a substitute for agar in plant tissue culture 
media. 

EXternal aided projects

Bioprocessing of Cassava and 
its Cellulosic Byproduct for the 
Production of Ethanol and Butanol 
Biofuels using Novel Eco-friendly 
Enzyme Systems 
(Funded by DBT, Govt. of India)

Principal Investigator :  G. Padmaja

Objectives

 To perfect and optimize the process 
parameters for the production of bioethanol 
from cassava starch 

 Biodegradation of cassava starch factory 
residue (CSFR) for ethanol production

Salient findings

  The effect of simultaneous saccharification-
fermentation process (SSF process) 
using Stargen+yeast in maximizing the 
ethanol yield was compared with the 
sequential process where the Stargen-
aided saccharification was continued for 
24h and then fermentation using yeast 
(Saccharomyces cerevisiae) was done for 
48h. Considering the overall reduction in 
processing time by 24h, the SSF process 

was concluded as an economically 
advantageous process as compared to the 
sequential process. 

 	 The effect of increasing slurry density on 
ethanol yield from cassava starch was 
studied. Increasing the slurry density 
without proportionately increasing the 
Stargen levels resulted in poor ethanol 
yields and fermentation efficiency.

 	 The technology perfected at laboratory 
level was scaled up to 5 Kg level (batch 
process) using two concentrations of 
Stargen. Approximately 558 g ethanol/
Kg starch could be obtained @ Stargen 
levels of 2400 mg/Kg starch, which is near 
to the theoretical yield of 567 g/Kg.

 	 Immobilization of Stargen on calcium 
alginate beads was studied. Although the 
enzyme viability could be maintained at 
room temperature and 5  C up to 7 weeks, 
the efficiency of recycling the immobilized 
enzyme was found to be reduced. Further, 
during the co-activity with yeast the 
structural integrity of the beads was found 
to be lost.

 	 The hydrolytic potential of a combination 
of enzymes viz., Multifect XL, Optimash 
XL and Accellerase either as cocktail or as 
cascade system was evaluated on CSFR. 
It was found that the cocktail process was 
superior to the cascade process (details 
given under section 8.2.9).

 	 The comparative efficacy of Multifect 
XL, Optimash XL, Optimash BG and 
Accellerase in producing glucose from 
native   CSFR was studied. The latter two 
enzymes were most efficient in releasing 
high amounts of glucose (details are given 
in section 8.2.10).

 	 All the four enzymes possessed amylase 
activity also with Multifect having the 
highest specific activity followed by 
Optimash BG.

 	 The effect of three pre-treatments like 
hydrothermal treatment (30, 45 and 60 
min), autoclaving (10 min) and microwave 
treatment in enhancing glucose yield 
from CSFR by Accellerase was studied. 
Hydrothermal treatment 30 min was 
superior.

 	 Simultaneous saccharification and 
fermentation of HT CSFR by Accellerase – 
Stargen – yeast and Optimash – Stargen 
– yeast was studied. Ethanol yield was 
the highest for Accellerase/Optimash BG 
– Stargen – yeast system.      

Primary Processing and Value Addition 
of Sweet potato and Yams for Self 
employment Generation by Women

(Funded by DSIR, Govt. of India) 

Principal Investigator :  G. Padmaja

Objectives 

 	 To identify and study the processing 
problems of sweet potato (cream and 
orange-fleshed) and yams and evolve 
processing techniques to overcome them 
(the main issue being discolouration due 
to enzymic and non-enzymic browning)

 	 To develop technology for the production 
of fried chips and other flour-based snack 
foods 

 	 To perfect the technology for making 
nutritionally fortified ‘ready-to-eat’ flakes 
from sweet potato and yams 

Salient findings 

 		 The major processing problems in 
sweet potato and yams were identified 
as enzymatic browning by polyphenol 
oxidase and peroxidase and non-
enzymatic browning by Maillard reaction 
of sugars and amino acids. 

 		 Techniques were standardized to 
overcome the browning problems in the 
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two crops resulting in brightened flour as 
well as fried chips. 

 	 Soaking the peeled slices in acetic acid 
(1.0%) for 1h followed by washing, sun 
drying and powdering resulted in sweet 
potato flour with the lowest browning 
index. Soaking in 0.25% citric acid was 
the best for both greater yam and white 
yam.

 	 Dehydrated leaf powder having high 
retention of chlorophyll (green colour) 
and protein as well as carotene was 
developed from sweet potato leaves, 
by blanching the leaves in potassium 
metabisulphite (0.125%) and drying and 
this finds application as food additive.

 	 Fried sweet potato chips with good 
texture and light colour were obtained by 
soaking slices in acetic acid (1.0%) for 1h, 
followed by washing, surface drying and 
deep frying. In the case of greater yam, 
acetic acid/citric acid (0.1%) + sodium 
chloride (0.1%) gave bright coloured fried 
chips.

 	 Flour and tuber based snack food items 
were developed from sweet potato and 
yams which could be ideal for SHGs, NGOs 
etc. to start agri-business ventures. 

 	 As part of the studies on the preparation 
of sweet potato puree for use in flake 
manufacture, studies were made on the 
curing associated biochemical changes in 
sweet potato and the changes occurring 
when the tubers were cooked under 
various modes of cooking like cooking 
in water/organic acid/sodium sulfite 
solutions, hydrothermal cooking and 
microwave baking. The puree (paste) 
prepared from the various cooked tubers 
were analysed for their viscosity and 
rheological characteristics. Ultrastructure 
of the puree was studied by scanning 
electron microscopy. It was found that 

the puree made from microwave baked 
tubers was the best for flake making.

 	 Flake manufacture was initiated. However, 
as the drum dryer was not operational 
for almost 5-6 months, studies on flakes 
could not be completed. Product was now 
made and its nutritional and functional 
evaluation is being done presently. 

 	 During this period, another novel food 
product, pasta was attempted from sweet 
potato and yams. High protein and high 
dietary fiber pasta were developed from 
sweet potato using protein sources like 
whey protein concentrate, defatted soy 
flour and fish powder and fiber sources 
like oat meal, rice bran and wheat bran 
respectively. Around 11-24% protein and 
18-30% fiber content was obtained in 
these pasta, which will have application 
in nutrition therapy. Similar products were 
also developed from yam flour.

 	 Besides, high carotene pasta having 
around 6-8 mg/100 g carotene was 
developed from the orange-fleshed 
sweet potato variety, Sree Kanaka. High 
carotene and betanin-rich pasta were also 
developed from yam flour using carrot 
and beet root powder respectively.

 	 Six training programmes were 
conducted for SHG Women and Women 
entrepreneurs during the project term, 
of which 4 were during 2009-10. The 
women participants were equipped with 
the technical knowhow on the processed 
products from the two crops.

Graft Copolymerization onto Cassava 
Starch and Evaluation of the 
Products 
(Funded by DST, Govt. of India)

Principal Investigator: A. N. Jyothi

Objectives: 

1.	 To synthesize graft copolymers of 
cassava starch using monomers 

such as acrylamide, acrylonitrile, 
methacrylamide and methacrylonitrile 
under different polymerization conditions 
(time, temperature and monomer 
concentration).

2.	 To study the effect of various free radical 
initiators such as ceric ammonium 
nitrate, potassium permanganate, redox 
systems and microwave irradiation on 
the graft copolymerization reaction of 
cassava starch.

3.	 To characterize the graft copolymers by 
determining their structural and functional 
properties and also the thermal stability.

4.	 Use of the cassava starch graft 
copolymers in various industrial 
applications such as utilization in (i) 
horticultural mulches, (ii) sizing cotton 
yarns, (iii) flocculants and (iv) chelating 
agents for heavy metal ions such as 
Hg2+, Cu2+, Zn2+ and Pb2+.

Salient findings

Characterization of starch-graft-poly 
(acrylonitrile)

Fifteen samples of starch-g-poly(acrylonitrile) 
samples were synthesized by graft 
copolymerization of cassava starch with 
acrylonitrile in the presence of potassium 
persulphate as free radical initiator, using a 
response surface Box-Behnken design. The 
%grafting of the starch-g-poly(acrylonitrile) 
ranged from 3.28 to 269.05 and the 
corresponding grafting efficiency from 1.64 to 
67.26% The samples were analyzed by FTIR 
to confirm the grafting reaction. The water 
retention capacity was in the range of 2.12 
g g-1 to 21.03 g g-1 and the saline retention 
ranged from 2.13 to 17.28 g g-1. The N  
content ranged from 0.9 to 15.15%. Scanning 
electron microscopic studies showed that 
the granular structure has been completely 
disappeared in the grafted starches and 
the surface appeared non-uniform and non-
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planar. There was a significant decrease in 
the intensity of the peaks in the XRD patterns 
of the acrylonitrile grafted starches which is 
indicative of a decrease in crystallinity after 
grafting.

Unlike starch-g-poly(acrylamide), only one 
gelatinization peak was observed in the DSC 
patterns of starch-g-poly(acrylonitrile). The 
glass transition temperature of the grafted 
starches ranged from 153.2 to 181.79ºC. 
Thermogravimetric analysis showed that the 
grafted starches showed very high thermal 
stability than native starch and retained about 
25-45% of the initial weight at 630ºC. 

Heavy metal ion adsorption by the 
grafted polymers

A preliminary study on the heavy metal ion 
adsorption capacity of the saponified graft 
copolymers was undertaken by treating with 
salt solution of Hg2+, Pb2+, Cu2+ and Zn2+ 
ions. The study showed that the adsorption 
capacities of Pb2+ by the saponified cassava 
starch-g-poly(acrylamide) and starch-g-
poly(acrylonitrile) were significantly higher 
(814.71 and 681.27 mg g-1 respectively) 
than those of the other metal ions tried. The 
desorption percentage was 60.88 and 63.5% 

respectively. The adsorption capacities of 
Cu2+ and Zn2+ were 116.9 and 84.2 mg 
g-1 respectively for the grafted copolymer 
of acrylamide and 173.8 and 149.6 mg g-1 
respectively for the copolymer of acrylonitrile. 
In the case of Hg2+, the adsorption capacities 
were 150.3 and 228.2 mg g-1 respectively for 
the acrylamide and acrylonitrile copolymers 
of starch. The results showed that these 
polymers are very effective in the removal 
of heavy metal ions especially lead from 
aqueous solutions. 

Synthesis and characterization 
of cassava starch-g-poly 
(methacrylamide)

Graft copolymers were synthesized by the 
copolymerization of methacrylamide on 
to cassava starch by free radical initiated 
polymerization and the reaction conditions 
were optimized for higher levels of % grafting. 
There were 27 treatment combinations in 
the experiment. The % grafting and grafting 
efficiency ranged from 1.3 to 69.4% and 0.9 
to 24% respectively. Viscosity analysis has 
shown that the grafted starches exhibited 
higher final viscosities than the corresponding 
peak viscosity. The peak viscosity was lower 
than that of the native starch in most cases, 

whereas the viscosity went on increasing 
with increase in temperature and also during 
cooling cycle and the final viscosity was higher 
than that of the native starch. This shows the 
stable and high viscosity of these copolymers 
even at high temperatures. The highest peak 
and final viscosities noticed were 3346 and 
6350cP respectively. DSC analysis showed 
that the glass transition temperature of the 
grafted starches were in the range 148.4 to 
169.6ºC. Two endotherms were present in 
the DSC patterns of the graft copolymers in 
the heating range used (30-300ºC).

Studies on water absorption and 
swelling behavior of superabsorbent 
polymers 

The effect of pH, duration of soaking, presence 
of salts with different valence levels etc. on 
the swelling potential of the superabsorbent 
polymers was studied. Maximum swelling 
was observed at pH 7 after 1-2h of soaking 
in water. Presence of salts had a decreasing 
effect on water absorption capacity. Presence 
of ions with higher valances resulted in more 
reduction in the water absorption potential of 
these polymers. 
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Micronutrients (ppm)

Cu			   2.31 Optimum

Fe			   1.01 Deficient

Zn			   14.66 Optimum

Mn			   30.69 Optimum

pH			   8.23 alkaline

The crop is planted mainly during September-
October season using the planting materials 
obtained from Salem region, Tamil Nadu. 
Setts of 15-20 cm are made and treated 
by dipping in Bavistin (1g l-1 of water)/
Dimethoate or Carbandazim (2ml l-1)/Dithane 
M-45 (2g l-1)solution for 15-20 minutes 
before planting.  Setts are planted at the 
bottom of the ridges instead on top as in 
the case of sugarcane at a spacing of 90x90 
cm.  FYM (3-10 t ha-1), N (23 kg ha-1) and 
P2O5 (63 kg ha-1) from DAP and SSP are used 
as basal dressing. Considering the high P 
status of the soil, the present application is 
on the higher side. Top dressing is done twice 
(at 30-15 and 75-90 days after planting). N 
(80-100 kg ha-1), P2O5 (65-100 kg ha-1) and 
K2O (65-75 kg ha-1) are applied using urea, 
DAP and MoP fertilisers. Interculturing is 
done thrice, first at 30-45 days after planting 
and the rest two at monthly interval. During 
first interculturing, only two opposite shoots 
are retained. Irrigation is given at planting 
followed by subsequent two irrigations at 3-5 

ONGOING PROJECTS

Mega Project: 
Transfer of Technology, Market 
and Social Sciences Related 
Studies in Tuber Crops

CASSAVA

SS/C/EX/226	

Strategic Popularization of Cassava 
Technologies in Potential and 
Emerging Industrial Belts
S.Ramanathan, M.Anantharaman, M.S. 
Palaniswami, C.S.Ravindran, K.Lakshminarayana, 

J.T.Sheriff and P.S.Sivakumar

Cassava production system in 
Maharashtra

Cassava is mainly cultivated in Nashik, 
Ahmednagar, Beed, Latur, Sholapur, Satara 
and Pune districts of Maharashtra in about 
250 ha. area (heavy black cotton soils)
using H-226, high yielding variety released 
from CTCRI. The analysis of the soil samples 
collected from these districts revealed the 
following.

Organic carbon (%)		  0.51 Medium

Available N (kg ha-1)		 92.80 Low

Available P (kg ha-1)		 27.56 High

Available K (kg ha-1)		 565.04 High

Social Sciences
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days interval and afterwards once in 10-15 
days till harvest. Since, there is Fe deficiency 
in the soil, lime induced Fe chlorosis is also 
noticed in some cassava plants. There is 
hardly any pest/disease found infecting the 
crop. Harvesting is done using either tractor 
or man power and the yield obtained is about 
10-12 t ha-1.

Incorrect planting time in view of rain fall 
pattern (rains received during June-October),       
incorrect method of planting, imbalanced 
nutrient and water management and lack of 
sound knowledge on cultivation techniques 
are observed to be the main reasons for poor 
yield of cassava in Maharashtra. Under these 
circumstances, there is urgent need to 
educate the farmers on scientific cultivation 
of the crop.

Entire production is processed into sago by 
two sago factories operating one each at 
Nashik and Beed. Though cassava processing 
started more than two decades back in 
Baramati, Satara, Yuwatmal etc., most of the 
units are closed presently due to raw material 
shortage. Inspite of their installed capacity of 
80-100 t per day, they operate only at 15-20 
t per day, that too for 75-90 days. The starch 
recovery is also observed to be low, in the 
range of 15-17% only. Raw material shortage 
is the major problem faced by these units.

Harvesting and evaluation of cassava 
on-farm trials in Andhra Pradesh

Three on-farm trials were laid out in 
Peddapuram region, East Godavari district, 
Andhra Pradesh with six promising clones 
of cassava, two short duration triploids, 
2-18 and 3-4; one drought tolerant line CE 
534; one mosaic resistant line CTCRI 3; 
one promising clone identified at AICRPTC 
Centre, Peddapuram PDP-5 and H-165, 
the ruling variety as check. Two trials have 
been laid out with three replications in two 
farmers’ field under rainfed condition at RB 

Kothur village and third trial was taken up 
at J.Thimmapuram under supplementary 
irrigated condition. As practised in Andhra 
Pradesh, the nursery was raised during May 
and the settlings were transplanted in the 
main field during June as per the layout. The 
pre-harvest evaluation of the trial undertaken 
at three months after transplanting revealed 
that all the clones established very well (> 
90%). However, most of the clones except 
H-165 had moderate to severe incidence 
of cassava mosaic disease. The grade of 
infection ranged from 2-5. The infection was 
less than 10% in the check.

The trials were harvested during February, 
2010 and found that there was significant 
difference in the yield of various accessions 
and their performance significantly differed 
over the locations under rainfed condition. 
(Table 5.1)

The triploid clone 2-18 gave the maximum 
yield of about 18.69 t ha-1 and was on par 
with another triploid 3-4 (15.50 t ha-1); these 
two were significantly higher than the rest 
of the clones. The check variety, H-165 
recorded the lowest yield of around 9 t ha-1 
and was on par with CE 534 and CTCRI 3. 
The accession PDP-5 yielded about 14 t 
ha-1. While accession 3-4 gave the highest 
yield of 15 t ha-1 in location 1, accession 
2-18 recorded the highest yield (23 t ha-1) 
in location 2, and was significantly superior 
to all the other accessions. Uniformly in 
both the locations, H-165 performed poor by 
giving the lowest tuber yield of 9 t ha-1.  As 
regard to extractable starch content, there 
existed significant differences amongst the 
clones as well as between the locations 
(Table 5.2). The drought tolerant clone CE 

Table 5.1: Analysis of variance of tuber yield of  
cassava accessions 

(RB Kothur, East Godavari, Andhra Pradesh 

2009-10 Rainfed)

Source of variance d.f. M.S. F value C.D.
Replications 2 5.77
Varieties 5 71.35 8.88** 3.40
Location 1 19.65 2.44 1.96  
Variety x Location 5 22.16 2.76* 4.81
Error 21 8.04

* Significant at 0.05 level		
** Significant at 0.01 level

2-18	 3-4	 PDP 5	 CE 534	 CTCRI 3	 H-165

18.69	 15.50	 13.79	 11.78	 10.71	 9.26

Location 1

3-4	 PDP 5	 2-18	 CE 534	 CTCRI 3	 H-165

15.22	 14.71	 14.33	 12.48	 9.63	 8.94

Location 2

2-18	 3-4	 PDP 5	 CTCRI 3	 CE 534	 H-165

23.06	 15.79	 12.87	 11.79	 11.09	 9.59

Table 5.2 Analysis of variance of extractable 
starch (%) of cassava accessions

(RB Kothur, East Godavari, Andhra Pradesh 2009-10 
Rainfed)

Source of 
variance d.f. M.S. F value C.D.

Replications 2 4.99

Varieties 5 85.08 49.01** 1.58

Location 1 15.96 9.20* 0.91
Variety x 
Location 5 1.45 0.84 2.24

Error 21 1.74

*   Significant at 0.05 level
** Significant at 0.01 level

CE 534 CTCRI 3 	 3-4	 PDP 5	 2-18	 H-165

22.02    21.17	 21.05	 16.00	 14.05	 14.02

Location 1	 Location 2

17.38	 18.72

Table 5.3: Extractable starch of cassava 
accessions in two locations of Andhra Pradesh

Accession
Extractable starch content (%)
Location 1 Location 2

2-18 12.93 15.17

3-4 20.63 21.47

PDP 5 15.01 17.00

CE 534 21.70 22.33

CTCRI 3 20.00 22.33

H-165 (Check) 14.03 14.00
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534 possessed the highest extractable 
starch of 22% and was on par with CTCRI 3 
and 3-4 (21%). The check variety H-165 and 
2-18 gave the lowest starch of 14%, while 
PDP-5 had 16% starch. In location 2, the 
starch content of the accessions in general 
(18.72%) was significantly higher than in 
location 1 (17.38%).  The extractable starch 
content of the individual accessions in both 
the locations followed more or less a similar 
trend with 3-4, CE 534 and CTCRI 3 recording 
more than 20% starch and the rest three 
clones showing 14-17% (table 5.3). 

Under supplementary irrigated condition, the 
accessions gave almost double the yield as 
compared to rainfed condition as expected. 
Amongst the various accessions under trial, 
PDP-5 gave the highest yield of 39.26 t ha-1 

closely followed by the check variety (36.78 
t ha-1). The clones CE 534 and 2-18 recorded 
around 29 t ha-1 and the rest two clones 3-4 
and CTCRI 3 about 24 t ha-1. As regard to 
starch content, all the clones exhibited more 
or less same starch content as in case of 
rainfed condition.  While the clones, 3-4, CE 
534 and CTCRI 3 gave about 21% extractable 
starch, PDP-5 and H-165 recorded 18% and 
2-18 around 16%.

No definite trend could be observed with yield 
and starch content, as there were variations in 
the yield of cassava accessions under rainfed 
and supplementary irrigated conditions and 
hence no selection was possible at this stage. 
Owing to this, it was decided to continue the 
trial with all these clones in the coming year. 
The short duration variety, Sree Prakash will also 
be included under the trial. 

SS/G/ST/229

Statistical Process Control of 
Cassava based Products
J.Sreekumar, M.Anantharaman, M.S.Sajeev and 

A.N.Jyothi

A questio’nnaire was developed for the 
main study based on the hypothesis fixed 

from the pilot study. The main survey was 
conducted at starch factories at Namakkal 
and Salem districts of Tamil Nadu. Ten 
factories representing small, medium and 
big of traditional and modern factories 
were contacted and data were collected by 
personal interview. It was observed that all 
types of factories tend to include machineries 
which would replace labour, as they face 
labour shortage during peak season. The 
factory owners are conscious about the 
quality of the product, most of the small and 
medium factory owners are aware of the total 
process management, quality management 
and six Sigma procedures and they felt the 
need of proper training to implement it. The 
modern factories follow product as well as 
process management techniques to improve 
the quality of the product and have different 
sections for procurement of raw materials, 
production and sale of the products. One of 

the main constraints the factories are facing 
is the availability of raw cassava tubers. 

SWEET POTATO

SS/SP/CA/223

Validation of a Sweet Potato 
Growth Simulation Model for Field 
Application.
V.S.Santhosh Mithra, G.Byju, J.Sreekumar and 

K.Laxminarayana

Sweet potato trial was raised at RAU, Dholi, 
Regional Centre CTCRI, Bhubaneswar (Table 
5.4) and BCKV, Kalyani (Table 5.5) and data 
were collected from RCCTCRI, Bhubaneswar 
and BCKV, Kalyani. At Dholi the varieties 
planted were RS-47, RS-5, RS-92, RS-35 
and Cross-4. At RCCTCRI, Bhubaneswar, the 
varieties Goutam, Kishan, Pusa Safed, Gouri 
and Sankar were planted. Varieties planted 
at BCKV, Kalyani were BCSP-5, BCSP-7, 

Table 5.4: Tuber yield (t ha-1) at different levels of  N and K (kg ha-1)

Location Variety
N (kg ha-1)

30 50 70 90 110

RCCTCRI, 

Bhubaneswar

Gouri 11.57 9.83 8.77 5.58 7.72
Goutham 13.44 11.36 12.98 9.26 8.47
Kishan 11.64 12.00 11.36 9.55 11.69
Pusa Safed 8.33 7.76 15.09 12.65 10.96
Sankar 8.80  5.04 7.33 5.93 5.95

Variety K (kg ha-1)
Gouri 6.03 5.20 4.25 5.99 4.44
Goutham 9.80 6.01 6.01 5.50 5.92
Kishan 4.96 5.03 4.52 3.35 5.93
Pusa safed 4.70 7.09 7.31 6.36 5.27
Sankar 5.55 5.73 4.09 5.01 3.04

Table 5.5: Tuber yield (t ha-1) at different levels of N and K (kg ha-1)

Location Variety
N (kg ha-1)

30 50 70 90 110

BCKV, Kalyani

BCSP-10 8.26 9.5 11.5 8.32 9.2
Kamala Sundari 8.63 9.47 9.51 12.8 13.36
BCSP-5 7.42 8.4 11.10 10.65 9.76
BCSP-7 8.0 8.38 10.63 9.35 9.0
90-101 9.0 10.16 12.0 11.10 10

Variety K (kg ha-1)
BCSP-10 9.25 10.80 11.15 13.0 11.90
Kamala Sundari 10.0 10.15 11.0 12.8 10.8
BCSP-5 6.5 7.57 9.87 10.35 8.55
BCSP-7 8.0 8.38 9.72 10.69 8.32
90-101 8.4 9.3 10.8 11.7 9.71
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BCSP-10, 90/101 and Kamala Sundari. The 
experiment was conducted to estimate the 
value of Mitscherlich’s coefficient, which 
is used for estimating the stress due to 
shortage of K and N on tuber yield.

At RCCTCRI, Bhubaneswar, another 
experiment was also conducted for estimating 
the optimum levels of the stress factors like 
moisture content, N and K and for estimating 
the tuber yield at those levels, the trials were 
laid out in response surface design. 

MULTIPLE CROPS

SS/C/EC/227

Price Forecasting and Supply 
Response of Cassava and Sweet 
Potato in India.

T.Srinivas and J.Sreekumar

Nerlovian acreage and yield response models 
were developed for cassava farmers in Kerala 
and Tamil Nadu. Secondary data collected 
were fitted with the models developed using 
SPSS and the results were presented in 
Tables 5.6 to 5.9.  From the Tables, it was clear 
that,

a.	 Lagged price, lagged yield, rainfall and 
lagged area were influencing cassava 
farmers in Kerala in adjusting their area 
under cassava in response to the cassava 
prices.

b.	 High yield response of tapioca indicates 
that the price incentive can bring about 
the desired increase in production in 
Kerala.

c.	 Require four years to adjust their yield in 
response to changed prices. 

d.	 While in Tamil Nadu, lagged price and 
lagged yield were found to have influence 
on cassava area and yield respectively 
and cassava farmers would require 2.4 

Table 5.6: Area response of cassava farmers in 
Kerala (1961-62 to 1999-2000)

Variable Coefficient Standard Error

Intercept 1.4228 0.9681

Lag yield 0.2583* 0.0831

Lag price of cassava -0.1037* 0.0333

Rainfall 0.1030*** 0.0597

Price risk -0.0183 0.0176

Yield risk 0.0010 0.0058

Lagged area 0.7937* 0.0677

F 175.3186

R2 0.9705

Coefficient of area 

adjustment
0.2063

Short run elasticity -0.1037

Long run elasticity -0.5026

Number of years 
required to achieve 95% 
adjustment in price

12.9678

Variable Coefficient Standard Error

Intercept 6.3116 2.5120

Lag yield -0.0829 0.1205

Lag price of cassava 0.2868** 0.1091

Rainfall 0.1033 0.1376

Price risk -0.0109 0.0497

Yield risk 0.0232 0.0459

Lagged area 0.2843 0.2158

F 15.8608

R2 0.8054

Coefficient of area 

adjustment
0.7157

Short run elasticity 0.2868

Long run elasticity 0.4008

Number of years 
required to achieve 95% 
adjustment in price

2.3816

Variable Coefficient Standard Error

Intercept -0.4992 1.2156

lag price 0.1033 0.0839

Rainfall 0.1208 0.1678

Price risk -0.0504 0.0617

Yield risk 0.0051 0.0496

Lagged yield 0.8087** 0.1499

F 28.6174

R2 0.8564
Coefficient of yield 
adjustment 0.1913

Short run elasticity 0.2604

Long run elasticity 1.3611

Number of years 
required to achieve 95% 
adjustment in price

14.1055

Variable Coefficient Standard Error

Intercept 0.8424 0.6202

lag price 0.0677** 0.0291

Rainfall 0.0462 0.0739

Price risk -0.0118 0.0217

Yield risk 0.0360* 0.0071

Lagged yield 0.4943* 0.0855

F 72.1618

R2 0.9162

Coefficient of yield 
adjustment 0.5057

Short run elasticity 0.0677

Long run elasticity 0.1339

Number of years 
required to achieve 95% 
adjustment in price

4.25

Table 5.7: Yield Response of cassava farmers in 
Kerala (1961-62 to 1999-2000)

Table 5.8: Area response of cassava farmers in  
Tamil Nadu (1961-62 to 1999-2000)

Table 5.9: Yield response of cassava farmers in 
Tamil Nadu (1961-62 to 1999-2000)
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years for achieving 95% adjustment in 
their prices.

SS/C/EC/221

Marketing of Yams and Aroids in 
India 

T.Srinivas, R.S.Misra and M.Nedunchezhiyan

Conducted market survey in Bihar (Samastipur, 
Muzaffarpur, Begusarai and Vaisali districts)  
and West Bengal (Kacharapara, Gadhamara 
and Sealdah markets) for elephant foot yam; 
Gujarat (Billimora and Surat Agricultural 
Produce Market Committees (APMC)) for 
elephant foot yam and greater yam; Uttar 
Pradesh (Baruvasagar APMC) in Jhansi 
district for taro and greater yam. Collected 
information on marketing costs and margins 
for estimating price spread for elephant foot 
yam in Gujarat, West Bengal and Bihar; for 
taro and greater yam in Gujarat and Uttar 
Pradesh. Time series data on monthly market 
arrivals and prices of elephant foot yam, 
taro and greater yam were collected from 
Billimora, Surat, Baruvasagar and Azadpur 
markets (APMC) to assess the extent of 
market integration of these markets.

Identified different market channels for 
taro and greater yam (purple fleshed) and 
estimated price spread for elephant foot 
yam, taro and greater yam in the identified 
market channels. It was found that most 
of the transactions of yams and aroids are 
dominated by commission agents. Marketing 
margins and costs incurred while interstate 
marketing of elephant foot yam are almost 
same from Gujarat to Azadpur market in New 
Delhi due to high transport cost. (Table 5.10). 
Purple fleshed greater yam is produced mainly 
in Gujarat (Navsari region), Uttar Pradesh 
(Baruvasagar) and Andhra Pradesh (East 
Godavari) for meeting its demand in Gujarat. 
More than 80% of purple fleshed greater yam 
production in India is consumed in Gujarat. 
Market margins are higher than marketing 
costs in interstate marketing of greater 

yam (purple fleshed) from Andhra Pradesh 
to Mumbai (Table 5.11). In all the market 
channels for elephant foot yam, greater yam 
and taro, producer’s share in consumer’s 
rupee was less indicating involvement of 
many market functionaries and thereby more 
margins. Estimated marketing efficiency 
indices for elephant foot yam (Gujarat), purple 
fleshed greater yam (Andhra Pradesh) and 
taro (Baruvasagar) were 66, 85 and 130 per 
cent respectively indicating that scope exists 
for improving the marketing efficiency for 
elephant foot yam and greater yam markets.

SS/C/EC/220
Institutionalization of Research 
Priorities Setting, Monitoring and 
Evaluation of  Tuber Crops R&D in 
India
M.Anantharaman,  T.Srinivas, R.S.Misra, 
S.Ramanathan, S.K.Naskar, G.Padmaja, 
C.S.Ravindran and P.S.Sivakumar

Researchable issues generated on various 
tuber crops were rated by scientists and 
extension workers involved in tuber crops 
R&D on two dimensions viz., importance and 
relevance, on a five point rating scale. The 
judges were also asked to indicate the extent 

Table 5.10 : Price spread analysis for elephant foot 
yam interstate marketing from Gujarat to New Delhi

Table 5.11 : Price spread analysis for greater yam  
(Purple fleshed) interstate marketing from Andhra 

Pradesh to Mumbai

Market margins Rs. per 100 
kg

Farmer’s sale price 600

Transport cost by farmer to APMC 100

Unloading charges at APMC by farmer 3

Actual sale price of farmer 498

Market cess @ 0,8% 5
Commission of commission agent @ 
8% 48

Loading charges 3

Transport cost to Azadpur from Surat 144
Sale price of commission agent/
Purchase price of wholesaler 800

Unloading charges 3

Packing charges in gunny bag 10

Cost of gunny 10

Weighing charges 1

Transport cost 3

Margin of wholesaler @15% 124
Sale price of wholesaler/Retailer 
purchase price 950

Unloading, transport and other 
maintenance charges 95

Retailer’s margin @ 20% 209

Consumer price 1254

Price spread 756

Marketing efficiency (%) 66

Market margins Rs. per 100 kg
Farmer's sale price 670
Cost of baskets 12
Cost of threads 1
Weighing and packing charges 2
Loading charges 2
Transport charges to Mumbai 200
Commission of commission agent in AP 10
Commission of commission agent in 
Mumbai @ 7% 63

Sale price of commission agent/
purchase price of wholesaler 960

Unloading charges 10
Transport charges 75
Margin of wholesaler @15% 157
Loading charges 5
Retailer purchase price/wholesaler 
sale price 1207

Unloading charges 5
Retail shop maintenance expenditure 5
Retailer's margin 243
Consumer price 1460
Price spread 790
Marketing efficiency (%) 85

Trader procured purple fleshed greater yam tubers 
in Gujarat

Graded elephant foot yam tubers in  mango orchard in Gujarat
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of resource allocation to various tuber crops. 
The resource allocation as perceived by the 
judges for cassava, sweet potato, elephant 
foot yam, yams, taro  and other crops are 33%, 
20%, 18%, 14%, 10% and 5% respectively and 
this allocation proportion was used as criteria 
for fixing number of researchable issues for 
different crops. All the researchable issues 
were prioritized based on the importance 
and relevance scores. The correlation 
between importance and relevance of all the 
researchable issues worked out was more 
than 99% and hence importance rating by 
the judges was taken as the criteria for final 
prioritizing the researchable issues.   Fifty 
prioritized issues in that order for various 
tuber crops are given.   

Cassava

1.Development of high starchy and high 
yielding varieties. 2. Development of CMD 
resistant and high yielding varieties. 3. 
Management of cassava mosaic disease 
4. Development of effective gadgets for 
instant estimation of starch content in 
cassava tubers. 5. Improving the quality, 
availability, distribution of planting materials 
and seed system.6. Development of drought 
tolerant high yielding varieties. 7.Collection, 
conservation and evaluation of cassava 
germplasm. 8.Management of soil erosion 
and depletion change in hilly tracts. 9. 
Studies on lowering water usage in starch 
factories. 10. Lowering the cost of production 
of cassava tubers. 11.  Studies on modified 
cassava starches for food and other industrial 
applications. 12. Participatory evaluation of 
cassava varieties and production technology. 
13.Studies in lowering power consumption in 
starch factories. 14. Post harvest deterioration 
of cassava tubers. 15. Entrepreneurship 
development for cassava value addition. 16. 
Improving cassava marketing systems. 17. 
Bio-fuels from cassava starch and waste.

Sweet potato

1. Breeding for stable, high yield and 

consumer acceptance. 2. Breeding for sweet 

potato weevil tolerant varieties with higher 

yield. 3. Germplasm collection, maintenance 

and evaluation. 4. Seasonal effects on 

tuberisation. 5. Integrated pest management 

of SPW. 6. Exploring exclusive value added 

products from sweet potato. 7. Technology 

transfer of improved methods of cultivation 

through demonstration and trials.8. Lowering 

the cost of production for sweet potato 

tubers.  9. Understanding the impact of 

adverse climate conditions on productivity. 

10. Enhancing shelf life of sweet potato 

tubers without quality deterioration.

Elephant foot yam

1. Germplasm collection, maintenance and 

evaluation of Amorphophallus 2. Quality Seed 

production and distribution and seed system 

studies. 3. Technology transfer of production 

technologies including  integrated nutrient 

management. 4. Breeding for optimum sized 

and uniform tubers. 5. Integrated collar 

rot management for Amorphophallus. 6. 

Development of value added products from 

Amorphophallus. 7. Studies on optimum  

and effective small  sized seed materials, 

production and distribution. 8. Basic studies 

on collar rot and leaf spot. 9. Cropping 

systems involving Amorphophallus.

Yams

1. Germplasm collection, maintenance 

and evaluation of Dioscorea. 2. Breeding 

varieties for higher yield and optimum size 

and shape and uniformity. 3. Technology 

transfer through demonstration and trials. 

4. Seed management and multiplication. 5. 

Low cost staking arrangement for Dioscorea. 

6. Agro-techniques for improving the yield. 
7. Diversified uses and value addition in 
Dioscorea.

Taro

1. Breeding for blight tolerant with better 
yield. 2. Germplasm collection, maintenance 
and evaluation. 3. Breeding for shorter 
duration varieties. 4. Phtophthora blight 
management and 5. Technology transfer 
through demonstrations and trials.

SS/C/EC/224

Dissemination and Adoption Status 
of Tuber Crops  Technologies - Cross 
Sectional Analysis
M.Anantharaman, S.Ramanathan, 
M.S.Palaniswami, M.Unnikrishnan, V.Ramesh, 
J.Sreekumar, M.S.Sajeev, M.Nedunchezhian and 

P.Sethuraman Sivakumar	

Data and information  on the adoption of 
recommended technologies of sweet potato, 
yams and taro from Orissa state; sweet 
potato from Goa and yams from Orissa and 
Maharashtra were collected through PRA 
and  interviewing the farmers. Information 
on sweet potato in Orissa was collected 
from Khandamal district, yams from Ganjam  
district  and taro from Nayagarh and Cuttack 
districts. Ratnagiri district was selected for 
collecting information on adoption of yam 
technologies in Maharashtra state.

Sweet Potato

Orissa: Sweet potato is one of the major 
crops in Khandamal district dominated by 
tribal farmers. Other major crops forming part 
of cropping system in this district are rice, 
potato, mustard, garlic, cauliflower, tomato, 
brinjal, etc. Sweet potato is cultivated in 
both khariff and rabi seasons, but major area 
comes under khariff. The information gathered 
from the farmers clearly showed that only 
local sweet potato varieties were cultivated. 
Two types of varieties were found cultivated, 
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Red and white variety. These varieties have 
been cultivated for more than three decades. 
The major reasons stated for non- adoption 
of improved varieties were lack of knowledge 
and planting materials. About 80% of 
the farmers adopted  secondary nursery 
while only 40% were going for primary and 
secondary stages of nursery. Regarding 
selection of the right portion of planting 
material, 70% of the farmers were correct in 
their adoption, only 20% of them gave care 
for selecting quality planting material. Land 
preparation was done correctly by more than 
80% of farmers. Ridge method of planting 
was prominent and 50% of the farmers gave 
right spacing between the ridges and 60% 
of farmers were found to plant with correct 
spacing within the ridge. Farmers are used 
to plant the vines continuously along the 
ridge. Regarding FYM application only 20% of 
farmers did not apply at all and 30% of farmers 
could apply the recommended quantity. It is 
quite interesting to observe that 10-20% of 
farmers adopted the recommended dose of 
NPK and a majority 60% did not apply. Nearly 
40% of farmers were familiar with correct 
method of fertilizer application. Interculture 
is done absolutely by all the farmers.  Plant 
protection especially of sweet potato weevil 
has not been adopted by the farmers. Farmers 
are aware of the seriousness of the weevil. 
None of the farmers were found to practice 
value addition of sweet potato squarely due 
to lack of awareness. Only 20% of farmers 
did not produce their own seed materials and 

80% of the farmers produced seed materials 
fully/ partially.

Goa: Among the tropical tuber crops in Goa, 
sweet potato is the major one, cultivated in 
khariff (upland) and rabi (lowland after paddy). 
However the major proportion of sweet 
potato comes under lowland situation. The 
other major crops grown are rice, cashew, 
coconut, banana, vegetables, etc. The sweet 
potato varieties cultivated by them are Red 
(Kanjangad local) and white one (Pusa Safed). 
The sweet potato farmers appeared to be 
adopting most of the recommended practices 
in the surveyed village.They followed primary 
and secondary nursery techniques.

A large majority of the sweet potato farmers 
adopted correctly the portion, selection 
and vine length for planting materials. Land 
preparation for planting was done on terms 
of raised bed as sweet potato is cultivated 
in low land conditions. Fertilizer adoption is 
quite amazing that more than 70% of farmers 
adopt correct/more dose of NPK.

Method and time of fertilizer application were 
done correctly by all the farmers. However 
plant protection measures were not practiced 
by the farmers.  Tubers produced were used 
for the house as well as marketed. All the 
farmers store/produce their seed material. 
Regarding processing, none followed value 
addition except they are stored and eaten for 
breakfast or as vegetables.

Yams

Orissa: Yams in Ganjam district of Orissa are 
cultivated on semi-commercial or commercial  
basis. It is cultivated under irrigated or partial 
irrigated conditions in heavy soils. The 
other major crops grown are paddy, maize, 
vegetables (bhendi, tomato, etc) and taro. 
Planting of yams (Greater yam) is done 
during July-August following ridge method of 
planting. Only one variety is found cultivated 
in this area, a local variety which has been 

now released as a selection by name Orissa 
Elite by CTCRI. Farmers were used to prepare 
seed materials of 50 gm size, due to vary 
closer spacing given 2’ x 1’.  All the farmers 
were applying FYM, partial of recommended 
dose. It is quite encouraging to note that all 
the farmers apply fertilizers (partial) to yams 
and their method of fertilizer application was 
as per the recommendation. Interculturing 
operations were practiced as per package 
of practices. It is amazing to note that yam 
farmers do plant protection measures mainly 
against Anthracnose by spraying fungicides. 
This is practiced by all the yam farmers. 
Boiled yams are mainly used for breakfast. 
All the farmers sell more than three fourth of 
their produce, only 20% of farmers produce/ 
store their materials, 80% depend on the 
seed materials from Andhra Pradesh. 

Maharashtra: Survey was conducted in 
Dapoli village of Ratnagiri district. Lesser yam 
is cultivated predominately as compared to 
greater yam. Most of the yam cultivation is 
undertaken in homestead system in an area 
ranging from 10-20 cents. Konkan Kanchan 
variety released from local selection is a 
dominant variety cultivated by 80% of the 
farmers. Farmers use 50 gm size of seed 
material as against 100 gm recommended. 
Ridge method of land preparation was 
followed by all the farmers with a spacing of 
2-3 feet and planting materials are planted 
with a spacing of one foot  only. Invariably 
all the farmers apply FYM, though not to 
the recommended level. Thirty per cent of 
farmers adopt fertilizer application, but only 
30% of farmers followed right method and 
time of fertilizer application. Fifty per cent 
of farmers sell a portion of their produce. No 
value added products were prepared.Yams 
are boiled and eaten.	

Taro

Orissa: A survey was conducted in 
Nayagarh and Cuttack district of Orissa. In 

Sweetpotato adoption survey in  
Kandhamal district in Orissa
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these districts taro is mostly cultivated in 
the areas adjoining Mahanadi under irrigated 
conditions. The other crops grown in these 
belts are rice, sugarcane, maize, brinjal, 
tomato, potato, garlic, onion, etc. Nearly 80% 
of farmers cultivated local varieties; however 
20% farmers have adopted released Orissa 
local selection Panisaru. Thirty three per cent 
of farmers had taken care of right selection 
of seed materials and all the farmers were  
familiar with right seed material size. Thirty 
three per cent of farmers prepared the land 
as recommended and farmers tend to give 
lesser spacing of 30 cm only within the 
ridge. Sixty per cent of farmers apply FYM 
in required quantity. It is quite appealing that 
two thirds of farmers apply correct dose of 
fertilizers. All the farmers know and practice 
correct method of fertilizer application, 
however half of the farmers were observed 
to apply fertilizers in 2-3 split doses instead 
of single top dressing. Interculture practices 
are adopted correctly by all the farmers. Plant 
protection against taro blight was  followed 
by 33% of farmers. Seed materials were stored 

for machineries and prices of products from 
cassava flour and sago industries. Revised 
Techno-Economic Feasibility Reports for 
cassava flour and cassava fried food products 
were prepared.  

Revised TEFR for cassava flour

Pulverizer with high capacity is used in 
the cassava flour industries instead of 
desiccators. Cost of raw materials, civil works 
and other machineries have increased three 
to four times compared to four years before. 
The cost of the project on cassava flour with 
the following basis with latest machineries 
will be Rs. 1.02 crores.

Installed Capacity: 12 tonnes cassava flour 
per day

Working Capacity: 6 tonnes cassava flour per 
day

No. of working days: 300 days

No. of shifts: single shift 

No. of hours per shift: 8 hours 

Profit from this industry is estimated at Rs. 
19.29 lakhs per annum with a profit sales 
ratio of 6.25% and a rate of return at 18.77%. 
Break-even point was worked out at 45.5%.

Revised TEFR for cassava fried food 
products

In addition to 10 fried food products from 
cassava in the previous TEFR, Pop-ups or 
Chitchore, High protein rich cassava mini 
pappads and dietary fibre rich cassava mini 
pappads were included in the revised report. 
Cost of all the raw materials and machineries 
have increased and the following details 
reveal the cost structure of the project on 
cassava fried food products. The revised cost 
of the project was estimated at Rs 35.74 
lakhs.

Installed Capacity: 60 tonnes cassava flour 
per day

Working Capacity: 39 tonnes cassava flour 
per day

No. of working days: 300 days

No. of shifts: single shift 

No. of hours per shift: 8 hours 

Profit from this industry is estimated at Rs. 
5.83 lakhs per annum with a profit sales 
ratio of 18.57% and a rate of return at 
16.32%. Break-even point was worked out 
at 52.75%.

TEFR on special industrial adhesives 
based on cassava starch

TEFR is prepared for this starch based 
adhesive for application as binding agent for 
various surfaces. The product having 50% 
natural product is environment friendly and 
made from easily available raw materials.The 
cost of the project with the following basis 
with latest machineries will be  Rs. 11.87 
lakhs.

Installed Capacity: 20 tonnes cassava flour 
per day

Working Capacity: 10 tonnes cassava flour 
per day

No. of working days: 100 days

No. of shifts: Single shift 

No. of hours per shift: 8 hours 

Profit from this industry is estimated at Rs. 
2.36 lakhs per annum with a profit sales ratio 
of 15.8% and a rate of return at 20%. Break-
even point was worked out at 51%.

Resource of Rs 2,250/- was generated 
through sale of one copy of Techno-Economic 
Feasibility report in 2009-10.  

SS/G/ST/228

Development and Application 
of Statistical Machine Learning 
Techniques for Computational 
Genomics and Microarray Data 
Analysis in Tuber Crops

J.Sreekumar, V.S.Santhosh Mithra and C.Mohan

Algorithm was developed for Bayesian 

/generated by all the farmers. The tubers were 
used as vegetables and value addition of taro at 
home front is yet to take place.

SS/C/EC/228

Techno-Economic Feasibility 
Studies on Value Added Products 
from Tropical Tuber Crops.
T.Srinivas, M.S.Sajeev and  

M. Anantharaman

Survey was conducted in Samalkot region of 
Andhra Pradesh to collect latest cost structure 

Fertiliser application in taro in Nayagarh district in Orissa
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clustering of microarray gene expression 
data. The Bayesian approach in clustering 
is well established and has become popular 
alternative traditional analysis methods with 
advent of user friendly Markov chain monto 
carlo (MCMC) techniques and software 
packages.  Developed different variants of 
Bayesian mixture based clustering procedures 
for clustering gene expression data with 
experimental replicates. In this approach, 
the statistical distribution of microarray data 
is described by a Bayesian mixture model. 
Clusters of co-expressed genes are created 
from the posterior distribution of clusters, 
which is estimated by a Gibbs sampler. The 
method was applied to synthetic data sets. 
The program was developed in the Statistical 
programming language R. A function in 
software package R has been developed for 
computing Bayesian Information Criterion 
(BIC) for comparison of models. A web based 
database of tuber crops germplasm has been 
developed. 

SS/G/CA/222

Development of an Interactive 
Information Management for Tuber 
Crops User System
V.S.Santhosh Mithra, T.Srinivas, M.S.Sajeev, 
T.Makeshkumar, M.Unnikrishnan, G.Byju and 

S.Ramanathan

A web based disease and pest diagnostic 
system on tuber crops viz., Oushadham was 
developed and uploaded into CTCRI website 
(Fig. 1 and 2). The application was developed 
using PHP. Symptoms of major pests and 
diseases of tuber crops are displayed by the 
system. The user has the option to select the 
crop and the part of the plant affected. Then 
the user can see the photographs of different 
symptoms which the system display and can 
click the check box below the photograph to 
select it, if it is the same symptom, which he 
had already seen in the field. The system will 
then find out which pest/disease it was and 

will give advice about the possible solutions 
for the problem.

SS/G/CT/230

Estimation of Area Under Tuber 
Crops Through Remote Sensing

V.S.Santhosh Mithra, G.Byju and J.Sreekumar

Different areas where tuber crops are 
cultivated in India and the planting season and 
crop duration in these areas were found out. 
Latitude and longitude readings of some of 
these areas were collected using GPS. These 
values for Ganjam district of Orissa, where 
yam is cultivated extensively and Nayagarh 
district of Orissa where taro is cultivated in 
large scale were collected. For this study 
Space Application Centre, Ahmedabad and 
State Remote Sensing Centre, Kerala will 
be offfering the technical support wherever 
required.

GPS readings

Village: Govindpur 

Block: Saragar 

District: Ganjam 

State: Orissa

Fig 1. Home page of the software.

Fig 2. The software displaying symptoms on cassava leaf.

Areas selected for this study

Crop Areas where it 
is cultivated State Crop season

Cassava Salem, 
Dharmapuri

Tamil 
Nadu

December/
January-
October
October/
November-
August
June/July-April

Sweet potato Koraput, 
Keonjhar etc. Orissa June/July-

October

Yams Ganjam Orissa June/July-
January

Taro Nayagarh Orissa July/August- 
February

Elephant foot 
yam West Godavari Andhra 

Pradesh
June/July-
January

Coleus Ambasamudram Tamil 
Nadu July-December

Sl.No. Latitude (0N) Longitude (0E)

1. 19030.103’ 84041.092’

2. 19030.186’ 84041.165’

3. 19030.241’ 84041.236’

4. 19030.133’ 84041.402’

5. 19030.171’ 84041.494’

6. 19030.175’ 84041.464’

7. 19030.176’ 84041.667’

8. 19030.200’ 84041.713’

9. 19030.230’ 84041.772’

10. 19030.189’ 84041.782’

Tuber crop cultivated: Yams

Village: Poding 

Block: Hinjilikut

District: Ganjam 
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State: Orissa soap solution and jaggery trap are some of 
the traditional knowledge practiced by Kerala 
farmers to control pest incidence in cucurbits. 
In case of banana, the traditional knowledge 
used for pest control are application of lime in 
the pits prior to planting suckers and dipping 
the suckers in FYM solution, drying them 
under shade before planting.

Economic Analysis of Yield Gaps 
and Constraints in Tuber Crops 
Production in Kerala
(Funded by Kerala State Council for Science, 

Technology and Environment)

Principal Investigator: T.Srinivas

Four cassava demonstration plots laid out in 
Thiruvananthapuram and Kollam districts as 
a part of the KSCSTE project were monitored 
during growth stage and suggestions 
were given to farmers for applying the 
recommended dosage of fertilizers on time. 
Yields were recorded and compared with 
local varieties grown with farmers’ practices.  
It was observed that in all the demonstration 
plots, CTCRI released improved varieties 
performed better and recorded 25 to 40% 
more yields than the local varieties grown 
with farmers practices.

One demonstration plot on elephant foot yam 
in Manyali region of Ernakulam district and 
two demonstration plots on sweet potato in 
Kasaragod district were laid out as a part of 
the KSCSTE project in farmers’ fields.  Trials 
were laid out as per the CTCRI recommended 
package of practices.

Sl.No. Latitude (0N) Longitude (0E)

1. 19032.336’ 84042.294’

2. 19032.345’ 84042.331’

3. 19034.121’ 84040.814’

4. 19034.153’ 84040.807’

Sl.No. Latitude (0N) Longitude (0E)

1. 19031.978’ 84041.607’

2. 19031.938’ 84041.589’

3. 19031.820’ 84042.319’

4. 19031.902’ 84042.086’

Sl.No. Latitude (0N) Longitude (0E)

1. 20015.95’ 85008.67’

Sl.No. Latitude (0N) Longitude (0E)

1. 20021.67’ 85011.75’

Tuber crop cultivated: Yams

Village: Keerthipur 

Block: Hinjilikut

District: Ganjam 

State: Orissa

Tuber crop cultivated: Yams

Tuber crop cultivated: Yams and taro

Place: Kantilo 

District: Nayagarh 

EXternal Aided Projects

Assessment of Gender Issues 
and Identification and Refinement 
of Selected Women Specific 
Technologies in Horticultural Crops 
(Funded by ICAR Network project)

Principal Investigator: M.Anantharaman

During the period under report, the final format 
of the Interview schedule for data collection 
from the respondents had been finalized in 
consultation with the lead centre and other 
network centres to bring in uniformity. As 
regard to the survey plan, two states viz. 
Kerala and Tamil Nadu were selected for the 
project. The survey of the respondents in 
Thiruvananthapuram and Kollam districts of 
Kerala involving 600 each farmers and farm 
women has been completed and the survey 
in Tamil Nadu has been initiated. A preliminary 
analysis of the information gathered from 
Kerala indicated that the involvement of  
farm women in cassava cultivation is very 
negligible; however, in Tamil Nadu there 
appears to be greater participation of women 
in cassava farming. Another significant 
observation was that the role of farm women 
in the decision making of cultivation activities 
is also much restricted; only around 20-
25%. On an average 60% of the women 
respondents reported participating in various 
activities of cucurbits cultivation as against 
45% in banana cultivation. The participation in 
coconut based system is still limited to 30% 
only. Use of garlic decoction, neem oil with 

State: Orissa

Tuber crop cultivated: Yams and taro
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recorded a cormel yield of 13.0 t ha-1, while 
Telia recorded 9.5 t ha-1. Elephant foot 
yam (cv Gajendra) showed a corm yield of 
29.94 t ha-1. Yambean was maintained for 
seed purpose, but the seeds could not be 
harvested due to heavy rains during the pod 
maturity stage. 

RC/AAG/240

Drip Fertigation in Elephant foot 
yam
M. Nedunchezhiyan, G. Byju and K. Rajasekhara 

Rao

A field experiment was conducted to study 
drip irrigation and fertigation of nitrogen and 
potassium. The experiment was conducted in 
split plot design with three replications. The 
experiment consisted of irrigation (60%, 80% 
and 100% CPE) in main plots and fertigation 
(80:80, 100:100 and 120:120 N:K2O kg ha-1) 
in sub plots. A control/check IW/CPE: 1.0 
treatment was included in this experiment. 
60 kg P2O5 ha-1 was applied during last 
ploughing along with 10 t ha-1 FYM and 
incorporated in all the treatments. N and K 
was applied in 3 splits at 1 (40%), 2 (30%) 
and 3 (30%) months after planting (MAP). 
Drip irrigation was given in alternate days. In 
control treatment, N and K was applied in soil 
in 2 splits (50 % 1 MAP and the remaining 
50 % 2 MAP). The irrigation was with held 
10 days before harvesting. The crop was 
harvested at 8 MAP.

ONGOING PROJECTS

RC/G/EX/2261/6/BR/2005

Development and Transfer of 
Appropriate Tuber Crops Technologies 
for North-Eastern India 
S.K. Naskar, M. Nedunchezhiyan, R.C. Ray, A. 
Mukherjee, K. Laxminarayana,  K. Rajasekhara Rao, 
P.S. Sivakumar, M. Anantharaman, S.V. Ngachan, 
H. Rahman, K. Kishore, B.P. Bhatt, R. Bhagwati, 

Vijay Kumar Choudhary, P. Suresh Kumar

A field experiment was conducted at ICAR 
Research Complex, Arunachal Pradesh 
Centre, Basar, Arunachal Pradesh to evaluate 
short duration cassava varieties. The cassava 
(8 varieties viz., H-226, H-97, H-1687, H-165, 
Sree Jaya, Sree Vijaya, Sree Rekha, Sree 
Prakash) setts were planted during March, 
2009 and harvested in November, 2009. All 
the cultural practices were followed as per 
the schedule. The crop was harvested at 7 
months after planting. The results revealed 
that Sree Rekha was found better with a 
tuber yield of 44.7 t ha-1 followed by H-1687 
(43.2 t ha-1) and H-226 (40.6 t ha-1), H-97 
(34.57 t ha-1), H-165 (32.17 t ha-1) and Sree 
Prakash (32.07 t ha-1). Among the varieties, 
Sree Vijaya recorded lowest tuber yield of 28 
t ha-1, and Sree Jaya (29.43 t ha-1).  Among 
the 2 varieties of Colocasia, Muktakeshi 

Regional Centre
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Maximum corm yield (31.8 t ha-1) was 
noticed at highest irrigation level (100% CPE) 
(Table 6.1). However it was comparable with 
80% CPE (31.0 t ha-1). Increasing the nutrient 
levels increased corm yield. Higher corm yield 
was obtained with the application of 120:120 
N:K2O kg ha-1 (Table 6.1). However it was 
statistically comparable with the application 
of 100:100 N:K2O kg ha-1. Interaction effect 
was found between irrigation levels and 
fertigation levels. Quality characters like 
starch, total sugars and oxalic acid content 
were estimated (Table 6.2). Starch content 
increased with increasing irrigation levels. 
But at higher irrigation level of 100% CPE, 
decrease in starch level was observed.  
Increasing fertility level leads to decrease in 
starch content. Maximum starch content was 
noticed due to application of 80:80 N:K2O kg 
ha-1. No definite trend in total sugar content 
was observed with respect to irrigation and 
fertigation. Oxalic acid concentration was 
found to decrease with increasing irrigation 
and fertigation levels. 

Amount of water applied through drip 
irrigation in each treatment was computed. 
It was 159.1 mm, 212.1 mm and 265.1 mm 
in 60%, 80% and 100% CPE, respectively 
(pan factor = 0.6; crop coefficient = 0.7). In 
control treatment (IW/CPE=1) 631.2 mm of 
water was applied through flood irrigation. 

Nutrient uptake presented in Fig. 6.1 revealed 
that increasing irrigation levels increased 
nutrient uptake. Higher nutrient uptake of 
154.3 kg N ha-1, 25.2 kg of P ha-1 and 175.1 
kg of K ha-1 was found in drip irrigation at 
100% CPE. It was followed by 80% CPE drip 
irrigation (137.1 kg N ha-1, 22.9 kg P ha-1 and 
158.9 kg K ha-1). Drip irrigation at 60% CPE 
had recorded lower nutrient uptake of 113.3 
kg N ha-1, 19.1 kg P ha-1 and 122.3 kg K ha-1. 
The nutrient uptake in control treatment (IW/
CPE=1) was 128.5 kg N ha-1, 21.0 kg P ha-1 
and 144.9 kg K ha-1. Fertigation of N and 
K2O @ 120 and 120 kg ha-1, respectively 
recorded high nutrient uptake of 153.3 kg  
ha-1, 25.6 kg of P ha-1 and 174.1 kg of K ha-1.
It was followed by fertigation of 100 : 100 N 
: K2O kg ha-1 (139.7 kg N ha-1, 23.2 kg P ha-1 

and 153.4 kg K ha-1). Fertigation of 80 : 80 N 
: K2O kg ha-1 had registered nutrient uptake 
of 111.8 kg N ha-1, 18.5 kg P ha-1 and 128.8 
kg K ha-1.

manures on soil fertility, yield, and 
quality of sweet potato-moong 
sequence

A field experiment was conducted for the 
4th consecutive year in an acidic Alfisol at 
the farm of the Regional Centre of CTCRI, 
Bhubaneswar during 2009-10 to study the 
effect of integrated use of soil amendments, 
inorganic, biological and organic sources on 
sweet potato-moong cropping system. The 
experiment was laid out with 20 treatments 
replicated thrice in a randomized block 
design. The experimental soil is sandy loam 
in texture, acidic (pH 5.51), non saline (0.58 
dS m-1), and having 0.33% organic C, 0.075% 
total N, 141.75, 12.32 and 217.84 kg ha-1 
of available N, P and K, respectively. All the 
organic manures and lime were incorporated 
one month in advance of planting of the 
cuttings as per the treatments. Cowpea (cv 
SB-2) was grown up to 45 days, chopped and 
incorporated in the respective treatments. 
However, the mycorrhizal fungal (Glomus 
microcarpum var. microcarpum) culture was 
mixed with fine sand, broadcasted on the 
raised bed, thoroughly mixed with the soil 
and planted separately. The vine cuttings and 
the seedlings were uprooted after one month 
of inoculation and planted along with other 
treatments. 

Recommended dose of 75:50:75 kg N, P2O5 
and K2O ha-1 was followed under 100% NPK. 
Nitrogen was applied in three splits (½ 
as basal and ¼ each at 45 and 60 DAP) in 
the form of urea, K in two equal splits i.e. 
as basal and 45 DAP and entire P as basal 
were applied. Sweet potato (cv Kalinga) vine 
cuttings were planted at a spacing of 60 x 20 
cm. All the cultural practices were followed as 
per the schedule and the crop was harvested 
after 4 months of planting. Yield parameters 
like number of tubers/plant, tuber yield and 
vine yield were recorded. Plant samples were 
processed and analyzed for nutrient content 

Table 6.1. Corm yield of elephant foot yam as 
affected by irrigation and fertigation levels

Table 6.2. Quality characters of elephant foot yam 
corms as affected by irrigation and fertigation levels

Treatment Fertigation levels (N:K2O kg/ha)

Irrigation levels 80:80 100:100 120:120 Mean

60% CPE 26.30 27.70 29.10 27.70

80% CPE 28.50 31.70 32.90 31.00

100% CPE 29.90 32.00 33.60 31.80

Mean 28.20 30.50 31.90

Treatment
Starch 

(%)

Total 
sugars 

(%)

Oxalic 
acid

Irrigation
60% CPE 17.86 1.45 98.7
80% CPE 18.07 1.45 95.9
100% CPE 17.40 1.49 89.6
CD (P=0.05) NS NS 6.9
Fertigation
80:80 N:K2O kg/ha 18.11 1.47 97.3
100:100 N:K2O kg/ha 17.87 1.46 93.8
120:120 N:K2O kg/ha 17.34 1.47 93.1
CD (P=0.05) NS NS 1.8
IW/CPE:1 16.10 1.43 90.3

Fig. 6.1. Effect of levels of drip irrigation on nutrient 
uptake by elephant foot yam

CD (0.05) Irrigation: 13; Fertigation: 0.9; Interaction: 1.6

CP/C/SS/222

Nutrient Management in Tuber 
Crops based Cropping Systems
K. Laxminarayana, Archana Mukherjee, C.S. 

Ravindran, K. Susan John

Long term effect of integrated use 
of inorganic, biological, and organic 
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and the nutrient uptake was computed. 
Quality parameters like total sugars, starch 
and dry matter were determined at harvest. 

After harvest of sweet potato the plots were 
dug, leveled and moong (cv PDM-139) seeds 
were sown at a spacing of 20x10 cm. Moong 
was raised without addition of any source 
of nutrients. All the cultural practices were 
followed and the crop was harvested at 80 
DAS and yield parameters were recorded. 
Plant samples (haulms and grains) were used 
for analysis of nutrient content. Post harvest 
soil samples were collected after harvest of 
moong from individual plots for analyzing the 
physico-chemical properties.

Residual effect of inorganic and organic 
sources on yield and nutrient uptake of 
moong

Moong was grown during rabi, 2008-09 after 
harvest of sweet potato. The results revealed 
that significantly highest grain yield of moong 
(6.39 q ha-1) was obtained with the residual 
application of lime @ 5 q ha-1 + FYM @ 10 
t ha-1 + 100% NPK + MgSO4 @ 25 kg ha-1 
giving a yield response of 138% over control. 
Residual effect of Mg in combination with 
lime + FYM + NPK showed an additional 
grain yield of 1.5 q ha-1 with a yield response 
of 30.6% over FYM + NPK. Significantly 
highest haulm yield (14.95 q ha-1) was 
observed with the residual effect of lime + 
FYM + NPK + MgSO4. Significantly highest 
total (grain + haulms) uptake of N, P, and K 
(42.53, 12.65 and 32.83 kg ha-1, respectively) 
in moong was recorded with the residual 
effect of 150% NPK. However, the residual 
effect of lime along with the application of 
FYM, NPK, Mg, Zn and B influenced the 
highest concentration of nutrients in grains 
as well as haulms leading to highest total 
uptake N, P, and K.

Nutrient uptake of sweet potato

The data on nutrient uptake during the 
cropping season of 2008-09 revealed that 
significantly highest total uptake of N (64.81 
kg ha-1) in sweet potato was recorded with 
the integrated application of lime + FYM + 
NPK + MgSO4 with an uptake response of 
39% over 100% NPK and 14% over FYM + 
NPK. Inoculation of VAM in combination with 
FYM + 100% NPK recorded significantly 
highest total uptake of P (31.63 kg ha-1) 
with an increase of 14% over FYM + NPK 
followed by lime + FYM + NPK + MgSO4 
(31.04 kg ha-1) with an uptake response of 
12% over FYM + NPK. Significantly highest 
total uptake of K (78.56 kg ha-1) was found 
due to application of FYM + NPK + MgSO4 
with an increase of 8 and 35 % over that 
of FYM + NPK and NPK, respectively. The 
uptake of N, P and K in both tubers and vines 
significantly increased with the application of 
graded doses of NPK and lime addition further 
aggravated the uptake of NPK in tubers as 
well as vines. Among the organic sources, 
green manuring showed highest uptake of 
NPK in tubers and vines.

Effect of graded doses of NPK

The increase in tuber yield was 32, 84 and 
128 % over control with respect to 50, 100 
and 150 % of the recommended doses of 
NPK. All other yield attributes like number 
of tubers/plant, tuber weight and vine yield 
significantly increased with higher doses of 
NPK. Addition of lime @ 5.0 q ha-1 along with 
100% NPK further increased the tuber yield 
by 2 % over the optimum dose of NPK. 

Effect of organic manures

In situ incorporation of green manure along 
with 50 % NPK recorded highest tuber yield 
in comparison to other organic sources and 
the increase was about 26, 18 and 13 % in 
respect of green manure, FYM and neem 

cake, respectively over 50 % NPK (Fig. 6.2).  
However, the addition of lime along with 
organic manures and 50 % NPK showed an 
increase of 11, 5 and 7 % tuber yield over  
organics without lime, indicating that lime 
application had marginal response on yield 
parameters of sweet potato.

Effect of Zn, B and Mg

Significantly highest tuber yield (13.33 t ha-1) 
was recorded with the application of lime + 
FYM + NPK + MgSO4 with a yield response 
of 35.1 and 11.1 % over that of NPK and 

Fig. 6.2: Effect of biological and organic sources on 
yield performance of sweet potato

FYM + NPK, respectively, followed by lime 
+ FYM + NPK + ZnSO4 (12.97 t ha-1). The 

yield response was highest with Mg followed 

by Zn and B. Addition of lime along with 

FYM, 100% NPK and micronutrients showed 

a significant rise in tuber yields over that of 

un-limed plots and the response between 

limed and un-limed treatments was highest 

in respect of Mg (5.4 %) followed by Zn (3.5 

%) and B (3.2 %). 

Effect of VAM 

Inoculation of VAM fungi combined with 

optimum doses of NPK and FYM recorded a 

tuber yield of 12.06 t ha-1 with an increase of 

22 and 3 % over 100% NPK. However, liming 

further enhanced the tuber yields by 4.9 % 

over that of FYM + NPK + VAM. Fungal 

inoculation along with lime had a greater 

impact on tuberization, resulted in higher 
tuber yields over that of FYM + NPK. 
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Effect of inorganic, biological and 
organic sources on quality parameters

Significantly highest starch content (27.26 %) 
was recorded with the integrated application 
of lime + FYM + NPK + B followed by 
lime + FYM + NPK + MgSO4 (27.09 %). 
Addition of graded doses of NPK showed 2.6, 
12.0 and 18.9 % higher starch over control.  
Integrated use of FYM, neem cake and green 
manure along with 50 % NPK showed a 
slight increase of starch over that of 50 % 
NPK. Inoculation of the seedlings with VAM 
fungi imparted no significant effect on starch 
content.

Total sugars varied from 3.23 to 3.93 % with 
highest being due to application of 150% 
NPK. Addition of micronutrients integrated 
with lime, NPK and FYM showed relatively 
higher sugars than the inorganic and organic 
manures. Lime had significant effect on 
total sugars and the effect was much more 
pronounced with the incorporation of lime 
and organic manures rather than inorganics 
alone. Significantly highest dry matter 
(34.12%) was recorded with the application 
of lime + FYM + NPK + B followed by lime 
+ FYM + NPK + ZnSO4 (33.90%). 

Residual soil fertility

The soil pH after 3rd cropping season of sweet 
potato-moong sequence, ranged from 5.09 
to 5.85. Application of NPK alone showed 
decreasing trend of pH, whereas integrated 
use of inorganics and organic sources 
considerably improved soil pH. However, lime 
addition had significant effect on soil reaction. 
In situ incorporation of green manure along 
with lime and 50% NPK showed an increase 
of 0.52 units of pH over control. The soils are 
non saline (EC ranged from 0.68 - 1.16 dS m-1). 
Organic C content was significantly improved 
with the application of super optimal doses of 
NPK (0.52%) closely followed by lime + FYM 
+  NPK + Mg (0.51%). Incorporation of all 

the organic manures significantly increased 
the organic C over the inorganics. 

Total N content of the soils ranged from 0.053 
- 0.077% and addition of organics along with 
inorganics showed significant improvement 
in total N content of the soils. The available 
N, P and K significantly improved with the 
addition of inorganic, biological, and organic 
sources, however, lime addition further 
aggravated the available nutrient status of 
the soils. Integrated use of inorganics and 
organics along with lime and micro nutrients 
improved the available nutrient status of the 
soils in comparison to super optimal doses 
of NPK.

Effect of inorganic, biological and 
organic sources on soil microbes and 
biological activity 

Effect of chemical fertilizers, soil amendment, 
biological and organic sources on native soil 
micro-flora and dehydrogenase activity was 
estimated after 4th cropping season of sweet 
potato .The results indicated that incorporation 
of organic sources along with chemical 
fertilizers showed higher population of fungi, 
bacteria, actinomycetes and dehydrogenase 
activity; however, lime addition has further 
improved the microbial population in the acidic 
Alfisols. Of all the treatments, integrated 
use of lime + FYM + NPK + MgSO4 
recorded highest dehydrogenase activity 
(1.833 µg TPF hr-1 g-1 soil) followed by 150% 
NPK (1.818 µg TPF hr-1 g-1 soil). Among the 
organics, green manuring showed higher 
dehydrogenase activity followed by FYM and 
neem cake. Fungal inoculation with VAM 
showed relatively higher response in terms of 
soil micro-flora and dehydrogenase activity. 

Thus, the results of the study emphasized that 
integrated application of micro nutrients and 
recommended doses of NPK and organics 
significantly enhanced the tuber and vine 
yields as well as quality traits and improved 
quality of the soil. Incorporation of lime is 

customary for not only to enhance the crop 
productivity and quality but also to improve 
the soil fertility.

Effect of Zn and Mg on yield and quality 
of sweet potato

A field experiment was conducted in an acidic 
Alfisol at the farm of the Regional Centre of 
CTCRI, Bhubaneswar during 2009-10 to 
study the effect of Zn and Mg on yield and 
quality of sweet potato. The experiment was 
laid out with 4 levels of Zn (0, 10, 20, and 30 
kg ZnSO4 ha-1) and 4 levels of Mg (0, 15, 30 
and 45 kg MgSO4 ha-1) replicated thrice in a 
factorial randomized block design. Farmyard 
manure @ 5 t ha-1 was incorporated well 
in advance of planting. Recommended dose 
of 75:50:75 kg N, P2O5 and K2O ha-1 was 
followed. Nitrogen was applied in three splits 
(½ as basal and ¼ each at 45 and 60 DAP) 
in the form of urea, K in two equal splits i.e. 
as basal and 45 DAP and entire P as basal 
were applied. Sweet potato (cv ST-14) 
vine cuttings were planted at a spacing of 
60 x 20 cm. All the cultural practices were 
followed as per the schedule and the crop 
was harvested after 4 months of planting and 
yield parameters were recorded. 

Tuber and vine yields of sweet potato 
increased significantly with the increased 
doses of Zn application up to 10 kg ZnSO4 
ha-1, non significantly increased up to 20 kg 
ZnSO4 ha-1 and decreased with the higher 
doses of ZnSO4. However, increased doses of 
MgSO4 showed an increasing trend of tuber 
and vine yields of sweet potato up to 30 kg 
MgSO4 ha-1. The yield response was 12.6, 
20.7 and 9.7% with the application of 10, 20, 
and 30 kg ZnSO4 ha-1 over control, while it 
was 7.6, 10.0, and 6.9% with respect to the 
doses of 15, 30, and 45 kg MgSO4 ha-1. Of 
all the treatment combinations, significantly 
highest tuber yield (13.38 t ha-1) was 
recorded due to integrated application of 20 
and 30 kg ha-1 of ZnSO4 and MgSO4. Vine yield 
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increased with the increasing doses of Zn & 
Mg up to 20 and 30 kg ha-1, respectively and 
further application of higher doses showed 
declining trend. Significantly highest starch 
(25.55%) and dry matter (29.54%) were 
observed due to combined application of 20 
and 30 kg ha-1 of ZnSO4 and MgSO4. Total 
sugars and dry matter ranged from 2.92 to 
3.93 and 25.88 to 29.54 %. Thus, the results 
emphasized that application of 20 and 30 kg 
ha-1 of ZnSO4 and MgSO4, respectively along 
with recommended doses of NPK and FYM is 
essential to produce higher sustainable crop 
yields of sweet potato.

RC/S/SS/236

Studies on Salt Tolerance in Sweet 
potato
K. Laxminarayana, S.K. Naskar, D.P. Singh,  

D. Burman

A field experiment was laid out for the 3rd 
consecutive season during rabi, 2008-09 at 
two locations in Chaulia village of Erasama 
block, Jagatsinghpur District, Orissa and 
one location at Regional Research Station of 
CSSRI, Canning Town, West Bengal to find 
out the suitable germplasm of sweet potato 
for salt affected soils. The trials were laid out 
with 15 varieties of sweet potato in three 
replications in a randomized block design. 
The germplasm include 1) Gouri, 2) Sankar, 3) 
Samrat, 4) Pusa Safed, 5) Sree Bhadra, 6) Sree 
Nandini, 7) Kalinga, 8) Gautam, 9) Sourin, 10) 
Kishan, 11) ST-14, 12) CIP-187017-1, 13) CIP-
440038, 14) CIP-SWA-2 and 15) CIP-440127. 
Vine cuttings were planted after harvest of 
kharif paddy in all the locations and followed 
all the cultural practices as per schedule. The 
crop was harvested and the yield parameters 
were recorded. 

The experimental soils of Erasama-1 and 
Erasama-2 are sandy loam in texture, acidic 
(pH 5.53 & 5.07), saline (2.37 & 1.60 dS m-1), 
and having 0.53 & 0.50 % organic C, 0.076 & 
0.043% total N, 114 & 135 kg ha-1 of available 

N, 8.42 & 7.56 kg ha-1 of available P and 235 
& 89 kg K ha-1, respectively. The experimental 
soil at Canning Town, West Bengal is silty 
clay in texture, almost neutral (pH 6.23), and 
having 0.80 % organic C, 0.131 % total N, 
and 261, 24.2 and 520 kg ha-1 of available N, 
P and K, respectively. 

It was observed that the soil salinity increased 
from 2.8-6.3, 2.4-5.7 and 1.9-4.7 dS m-1 at 
different intervals in respect of Erasama-1, 
Erasama-2 and Canning Town. The salinity 
rose up to 6.33, 5.71 and 4.74 dS m-1 in all 
the three locations. However, the pH showed 
an increasing trend with the crop growth 
period. 

Yield performance of sweet potato 
germplasm

Of all the varieties, CIP-440127 recorded 
highest tuber yield (12.33 t ha-1) at Erasama 
in Orissa followed by CIP-440038 (10.04 
t ha-1) and Pusa Safed (9.15 t ha-1), while 
it was lowest in Gautam (4.47  t  ha-1) and 
Sree Nandini (4.98 t ha-1). Pusa Safed was 
found superior with a tuber yield of 19.63 t 
ha-1 followed by CIP-440038 (19.26 t ha-1) 
and CIP-440127 (18.61 t ha-1) in another 
location at Erasama, and the lowest tuber 
yield was recorded by Gouri (8.10 t ha-1) 
and Sankar (9.63 t ha-1).  At Canning, West 
Bengal, Samrat has recorded highest tuber 
yield (16.18 t ha-1) followed by CIP-SWA-2 
(13.76 t ha-1) and Sree Bhadra (13.46 t ha-1), 
while it was lowest in Sankar (5.76 t ha-1) and 
Gouri (6.22 t ha-1).

Of all the varieties, Sankar, Gouri and Gautam 
were found highly sensitive to salinity and 
Sourin, Kalinga, Sree Nandini and CIP-
187017-1 were moderately tolerant to salinity 
under the agro-climatic conditions of Orissa 
and West Bengal. The vine yield ranged from 
9.49 - 15.33 t ha-1, 8.77 -  15.06  t  ha-1 and 
4.84 - 10.93 t ha-1 in respect of Erasama-1, 
Erasama-2 of Orissa and Canning of West 
Bengal. Among the varieties, Pusa Safed, 

Sourin, CIP-440127, Kishan, CIP-187017-1, 
Samrat, Sree Bhadra, ST-14 recorded highest 
vine yield.

Quality attributes of sweet potato 

Significantly highest starch content (20.43 
& 23.29 %) was recorded with Kishan and 
Kalinga, respectively in both the locations of 
Orissa. Higher amount of total sugars (3.95 
& 3.91%) were recorded by Gouri and CIP-
440038 in both the locations of Orissa, while 
the total sugars were found lowest in Sree 
Bhadra (2.87%) and Sankar (2.97%).  Among 
the genotypes, Kalinga and CIP-440038 have 
recorded highest dry matter (33.90 & 32.54%) 
in Erasama-1 and Erasama-2, respectively.  
However, the variety Sree Nandini recorded 
highest starch (23.69 %) under saline soils of 
West Bengal followed by CIP-440038 (22.22 
%), and Kalinga (21.61 %). Significantly 
highest sugar content was recorded by CIP-
187017-1 (3.87 %) at West Bengal followed 
by Gouri (3.45%). However, the variety 
Kishan recorded highest dry matter (30.21%) 
followed by Samrat (28.57%) and Sree 
Bhadra (27.38%). 

Nutrient uptake

Nutrient concentration of tubers and vines 
collected during rabi 2008-09 from all the 
3 locations in Orissa and West Bengal 
was estimated and uptake of NPK was 
computed. Highest total uptake of N (kg 
ha-1) at Erasama-1 was recorded by Kishan 
(89.2) followed by Samrat (88.3) and Pusa 
Safed (85.4). Significantly highest P uptake 
(kg ha-1) was observed in the variety Sree 
Bhadra (29.25) followed by Samrat (28.33) 
and CIP-440127 (28.06). The variety Pusa 
Safed has recorded highest total uptake of K 
(75.58 kg ha-1) followed by Samrat (74.78 kg 
ha-1) and Kishan (70.85 kg ha-1).  Total uptake 
of N (kg ha-1) at Erasama-2 was as follows: 
Pusa Safed (70.63) > Sree Bhadra (62.20) 
> Kishan (58.83). Total P uptake (kg ha-1) 
was in the trend: Sree Bhadra (25.80) > 
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Pusa Safed (25.34) > Kishan (22.33). Total 
K uptake (kg ha-1) of the varieties followed 
the trend: Pusa Safed (67.59) > Sree Bhadra 
(59.68) > Kishan (55.81).

Total uptake of NPK (kg ha-1) by sweet 
potato at Canning, West Bengal followed the 
following trend

N: Samrat (97.2) > CIP-SWA-2 (94.5) > 
Kishan (91.7) > CIP-440127 (90.2).

P: CIP-SWA-2 (41.4) > CIP-440038 (39.0) > 
Samrat (38.5) > CIP-440127 (37.8).

K: CIP-SWA-2 (95.6) > Samrat (95.4) > 
Kishan (91.9) > CIP-440038 (90.9).

The results of the study indicated that Pusa 
Safed, CIP-440127, Samrat, Sree Bhadra, 
Kishan and CIP-440038 showed tolerance 
to soil salinity by producing sustainable crop 
yields, quality and uptake of nutrients.

RC/S/MB/239

Bio-ethanol Production from 
Sweet potato by Simultaneous 
Saccharification and Fermentation 
(SSF) by using Thermotolerant 
Yeast (Saccharomyces cerevisiae)

R. C. Ray and S.K. Naskar

One-hundred thirty two yeast strains were 
isolated from hot spring, brick kilns and 
soil samples and screened for tolerance 
to  temperature (< 400 C), sugar (< 20%), 
ethanol (<12%) and ethanol productivity. Out 
of these, T3 strain was selected for further 
study. T3 strain was mutated by UV irradiation 
to increase thermo-tolerance (> 400 C), but 
none of the 19 mutants were stable. Using 
T3 strain as the fermentative organism, both 
saccharification and fermentation steps were 
combined for ethanol production. The ethanol 
yield was 74 g kg-1 fresh tuber [Var. ST 10 
having 18% extractable starch, (w/w), fresh 
weight basis] showing 70% bioconversion of 
starch into ethanol (Fig. 6.3).

resistant germplasm to sweet potato weevil 
C. formiarius and needs to be tested again 
for the electrophysiological and behavioral 
responses with EAG as well as large scale 
field trial for confirmation.

RC/S/EN/239

Development of Semiochemical 
based Management Strategies 
for Sweet potato Weevil (Cylas 
formicarius)
K. Rajasekhara Rao, S. K. Naskar, C A Jayprakas 

and Lila Babu

Eight sweetpotato genotypes, namely, 
S-643, Howrah, 90/235, SB 72/7, BX 102, 
90/263, BP-2 and 1197 have shown high 
degree of resistance in field (0-15%) during 
the year 2008 and 2009, under heavy sweet 
potato weevil population load (100 weevils 
m-2).  Headspace volatiles and extracts were 
collected from plants as well as roots of 
these genotypes using standard procedures 
and bioassays in wind tunnel were carried 
out.  The results indicated that female 
weevil C. formicarius was more attracted 
towards headspace volatiles of some of 
these genotypes when compared to male 
weevil. The per cent attraction was also 
found more in tuber extracts than plant 
headspace volatiles. The female antenna 
of C. formicarius elicited high receptor 
potentials to plant headspace volatiles than 
the male antenna in electrophysiological 
studies (Electroantennography) (Table 6.3). 
Tentatively genotypes S-643, Howrah, 
BX 102, SB 72/7 were assigned as highly 

Fig 6.3. Ethanol production from sweet potato tuber 
by SSF

Table 6.3: Electroantennographic responses (milli 
Volts) sweet potato weevil Cylas formicarius to plant 

headspace volatiles of sweet potato genotypes

Sweetpotato 
Genotype

Classfication
Female 
antenna  

(mV)

Male
antenna 

(mV)

% tuber 
damage 
in field

S-643 Resistant 2.9 2.0 10.0

Howrah Resistant 5.6 1.9 00.0

90/235 Susceptible 10.8 2.3 15.0

SB 72/7 Resistant 5.2 3.2 10.0

BX 102 Resistant 3.3 2.6 00.0

90/693 Susceptible 13.3 1.8 40.0

BP-2 Susceptible 10.8 1.5 10.0

1197 Susceptible 10.4 1.67 10.3

RC/ A/ CG /238                                                 

Studies on Recalcitrancy in 
Amorphophallus (Amorphophallus 
paeoniifolius) through  in vitro 
cultures
Archana Mukherjee, M. Nedunchezhiyan, S. K. 

Naskar and Bala Nambisan 

Cultures initiated both from wild accession 
Veeravada and popular elephant foot yam cv. 
Gajendra by culturing scooped apical buds 
in vivo and segments of apical as well as 
axillary buds in vitro. Bud break response was 
studied in vivo and in vitro using prematurely 
harvested tubers (5 months old).  Sprouting 
was induced in dormant apical and lateral buds 
within 30- 40 days under ambient conditions 
of temperature (30 ± 20C) and moisture 
(70-80%).   Further the use of thiourea was 
found to hasten the sprouting within 20-25 
days and plants developed even from one 
year stored dormant buds. The combination 
of GA3, thiourea and BA was found to be 
more effective in enhancing the sprouting 
in vitro in contrast to the effective use of 
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thiourea alone in enhancing the sprouting in 
vivo. Bud break response and further growth 
of the sprouts into whole plants could be 
optimized under monitorable conditions of 
temperature, moisture using environment/
growth chamber.

Multiplication of in vitro and axenic 
cultures

The in vitro and in vivo axenic cultures of   
apical and axillary buds were multiplied.  
Rate of multiplication was enhanced 3-5 
times with segmented explants as compared 
to whole explants (Table 6.4). This rate was 
enhanced further using hybrid / seed raised 
tubers with more number of cormels as 
source of explants. Callus and embryogenic 
cultures of apical and axillary buds have 
been multiplied for further growth and 
morphogenesis. In vitro raised plants were 
hardened using sterilized soil-sand (1:1) 
mixture and subsequently established in soil 
in pots and field.  Percentage of establishment 
was observed to be 56 to 60%. In vivo axenic 
bud sprouts when transplanted showed 
tuberization in 20% plants. Such bud sprouts 
of 25–30 g could yield 60 -75 g tubers. 

RC 1/6/BR/2005

Collection, Evaluation, Cataloguing and 
Conservation of Tuber Crops 
Archana Mukherjee, S. K. Naskar, R. C. Ray, M. 
Nedunchezhiyan,    K. Laximinarayana, K. R. Rao & 

P. S. Sivakumar

Collection, maintenance and 
multiplication of germplasm

A total of 736 germplasm accessions of 
different tuber crops are maintained in 
field. The stock includes Sweet Potato-268, 
Cassava -113, Taro-146, Elephant foot yam 
-33, Yam bean- 45, Yam -46, Coleus-5, 
Arrowroot-2, I. trifida-76, Tannia – 1 and  
Alocasia-1.  28 new accessions of tuber 
crops are also added to enrich the genetic 
base. 

1620 cultures of 84 genetic stocks of released 
and exotic lines are also maintained in vitro.

Of the various clones and breeding lines 
maintained, 32 released varieties and 12 
promising lines of sweet potato, 14 released 
varieties of cassava, 5 promising lines of taro 
and D. alata were multiplied for experimental 
trials. 

Evaluation

Multi locational field trials  (MLT) to evaluate 
the performance of promising high starch 
and beta carotene rich  orange flesh lines of 
sweet potato, On Farm Trial (OFT) of orange 
and purple flesh sweet potato for salinity 
tolerance and uniform regional trial (URT) for 
high yielding D. alata were conducted.

In MLT Sp 09 for high starch, ST -10 gave 
higher yield (24.6 t ha -1) than the other 
entries. Among the orange flesh lines, CIP 
440127 registered higher yield (24.4 t ha-1) 
than rest of the entries in MLT Sp Or 09. 
Another orange flesh sweet potato accession 
CIPSWA 2 performed better with an average 
yield of 22.7 t ha -1 in OFT Sp 09 for salinity 
tolerance. The greater yam entry Da 25 
gave highest average yield of 21.5 t ha -1 as 
compared to other 3 entries.

Evaluation of CIP accessions

Evaluation of 2nd batch of 15 exotic lines 
showed 3 are of orange flesh. Yield of 15 
lines was recorded in the range of 6.0 t ha 
-1 to 20.83 t ha -1(Table 6.5). Starch was 
recorded as 16.4 to 22.8% and sugar 2.58 
to 2.98 %.  Carotene content for orange flesh 
was recorded 6.5-10.8 mg 100 g-1. Of the 
15 lines, 8 lines showed minimum weevil 
damage (0–5 %).

Screening sweet potato genotypes 
for high starch, low sugar and weevil 
resistance

116 germplasm accessions have been 
evaluated in replicated row trials. Yield was 
observed to be in the range of 1.66 - 44.66 t 
ha -1. Yield more than 16 t ha -1 was observed 
in 41 accessions. 

Based on cooking quality and minimum 
weevil damage (0-20%), 14 accessions 
were evaluated for high starch and low sugar 
contents. 10 lines were found to have high 

Table 6.4: In vitro growth response of whole and segmented explants of two genotypes of  
elephant foot yam in two different media

Genotype and medium

Mean days to shooting Mean shoots/explant 

Whole 
explant

Segmented 
explant

Whole 
explant

Segmented 
explant

Gajendra

MS + GA3 ( 2mg/l) 29.76 ± 0.31 14.8 ± 0.11 2.04 ± 0.17 12.90 ± 0.13

MS + GA3 ( 2mg/l) + BA(2mg/l)+ 
TU (200mg/l)

28.0 ± 0.27 12.96 ± 0.11
2.32 ± 
0.09

13.44 ± 
0.07

Wild accession (V. vada)

MS + GA3 ( 2mg/l) 17.8 ± 0.31 13.22 ± 0.09 2.44 ± 0.10 14.18 ± 0.16

MS + GA3 ( 2mg/l) + BA(2mg/l)+ 
TU (200mg/l)

15.2 ± 0.24 10.88 ± 0.12 3.52 ± 0.10 15.04 ± 0.12
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starch (22.5 -25.0 %) and 5 lines with high 
starch and low sugar (2.3-2.8%) contents. 

Evaluation of OP seed raised progenies 

40 seed raised plants were also evaluated 
for yield, high starch, high carotene and low 
sugar contents. Yield of more than 20 t ha -1 
was recorded in 12 lines.  Of the 12 lines, 8 
were cream or white flesh and 4 were orange 
flesh.  Four orange flesh lines were found to 
have total carotene in the range of 8 - 12 
mg 100g-1.  Eight cream or white flesh lines 
were found to have high starch and low sugar 
contents.

Morphological characterization of 
sweet potato, yam bean and elephant 
foot yam germplasm 

Sweet potato

Morphological characterization for 20 
characters of each of 116 sweet potato 
accessions have been completed for the 1st 
season. 

Yam bean

Seven characters for each of 45 yam bean  
accessions have been recorded. Lowest 
seed yield was recorded as 20 g plant-1 and 
highest seed yield as 47 g plant-1. Of the 45 
accessions, 4 accessions showed  higher 
tuber yield in the range of 18-19 t ha-1. 

Elephant foot yam

Thirty three elephant foot yam accessions 
have also been screened. Yield was recorded 
in the range of 3.08- 16.43 t ha -1. Six lines 
were found to give better yield (14-16 t ha 
-1). Starch (17-18%) and dry matter (28-30%) 
contents varied among the 33 accessions.

Yield evaluation of yam, taro & Chinese 
potato

Yield of 46 yam accessions was observed as 
5.6 to 17.3 t ha -1. Of the 129 taro accessions, 

yield was observed in the range of 2.11 to 
12.5 t ha -1. 

Of the15 lines, 8 lines showed 0-5% weevil 
damage in preliminary screening

Table 6.5: Tuber characteristics and yield of different accessions/lines (2006) of sweet potato

Lines Skin colour Flesh colour Tuber shape Yield (t ha-1)

440166 White Cream Long elliptic 13.09

440027 Light pink Cream Round elliptic 16.66

440131 Light pink Cream Round elliptic 19.62

422107 Light pink White Elliptic 13.02

440029 Light pink Cream Round elliptic 20.83

440429 Light pink Cream Round elliptic 20.00

44009 Light pink Orange Round elliptic 9.0

420027 Light pink Cream Round 20.83

440132 Light pink Orange Round elliptic 13.0

442107 Light pink Orange Elliptic 16.66

440011 Pink White Elliptic 16.0

440167 Pink Cream Elliptic 16.0

422656 Pink Cream Long elliptic 9.99

420014 Pink Cream Long elliptic 6.0

440025 Pink Cream Long elliptic 16.07

Among the 5 Chinese potato varieties, yield 
was recorded as 16.0 to 21.6 t ha -1.  Higher 
yield was recorded by tissue culture raised 
plants of Sree Dhara. 

Biochemical characterization of sweet 
potato

Biochemical constituents like dry matter, 
starch, sugar for 41 germplasm accessions, 
40 seed raised plants and 28 exotic lines have 
been analysed.  Total carotene content have 
also been analysed for 16 orange flesh lines. 
Starch content was recorded as high as 22 to 
23 % in white flesh types and total carotene 
10-12 mg 100 g-1 in orange flesh types. 

Surveillance of diseases and pests

Screening for a stock of 131 sweet potato 
genotypes including 15 exotic lines showed 
weevil infestation 0-20 % in 22 accessions.

ST- 10 high starch 
sweet potato

440127 & CIPSWA2, beta carotene rich orange flesh 
sweet potato


