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REPORT 

Please keep to the following report structure.  Inc lude details of project work and 
achievements only.  Please don’t repeat information  previously submitted to the Trust.  
Please use font Arial 10 or equivalent 

 
1. Scientific activities and achievements (includin g tables and figures) 
Provide an update of the project research achievements: 
 (Include the major achievements in the project to date) 
 
One of the objectives of the current project is:  
 
Development and identification of anthracnose toler ant hybrids &/or recombinant inbred lines 
suitable for commercial cultivation in Karnataka 
 
Hot pepper hybrid identified for release 
 

According to the University norms, a hybrid or variety to be identified for release and 
commercial cultivation has to be tested in single location (for three years) &/or multi-locations for one 
year and large scale farm trials (for one year). Cytoplasmic male sterile (CMS) and non CMS-based 
Heterotic and anthracnose tolerant hot pepper hybrids developed under this project are under different 
stages of evaluation. Based on the performance of a few of these hybrids at UAS GKVK during three 
consecutive rainy seasons viz., 2008, 2009 and 2010, six promising test hybrids were promoted to 
multi-location testing. Among these 6 hybrids tested during rainy season across three years (2008, 
2009 & 2010), the two test hybrids Test Hybrid 5 & Test Hybrid 6 (KBCH-1) consistently performed 
superior to the two private bred commercial hybrid check NS 1101 both for green & red fruit yield 
(Tables 1 & 2).  
Table 1: Green fruit yield (t/ha) of best hot pepper test hy brids over three years ( 2008, 2009 & 
2010) station trials  

 

2008 
Rainy 

season 

2009 
Rainy 

season  

2010 
Rainy 

season  

Mean of 
3 years  

%  increase 
Over best check 

 (NS 1101) 

Test hybrid 5  33.62 41.71 55.26 33.53 47.97 

Test hybrid 6  
(KBCH-1) 

27.88 51.99 44.65 41.51 83.19 

Check NS 1101  21.56 26.87 19.54 22.66  

Mean  18.17 24.32 27.67 23.39  

CD at 5 %  1.2 4.7 6.99   

CV %  14.1 17.6 15.02   

 
Table 2: Red fruit yield (t/ha) of best hot pepper test hybr ids over three years ( 2008, 2009 & 2010) 
station trials  



 

2008 
Rainy 

season 

2009 
Rainy 

season  

2010 
Rainy 

season  

Mean of 
3 years  

%  increase 
Over best check 

 (NS 1101) 

Test Hybrid 5   4.85 6.02 7.98 6.28 34.48 

Test Hybrid 6  
(KBCH-1) 

5.52 10.29 8.48 8.10 73.44 

Check NS 1101  4.44 5.54 4.03 4.67  

Mean  3.43 4.56 4.85 4.28  

CD at 5 %  0.67 1.02 1.14   

CV %  12.36 15.4 13.98   

 
The six heterotic test hybrids and private bred commercial checks were evaluated in a 

replicated multi location trial (MLT) for fruit yield and its attributes during 2010 rainy season in four 
different agro-climatic zones of Karnataka. Red ripe fruits of these hybrids have also been tested for 
their reaction to virulent strain of Colletotrichum capsici (Cc) following detached fruit method. The 
hybrid, CMS 8A × Gouribidanur (Test Hybrid 6/KBCH 1) was found promising than the commercial 
check both for fruit yield and tolerance to anthracnose infection (average lesion diameter of 8.91 mm) in 
all the test locations (Table 3, 4 & 5). Both the parents involved in this hybrid are tolerant to 
anthracnose.  
 
Table 3: Salient features of KBCH 1 over the best c ommercial hybrid check NS 1101 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Character  KBCH 1 NS 1101 (check)  

Days to 1st Fruit maturity  135 Days 125 Days 

Plant height  96.70 cm 70.70 cm 

Average fruit length  9.03 cm 9.37 cm 

Average fruit width  1.36 cm 1.27 cm 

Average fresh fruit weight  6.06 g 5.77 g 

Reaction to wilt  Tolerant Susceptible 

Reaction to anthracnose as 
assessed by size of the lesion 
produced by the pathogen  

8.91 mm      
(Tolerant) 

11.05 mm          
(Susceptible) 



Table 4: Performance of hot pepper hybrids for gree n fruit yield (t/ha) across the four zones in a MLT  

Entry Name Zone 4 
Hiriyur 

Zone 5 
Zone  6 
Mandya 

Zone 7 
Shimoga  

Mean 

% 
increase 
over NS 

1101 

Bangalore  Chintamani  

Test Hybrid 1  18.05 26.90 15.11 8.60 4.85 14.70 19.22 

Test Hybrid 2  19.92 31.39 10.11 10.19 7.75 15.87 28.71 

Test Hybrid 5  26.56 55.26 14.49 11.00 7.98 23.06 87.02 

Test Hybrid 6  
(KBCH-1) 

26.47 44.65 12.78 14.06 7.24 21.04 70.64 

Test Hybrid 10  29.51 38.57 10.0 6.83 6.73 18.33 48.66 

NS 1101  20.67 19.54 6.35 7.05 8.67 12.33  

Mean  24.34 27.67 8.88 9.49 7.24   

CD at 5%  3.74 6.99 2.35 2.35 0.79   

CV (%)  9.14 15.02 14.74 14.74 5.05   

 
The three test hybrids viz., Test Hybrid 5, Test Hybrid 6 &  10 were superior by 87.02, 70.64 & 48.66 

per cent, respectively over the best check hybrid NS 1101 across all the four zones for green fruit yield. 
 
Table 5: Performance of hot pepper hybrids for red fruit yield (t/ha) across four zones in MLT 
 

Entry Name Zone 4 
Hiriyur 

Zone 5 Zone  6 
Mandy

a 

Zone 7 
Shimog

a  
Mean 

% 
increase 
over NS 

1101 
Bang alore  Chintamani  

Test Hybrid 1  3.55 5.30 2.98 1.69 1.08 2.92 12.31 

Test Hybrid 2  5.02 7.91 2.55 2.57 1.72 3.95 52.08 

Test Hybrid 5  3.84 7.98 2.09 1.59 1.77 3.45 32.69 

Test Hybrid 6 
(KBCH-1) 

5.03 8.48 2.42 2.67 1.61 4.04 55.46 

Test Hybrid 10  5.55 7.26 1.89 1.29 1.49 3.50 34.61 

NS 1101 4.26 4.03 1.31 1.45 1.93 2.60  

Mean 3.53 4.85 1.67 1,63 1.61   

CD at 5% 0.66 1.14 0.53 0.35 0.18   

 
The four test hybrids viz., Test Hybrid 2, Test Hybrid 5, Test Hybrid 6 & Test Hybrid 10 were 

superior by 52.08, 32.69, 55.46 & 34.61 per cent, respectively over the check hybrid NS 1101 across 
the zones 4, 5, 6 and 7 for red fruit yield. 

 
Based on the performance in the MLT, the hybrid, CMS 8A × Gouribidanur (Now designated as 

KBCH-1, Karnataka Bangalore Hot pepper Hybrid 1)) has been recommended by the University 
research committee and promoted for farm trials a pre-requisite for official release for commercial 
cultivation by farmers. The hybrid has been identified initially for marketing fresh fruits, as fruits of this 
hybrid have the consumer preferred traits. The green fruits are firm, 8-10 cm long with high pungency. 
Quality parameters will be estimated in the dry fruits in the ensuing season, Based on the results, the 
hybrid is likely to be promoted for dry fruit purpose as well. Photographs of KBCH-1 hybrid are 
presented in Pictures 1a, 1b & 1c. 
 



  

Picture 1a - KBCH-1, Hot pepper hybrid proposed for farm trial  

 

 

Picture 1b - Green and Red fruits of  KBCH-1 
Picture 1c - Anthracnose Lesion developed 

on KBCH-1 hybrid fruits after artificial 
inoculation 

 
Development of new promising hot pepper hybrids tol erant to anthracnose for commercial 
release 
During summer 2010, a fresh set of 36 hybrids (18 CMS based and remaining non CMS based) 
involving identified anthracnose tolerant Capsicum annuum lines (CMS 8A, Lampang local short, 
Gouribidanur and Daepong) and agronomically superior lines (PBC 483, Arka Suphal and Tiwari) were 
synthesised. The resulting hybrids were evaluated in a preliminary replicated trial for fruit yield and its 
attributes including natural field reaction to anthracnose disease during 2010 rainy season. The average 
performance of the crosses for fruit yield and its attributes is presented in Table 6.   

 
The CMS based hybrids were also tested for their reaction to a virulent strain of Colletotrichum 

capsici (Cc) following detached fruit method employing Hamilton micro syringe method in the 
laboratory. The hybrids exhibited variable disease response (Table 6). Most of the CMS based hybrids 
tested were found heterotic both for green and dry fruit yield apart from being tolerant to anthracnose. 
The hybrid CMS 7B × Gouribidanur showed resistant reaction to anthracnose disease (lesion diameter 
0.5 cm) with acceptable fruit yield. Gouribidanur is found to be a good combiner both for disease 
reaction and fruit yield.  These promising hybrids will be further tested for two more years in station 
trials followed by MLT and Farm Trials before identifying for release.  



Table 6:  Fruit yield and reaction to Colletotrichum  spp.  in intra C. annuum  crosses evaluated 
during Rainy season 2010 

 

CMS based Hybrids 
Average fruit 

yield(g) 
LESION DIA 

(cm) 
Disease 
reaction 

8A × Gouribidanur 434.06 0.89 T 
8B × Gouribidanur  451.70 0.90 T 
Gouribidanur × 8B 592.50 1.21 MS 
8A × Arka Suphal 475.60 1.30 MS 

8B × Arka Suphal 345.30 1.18 MS 
Arka Suphal × 8B 778.37 0.65 T 
8A × Lampang local short 627.80 1.66 MS 
8B × Lampang local short 616.76 1.46 MS 
Lampang local Short × 8B 558.43 0.98 T 
7A × Gouribidanur 399.25 0.63 T 
7B × Gouribidanur 758.60 0.50 R 
Gouribidanur  × 7B 910.90 0.76 T 
7A × Arka Suphal 306.90 0.71 T 

7B × ARKA SUPHAL 290.10 0.21 R 
Arka Suphal × 7B 240.90 0.48 R 
7A × Lampang local Short 338.00 0.68 T 
7B × Lampang local Short 456.00 0.45 R 
Lampang local short × 7B 404.00 0.36 R 
Non CMS based Hybrids 
ARKA SUPHAL × GOURIBIDANUR 713.50   
ARKA SUPHAL × Lampang local short 680.50   
Lam 333 × GOURIBIDANUR 381.25   
Lam 333 × Lampang local short 460.88   

LCA 206 ×  GOURIBIDANUR 623.13   
LCA 206 ×  Lampang local short  243.50   
GOURIBIDANUR × Tiwari 935.00   
GOURIBIDANUR × Lampang local short 916.50   
GOURIBIDANUR × Utkal ava 394.00   
GOURIBIDANUR × Pusa Jwala 227.67   
GOURIBIDANUR × Byadagi Kaddi 385.00   
GOURIBIDANUR × LCA 960 245.67   
Pant C-1 × Lampang local short 189.88   
Tiwari × Lampang local short 566.50   

Lampang local short × Utkal ava 329.00   
Lampang local short × Pusa Jwala 684.70   
Lampang local short × Byadagi Kaddi 221.25   
Lampang local short × Vangara 525.00   

 
Disease Reaction:  Based on lesion diameter produced by Cc/Cg on artificially 
inoculated fruits in centimetres  
No Lesion produced:    Immune 
Lesion Diameter of 0.0 to 0.5 cm:  Resistant (R) 
Lesion Diameter of 0.6 to 1.0 cm:   Tolerant (T) 
Lesion Diameter of 1.1 to 2.0 cm:  Moderately susceptible (MS) 
Lesion Diameter > 2.0 cm:   Highly susceptible (HS) 



The remaining 18 non CMS based hybrids will be screened for anthracnose disease reaction in the 
ensuing season. 
  
DNA Finger printing of KBCH-1 parents: The parents of KBCH-1 were finger printed using 22 SSR 
markers. Ten SSR markers could clearly differentiate the parents. Such information will be useful for 
resolving disputes with regard to true hybridity of the KBCH-1 when its seed is produced and marketed 
on a commercial scale. The information will also help protect IP issues that might arise during 
commercial launch of the hybrid. 
 
DNA finger printing of working collection:  Apart from the parents of KBCH-1 other phenotypic trait 
specific working collection of hot pepper was genotyped using both SSR and AFLP markers. The 
marker profile data will be used for assessing the diversity among the trait specific genotypes. The 
diversity among the genotypes would provide clues for identifying contrasting parents for developing 
crosses for their subsequent utilisation for developing improved cultivars as well as for developing trait 
specific mapping population for tagging and or mapping genomic regions controlling the respective 
traits. 
 
We plan to use a few more AFLP 3 base selection primers on the 22 genotypes during April to May 
2011. The phenotypic data and the AFLP marker data (being generated at the KT lab) and the SSR 
marker data (being generated at the hot pepper improvement unit) obtained on these trait specific 
genotypes will be analysed to associate marker(s) linked to particular trait among the working collection 
chosen. 
 
Development of RIL population 
 

Of the 19 intra C. annuum hybrids affected during previous season (interim report submitted in 
June 2010) the F1 hybrid Lampang Local Short (LLS) × Gouribidanur local was selfed to generate F2 
seeds.  The F2 population consisting of 277 plants was raised and evaluated for fruit yield and its 
attributes including anthracnose disease reaction during 2010 rainy season. Spectrum of variability of 
F2 population for fruit yield and its components are given in Table 7. A few F2 plants promising for fruit 
yield were identified (Picture 2). Due to non synchrony of availability of red ripe mature fruits from all the 
277 plants and infective spores, detached fruits from only 132 F2 plants could be tested for their 
reaction to virulent strain of Colletotrichum capsici (Cc) employing Hamilton micro syringe method in the 
laboratory. The reaction of the F2 plants in comparison to the F1’s and their parents to the disease 
infection as assessed by size of the lesion developed by the pathogen is presented in the Table 8.  

 
Table 7: Spectrum of variability of F2 population of selected traits 
 Plant Height (cm) Fruit length 

(cm) 
Fruit width 

(cm) 
Fruit 

yield/plant (g) 
Mean 84.13 5.42 0.88 350 
Range 32.00 to 151.00 3.2 to 7.8 0.56 to 1.30 15 to 2745 
Variance 390.04 0.982 0.009 0.157 
 

Table 8: Reaction of the F2 plants in comparison to the F1’s  
and their parents to the anthracnose disease infection 
 Lesion Diameter (mm) 
Parent 1  9.8 
Parent 2  13.05 
Hybrid  16.9 
F2 Mean 12.84 
Range in F 2    1-30 

 



 
Picture 2: Promising F 2 plants of Lampang Local Short × Gouribidanur  

 

 

  

 

 

  
 
In pursuit of developing RIL population, each of the 277 F2 plant was selfed. Two seeds from of 

the selfed F2 plants were used to raise seedlings in pots (Pictures 3a & 3b). Subsequently one of the 
seedlings will be discarded. Each of the retained F3 seedlings will be selfed and the process will be 
continued till F6/F7 generation.  

 
 

 
 

 

Picture 3a - Seedlings of single seed 
derived F 3 progeny of the cross LLS × 

Gouribidanur  

Picture 3b - Single seed derived F 3 progeny of the 
cross  

LLS × Gouribidanur 
 

 
 

 
 



In addition to LLS × Gouribidanur, three F2 populations involving either Gouribidanur or LLS as 
parents were raised during 2010 rainy season. Promising plants in each of the three crosses were 
selected based on plant type, fruit yield and field level tolerance to anthracnose. These selected 
individuals are handled following the pedigree approach.   
 

Most of the individuals in the F2 population involving anthracnose tolerant C. annuum lines, 
Lampang Local and Daepong (a Korean line) were phenotypically inferior, less productive and 
moderately susceptible to anthracnose at the field level.  We don’t see any point in forwarding this 
cross. However, a few plants showing average performance with good horticultural traits are being 
forwarded through pedigree selection. 

 
Training Programme:  The KT Hot pepper Improvement Unit Research Staff were involved as resource 
personnel in 21 days short term training programme sponsored by the Department Of Biotechnology 
during September-October, 2010, on “Application of AFLP and SSR Marker Techniques in C rop 
Improvement” The Hot pepper Improvement Unit bench space and lab equipment were utilized for 
hands-on-training on “DNA extraction, Profiling, data recording, data analysis and interpretation of SSR 
and AFLP marker system”  
 
Accomplishments by Research Fellows working/worked in KT funded Hot pepper Improvement 
Unit. 
 Dr. (Mrs.) Prathiba and Dr. Krishna Murthy successfully defended their Ph. D research thesis 
entitled “Pathological variability studies on Colletotrichum spp. causing anthracnose (fruit rot disease) 
on hot pepper (Capsicum annuum)” and “Relationship between parental phenotypic traits and AFLP 
marker based diversity with heterosis for yield and its contributing traits in hot pepper”, respectively. 
Mrs. Nanda will be submitting her thesis shortly. 

Mr. Harikrishna successfully defended his Master’s research thesis entitled “Identification of 
promising CMS based hybrids for fruit yield and its attributes with special reference to bacterial wilt and 
anthracnose in hot pepper (Capsicum annuum L.).  

Dr. Krishna Murthy, Mrs. Nanda, Dr. (Mrs.) Prathiba and Miss. Arpitha who worked/working at 
the Hot Pepper Improvement Unit towards their Doctoral thesis research have been selected as 
Scientists to the prestigious Indian Council of Agriculture Research, New Delhi. 
 Mr. Shridhar and Miss Arpitha, Ph. D scholars are recipients of ICAR Senior Research 
Fellowship and CSIR fellowship, respectively. 
 

Publications: 
The outcome of research work in the form of abstrac ts have been accepted for poster 
presentation in the National seminar on “Contemporary Approaches to Crop Improvement” 
organized by the Indian Society of Genetics & Plant Breeding, New Delhi, India: 

 
1. " DNA marker based genetic diversity in working col lection of chilli ( Capsicum annuum )" by 

Sushma Pai, S Bharathi, A Mohan Rao, S Ramesh and R Ramachandra  
 

 
2. “Third degree and fourth degree statistics based  g enetics of quantitative traits in chilli 

(Capsicum annuum  L.)”  by S Bharathi, A Mohan Rao, S Ramesh and Bhuvaneshwari 
 
3. “Identification of widely adaptable high yielding h ybrids in chilli ( Capsicum annuum L.)”  

by Harikrishna, A. Mohan Rao, S. Ramesh, R. S. Kulkarni , Arpita srivastava and Bharathi. S. 
 

 
4. “Genetic worth of working collections of chilli ( Capsicum annuum  L.) for resistance to 

bacterial wilt and anthracnose”  by Harikrishna,  A. Mohan Rao, V.H. Prathibha S. Ramesh, 
Arpita Srivastava and R. S. Kulkarni 

 
5. “SSR marker-assisted tagging of genomic regions con trolling anthracnose resistance in 

Capsicum baccatum ” by C Nanda, A Mohan Rao, S Ramesh, V H Prathibha and Sushma Pai 
 
 
 

 



Visitors during September 2010 to March 2011 

Professor Laszlo Bako from Umea Plant Science Center, Sweden visited both the KT lab as well as the 
Hot pepper improvement labs on the 26th November, 2011 and interacted with the staff and students 
working on both the projects. He was very impressed with the organization of the labs as well as the 
expert’s introduction to the research area. 
 

  
 

Students from Biyani Girls College, Jaipur, Rajasthan and CMR Institute of Management studies, 
Bangalore visited the KT Lab during January and February 2011, respectively. The students were 
allowed to interact with the Research fellows and were given a brief insight about the Kirkhouse Trust 
and its activities as well as the ongoing research activities in the KT Lab. The students were impressed 
with the lab facilities and the nature of work being carried out in the lab. 

 
 

2. Deviations from the work plan 
If the research activities and timeline were adjusted: 
o Describe how and why, the work deviated from the original work plan.  Describe the deviations 

made against the individual milestones  listed in the original project description, contract appendix 
A, or the current adjusted milestones  detailed in the prior interim report, and 

o Provide a revised project timeline  (SMART Milestones) table as set out in the project contract 
appendix C, or as amended in any prior reports, indicating the deviations from the outputs delivered 
so far 

o Indicate if the deviations had any consequences, and if yes what has been done to remedy this. 
 
 
Work plan has not been deviated 
 
3. Current and pending support  
Please list grants and support from other organisations 
Resource mobilisation and its Utilisation 
 

1. Impressed by the funding support from Kirk House Trust, The University has extended a 
matching grant of Rs. 2 lakhs for establishment of relatively larger Insect proof net house of 600 
sqm area.  
 

2. Rupees 3.0 Lakhs was received from DBT, New Delhi for the conduct of the Training program 
 

3. An amount of RS.1.2 lakh has been generated by testing the privately bred hybrids for reaction 
to anthracnose using the virulent strains of Colletotrichum spp. and by sharing the isolates of 
Colletotrichum spp. with Institute for Microbial Type Collection Centre, Chandigarh with a 
Standard Material Transfer Agreement. The amount was utilised as under 

 
1. Renovation of the existing insect proof net house (200 sqm) 
2. Replacement of DC Pump of Millipore water purifying system 
3. Purchase of Chest type deep freezer (-20
 C) of 450 litres capacity 
4. Purchase of a Refrigerator 
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4. Collaborations initiated with other KT-funded pr ojects or non-KT persons/projects 
 
 
 
 
 
 
 

Principal Investigator 

Signature:   

Name:  A. Mohan Rao   

Date: 30.03.2011 

 
 
 


