
MECHANISMS OF RESISTANCE TO 
Helicoverpa armigera (Hubner) IN PIGEONPEA 

[Cajanus cajan (L.) Millsp.] 

D. ANITHA KUMARI 

THESIS SUBMITTED TO THE 
ACHARYA N.G RANGA AGRICULTURAL UNIVERSITY 

COLLEGE OF AGRICULTURE, RAJENDRANAGAR IN PARTIAI 
FULFILLMENT OF 

THE REQUIREMENTS FOR THE AWARD OF THE DEGREE OF 

DOCTOR OF PHILOSOPHY 
IN THE FACULTY OF AGRICULTURE 

DEPARTMENT OF ENTOMOLOGY 
COLLEGE OF AGRICULTURE 

ACHARYA N.G. RANGA AGRICULTURAL UNIVERSITY 
RkTENDRANAGAR, HYDERABAD - 500 030 

January, 2005 



CERTIFICATE 

This is to certify that the thesis entitled "MECHANISMS O F  
RESISTANCE TO Helicoverpn arntigern (Hubner) IN PIGEONPEA ICajnnus 
crdnn (L.) Millsp.]" submitted in partial fulfillment of the requirements for the 
degree of DOCTOR O F  PHILOSOPHY IN AGRlCULTURE of the Acharya 
N.G. Ranga Agricultural University, Hyderabad,is a record of the bonafide research 
work carried out by Mrs. D. ANITHA KUMARI under our guidance and 
supervision. The subject of the thesis has been approved by the Students Advisory 
Committee. 

No part of the thesis has been submitted for any other degree or diploma. 
The published part has been klly acknowledged. All the assistance and help 
received during the course of investigation have been duly acknowledged by the 
author of the thesis. 

(D. JAGDISHWAR REDDY) 
Chairman of the Advisory Committee 

Thesis approved by the Student Advisov Committee 

Chairman : Dr. D. JAGDISHWAR REDDY ($,d . B ~ -  
Associate Professor _. --- 
Department of Entomology 
College of Agriculture 
Rajendranagar, Hyderabad 

Co-Chairman : Dr. H.C. SHARMA 
Principal Scientist (Ento ) 
ICRISAT, Patancheru 
Medak district 

Member , Dr. T. NAGESHWAR RAO 
I'rofessor and Head 
Department of Genetics and 

Plant Breeding 
Agricultural College 
Aswaraopet, Khammam district 

'Member : Dr. B.S. KULKARNI 
Professor & University Head 
Department of Mathematics and 

Statistics 
College of Agriculture 

w-- 
Rajendranagar, Hyderabad 



CERTIFICATE 

Mrs. D ANITRA KUMARI has satisfactorily prosecuted the course of 

research and that the thesis entitled "MECHANISMS OF RESISTANCE TO 

Helicoverpn nrmigera (Hubner) IN PIGEONPEA [Cajnnus cajnn (L.) Millsp.]" 

submitted is the result of original research work and is of sufficiently high standard 

to warrant its presentation to the examination. I also certify that the thesis or part 

there of has not been previously submitted by her for a degree of any university. 

Date: 31- 01-2005 

1J.A I 

(D. J A ~ A ~  REDDY) 
Major Advisor 



C O N T E N T S  

CHAPTER 
NUMBER 

I 

I1 

111 

IV 

V 

VI 

TITLE 

INTRODUCTION 

REVIEW OF LITERATURE 

MATERIALS AND METHODS 

RESULTS 

DISCUSSION 

SUMMARY 

LITERATURE CITED 

PAGE 
NUMBER 

1 

6 

26 

56 

146 

158 

161 



LIST OF TABLES 

- - - - - - - - - - - - 
Table Title Page 

number number 

1 Pigeonpea gemplasm characterisation 27 

2 Chemical composition of diet used for rearing 32 
H. armigera larvae 

3 Composition of artificial diet impregnated with 40 
lyophilised leaf powder 

4 Number of H. armigera eggs, larvae and pod damage in 58 
12 pigeonpea genotypes in rainy season, fint planting 
(2000-2001) 

5 Number of H. armigera eggs, larvae and pod damage in 60 
12 pigeonpea genotypes in rainy season, second planting 
(2000-2001) 

6 Number of H. armigera eggs, larvae and pod damage in 62 
12 pigeonpea genotypes in rainy season, fint planting 
(2001 -2002) 

7 Number of H. armigera eggs, larvae and pod damage in 64 
12 pigeonpea genotypes in rainy season, second planting 
(2001-2002) 

8 Agronomic performance of 12 pigeonpea genotypes in 69 
rainy season, first planting (2000-2001) 

9 Agronomic performance of 12 pigeonpea genotypes in 70 
rainy season, second planting (2000-2001) 

10 Agronomic performance of 12 pigeonpea genotypes in 71 
rainy season, first planting (2001-2002) 

11 Agronomic performance of 12 pigeonpea genotypes in 72 
rainy season, second planting (2001-2002) 

12 Estimates of stability for 100 seed weight in 12 pigeonpea 75 
genotypes tested over four seasons (2000-2002) 



Table Title Page 
number number 

13 Estimates of stability of grain yield in 12 pigeonpea 77 
genotypes tested over four seasons (2000-2002) 

14 Estimates of stability of grain yield kg per hectare in 12 78 
pigeonpea genotypes tested over fow seasons (2000-2002) 

15 Estimates of stability of 12 pigeonpea genotypes tested for 79 
resistance to H. armigera over four seasons (2000-2002) 

Stability of resistance based on percentage pod damage to 
H. armigera in 12 pigeonpea genotypes tested over four 
seasons (2000-2002) 

Relative ovipositional preference by the H. armigera 
females towards 12 pegionpea genotypes under no-choice 
cage conditions (2000-2002) 

Relative oviyositional preference by the H, armigera 
females towards 12 pegionpea genotypes under dual- 
choice cage conditions (2000-2002) 

Relative ovipositional preference by the H. armigera 
females towards 12 pegionpea genotypes under multi- 
choice cage conditions (2000-2002) 

Growth and development of H, armigera on leaves of 12 
pigeonpea genotypes (2000-2002) 

Growth and development of H. armigera on flowers and 
pods of 12 pigeonpea genotypes (2000-2002) 

Correlations between damage parameters of larvae reared 
on leaves, flowers and podo of 12 pigionpea genotypes 
(2000-2002) 

Standardization of artificial diet impregnated with 
lyophilized leaf powder of pigeonpea for assessing 
antibiosis to H, armigera (2000-2002) 

Standardization of artificial diet impregnated with 
lyophilised pod powder of pigconpea for assessing 
antibiosis to H. armigera (2000-2002) 



-- - 

Table 
number 

Title Page 
number 

Growth and development of H, armigera on artificial diet 104 
impregnated with log of lyophilised leaf powder of 12 
pigeonpea genotypes (2000-2002) 

Growth and development of H. armigera on artificial diet 105 
impregnated with log of lyophilised pod powder of 12 
pigeonpea genotypes (2000-2002) 

Correlations between damage parameters of larvae reared 107 
on lyophylised leaf powders and lyophilised pod powders 
impregnated in artificial diet of 12 pigeonpea genotypes 
(2000-2002) 

Growth of neonate larvae of H. annigera on 110 
inflorescences of 12 pigeonpea genotypes under 
Laboratory conditions (2001 -2002) 

Mean density of five different types of trichomes on upper 1 12 
and lower interveinal surface of flowers of 12 pigeonpea 
genotypes (2001 -2002) 

Mean density of five different types of trichomes on upper 1 13 
and lower interveinal surface of pods of 12 pigeonpea 
genotypes (2001 -2002) 

Nitrogen, phosphorus, potassium and protein content 114 
(% of flowers of 12 pigeonpea genotypes (2001-2002) 

Nitrogen, phosphorus, potassium and protein content 116 
(% of pods of 12 pigeonpea genotypes (2001-2002) 

Percentage of sugars in leaves and pods of 12 pigeonpea 117 
genotypes (2001-2002) 

Bioassay of pod surface extracts using glass fibre discs 120 
and estimation of antifeedant activity of H. armigera using 
3d, 4' and 5' instar larvae under laboratory conditions at 
(2000-2001) 

Bioassay of pod surface extracts using glass fibre discs 122 
and estimation of feeding index using 3", 4' and 5' instar 
larvae of H. armigera (2001-2002) 



Table 
number 

Title Page 
number 

Relative feeding preference by the third instar larvae of 123 
H. armigera towards leaves of 12 pigeonpea genotypes 
under no-choice conditions (2001 -2002) 

Relative feeding preference by the third instar larvae of 125 
H. armigera towards leaves of 12 pigeonpea genotypes 
under dual-choice conditions (2001 -2002) 

Relative feeding preference by the third instar larvae of 126 
H, armigera towards flowers of 12 pigeonpea genotypes 
under no-choice conditions (2001-2002) 

Relative feeding preference by the third instar larvae of 128 
H. armigera towards flowers of 12 pigeonpea genotypes 
under dual-choice conditions (2001 -2002) 

Relative feeding preference by the third instar larvae of 129 
H. armigera towards flowers of 12 pigeonpea genotypes 
under multi-choice conditions (2001 -2002) 

Relative feeding preference by the third instar larvae of 130 
H. armigera towards pods of 8 pigeonpea genotypes 
under multi-choice conditions (2001 -2002) 

Relative feeding preference by the third instar larvae of 131 
H. armigera towards pods of 4 pigeonpea genotypes 
under multi-choice conditions (2001 -2002) 

Relative feeding preference by the third instar larvae of 133 
H. armigera towards pods of 12 pigeonpea genotypes 
washed with hexane in comparison to unwashed pods in 
dual-choice test under laboratory conditions (2001-2002) 

Relative feeding preference by the third instar larvae of 134 
H. armigera towards pods of 12 pigeonpea genotypes 
washed with methanol in comparison to unwashed pods in 
dual-choice test under laboratory conditions (2001 -2002) 

Relative feeding preference by the third instar larvae of 136 
H. armigera towards pods of 12 pigeonpea genotypes 
washed with water in comparision to unwashed pods in 
dual-choice test under laboratory conditions (2001 -2002) 



-- 

Table Title Page 
number number 

46 Damage caused by H. annigera in 12 pigeonpea 137 
genotypes under protected and unprotected conditions 
(2001 -2002) 

47 Yield components of 12 pigeonpea genotypes under 138 
protected and unprotected wnditions (2001-2002) 

48 Loss in yield due to H. armigera damage in 12 pigeonpea 140 
genotypes under protected and unprotected conditions 
(2001 -2002) 

49 Population of H. armigera on 12 pigeonpea genotypes 142 
under unprotected wnditions (2001 -2002) 

50 Population of H, armigera on 12 pigeonpea genotypes 143 
under protected conditions (2001 -2002) 

51 Correlations between pod borer damage and yield in 12 144 
pigeonpea genotypes (2001 -2002) 



LIST OF ILLUSTRATIONS 

-- -- 

FIGURE TITLE PAGE- 
NUMBER NUMBER 

1 Number of H. annigera eggs, larvae and pod damage 59 
in 12 pigeonpea genotypes, first planting (2000-2001) 

2 Number of H. armigera eggs, larvae in 12 pigeonpea 61 
genotypes, second planting (2000-2001) 

3 Number of H. armigera eggs, larvae in 12 pigeonpea 63 
genotypes, first planting (2001 -2002) 

4 Number of eggs, larvae and pod damage in 12 65 
pigeonpea genotypes, second planting (2001 -2002) 

5 Oviposition preference by H, armigera towards 12 83 
pigeonpea genotypes under no-choice conditions 

6 Oviposition preference by H. armigera towards 12 86 
pigeonpea genotypes under dual-choice conditions 

7 Oviposition preference by H. armigera towards 12 88 
pigeonpea genotypes under multi-choice conditions 

8 Growth and development of H, armigera on leaves of 91 
12 pigeonpea genotypes 

9 Growth and development of H. armigera on flowers 94 
and pods of 12 pigeonpea genotypes 

10 Principal component analysis of 12 pigeonpea 97 
genotypes based on biological effects of leaves, 
flowers and pods towards H, armigera. 

11 Standardization of artificial diet impregnated with 100 
lyophilized leaf powder of pigeonpea for assessing 
antibiosis to H. armigera 

12 Standardization of artificial diet impregnated with 102 
lyophilized pod powder of pigeonpea for assessing 
antibiosis to H, armigera 



FIGURE TITLE PAGE 
NUMBER NUMBER 

13 Principal component analysis of 12 pigeonpea 109 
genotypes based on biological effects of leaf and pod 
powder impregnated into artificial diet 

14 Principal component analysis of 12 pigeonpea 119 
genotypes based on biochemical characters and pod 
damage 

15 Principal component analysis on number of eggs, 145 
larvae, damage rating, damage percentage and yield 



LIST OF PLATES 
- -  - 

PLATE TITLE PAGE 
NUMBER NUMBER 

1 Cage used for studying relative oviposition preference 34 
of H. armigera moths on pigeonpea genotypes in 
laboratory (2001 -2002) 

2 Relative oviposition preference of H. armigera moths 35 
on pigeonpea genotypes under dual-choice conditions 
in laboratory (2001 -2002) 

3 Relative oviposition preference of H. armigera moths 37 
towards 12 pigeonpea genotypes under multi-choice 
conditions in laboratory (2001-2002) 

4 Growth and development of H. armigera in artificial 42 
diet impregnated with lyophilised pigeonpea leaf 
powder (2000-2002) 

5 Relative susceptibility of H. armigera neonate larvae 45 
towards inflorescence of pigeonpea genotypes inserted 
in agar-agar under laboratory conditions (2001-2002) 

6 Bioassay of pod surface extracts from C. cajan using 49 
glass fibre discs with 3* instar larva of H, armigera 
under laboratory conditions (200 1-2002) 

7 Relative preference of pigeonpea pods to H. armigera 52 
under no-choice cage conditions in laboratory (2000- 
2001) 

8 Relative preference of pigeonpea pods to H. armigera 52 
under dual-choice cage conditions in laboratory (2000- 
2001) 

9 Tolerance to H. armigera damage in pigeonpea 54 
genotypes under protected conditions (2001 -2002) 

10 Tolerance to H, armigera damage in pigeonpea 54 
genotypes under unprotected conditions (2001-2002) 



ACKNOWLEDGEMENTS 

With pleasure and humbleness, I place on record my profound 

sense o j  gratitude, indebtedness and hearrfelt thanks to my Major Advisor 

Dr. D. JAGDZSHWAR REDDY, Associate Professor, Department of Entomology, 

College qf Agriculture, Rajendranagar, for his valuable suggestions, keen interest, 

able guidance and bountiful encouragement. His critical comments instilled in me 

the spirit of confidence, which led to the successful completion of thesis work. 

There is no greater delight than to express my profound sense of 

gratitude to Dr. H. C SHARMA, Principal Scientist, ICRISR T and Co-Chairman of 

my Advisory Committee for his initiative, benevolence, constant encouragement and 

ready help which enabled me to overcome several stumbling blocks during the 

period of my investigation and also in the preparation of this thesis. I express my 

sincere thanks to him for sparing his precious time in execution and preparation of 

the thesis. 

It gives me immense pleasure to express my deep sense of gratitude to 

the other Committee Members Dr. T. NAGESHWAR RAO, Professor and Head, 

Department of Genetics and Plant Breeding and Dr. B.S. KULKARNZ, Professor 

and Head, Department of Mathematics and Statistics for acting as members of 

Advisory Committee and for their keen interest and cooperation in presentation of 

this thesis. 

I owe my respectable regards to Dr. G. V: Subbwatnam, Professor 

and Universily Head, Department of Entomology and other staff members of 

Department of Entomology for their guidance and help during the study. 

I express my sincere thanks to Dr. Subhash Chandra, Principal 

Scientist, Mr. Hmi Krishna and Ms. Rupa, Statistics Unit, ICRISA Tfor their help in 

tabulation, statistical scrutiny and analysis of the data. 

My sincere thanks are due to Mr. Pampapathy, Mr. Madhusudan 

Reddy, Mr. Venkateswar Rao, Mr. Raja Rao, Mr. Naroyan Chandra, 

Mr. Harindranath, Mr. Vittal Reddy, Mr. Venkatemarlu, Mrs. Vimala, 



Mrs. Ponnamma, Mr. hasad and Mr. Damodar and aN the stafl of ICRISA T for 

their cooperation and help. 

I am thanwl to Acharya N G Ranga Agricultural University for 

providingfinancial help to me in the form of stipend during the course of study and 

to the ICRISA T for providing experimentalfield and laboratory facilities. 

I wish to express my affectionate gratitude to my friendr, Sreelatha, 

Sujana, Padmaja, Sreekanth, Gopalmamy, Sonali and Visalakshmi for their warm 

friendship, cooperation and encouragement. 

Diction is not enough to express my unboundfil gratitude and 

regardr from my inner core of the heart to my parents Sri D. Prathap Reddy and 

Smt. D. Jayaprada, brother Anil and sister-in-law Smt. Shirisha for their immense 

help and encouragement throughout my career which enabled me to submit the 

present thesis. 

I owe the entire credit of this achievement to my husband Shri A. Venkat 

Rukma Reddy for his help and encouragement shown and rendered during the 

period of my study. A1 the same time, I should remember forever the sacrifice made 

by my beloved daughter, Chi. Chikky. 

Date: 
A,lG 

(D. ANITHA KUMARI) 



DECLARATION 

1, D. ANITHA KUMARI, hereby declare that the thesis entitled 

66MECHANISMS OF RESISTANCE TO Helicovetpa armigera (Eubner) IN 

PIGEONPEA [Cajanus cajan (L.) Millsp.]" submitted to Acharya N.G. Ranga 

Agricultural University for the degree of DOCTOR OF PHILOSOPHY IN 

AGRICULTURE is a result of original research work done by me. 1 also declare 

that the material contained in this thesis or part there of has not been published 

earlier in any manner. 

&,,G 

(D. ANITHA KUMARI) 



Author : D. ANITHA KUMARI 

Title of the Thesis : MECHANISMS OF RESISTANCE TO 
Helicoverpa armigera (Hubner) IN 
PIGEONPEA (Cajanus cajan (L.) Millsp.1 

Degree to which it is : DOCTOR OF PHILOSOPHY 
submitted 

Faculty : AGRICULTURE 

Department : ENTOMOLOGY 

Chairman : Dr. D. JAGDISHWAR REDDY 

University : ACHARYA N.G. RANGA AGRICULTURAL 
UNIVERSITY 

Year of submission : 2005 

ABSTRACT 

The present investigations on "MECHANISMS OF RESISTANCE TO 
Helicoverpa armigera (Hubner) IN PIGEONPEA [Cajanus cajan (L.) Millsp.]" 
were undertaken under laboratory and field conditions at International Crops 
Research Institute For Semi Arid Tropics (ICRISAT), Patanchem, Andhra Pradesh, 
India during 2000 - 2001 and 2001-2002 cropping seasons. 

Twelve germplasm accessions of pigeonpea were evaluated for stability of 
resistance to H. arrnigera under natural infestation. Stability of resistance was 
measured by regression analysis of the data for pod damage and grain yield. 
Amongst the 12 genotypes tested, lowest pod damage was recorded in ICPL 187-1 
(39%) followed by ICPL 332, ICPL 84060, and ICPL 88039 (47-53%). For ICPL 
84060, the regression (b) value was <I and residual mean square equal to zero. 
However the pod damage percentage was not stable over the seasons. 

Mechanisms of resistance (antixenosis for oviposition, antibiosis and 
tolerance) to H. armigera in 12 pigeonpea genotypes were studied in laboratory and 
field conditions. Oviposition studies under no-choice, dual-choice and multi-choice 
conditions revealed that among the medium to long duration genotypes ICPL 871 19 
and ICP 7035 were preferred for oviposition compared with ICPL 84060 and ICPL 
332 (resistance check). Among the short-duration genotypes, the susceptible check 
ICPL 87 was preferred most, followed by ICPL 87091, ICP 7203-1, lCPL 88039, 
and ICPL 98001. 



Reduced larval and pupal weights, and prolonged larval and pupal 
development was recorded on artificial diet impregnated with lyophilised leaves and 
pods of ICPL 332, ICPL 84060, ICP 7035, ICPL 187-1, ICPL 88039 and ICP 
7203-1 as compared to the susceptible genotypes ICPL 87 and ICPL 87091 
indicating the presence of antibiosis component of resistance to H, armigera in these 
genotypes. 

Five morphologically distinct trichomes: Type A, B, C, D and E were 
identified on pods and calyxes of the 12 pigeonpea genotypes studied. Type A and B 
trichomes were present in greater density in flowers and pods. In case of pods, Type 
D trichomes were present in greater numbers compared to Type A. High density of 
nonglandular trichomes (Type A and Type B) might contribute to the larval 
mortality in the resistant genotypes (ICPL 84060, ICPL 871 19, ICPL 88039, ICP 
7203-1, ICPL 187-1 and T 21). 

The pod surface extracts of ICPL 87 and lCPL 332 stimulated feeding by the 
third, fourth and fifth instar larvae of H. armigera when presented at pod surface 
equivalents. The attractions of H. armigera larvae to ICPL 87 and ICPL 332 plant 
extracts appears to result from chemical compounds present in the extracts. 
Nutritionally inlportant constituents of a host plant play a significant role in the 
feeding behaviour of phytophagous insects. The levels of Potassium and Phosphorus 
were low in resistant genotypes such as ICPL 332, ICPL 84060, ICP 7035 and JCPL 
187-1, but high in susceptible check lCPL 87. Higher protein content was observed 
in resistant geneotypes ICPL 332, ICP 7035 and ICPL 84060 as compared to 
susceptible check lCPL 87. 

The loss in grain yield due to H. armigera in 12 pigeonpea genotypes under 
protected and unprotected field conditions indicated the presence of tolerance 
mechanism of resistance in pigeonpea genotypes. Reduction in grain yield was 
lowest in the resistant check ICPL 332, followed by ICPL 84060, ICPL 87 and lCPL 
87 1 19 indicating tolerance to pod borer damage in these genotypes. 



Chapter I 

INTROOUCTION 



CHAPTER - I 

INTRODUCTION 

Pigeonpea [Cajanus cajan (L.) Millsp.] is one of the major pulse 

grain legumes grown between 30% and 30's in the semi arid tropics (Nene et al., 

1990). It is an important source of high quality dietary protein and is mostly 

consumed in the form of split pulse. It plays a significant role in the nutritional 

security of the overwhelming majority of vegetarian people of the Indian Sub- 

continent. More than 150 insect species feed on this crop, of which pod borer, 

Helicoverpa armigera (Hubner) is the most damaging pest worldwide (Shanower 

el al., 1999). The pest can cause complete crop loss (Reed and Lateef, 1990). 

H. armigera damage is particularly severe in indeterminate plant types than in 

determinate ones (Reed and Lateef, 1990). Over the past decade, three outbreaks of 

this pest were recorded, the latest being in 1997 in Gulburga, which is known as the 

pulse bowl of Kamataka. H. armigera causes 50 to 60% grain loss in pigeonpea. 

During 1997-98, the pigeonpea suffered a complete loss due to H. armigera (Puri, 

1998). On an average, pod borer caused 90 - 100% yield loss in 1992-93 and 1997- 

98 (Yelshetty and Gowda, 1998). In the semi-arid tropics, pod borer cause an 

estimated loss of US$325 millions annually (ICRISAT, 1999). 

Pigeonpea is mainly grown during the rainy season. Traditionally 

grown plant types are long-duration (1 80 - 300 days to maturity), and the plants can 

also be maintained as perennials (Nene el al., 1990). In the recent years, there is 

increasing emphasis on short-duration cultivars, in which the first flush of pods can 



mature in 90 to 120 days (Chauhan, 1990). Such cultivars are grown in rotation 

with wheat and other winter crops in northern (Singh., 1996; Dahiya er a[.. 2001), 

central and peninsular India (Nam el al., 1993). Pigeonpea is grown on relatively 

poor soils, and has the potential to provide upto three crops per year (Rangarao and 

Shanower, 1999). In India, pigeonpea is grown on 3.2 million hectares with an 

annual production of 2.48 million tonnes and accounts for 85 to 90% of the worlds 

area under pigeonpea (FAO, 2001). Pigeonpea yields have remained stagnant for 

the past three to four decades, largely due to insect pest damage. 

H. armigera has a wide host range, and feeds on more than 300 

plant species, of which pigeonpea is highly preferred. Prior to 1975, less than 20% 

farmers used insecticides on pigeonpea. However, 1993 onwards, there is a 

widespread adoption of insecticides for pest management on pigeonpea. Due to 

widespread use of insecticides, it has developed considerable levels of resistance to 

conventional insecticides, including synthetic pyrethriods (Armes et a1.,1992). 

Natural enemy activity on H, armigera in pigeonpea is quite low as compared to 

that on other crops such as sorghum (Bhatnagar er al., 1980). As a result, there is 

greater survival of the insect on pigeonpea and results in heavy loss in grain yield. 

During the course of evolution, plants acquire several defense 

mechanisms against insect pests. The major mechanisms are antixenosis (non- 

preference), antibiosis, tolerance, and escape (Painter, 195 1). These mechanisms are 

operational within the plant through different component traits. Using specific 

assays to monitor the effects of particular physical and chemical characteristics on 

insect behaviow and physiology, resistance has been differentiated in terms of 



antixenosis, antibiosis and tolerance. To date, more antibiosis than antixenosis or 

tolerance has been reported in legume crops (Clement et al., 1994). 

lnsecticide application for controlling H. armigera is uneconomical 

under subsistence farming, and is largely beyond the means of resource for poor 

farmers Therefore, host plant resistance (HF'R) assumes a pivotal role in controlling 

H, armigera damage either alone or in combination with other methods of control. 

HPR is an important component of integrated pest management (LPM), and is well 

suited to the environmental conditions of the semi-arid tropics. Host plant resistance 

avoids environmental pollution and is compatible with natural control measures 

Besides, it integrates effectively with other pest control tactics, and involves no 

additional cost to the fanner It has been documented that for each $1 invested in 

plant resistance, farmers have realized a $300 return (Robinson, 1996). 

The identification and utilization of cultivars resistant/tolerant to 

H, armigera would have a number of advantages, particularly for a relatively low- 

value crop such as pigeonpea. Screening of germplasm (more than 14,000 pigeonpea 

accessions) for resistance to H. armigera has revealed very low levels of resistance 

to this pest (Reed and Lateef, 1990). Several lines of pigeonpea such as ICPL 7703, 

ICPL 332, ICPL 87088, ICPL 84060 and ICPL 87089 with low to moderate levels 

of resistance have been identified (Lateef, 1992; Sachan, 1992). 

Among the pigeonpea cultivars, ICP 7203-1 and lCPL 84060 

suffered 7% damage by H. armrgera compared to 16% damage on ICPL 187-1, 30% 

on ICPL 332, and 76% on ICPL 87 (ICRISAT, 1999). However, these germplasm 

lines have not been characterized for diversity and mechanisms of resistance to this 

insect Although several genotypes with resistance to H. armrgera have been 



reported, little progress has been made in incorporating resistance into cultivars with 

acceptable grain yield and quality. , Wild relatives of Cajanus cajan are also a 

potentially valuable source of germplasm for improving resistance or tolerance to 

insect pests in pigeonpea (Pundhir and Singh, 1987). 

The larvae of H. armigera feed on leaves, growing points, flowers 

and pods. When periods of H. armigera activity occur during vegetative stages, 

significant amount of leaf feeding can occur. However, once flowering commences, 

feeding occurs preferentially on reproductive plant parts. The usual sequence 

followed by a H, armigera on pigeonpea appears to be for moth to lay eggs on 

flowers, young pods or leaves in the upper part of the crop. 

Yoshida and Shanower (2000) reported that H.armigera grows 

slowly on artificial diet containing Cajanus scarabaeoides pod powder than C. cajan 

pod powder due to antifeedant or growth inhibiting compounds and/ or poorer 

nutritional quality of the wild species. 

Knowledge of the resistance mechanisms and associated factors 

involved is essential for effective utilization of sources of resistance in the breeding 

programs. Despite large scale screening of the germplasm, it has been felt that there 

is a scope for substantially improving HPR in pigeonpea to H. armigera, through a 

comprehensive understanding of the mechanisms by which the pod borer is either 

attracted to or repelled from pigeonpea. 

The behaviour of H. armigera is influenced by various physical, 

chemical, and visual stimuli. Some possible physical deterrents may be pod wall 

thickness and hairs on the pod. Trichomes and their extracts and/or pod surface 



chemicals may also provide some protection against H, armigera feeding damage. 

Acetone extracts of C. scarabaeoides pod surface include a weak, but significant 

feeding inhibitor (Romeis, 1997). 

Cajanus scarabaeoides has been reported to be highly resistant to 

H. armigera (Lateef et al., 1981; Saxena et al., 1990; Shanower ef al., 1997). 

Larvae feeding on flowers and green pods of C, scarabaeoides grow slower, take 

longer to pupate, and form smaller pupae than those fed on C. cajan (Lateef er al., 

1981; Shanower et al., 1997). A high density of pod surface trichomes, a tough pod 

wall, and differences in the structure of pod tissue may contribute to the poorer 

growth of H. armigera compared with C. cajan (Lateef et al., 1981; Romeis el al., 

1999a). In addition to physical factors, chemicals in or on the pods may also 

contribute to C, scarabaeoides resistance to H. armigera. Once the particular 

mechanisms by which H. armigera is discouraged from pigeonpea are identified, 

systematic attempts can be made to incorporate these characteristics into high 

yielding cultivars. To elucidate some of the mechanisms involved in H, armigera 

resistance in pigeonpea, the present investigations were undertaken. 

1.  To evaluate the pigeonpea genotypes for the levels and stability of resistance 

to H, armigera. 

2. To characterize the sources of resistance for oviposition, non-preference, 

antibiosis and tolerance components of resistance. 

3 .  To quantify the relative contribution of different components towards 

resistance to the pod borer. 
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CHAPTER - I1 

REVIEW OF LITERATURE 

Pigeonpea is an important grain legume endowed with several unique 

characteristics, finds an important place under subsistence farming systems in the 

semi-arid tropics. Pigeonpea seed protein content containing about 2% compares 

well with that of other important grain legumes (Nene el al., 1990). Insect pests 

feeding on flowers and pods cause the severe damage of which Helicoverpa 

armigera (Hubner) is the most important world wide. The larvae feed on buds, 

flowers, and pods of pigeonpea, and when these are not available, they feed on 

young leaves (Reed el al., 1989). 

Most of the screening for host plant resistance to H. amigera has been 

carried out at ICRISAT (Lateef and Pimbert, 1990). In general, determinate 

genotypes show greater susceptibility to pod damage by H. amigera than 

indeterminate types (Kushwaha and Malik 1987; Reed and Lateef, 1990) One of 

the reasons for high susceptibility of determinate type genotype to H. armigera may 

be due to cluster type of flowering making it easier for larvae to move from one pod 

to another. Within short duration determinate types, ICPL 289 and H 81-95 

(Kushwaha and Malik, 1987) have shown less susceptibility to pod borer (Dahiya 

el al., 2001). Among the medium- duration types, most of genotypes have 

indeterminate growth habit, and genotypes ICP - 909 - EB, PPE - 45-2, ICP 

1811-E3, ICP 1903 - E, (ICPL 332), and ICP 10466 - E3 have shown less 

susceptibility to pod borer (Lateef and Pimbert, 1990). Short duration varieties 

( 1  50 days) are safer from pod borer than extra early varieties (Singh, 1996). 



Even though various chemical control measures have been devised to 

minimize the losses caused by pod borer, this pest has developed resistance to 

insecticides. Further, even from ecological and economical view point, cultivars 

having resistance to the pest is the most important component of IPM. It has been 

documented that with each $1 invested in plant resistance, farmers have realized 

returns of $300 (Robinson, 1996). 

The eggs of H. armigera are nearly spherical with a flattened base, 

and are laid singly. The larva leaves the plant in 3 weeks or less, and bores into the 

soil to a depth of 1.5 to 2.5 cm, where it pupates. The pupa is 14 to 18 rnm long, 

mahogany, brown, smooth surface, and rounded both anteriorily and posteriorly. 

with two taperings and parallel spines at the posterior tip. The medium sized brown 

moths emerge from the soil in about 2 weeks. Adult females are larger and stouter 

than males. Female moths live longer than males. The life cycle will be completed 

in little more than a month. As each female can lay more than 1000 eggs, 

infestations can increase very rapidly (Reed el al., 1989). More than 3000 eggs per 

female have been reported, though fecundity in the range of 1000 -2000 is common 

(Reed, 1965). In India, three species of Helicoverpa, H. armigera, H. peltigera 

Schiff and H. assulta Guenee have been recorded, of which H. armigera is the most 

important. H, armigera passes through four generations in Pujab.  One on 

chickpea during March, two on tomato from end of March to May, and one on maize 

and tomato between July to August (Singh and Singh, 1975). Bhatnagar (1980) 

reported seven to eight generations of H. armigera in Andhra Pradesh. Oviposition 

usually starts in early June, with the onset of pre-monsoon showers. Adults possibly 

emerge from the diapausing pupae and from the larvae on summer crops and weeds. 

The pre-oviposition period range from 1 to 4 days. Oviposition period last 2 to 5 



days, and post oviposition period is 1 to 2 days (Patel el. al., 1968; Singh and Singh, 

1975). 

The preferred host plants for oviposition by H. armigera were studied 

by Vijayakumar and Jayaraj (1982) and found to be in descending order as 

pigeonpea > field bean > chickpea > tomato > cotton > chillies > mungbean > 

sorghum. Reddy (1973) and Loganathan (1981) reported that pigeonpea was the 

preferred host for oviposition. The feeding preference descending order was 

pigeonpea > field bean > cotton > sunflower > sorghum > chickpea > mungbean > 

urd bean > and tomato. The larval period was maximum in tomato and minimum in 

pigeonpea and ranged from 17 to 20 days (Dhandapani and Balasubramanian, 1980). 

The pupal stage ranged from 10.5 to 13.6, days being minimum on pigeonpea and 

maximum on sorghum, maize and sunflower. 

There are several factors associated with the population build up of 

H. armigera. It is speculated that an increase in irrigation in south lndia has led to 

availability of host plants throughout the dry season, and resulted in subsequent 

increase in pest population (Reed and Pawar, 1981). H. armigera undergoes 

facultative diapause during December to Febmary in North India. As a result, the 

pupal period lasts for more than 100 days. The prolonged pupal period leads to the 

low population build up during last leg of winter, season resulting in the non- 

availability of larval parasitoids. 

H. armigera is a multiple generation pest with a wide host range. 

Therefore, the population may build up on one crop, and then move to at another in 

large numbers. Since the population increase may not occur within the crop, high 

levels of resistance are required if its populations are to be stabilized below the 



economic threshold level Therefore, it requires a peruse methodology to recover 

lines with diverse mechanisms of resistance. The ability of ovipositing females to 

locate and utilize a wide range of hosts from diverse plant families is one of the 

factors contributing to the pest status of this moth (Zalucki et al., 1986; Fitt, 1989) 

Learning is of fbndamental importance in understanding the host selection behaviour 

of H. armigera. Laboratoty evidence determining the relative preference of 

H. armigera for different host species does not account for the effect of experience, 

which can significantly alter host selection behaviour In a field situation, the 

preference of H. armigera for different host species may be affected by the 

prevalence and abundance of these hosts. With the increasing resistance that 

H.armigera is exhibiting towards wide range of pesticides (Mc. Caffety el al., 

1991). the necessity to design future pest management strategies to control this 

moth, becomes more apparent. Current research into the use of volatiles for 

monitoring and trapping, the use of trap crop and resistant crop varieties for 

controlling this moth all require a detailed understanding of host selection 

behaviour. 

Sharma et al. (1989) have studied the effect of different food plants 

viz., gram, red gram, cotton, tomato, chilli, sorghum and maize on the growth and 

development of H. armigera On the basis of larval period, pupal period, pupal 

weight, % pupae formed, % moths emerged and number of eggs laid, gram was 

found to be the most favourable food, and sorghum the least. 

Different plant parts within the same host may also differ in their 

suitability for H, armigera. Hmimina (1988) found that larval growth was faster on 

cotton flowers, buds than on cotton leaves, potato leaves, tomato fruit, maize cobs or 



synthetic diet and no larvae survived on tomato leaves. Young larvae feed on 

sorghum flowers but older larvae prefer developing grains (Roome, 1975). 

In pigeonpea, eggs are laid on flower buds and young pods, while in 

chickpea, the eggs are usually deposited on foliage (Rangarao and Shanower, 1999). 

The young larvae of H. armigera usually eat some or all of its egg shell before 

feeding on the plant. It wanders about nibbling various parts of the plant until it 

finds a flower bud or flower. Temperature and the host plant affects the development 

of the larva considerably. 

The larvae of H. armigera reared on pigeonpea pods pass through 

five or six instars under laboratory conditions at a constant temperature of 26+10°C 

The head capsule width data supported Dyars hypothesis indicating that the five or 

six iarval instars observed in H. armigera are fairly constant (Bilapate el a/., 1988). 

The larval duration varied from 8 to 12 days in the Punjab, India (Singh and Singh, 

1975). The fully grown larva leaves the plant, sometimes by dropping to the ground, 

and burrows into the soil to a depth of 2.5 to 17.5 cm where it pupates (Pearson and 

Darling, 1958). 

Much of the screening for host plant resistance (HPR) in pigeonpea to 

H. armigera has been carried out at ICRISAT from the mid-1970s to the early 1990s 

(Lateef and Pimbert, 1990). Genotypes showing consistent differences in extent of 

pod damage have been identified. In general, genotypes with a determinate growth 

habit show greater susceptibility to pod damage by H. armigera than indeterminate 

types (Kushwaha and Malik, 1987; Reed and Lateef, 1990). One reason for this may 

be that the cluster of flower pods at the end of the branch in determinate types 

simply makes it easier for larvae to move from one pod to another. Within short- 



duration determinate types, genotypes ICPL 289 and H 81-95 have shown less 

susceptibility to pod borer (Kushwaha and Malik, 1987). Among short-duration 

indeterminate types, ICPL 88039 has proven to be less susceptible under farmers' 

field conditions (Dahiya er al., 2002). Among medium-duration types, most of 

which have indeterminate growth habit, ICP 909-EB, PPE 45-2, ICP 181 1-E3, ICP 

1903-El (ICPL 332), and ICP 10466-E3 have shown less susceptibility (Lateef and 

Pimbert, 1990), been released primarily on the basis of its resistance to H. armigera. 

However, this variety did not prove to be very popular because of its small pod and 

seed size. 

Keeping in view the polyphagous nature of the insect, development 

of pigeonpea varieties resistant to H. armigera appears to be complex problem. 

Some pigeonpea varieties with reasonable tolerance to the pod borer are JA 4, GT 

100 and Co 6. The bulk of progenies of Pusa 971 based on less than 25% as prime 

defence can be usefbl in integrated pest management strategy (Dua er al., 2002). 

Varieties with high degree of resistance to pod borer need to be developed for 

commercial cultivation. 

2.1 STABILITY OF RESlSTANCE TO H. armigera IN 

PIGEONPEA 

Stability of resistance is one of the desirable traits of a genotype to be 

used as a donor parent for incorporating resistance. Although, number of sources of 

resistance (less susceptibility) to H. armigera have been reported, stability of 

resistance across locations andlor seasons is not known. Information on genotype x 

environment (G x E) interaction for H. armigera resistance is limited. Therefore, the 

present studies were planned to collect the information about stability of resistance 



to H, armigera in pigeonpea in known sources of resistance available in breeding 

program and genetic resource collection at ICRISAT. 

Several approaches have been made to extract parameters of 

genotypic stability from genotype x environmental interactions. Finlay and 

Wilkinson (1963) utilized a regression technique proposed by Yates and Cochran 

(1938) to measure "stability indexes" of barley varieties. They considered linear 

regression as a measure of stability (i.e., a genotype is more stable with a slope of 

more than one). Eberhart and Russell (1966) defined a stable genotype is one having 

a slope equal to one and a deviation from regression equal to zero. This approach 

has been extensively used by plant breeders (Reich and Atkins 1970; Kofoid el al., 

1978; and Virk ef aL, 1985). Breese (1969), Samuel et al., (1978), and Pethani and 

Kapoor (1985) emphasized that the linear regression should be regarded as a 

measure of the response of a particular genotype, whereas the deviation around the 

regression line should be considered as a measure of stability, genotypes with the 

lowest deviations being the most stable and vice versa. 

Eberhart and Russell (1966) reported that the deviation from 

regression, a second stability parameter, appears very important, as the genotype x 

environment (linear) sum of squares was not a very large portion of the genotype x 

environment interaction. 

According to Comstock and Moll (1963), a cultivar must not only 

yield well in its area of initial selection, but ideally it also must maintain a high yield 

level in many environments within its intended area of production. 



Singh et al. (1988) studied phenological traits in chickpea and 

analyzed them for stability following Eberhart and Russell (1 966) and indicated the 

importance of phenological traits for production stability in chickpea. 

Dahiya and Singh (1993) studied genotype x environment interaction 

for yield and its components in 29 pigeonpea lines in 3 environments following 

Eberhart and Russell (1966). Six genotypes were stable for yield as they exhibited 

high mean performance, a unit regression coefficient and low magnitude of 

deviation from regression. 

Sharma and Lopez (1990) studied stability of resistance in sorghum 

to Calocoris angustatis (Hemiptera: Miridae) and concluded that the environmental 

conditions play an important role in determining the interaction between the insects 

and the host plant. 

Singh and Singh (1995) reported positive and significant correlation 

between the mean of the genotypes and responsiveness to different environments for 

number of pods per plant, 100-grain weight and single plant yield in chickpea and 

indicated that the genotypes with high mean were in general, better responsive to 

favourable environments. There was lack of general association between stability of 

yield and its components, which calls for cautious selection of genotypes based on 

yield alone. 

Singh and Singh (1991), Singh el 01. (1994) and Singh er al. (1995) 

studied stability of yield and its components in chickpea and selected genotypes with 

high mean, unit regression slope and a non-significant deviation from regression as 

the measure for selecting promising genotypes for stability of yield. But in case of 



pod borer resistance, genotypes with lowest damage, ORS (Overall resistance score) 

and PDS (Pod damage score), unit regression slope and non-significant deviation 

from regression were stable and resistant to H. armigera. 

2.2 MECHANISMS OF RESISTANCE TO H. armigera IN 

PIGEONPEA 

2.2.1 Antixeoosis for oviposition 

The physiological state of an insect is a product of numerous 

interacting variables, including age, feeding status, mated status and egg load (Fitt, 

1986, Courtney and Kibota, 1990). Females with higher egg load may be less 

discriminating and more accepting of low ranking host plants (Minkenberg el al., 

1992; Prokopy e l  al., 1994). 

Mustapha el al., (1998) examined the effect of age specific fecundity, 

mated status and egg load on host plant selection by H. armigera under laboratory 

conditions. The physiological state of a female moth (number of mature eggs 

produced) greatly influences her host plant specificity and propensity to oviposition 

motivation. Female moths were less discriminating against cowpea a low-ranked 

host relative to maize (a high ranked host) by the egg load increased. Increased egg 

load led to greater propensity to oviposit on both cowpea and maize. Distribution of 

the eggs by the mated females peaked shortly after mating, wd declined steadily 

thereafter until death. Oviposition in H. armigera usually starts some hours after 

dusk, initially alternating with feeding, and later becoming the predominant activity 

until soon after midnight (Pearson and Darling, 1958). Moths are highly selective in 



their choice of host plant, and / or suitable conditions of development (Hardwick, 

1965) 

According to Roome (1975) H, armrgera oviposit freely in captivity 

even on unsuitable substrates The preference of this insect to a particular genotype, 

shown by laying more eggs, indicates the presence of physiological cues which 

trigger oviposition. These cues may be visual as well as chemical (Schoonhoven, 

1990). 

On pigeonpea, most of the eggs are laid on flowers and flower buds, 

and sparingly on the leaves mostly during the vegetative phase of the host On 

chickpea the eggs are laid on the leaves, mostly on the underside, and on the plant 

tissues when the plants are very small In contrast to other hosts, oviposition on 

chickpea declines with the onset of flowering (King, 1994). 

Butter and Singh (1996) studied the ovipositional response of 

H. armigera on different cotton varieties under caged conditions Maximum 

oviposition was recorded on LH 900 - Gossypium hirsutum and minimum on G 27 

G. arboreum. Oviposition in general was low on arboreum cottons as compared to 

hirsutum. Of the number of factors found to affect oviposition, the trichome length 

on the upper surface of leaf, rather than the density, was positively correlated 

Oviposition was maximum during April, and was higher on leaves rather than on 

other plant parts. 

Sison e! a]., (1993) conducted oviposition preference experiments 

under choice and no-choice conditions with 6 pigeonpea genotypes Among these, 

ICPL 87 had the highest number of eggs (29.2 * 3.49) in the choice test, more than 



twice the number on ICPL 88023 and ICPL 8601 5, and almost six times as many as 

on ICPL 87101 which had the lowest number of eggs In no-choice test medium 

number of eggs were laid on ICPL 87 and lowest on ICPL 86005 (87 3f 49 63) and 

ICPL 87101 (52 8W9 63) 

Venugopal Rao el a l ,  (1991), studied the distribution of eggs and 

larvae of H. armtgera on ICPL 270, ICPL 332, ICPL 84060, and LRG 30 They 

observed that egg laying and larval incidence was significantly higher in ICPL 270 

compared with LRG 30, lCPL 332 and ICPL 84060 The larval population was 

significantly more on top leaves, flowers and pods compared wth the middle and 

bottom parts Among the vegetative and reproductive parts, egg lay~ng was quite 

high on floral parts and new pods as compared to foliage 

Of the six medium-duration pigeonpea genotypes (ICP 11964, ICP 

1903, ICPL 84060, ICPL 87088, ICPL 87089 and ICP 1691) tested for H, armtgera 

resistance at ICRISAT In 1991, egg and larval counts were lower on borer reststant 

lines compared to the borer susceptible cultivar, ICP 1691 Ovipositional non- 

preference was also confirmed under laboratory conditions (ICRISAT, 1991) 

No eggs of H. armrgera were recorded on C. scarabaeordes (ICPW 

accession nos 68, 90, 94, 116,125,130,137,141,152,278,280,281 and Atylosra 

scarabaeordes set -I), A. cajanlfolra and A serlceus Rhyncosra bracteata and 

A.albrcans were as much preferred for oviposition as the cultivated pigeonpeas 

Among the pigeonpea cultivars, there were only 12 eggs per 10 inflorescences on 

lCPL 332 compared to 29 on ICPL 84060,39 on lCPL 187-1,43 on ICP 7203-1 and 

69 on ICPL 87 in the first observat~on In the second observation there were 2 to 7 



eggs per 10 inflorescences on ICPL 1871, ICPL 332, ICPL 84060 and ICP 7203-1 

compared to 23 eggs on ICPL 87 (Sharma et al., 2001). 

Lakshmipathi (2000) conducted studies on ovipositional preference 

by H armigera flower colour in pigeonpea. It was found that the number of eggs 

laid were significantly higher on the yellow flowers compared to red. 

2.2.2 Antibiosis mechanism of resistance to H. armigera 

Antibiosis is one of the important resistance mechanisms in plants to 

insects by Painter (1951). The effects of antibiosis may be reduction in size, weight, 

fecundity, abnormal length of life, and increased mortality of insects (Owens, 1975). 

Dodia and Patel (1994) studied the biology of the H. armigera on two resistant 

(ICPL 270 and ICPL 84060) and one susceptible (BDN 2) pigeonpea varieties under 

controlled temperatures. The observations showed that the larval and pupal mass of 

larvae fed on developing pods of resistant varieties were  significant!^ lower and the 

duration of both the stages were longer than the larvae fed on the susceptible variety. 

The larval mortality remained high, and larval pupation, adult emergence, fecundity 

and growth index were adversely affected. 

Five short medium-duration desi'(smal1 seeded) and 5 medium - long 

duration Kabuli (large seeded) chickpea genotypes were screened in the laboratory 

for antibiosis to H. armigera by Sison et al., (1996). Larvae reared on either 

chickpea leaves or on pods containing green seeds showed significant variation 

among the desi genotypes for pupal weight and larval survival. Pupae resulting 

from larvae reared on either pods or leaves of ICCV 7 weighed substantially less 

than the larvae reared on Annegiri and ICC 3137. Pupae of larvae reared on leaves 



of ICC 506 weighed substantially less than those reared on ICC 3 137. There was no 

variation in the measured parameters for the larvae reared on the kabuli chickpea 

genotypes. 

The feeding and food selection behaviour of different instars of the 

pod borer in response to choices between the cultivated and wild species of Cajanus 

was studied by Green et al. (2002). First and second instars fed on a cultivated 

variety of C. cajan in preference to C. scarbaeoides, and on flowers of C, cajan 

rather on pods or leaves of C. cajan. Young larvae (first- and second-instars) 

congregate inside flowers of cultivated variety as they are vulnerable to desiccation 

and predation. Later instars (third to fifth) prefer to feed on pods due to changes in 

the nutritional requirements across the instars. Older larvae of lepidoptera have 

increased appetitive behaviour (Raubenheimer and Barton, 2000) and need more 

protein (Simpson el al., 1988). 

Helicoverpa armigera larvae fed on artificial diets containing powder 

from ground seeds of resistant and susceptible pigeonpea genotypes indicated that 

seed coat from brown coloured seeds had an antibiotic effect on the larvae. Most 

larvae that were fed on the diets containing seed coats died, although a few survived 

for over 70 days. The white seeded genotypes showed least antibiosis, confirming 

field observations that most of these genotypes were susceptible to H. armigera 

(ICRISAT, 1985). 

Lateef el al. (1981) studied the life cycle of H. armigera on 

scarabaeoides, sericea and cajan (ICP I). It was found that the larvae grew more 

slowly on Aqlosia spp. took longer to pupate, formed smaller pupae, and these 

adults laid few eggs. The pod walls of A .  scarabaeoides are relatively tough, and 



under field conditions, the pod borer damage is often limited to scarification of the 

pod surface such that seeds are left intact. Developing pods of C, scarabaeoides are 

devoid of glandular hairs and have lignified cells just below the epidermis, 

suggesting that this species also has a mechanical type of resistance in addition to 

antibiosis. 

The antibiotic effects of flowers of Cajanus scarbaeoides, 

C.cajanifolus, C . rellculatus, C. sericeus F, (C. scarabaeoides x C. cajan) and 

cultivated pigeonpea (T15 - 15) on the biology of the H. armigera were studied by 

Dodia et al. (1996). Growth and development of H. armigera were adversely 

affected on flowers of all wild species. The larval mortality during first 7 days was 

higher for the larvae fed on wild relatives than on pigeonpea. Very few larvae 

survived to the pupal or adult stages, when reared on flowers of wild species as 

compared to cultivated pigeonpea. Growth index and fecundity were also adversely 

affected in the larvae reared on wild species and their FI. The adults emerging from 

larvae reared on wild species were smaller than the adults which emerged from 

cultivated pigeonpea. 

Sison and Shanower (1994) studied the stability of different plant 

parts on growth and survival of H, armigera. Larvae were reared on flowers, pods 

and leaves of six short-duration pigeonpea genotypes (ICPL 86005, ICPL 86015, 

ICPL 86012, ICPL 87101 ICPL 88023 and ICPL 87) under laboratory conditions. 

Larval and pupal weights were significantly higher, larval developmental period 

significantly shorter, and adult life span significantly longer when reared on pods 

compared with flowers and leaves. Larvae reared on ICPL 87 had the shortest larval 

developmental time, the highest larval and pupal weights, and the longest adult life 



span. Lowest larval weights were recorded in ICPL 86012 and ICPL 86015. There 

was a significant variation in growth, development, and survival of H. armigera due 

to differences in biochemical constituents (nutrients or secondary metabolites) 

between genotypes and plant parts. 

Srivastava and Srivastava (1990) studied antibiosis in chickpea 

genotypes to H. armigera (ICCX 730041, ICC 10613, ICC 10817, ICCL 79048, 

C 235, K 850, ICC 1403, ICC 3137). The percentage larval survival was lowest 

(76.8%) on ICCL - 79048, with longest larval period of 24 days and thus exhibited 

high level of antibiosis. 

2.2.3 Morphological and physical resistance 

Trichomes are a potentially important resistant mechanism, and have 

been utilized in developing resistant cultivars of several other crops. Previous work 

has indicated that for many herbivorous insects such as leafhoppers and Lepidoptera, 

glandular trichomes provide a resistance mechanism owing to both the compounds 

exuded by them (Ranger and Hower, 2001; Frelichowski and Juvik. 2001) and their 

density (Valverde er al., 2001; Gurr and McGrath, 2001). 

Non-glandular trichomes and yellow glandular sacs are present on 

pods and leaves of all Cajanus species. Glandular trichomes that release chemicals 

are confined to the pods of C. cajan and C, platycarpus and are absent on the pods 

of C. scarabaeoides C. platycarpus pods have the longest non glandular trichomes. 

Pods of C. scarabaeoides are highly pubescent, followed by those of C. cajan and 

C, platycarpus. H. armigera avoids the highly pubescent C. scarabaeoides for 

oviposition. Trichome density exhibited a negative impact on larval survival, growth 



and development. Behavioural study indicated that the neonate larvae were unable to 

reach the feeding site in time, which led to larval desiccation (John peter, 1995). 

Differences in physical and biochemical characters between pigeonpea and its wild 

relatives may account for the relative differences in food preference by the larvae of 

H, armigera. Five types of trichomes have been identified on pods of Cajanus spp. 

three glandular and two nonglandular. Pods of C. scarabaeoides have a dense 

covering of short non-glandular trichomes and lack the long, tubular glandular 

trichome common on pigeonpea and C, platycarpus pods. Pigeonpea and 

C. platycmpus pods are much less densely covered with non glandular trichomes 

than C.scarabacoides. The very dense non-glandular trichomes on pods of 

C. scarabaeoides provide a physical barrier to young H. armigera larvae, while the 

glandular trichomes secrete chemicals that act as attractants to adult moths (Hartlieb 

and Rembold, 1996), and also act as phagostimulants / antifeedants to the larvae of 

H. amigera (Sharma el al., 2001). 

The dense covering of trichomes on pods of C. Scarabaeoides was 

respsonsible for low neonate s u ~ v a l  compared with C. cajan or C. pla&carpus. 

The non glandular trichomes acted as physical resistance mechanism and prevented 

small larvae from reaching the pod surface to feed. But these trichomes were less 

effective for larger larvae which were able to establish and feed, but grew more 

slowly and took longer to develop than the larvae on the other two Cajanus spp. The 

density of non glandular trichomes on C, scarabaeoides may also have reduced 

larval growth and increased larval development period, resulting in lower pupal 

weight and low fecundity of H. armigera on this species ( Shanower el al., 1997). 



2.2.4 Biochemical mechanisms of resistance 

Nutritionally important constituents of a host plant play a significant 

role in the feeding behaviour of phytophagous insects (Thorstkeinson, 1960). At 

physiological concentrations, sugar, amino acids, lipids, salts and some secondary 

plant substances act as phagostimulants. A combination of these components quite 

often produces synergistic effects (Beck and Hanec, 1958; Thorsteinson and Nayar, 

1963; Gothilfs and Beck, 1967; Doss el a!., 1982; Doss, 1983). 

In addition to being phagostimulants, sterols are important for insect 

growth and development, lnsects are incapable of de novo synthesis of the steroid 

skeleton, which they requlre to synthesize the moulting hamone, ecdysone. To 

meet the sterol requirements, the phytophagous insects depend on their host plant or 

symbionts (Shanna, 1993). Ethyl acetate fraction showed phagostimulant properties 

compared to sucrose. Sterols (5 mgtdisc) and soybean leaf extract (40 mgldisc) in 

combination with (400 mgldisc) showed synergistic effect as phygostimulants. 

Annadurai et al.. (1990) suggested that the relative concentrations of 

various phenols play an important role in determining the suitability of pigeonpea 

plant tissues for the presence of phloroglucinol in pods which stimulates the growth 

and enhances the survival of larvae. The compound resorcinol may be the cause of 

poor larval growth and survival on leaves. 

The pods of 12 varieties of pigeonpea belonging to three maturity 

groups (early, medium, and late) were analyzed at green pod stage and at maturity 

for various biochemical parameters (proteins, total sugars, phosphorus and 

potassium). Total sugars on the pods varied at the two stages of pod development, 



and indicated that the early maturing varieties (WAS 120, ICPL 87 and TAT 10) 

which were susceptible to pod borer damage, had significantly higher total sugar 

content (3.56 to 4.70%) than the late maturing cultivars viz., PT 35, PT 25, C 11, 

N 290-21 (2.99 to 3.30% sugar content). Total sugar content showed a significant 

and positive correlation coefficient with pod borer damage (Knap el al., 1966; Singh 

and Jotwani, 1980, Khurana and Venna, 1983). Resistant varieties of pigeonpea 

have lower phosphorus and potassium contents than susceptible ones The 

polyphenols have been reported by several workers in different crops (Hahn et al., 

1981; Khurana and Verma, 1983; Mohan el al., 1987). 

Poly phenoloxidase activity in the pods of 12 cultivars of pigeonpea 

at two stages of growth indicated that the late-maturing cultivars (resistant to pod 

borer damage) had comparatively much higher activity, followed by medium- 

maturity cultivars (Murkute et al., 1993). Surface chemicals from pods of pigeonpea 

and two wild Cajanus species also effect the behaviour of H. armigera larvae. A 

filter paper feeding test showed that acetone extract from the surface of pigeonpea 

and C. platycarpus pods contains H. armigera feeding stimulants (Shanower el al., 

1997) but not in extracts from pods of C, scarabaeoides. Feeding stimulants are 

contained in the trichome exudates. Polar chemicals on the plant surface also 

stimulate oviposition behaviour of H. armigera (Romeis el at., 1999a). 

The effect on the larval development of H. armigera of 

caffeoylquinic acids was evaluated by Kimmins el al., (1995). A mixture of 

compounds containing 5-caffeoylquinic acid (SCQA), 3-caffeoylquinic acid (3CQA) 

and a novel compound, I-caffeoyl-4 deoxyquinic acid (IcdQA), which were 



extracted from the wild groundnut species Arachis paraguariensis, showed 

inhibitory effects of larval development of H. armigera. 

A methanol extract from the pod surface of C. cajan a feeding 

stimulant for fifth instar H. armigera has shown to contain four main phenolic 

compounds. The four compounds were identified as isoquercetin, quercetin, 

quercetin -3-methylether and stilbene. C. cajan cultivars that varied in their 

susceptibility to H. armigera were surveyed for the presence of the four phenolic 

compounds. An absence of quercetn and higher concentrations of iso-quercetene 

than the cultivated variety characterised pod surface extracts of pod borer resistant 

cultivars. In addition, the ratio of stilbene to quercetene 3 methyl ether was greater 

in the pod borer resistant cultivars (Green et al., 2003). 

2.3 TOLERANCE 

Tolerance provides the plant an ability to produce satisfactory yield 

in the presence of a pest population that would result in a significant damage in the 

susceptible plants. Tolerant cultivars do not suppress pest populations, and thus do 

not exert a selection pressure on the pest population. Effects of tolerance are 

cumulative as a result of interacting plant growth responses such as plant vigor, inter 

and intra plant growth compensation, mechanical strength of tissues and organs, and 

nutrient and growth regulation and partitions. Plants with tolerance mechanisms of 

resistance have a great value in pest management as such plants prevent the 

evolution of new insect biotypes, and also help in maintaining the populations of the 

natural enemies. Development of new insect biotypes capable of feeding on 

resistant cultivars with antixenotic or antibiosis mechanisms of resistance can be 



delayed or minimized by utilizing tolerance as a polygenic resistance (Tingey, 

1981). 

Patnaik e l  al. (1989) screened eleven pigeonpea genotypes (ICPL 

Nos. 94, 154, 151, 289, 184, 146, 83 17, 8322, 315, 267, and 148) for resistance to 

H. armigera, which were of early-maturity group and determinate type of growth 

habit. The mean pod damage over three years indicated that ICPL 154 and ICPL 94 

recorded low levels of pod damage of 9.8 and 10.9%, respectively, as compared to 

the other test cultivars. 

The relative susceptibility of 40 entries of pigeonpea to attack by 

larvae of H .amigera was determined in field plot tests in Rahuri in1978. None of 

the entries were free from infestation, but those least susceptible were nos.148 Hy-2, 

4725, Phule T-I, AS-71-37, Phule T3, BDN - 2, N-84, BDN-I, N-290-21 and 

PL-8796. In general, medium late entries were significantly less damaged than late 

or early entries (Bhosale and Nawale, 1983). 
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CHAPTER - 111 
MATERIALS AND METHODS 

Studies on the "Mechanisms of resistance to Helicoverpa armigera 

(Iiubner.) in pigeonpea [Cajms  calm (L.) Millsp.]" were conducted at the 

International Crops Research Institute for Semi Arid Tropics, Patancheru, between 

June 2000 to December 2002. The materials and methods used in conducting these 

experiments are elucidated below. 

3.1 STABILITY OF RESISTANCE TO H. armigera IN 

PIGEONPEA 

The present investigation was conducted at ICRISAT (International 

Crops Research Institute for the Semi-Arid Tropics), Patancheru, India. The latitude 

and longitude are 17" 27W and 78" 28'E, respectively, and altitude is 545 m above 

sea level. Four plantings were taken up in two years between 2000-2002. 

3.1.1 Experimental material 

The material used for the study of 12 pigeonpea genotypes (Table 1) 

earlier developed at ICRISAT are given below. 

Short duration genotypes: ICPL 87, ICPL 98001, ICPL 98008, ICPL 87091, ICPL 

88039, T 21, ICPL 187-1, ICP 7203-1. Among these ICPL 87 and ICPL 98001 are 

determinate types while the other genotypes have a indeterminate type of growth 

habit. Plant growth habit has a substantial influences on the extent of pod borer 

attack which plays very important role in pod borer damage. 
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Medium duration genotypes: ICPL 84060 and lCPL 332 are medium duration 

with indeterminate growth habit. 

Long duration genotypes: ICP 7035 and ICPL 871 19 are of long duration with 

indetednate growth habit. 

3.1.2 Experimental design 

The trials were planted in black precision fields of ICRISAT f m .  

There were 36 plots (each plot having 4 rows, 4 m long during kharif2000-01 and 6 

rows, 4 m long during khurif2002). There were three replications in a randomized 

complete block design. To reduce the incidence of seed born diseases, the seeds 

were treated with thiram ( jg kg") of seed. The treated seed were sown on 22nd June 

and 21" July 2000. During kharif2001-02 the crop was sown on 26* June and 28* 

July 2001. The rows were spaced at 75 cms, and the spacing between the plants 

within a row was 30 cm. The plots were separated by an alley of 1 m. The seeds 

were sown with a 4-cone planter at a depth of 5 cm below the soil surface at 

optimum soil moisture conditions. The crop was thinned to a spacing of 30 cm at 

one month after seedling emergence. Basal fertilizer N:P:K::100:60:40 was applied 

in rows before sowing. Top dressing with urea @ 80 kg ha" was given at one 

month after crop emergence. Interculture of weeding was carried out as and when 

needed. Insecticide was applied to the untreated plot during the reproductive stage of 

the crop. 

3.1.3 Observations 

For this purpose, a 40-cm portion of inflorescence was marked at the 

Pre flowering stage with a ribbon. Five inflorescences were tagged in each plot. 



3.1.3.1 Egg and larval counts 

Data on number of eggs and larvae were recorded at 5, 7, 9, 20 and 

30 days after tagging and presented as total number of eggs and larvae. 

3.1.3.2 Days to 50% flowering 

Number of days from planting to 50% flowering was recorded as 

days to 50% flowering. 

3.1.3.3 Days to maturity 

Number of days from planting to 75 per cent maturity of the plot was 

recorded as days to maturity. 

3.1.3.4 Insect damage score 

At harvest the crop was scored for H. armigera damage on a 1-9 

scale. 

1 = <lo% pods damaged 

2 =  11 to20% 

3 = 21 to 30% 

4 = 30 to40% 

5 = 40 to 50% 

6 = 50 to 60% 

7 = 60 to 70% 

8 = 70-80% 

9 = > 80% of the pods damaged by Helicoverpa. 



3.1.3.5 Plant stand at  harveat 

The total number of plants present in middle 4 rows of each plot were 

counted at the time of harvest. 

3.1.3.6 Per cent pod damage 

The number of pods and the pods damaged by pod borer were 

recorded at maturity in pods harvested from the tagged inflorescences from random 

three plants. Pod borer damage to pods was quantified by expressing the number of 

pod borer damaged pods as a percentage of total number of pods. 

3.1.3.7 100-seed weight and seed per pod 

100-seeds were taken at random from each plant and weighed on a 

mettler precision balance. Seeds per pod wee taken at random from each plant. 

3.1.3.8 Grain yield per three plants 

Three plants were selected at random and the grain weight of these 

plants was expressed as grain yield per three plants. 

3.1.3.9 Grain yield per plot and per hectare 

Total grain weight for the plot was calculated as plot yield. Then plot 

yield was computed for hectare yield. 

3.1.4 Genotype stability for resistance to H. armigera 

Data were subjected to analysis of variance using GENSTAT 5.0 

release. The significance of differences between the genotypes was determined by 



F-test, while the treatment means were separated by least significant difference 

(LSD) at P.50.05. For the twelve pigeonpea genotypes, stability analysis was done 

for 4 seasons by the method of Eberhart and Russel (1966) and stability statistics 

were analysed. 

3.2 MECHANISMS OF RESISTANCE TO H. armigera IN 

PIGEONPEA 

3.2.1 Insect culture 

The culture of H. armigera was obtained from the laboratory culture 

maintained at ICRJSAT-Patancheru, India. The lab culture was regularly 

supplemented with field collected larvae. The larvae were reared on the chickpea 

based diet (Annes et a/ . ,  1992) at 27°C (Table 2). The adults were released in a cage 

with nappy liners for oviposition. The adults were supplied with 10% sucrose on 

absorbant cotton inside the cage. Eggs laid on the liners were sterilized with 1% 

sodium hypochloride, and transferred into the cups for rearing on the artificial diet. 

Antixenosis and antibiosis components of resistance to the pod borer, H. armigera 

were studied for the 12 genotypes under laboratory conditions. Among them; ICPL 

87 and ICPL 332 were used as susceptible and resistant checks, respectively. 

3.2.2 Antixenosis for oviposition 

Nonpreference for oviposition was studied under no-choice, dual- 

choice and multi- choice conditions (25 - 27OC and 65 - 90% RH and a photoperiod 

12 hours). The twigs /inflorescences used for studying antixenosis were procured 

from the field. The plant material was thoroughly examined for the presence of eggs 

or larvae before use in laboratory. 



Table 2: Chemical composition of diet used for rearing H. ormigera larvae 
(Armes et al., 1992) 

S. No. Ingredients Quantity 
1 Chickpea flour 300.00 g 

2 Ascorbic acid 4.70 g 

Methyl-p- hydroxybenzoate 5.00 g 

4 Sorbic acid 3.00 g 

5 Auromycin powder 11.50 g 

6 Vitamin stock solution 10.00 ml 

7 Water 450.00 ml 

8 Yeast 48.00 g 

9 Agar 17.30 g 

10 Water (for yeastiagar) 800.00 ml 

Vitamin stock solution 

I Nicotinic acid 

2 Calcium pantothenate 

3 Riboflavine 

4 Aneurine hydrochloride 

5 Pyridoxine hydrochloride 0.382 g 

6 Folic acid 0.382 g 

7 D-Biotin 0.305 g 

8 Cyanocobal amine 0.003 g 

9 Water 500 ml 



3.2.2.1 Oviposition nonpreference under no-choice conditions 

One genotype was tested in a wooden cage (30 x 30 x 30 cm). Five 

inflorescences (30 cm long) with few leaves were brought from the field and placed 

in a conical flask filled with water. Five pairs of 2-day old moths were released 

inside the cage. Moths are provided with sucrose solution in a conon swab through 

out the experiment. After releasing the moths in the cages, the moths were allowed 

to oviposit for three nights on the test plants. To avoid predation by the ants, tangle 

foot glue was smeared on all the four legs of the cages. Observations were 

recorded on the number of eggs laid on each inflorescence placed in a cage. The 

moths were allowed to oviposit on the test entries for three consecutive nights. Each 

experiment was replicated five times. Data were subjected to analysis of variance 

using completely randomized design (Plate 1). 

3.2.2.2 Oviposition preference under dual-choice conditions 

Non- preference for oviposition under dual-choice conditions was 

studied by keeping a test variety with a susceptible check, ICPL 87 inside the 

wooden cage as described above. The inflorescence (30 cm long) were obtained 

from the field. Five inflorescences each of the test variety and the susceptible check 

were kept in two conical flasks separately at the comer inside the cage. Five pairs 

of two day old moths were released inside the cage. The moths were provided with 

sucrose solution in a cotton swab. To avoid predation by the ants, tangle foot " glue 

was applied to all the four legs of the wooden cage. The experiment was replicated 

five times. Significance of difference between the two test genotypes was compared 

by paired T-test at P=0.05. There were five replications for each entry (Plate 2). 







Relat~ve ovipositional preference = 

No of eggs laid on test variety x No of eggs lad on standard variety 
x 100 

No of eggs laid on Test variety + No of eggs laid on standard variety 

3.2.2.3 Oviposition non-preference under multi-choice conditions 

Non-preference for oviposition under multi-choice conditions was 

studied by keeping all the 12 genotypes inside a wooden cage (80 x 70 x 60 cm) 

placed inside a growth chamber The growth chamber was maintained at 26" C 

during the day and 20°C during night Relative humidity was 709'0, and photopenod 

- 12 hours Inflorescences of the test genotypes were brought from the fic!d and kept 

in a conlcal flask filled with water Comcal flasks (containing the inflorescences) of 

all the test genotypes were arranged inside the wooden cage in completely 

random~zed block design Th~rty pars of two day old adults were released inside 

the cage Moths were provided with sucrose solution in a cotton swab The moths 

were allowed to oviposit on the test entries for three consecutive nights To avoid 

predation by the ants, tangle foot glue was applied to all the four legs of the 

wooden table (Plate 3) Observations were recorded on the number of eggs laid on 

each genotype The experiment was replicated thrice Data were subjected to 

analys~s of variance 

3.2.3 Antibiosis mechanism of resistance to H. artnigera 

3.2.3.1 Growth and survival of H. armigera on leaves of different 

pigeonpea genotypes 

Neonate H. armrgera larvae were fed on the tender leaves of the 12 

plgeonpea genotypes The leaf material obta~ned from the field was placed In a 

250 ml plast~c cups Ten neonate larvae were released on the leaves with the help of 





a fine camel hair brush. A moistened filter paper was attached to the inner side of the 

lid and the plastic cups were covered immediately. The plastic cups were kept in the 

lab at 27+Z°C and 45 to 65%RH. The leaves were changed every alternate days. 

From fifth day onwards, the larvae were reared individually in cups to avoid 

cannibalism. Larval weights and mortality were recorded on 5, 10 and 15 days after 

release. Data on larval and pupal period, adult emergence, and pupal weights were 

also recorded. The experiment was conducted in completely randomized design. 

There were 5 replications. Data was subjected to ANOVA. 

3.2.3.2 Growth end subvival of H. armigera on flowers and pods of 

different pigeonpea genotypes 

Under natural conditions, the larvae first feed on flowers, and then on 

pods. Therefore, neonate H, armigera larvae were fed on the flowers for 5 days, and 

then transferred to pods of respective pigeonpea genotypes. The flowers and pods 

were kept in petri plates with a moistened filter paper attached to the lid. The petri 

plates were kept in the laboratory at 27+2OC and 45 -65% RH. Larval weights were 

recorded on 5, 10, and 15 days after release. Data was also recorded on larval and 

pupal period, pupal weights, and adult emergence. The experiment was conducted 

in a completely randomized design with five replications, and 10 larvae were 

released on each replication. Data was subjected to ANOVA. Data on larval weight, 

larval mortality on 10' day after initiation, larval and pupal period, pupal weight and 

adult emergence of the above two experiments were subjected to principle 

component analysis. 



3.2.3.3 Standardisation of artificial diet impregnated with lyophilized 

leaf powders of pigeonpea 

Antibiosis component of resistance was also measured by 

impregnating lyophilized plant material into the artificial diet. Leaves of 12 

genotypes were collected from two month old plants raised under field conditions. 

Leaves were removed from the plant at the growing point, and freeze dried in a 

lyophilizer for 36 h to avoid changes in chemical composition of the leaves, and then 

powdered in a Willey Mill to < 80 mesh size. 

For studying the effect of different amounts of leaf powder in the 

artificial diet on survival and development of H, armigera: For this purpose 0, 5, 

10, 15, and 20 g of pigeonpea leaf powder ICPL 87 (susceptible check) and ICPL 

332 (resistant check) was added in 250 ml- artificial diet. Pigeonpea leaf powder 

was soaked in 100 ml of warm water (70°C) and blended with fraction-A (Table 3 

and Plate 4) for two minutes. Agar was boiled in 80 ml of water (Fraction-B), 

cooled to 40°C, and then poured into the blender containing Fraction -A. 

Formaldehyde was added, finally and all the constituents blended for three minutes. 

Each treatment was replicated three times (a small cup of 50 ml capacity containing 

20 ml diet). One first instar larva was released in each cup. 

Observations on larval mortality and larval weights were recorded on 

10' day. Observations were also recorded on pupal weights, per cent pupation, per 

cent adult emergence, and larval and pupal periods. Data was subjected to ANOVA. 



Table 3: Composition of artificial diet impregnated with lyophilized leaf powder 

Fraction-A Quantity 

Chickpea flour 75.00 g 

Ascorbic acid 1.18g 

Sorbic acid 0.75 g 

Aureomyoin powder 2.88 g 

Vitamin stock solution 2.50 rnl 

Water 112.50 ml 

Yeast 

Fraction B 

Agar 

Watervor yeastlagar) 

Leaf powder 20.00 g 



3.2.3.4 Standardisation of artificial diet impregnated with lyophilized 

pod powders of pigeonpea 

For studying the effect of different amounts of pod powder in the 

artificial diet on survival and development of H. armigera: For this purpose 0, 5, 

10, 15, and 20 g of pigeonpea pod powder ICPL 87 (susceptible check) and ICPL 

332 (resistant check) was added in 250 ml- artificial diet. Pigeonpea pod powder 

was soaked in 100 ml of warm water (7O0C) and blended with fraction-A (Table 3) 

for two minutes. Agar was boiled in 80 ml of water (Fraction-B), cooled to 40' C, 

and then poured into the blender containing Fraction -A. Formaldehyde was added, 

finally and all the constituents blended for three minutes. Each treatment was 

replicated three times (a small cup of 50 ml capacity containing 20 ml diet). One 

first instar larva was released in each cup. 

Observations on larval mortality and larval weights were recorded on 

10' day. Observations were also recorded on pupal weights, per cent pupation, per 

cent adult emergence, and larval and pupal periods. Data was subjected to ANOVA. 

3.2.3.5 Growth and survival of H. armigera on lyophilized leaf powder 

Leaf powder from 12 genotypes was impregnated in artificial diet. 

For each genotype two treatments with different proportions of chickpea flour and 

pigeonpea leaf powder (65: 10 :: chickpea flour : pigeonpea leaf powder) were tested. 

The preparation of diet was same as above. Each treatment was replicated 3 times. 

One first instar larva was released in each cup and the cups were placed in the 

rearing room In the rearing room, temperature was maintained at 28 f. 1°C, 

60 - 70% RH and photoperiod of 12 h. 





Data on larval mortality and larval weight on 1 0 ~  day, pupal weights, 

per cent pupation, per cent adult emergence, and larval period and pupal periods 

were recorded. 

The data were subjected to analysis of variance. 

3.2.3.6 Growth and survival of H. armigera on lyophilized pod powder 

Pod powder from 12 genotypes was impregnated in artificial diet. 

For each genotype two treatments with different proportions of chickpea flour and 

pigeonpea pod powder (65:lO :: chickpea flour : pigeon pea pod powder) were 

tested. The preparation of diet was same as above. Each treatment was replicated 3 

times. One first instar larva was released in each cup and the cups were placed in 

the rearing room. In the rearing room, temperature was maintained at 28 f 1°C, 

60 - 70% RH and photoperiod of 12 h. 

Data on larval mortality and larval weight on 10& day, pupal weights, 

per cent pupation, per cent adult emergence, and larval period and pupal periods 

were recorded. The data were subjected to analysis of variance. Data on larval 

weight, larval mortality on lo* day after initiation, larval and pupal period, pupal 

weight and adult emergence of the above two experiments were subjected to 

principle component analysis. 

3.2.3.7 Larval feeding on inflorescences of 12 pigeonpea genotypes 

Terminal inflorescences of 12 pigeonpea genotypes were cut with 

scissor and immediately placed in a 250 rnl cup with 3% agar agar. Ten neonate 

larvae were released with the help of a fine camel hair brush. Observations on larval 



weights and larval mortality were recorded after five days. The experiment was 

conducted in a completely randomized design with 12 treatments and 5 replications. 

Data was subjected to ANOVA (Plate 5). 

3.2.4 Trichome types and their density in 12 pigeonpea genotypes 

Trichomes are the most common morphological structures which 

play an important role in insect host plant interaction in pigeonpea and the variation 

in their forms and Functions quite often are associated with plant resistance to insect 

attack (Southwood, 1986). Hence the study was carried out to identify different 

types of trichomes and their density in 12 different pigeonpea genotypes. 

The presence of trichomes on pods and calyx was recorded by 

collecting a minimum of 15 pods and flowers from each accession and there were 

three replications. The material was preserved in a fixation (Acetic acid, absolute 

alcohol 13)  and examined under a Zeiss stereomicroscope (Carl Zeiss Inc., Thom 

Nood, NY) at a magnification of 32X with an ocular measuring grid density of 

trichomes was recorded based on mean of 15 pods. 

3.2.5 Biochemical analysis 

3.2.5.1 Estimation of nitrogen, phosphorus, potassium and protein 

content 

Estimation of nitrogen, phosphorus and potassium contents was done 

by collecting flowers in the field during flowering stage of the crop. The flowers 

were subjected to lyophilisition and powdered. The flower powder was then used 

for analysis: Similar procedure was followed for pods also. Nitrogen was estimated 

by microkjeldahls method (Jackson, 1967), phosphorus by Ammonium meta 





venadata yellow colour method (Jackson, 1967) and potassium by flame photometer 

method (Jackson, 1967). Estimation of proteins was calculated by multiplying the 

nitrogen content with factor 6.24. 

3.2.5.2 Estimation of reducing sugars 

For estimating the total soluble sugars present in leaves and pods of 

pigeonpea, the material was extracted with hot aqueous-ethyl alcohol. On treatment 

with phenol sulphuric acid, the sugars produced a stable and sensitive golden yellow 

col6r. The absorbance of the golden yellow color was measured at 490 nm, which 

was used to estimate percentage of total soluble sugars present in leaves and pods. 

The leaves and pods of the test varieties were collected from the crop 

raised in the field, and were oven dried for 12 h. The oven-dried material was then 

powdered in a Willey mill, and defatted by using hexane. Ethyl alcohol (go%), 5% 

phenol (5 g phenol dissolved in water and volume made up to 100 ml), 96% 

sulphuric acid (specific gravity 1.84), glucose (w/v) standard (stock solution: 1000 

mg/1000 ml), and glucose working standard (12.5 ml of stock standard pipetted into 

a 100 ml volumetric flask, and volume made up to 100 ml, to have the final 

concentration of 125 pglml) were used for estimating the total soluble sugars. 

From the defatted material, 100 mg sample was weighed out into a 

boiling test tube, to which 25 ml of hot 80% ethanol was added. The mixture was 

vigorously shaken on a vortex mixer. The material was allowed to settle for 30 

minutes and the supernatant was filtered by passing through a Whatman No. 41 filter 

paper. This step was repeated thrice for complete extraction of sugars. By placing 

the extract on hot sand bath, ethanol was evaporated completely. After complete 



removal of ethanol, 3 ml water was added to dissolve the contents. One rnl aliquot 

from the above solution was pipetted into a test tube, and 1 rnl of 5% phenol and 5 

ml of 96% sulphuric acid were added. The mixture was shaken vigorously on a 

vortex mixer. The tubes were allowed to cool in cold water. A blank was prepared 

by taking 1 ml water. Absorbance of the golden yellow color was red at 490 nnl 

using Spectronic 2 1. 

Standards with different concentrations (i.e., 25, 50, 75, 100, and 

125pg of glucose) were prepared from the working standard, and their absorbance 

was read by taking 1 ml aliquats. 

Percent total soluble sugars were calculated by using the formula: 

Conc. of Std 1 3ml 
....................... x Abs. of 1 ml extract x ---- - .------ x --------- x 100 
Absorbance of Std 1000000 0.16 

Data recorded viz., nitrogen, potassium, phosphorus, protein, sugars 

in pods and per cent pod damage under field conditions was subjected to principle 

component analysis. 

3.2.6 Bioassay of pod surface extracts from ICPL 87 (susceptible 

check) and ICPL 332 (resistant check) using glass fibre discs 

Extracts of the pod surfaces of ICPL 83, ICPL 87 and ICPL 332 were 

prepared by placing pods of known surface area into 500 ml of hexane or methanol, 

and stirred for 120 seconds with a glass rod. Each extract was then gravity filtered 

before being evaporated under vacuum to dryness. Extracts of the pod surfaces of 

ICPL 87 were re-dissolved in either hexane or methanol so that 100 p1 of solution 

contained a quantity of extract equivalent to 3.46 cm2 of pod surface (the area of 



glass fibre disc). The larvae were presented with a naturally occumng concentration 

of extract. Aliquots (100 ~ 1 )  were then pippeted onto each glass fibre disc, and the 

discs were air dried for 24 h. Subsequently, each disc was weighed and placed into 

separate plastic petri dish (9 cm diameter) along with a pre-weighed, untreated disc. 

Both the discs were moistened with 100 @ of distilled water as the larvae does not 

feed on dry discs. One third instar larva was placed in each Petri dish. The 

experiment was replicated 20 times. After 24 h the larvae were removed from petri 

dishes, and the glass fibre discs were dried and re-weighed. All discs were kept in 

growth chambers maintained at 12 W27'C (light: 12h.20°C (dark) (Plate 6). 

Feeding (FI) and antifeedant activity were calculated using the formula given below: 

FI = (C-T)/C+T x 100 

C = Amount of control disc eaten 

T = Amount of treated disc eaten 

The antifeedant activity was computed by using the formula given below: 

Unconsumed area of control disc - 
Antifeedant activity = Unconsumed area of treated disc x 100 

Total disc area 

3.2.7 Bioassay using plant material 

The aim of this experiment was to investigate the relative preference 

of third-instar larvae of H. armigera for different genotypes of C. crrjan. Leaves, 

flowers, and pods of similar age group and free from insect eggs and larvae were 

collected from the field and brought to the laboratory. The preference of the larvae 

of H. armigera to the leaves, flowers, and pods of 12 genotypes were studied under 

no-choice, dual-choice and multi-choice conditions. 





3.2.7.1 Feeding preference under no-choice conditions 

In this assay, a single leaf of a variety was kept in a petri dish arena, 

and one 3" instar larva was released in each petri dish. The extent of leaf feeding 

was rated visually on a 1-9 damage rating scale after 24 and 48 h. This procedure 

was repeated for all the 12 genotypes. There were 5 replications for each genotype. 

Similar procedure was followed for leaves and flowers as well. 

3.2.7.2 Feeding preference under dual-choice conditions 

Under dual-choice conditions, the larva was given a choice between a 

leaf of a susceptible genotype (ICPL 87) and a leaf of the test genotype in a petri 

dish arena (9 cm). A single 3" instar larva was released in each petri dish. The 

extent of leaf feeding was recorded visually on a 1-9 damage rating scale, after 24 

and 48h. The procedure was repeated with all genotypes. Similar procedure was 

followed for leaves and flowers as well. 

3.2.7.3 Feeding preference under multi-choice conditions 

Under multi-choice condition the larvae were offered a choice of 

flowers of 4 genotypes (the 12 genotypes were divided into three sets and tested 

along with the susceptible check lCPL 87). Flowers Rom four genotypes were kept 

in a petri dish arena (9 cm) along with the check (ICPL 87). Ten 3" instar larvae 

were released in each petri dish arena. The extent of larval feeding was rated using 

visually on a 1-9 damage rating scale aRer 24 and 48 h. The experiment was 

repeated five times. In the latter stage, the test genotypes were divided into short- 

duration genotypes and long- duration types. Eight pods from the short-duration 

varieties were arranged in a petri dish arena, and the experiment was replicated five 



times. Ten third-instar larvae were released in each petri dish, and the larval feeding 

was assessed visually on a 1-9 rating scale after 24 and 48 hr. 

3.2.7.4 Effect of extracting the pod surface chemicals by different 

solvents on feeding preference by the H. armigera larvae 

To study the effect of the pod surface chemistry on the behaviour of 

3'* instar larvae of H. armigera, the larvae were presented with the pods of all the 12 

genotypes under no- choice and dual-choice conditions. 

3.2.7.4.1 Preparation of extracted pods 

The pods of all the genotypes are dissolved in 200 ml of ether 

hexane, methanol or double distilled water and stirred for 120 seconds with a glass 

rod. The extracted pods were left to air dry for 2 hrs to allow any remaining solvent 

to evaporate. The 3rd instar larvae were exposed to (a) control pod, and a pod 

extracted in hexane, @) control pod and a pod extracted in methanol, (c) control pod 

and a pod extracted in distilled water. 

3.2.7.4.2 No-choice conditions 

The 3rd instar larvae of H. armigera are released in a petri dish with a 

single pod. Singe pod may be 1) without treatment (which acts as a check), 2) 

extracted in hexane, 3) extracted in methane, 4) extracted in distilled water (Plate 7). 

The experiment was replicated 20 times with all the twelve 

genotypes. The damage ratings were observed after 24 hrs and 48 hrs. 





3.2.7.4.3 Dual-choice conditions 

The effects of pod surface chemistry on the food selection behaviour 

of larvae were investigated by presenting the larvae with choices between pods that 

had been surface extracted in either hmane, methanol or water and un extracted 

pods for all the twelve genotypes (Plate 8). 

The damage ratings were observed after 24 h and 48 h. Solvents of 

different polarity (high polarity - water, intermediate polarity - methanol, apolar - 

hmane) removed a different compliment of compounds from the pod surfaces. The 

experiment was replicated 20 times. 

3.3 TOLERANCE 

Tolerance component of resistance in 12 pigeonpea genotypes was 

studied by comparing the chemically protected (sprayed) and unprotected crop 

(unsprayed) plots. The plot size was 45 sqm for each treatment. The crop in the 

protected plots was sprayed five times during flowering and pod formation stages 

with different insecticides. Five sprays of 3 insecticides (methomyl, cypermethrin 

and monocrotophos) with a knapsack sprayer were applied to each plot at 10 to 15 

days interval starting at flower initiation. Observations on yield and population of 

H. armigera larvae were made for each treatment (Plates 9 and 10). Counts of the 

larvae were first made visually at initiation of flowering, and were continued at 

weekly intervals until harvest on the tagged inflorescences. The number of damaged 

and total pods were counted on three plants at random from the protected and 

unprotected plots at harvest. The two treatments in respect of various parameters of 

grain yield were compared by using the split plot technique. The mean weight of 





total expected grains was calculated on the basis of 100 healthy pods in the protected 

and unprotected plots. Avoidable loss due to H. armigera damage was calculated 

(Taneja and Nawanze, 1989). The assessment of loss in yield of 12 pigeonpea 

genotypes by the grain pod borer, H, armigera was done using the following 

formulae. 

Loss in grain weight = Mean weight of total expected - Mean weight of total actual 
grains grains 

Mean weight of total expected grains 

Avoidable loss (%) = Average loss in grain weight in - Average loss in grain 
weight 

Unprotected crop in protected crop 
-.-..--.-*,.-.-.-------------.--..-.-.-----------------..-..*...-. x loo 
Average loss in grain weight in unprotected crop 

Sprayed yield x Unsprayed yield Yield gain = Unsprayed yield 

Tolerance was calculated using the following formulae 

Sprayed yield x Unsprayed yield 
Tolerance = Sprayed yield 

Tolerance index = 
Sprayed yield x Unsprayed vield 

Sprayed yield 

Data on number of eggs, larvae, damage rating, pod damage per cent 

and grain yield was subjected to principle component analysis. 
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CEAPTER - IV 

RESULTS 

Studies on the mechanisms of resistance to Helicoverpa armigera 

(Hubner) in pigeonpea [Cajanus cajan (L.) Millsp.] were conducted at the 

International Crops Research Institute for Semi Arid Tropics, Patancheru between 

June 2000 to December 2002. The results of these experiments are elucidated below. 

4.1 STABILITY OF RESISTANCE TO H. armigera IN 

PIGEONPEA 

During the 2000 rainy season in the first planting there were 

significant differences among the genotypes in visual damage rating (DR), 100-seed 

weight, per cent pod damage, and days to 50% flowering. The differences were not 

significant among the genotypes tested for days to maturity, seeds per pod, number 

of eggs and larvae at 5*, 7', 9*, 20" and 30* days after flowering, and grain yield. 

During the 2001 rainy season there were significant differences in 100-seed weight, 

days to 50% flowering, and grain yield. There were no significant differences 

among genotypes for damage rating, pod damage per cent, seeds per pod, days to 

maturity, and numbers of eggs and larvae at 5" day, 7* day, 2 0 ~  and 3 0 ~  days after 

flowering. 

During the 2001 rainy season in the first planting there were 

significant differences in days to 50% flowering, visual damage rating, grain yield 

per plot, 100-seed weight and also for number of eggs and total larvae. There were 

no significant differences among the genotypes for pod damage per cent, days to 



maturity and seeds per pod. In the second planting, there were significant 

differences in pod damage, damage rating, 100-seed weight, grain yield, and total 

eggs and larvae. There were no significant differences among genotypes for days to 

50% flowering, days to maturity, seeds per pod. Thus there was strong 

genotype'environment interaction for different parameters recorded. 

4.1.1 Eggs end larvae 

During the 2000 rainy season, among the short-duration genotypes, 

lowest number of eggs were recorded in ICPL 187-1(4.27), while lowest number of 

larvae were recorded on ICPL 98001 (4.04) (Table 4 and Fig. I). In case of long- 

duration genotypes lowest number of eggs were recorded in ICPL 871 19 (4.28) 

while lowest number of larvae were recorded on ICPL 332 (4.21). In second 

planting (Table 5 and Fig.2) lowest number of eggs were recorded on ICPL 871 19 

(4.22) and lowest number of larvae on ICPL 332 (3.33) followed by ICP 7035 (3.67) 

among long duration genotypes. In case of short duration genotypes lowest number 

of eggs were recorded on T 21 (4.13) and lowest number of larvae on ICPL 88039 

(4.80). 

During the 2001 rainy season there were significant differences in 

total number of eggs and larvae among the genotypes tested. Lowest number of eggs 

were recorded on ICPL 98008 (2.47), and T21 (3.09) while lowest number of larvae 

were recorded on ICPL 98001 (1.90), followed by ICPL 98008 (2.84) and T 21 

(2.94) (Table 6 and Fig.3). Amongst the long-duration genotypes lowest number of 

eggs were recorded on ICP 7035 (2.74). In the second planting (Table 7) lowest 

number of eggs were recorded on lCPL 98008 (2.16) and ICPL 7203-1 (2.34). 

Lowest number of larvae were recorded on ICPL 98001 (2.54) followed by 











Tabk 6: Number dB. armigaa em, l a m  and pod damage in 12 pigeonpea ~ o ~ p e s  in rainy ~ u o a  first planting (2001-2002) 

No. d Eggs inflo-ce-' Total Larvae inflomcmC' Total 'Pod Podborer 
b q v p e  F1- Pday Pday 9*day 2ofiday 3OrnQy ,, Smday pdal Z P ~ ~ Y  @day I,, Daw 

-bLf. 
per plant d o g  Vn) 

lCPL187-1 88.47 2.83 1.11 0.75 0.25 0.09 5.03 0.88 1.51 12.00 O.% 0.36 4.91 4.00 43.75 

Pod damage Rating (1=<10% pods damaged and 9=>80?4 pods daroaged). 









ICPL 98008 (2 55) In case of short durat~on genotypes In the second plantlng 

lowest number of eggs were recorded on ICPL 7035 (3 03) Lowest number of 

larvae were recorded on ICPL 871 19 (3 28) (Table 7 and Fig 4) 

4.1.2 Days to 50% flowering and days to maturity 

Flowenng and maturlty per~ods were shorter In the second plantlng as 

compared to the first plantlng Thls may be because of the Increased temperatures In 

the late sowlngs and photoperlod senslt~vlty of the genotypes tested 

4.1.3 Pod damage ratings 

Dur~ng the 2000 rcuny season, lowest pod damage ratlng (DR) was 

recorded m ICPL 88039 (2 33), ICPL 98008 (3 67), and ICP 7203-1 (4 67) among 

the short-duratlon genotypes In the first plantlng (Table 4) In the second plant~ng, 

lowest pod damage ratlng was recorded In ICPL 98001 (6 00) (Table 5) Dur~ng the 

2001 ralny season lowest pod damage ratlng was recorded on T 21 (4 0) and ICPL 

187-1 (4 0) m the first plantlng (Table 6) In case of long-durat~on genotypes lowest 

pod damage ratlng was recorded a ICPL 84060 (2 67), ICPL 871 19 (3 OO), and ICP 

7035 (4 33) (Table 4) In the second plant~ng, lowest pod damage ratlng was 

recorded In ICPL 332 (3 33) followed by ICP 7035 (3 67), ICPL 84060 (5 00) 

(Table 5) Dur~ng the 2001 rruny season lowest pod damage ratlng was recorded on 

lCPL 332, T 21 and ICPL 187-1 (4 00) in the first plant~ng (Table 6) In the second 

plant~ng lowest pod damage rat~ng was recorded In ICPL 84060 (3 22), followed by 

ICPL 87 1 19 (3 26) (Table 7) 



4.1.4 Per cent pod damage 

During the 2000 rainy season first planting among the short-duration 

genotypes lowest pod damage was recorded in ICPL 187-1 (21.75%). followed by 

ICPL 87091 (22.68%) and ICPL 98001 (24.32%), ICPL 332 (31.09%) and 

ICP 7203-1 (34.45%) as compared to 46.02% damage in ICPL 87 in the first 

planting (Table 4). In case of long-duration genotypes lowest pod damage was 

recorded in ICPL 332 (3 1.09%). Pod damage per cent was more in second planting 

compared to 2000 rainy season first planting. Among the short duration genotypes 

lowest pod damage was recorded in ICPL 88039 (47.66) and higher in case of ICPL 

98008 (83.85%). In case of long duration genotypes lowest pod damage per cent 

was recorded in ICP 7035 (68.87) (Table 5). During the 2001 rainy season first 

planting lower pod damage was recorded in ICP 187-1 (43.75%) followed by ICPL 

88039 (46.75%) and ICP 7203-1 (52.02%) as compared to ICPL 87 (82.51%) 

among the short duration genotypes. In case of long duration genotypes lowest pod 

damage was recorded in ICPL 84060 (56.72) (Table 6). In the second planting, pod 

damage was lower in ICPL 187-1 (44.98%) followed by ICPL 88039 (48.57%). 

ICPL 7203-1 (56.32%) as compared to 83.5% damage in ICPL 87 among short 

duration genotypes. In case of long duration genotypes lower pod damage per cent 

was recorded in ICPL 84060 (55.11) (Table 7). 

4.1.5 Yield and its components 

4.1.5.1 100 Seed weight 

During 2000-2001 first planting highest 100 seed weight was 

recorded in lCPL 87119 (1 1.44 g) followed by ICP 7035 (1 1.43 g) among long 



duration genotypes (Table 8). In case of short duration genotypes highest 100 seed 

weight was recorded in ICP 7203-1 (9.85 g) followed by ICPL 87091 (9.69 g). 

During the second planting highest 100 seed weight was recorded in ICPL 871 19 

(10.70 g) followed by ICP 7035 (10.10 g) in case of long duration genotypes 

(Table 9). In case of short duration genotypes highest 100 seed weight was recorded 

in 1CP 7203-1 (8.93 g) followed by ICPL 87091 (9.01 g). The 100 seed weight of 

the genotypes were higher during first planting compared to second planting. 

During 2001-2002 first planting highest 100 seed weight was recorded in ICP 7035 

(1 1.40 g) followed by ICPL 871 19 (1 1 .OO g) among long duration genotypes (Table 

10). In case of short duration genotypes highest 100 seed weight was recorded in 

ICPL 87091 (9.10 g). During second planting highest 100 seed weight was recorded 

in ICP 7035 (10.20 g) among long duration genotypes (Table 1 I). In case of short 

duration genotypes highest 100 seed weight was recorded in ICP 7203-1 (8.69 g). 

4.1.5.2 Seedsperpod 

ICPL 871 19 and ICP 7035 had 5 seeds per pod while ICPL 332 and 

ICPL 98008 had 4.00 to 4.50 seeds per pod. The other genotypes had 3 00 to 3.50 

seeds per pod. During 2000-2001 first planting highest seeds per pod were recorded 

in ICPL 871 19 (5.00) followed by lCPL 84060 (4.20) among long duration 

genotypes. Among short duration genotypes highest seeds per pod were recorded in 

ICPL 98008 (4.60) followed by ICPL 98001 (3.80) (Table 8). During second 

planting highest seeds per pod were recorded in ICPL 98008 (4.60) among short 

duration genotypes. Among long duration genotypes highest seeds per pod were 

recorded in lCPL 871 19 (5.00) (Table 9). During 2000-2001 first planting and 

second planting the same trend was repeated. 



Table 8: Agronomic performance of 12 plgeonpea genotype8 in rainy searon, flm planting 
(2000-2001) 

Grain yield Grsin 
Genotype Days to 50% Days to Seeds 100-seed (tagged per plants Grain yield 

flowering maturity per pod weight (g) samples) (a, kg ha" 
(€9 

lCPL 187-1 88 122 3.60 8.08 46.27 67.30 3767 

ICP 7203-1 

ICPL 88039 

ICPL 98001 

lCPL 98008 

lCPL 87091 

T 21 

lCPL 84060 

lCPL 871 19 

ICP 7035 

Control8 

ICPL 332 (R) 116 162 4.60 7.04 53.03 173.00 6283 

ICPL 87 (S) 71 103 3.40 9.60 26.77 55.70 2567 

F. Prob. ~0 .001  0.00 0.00 <0.001 <0.001 0.00 <0.001 

LSD at 5% 5.06 0.00 0.00 1.40 39.80 65.10 950.1 

R - Resistant check, S - Susceptible check. 



Table 9: Agronomic performance of 12 pigeonpea genotypes in rainy wanon, second planting 
(2000-2001) 

Grain Grain 

Genotype Dzc Days to Seeds 100-nced P*d yield :t2i weight (tagg+ 
flowering mahuib' per pod (g) samples ~n kg per ha 

K) in (g) 

ICPL 187-1 88 122 3.60 7.87 63.43 63.70 3188 

ICPL88039 70 104 3.20 8.52 14.33 97.80 536 

lCPL 98001 66 102 3.80 7.99 49.45 141.50 378 

lCPL 98008 85 120 4.60 7.80 35.57 145.20 1008 

ICPL 8709 1 80 123 3.40 9.01 17.37 41.10 418 

ICPL 84060 114 154 4.20 7.87 68.97 130.70 3126 

ICP 7035 124 184 4.00 10.10 36.77 100.80 158 

Controls 
ICPL332(R) 117 162 4.60 6.85 52.13 167.40 4361 

ICPL 87 (S) 71 103 3.40 7.17 25.12 51.80 418 

F Pwb. <0.001 0 0 <0.001 0.039 0.009 < 0.001 

LSDat5% 5.91 0 0 1.06 41.74 66.73 1274.30 

R-Resistant check, S-Susceptible check. 



Table 10: Agronomlc performmce of 12 pigeonpea genotypes in rainy reason, first planting 
(2001-2002) 

D;;;,'" Days to Seeds Grain yield Grain yield 
&notype Maturity per pod weight (g) -Dies) (tagged per 3 p l an~r , ' l i f :  

ICPL 187-1 105 136 3.60 8.00 44.70 82.00 2992 

ICP 7203-1 105 120 3.40 8.65 50.23 143.30 2514 

ICPL 88039 114 128 3.20 8.90 18.03 104.10 1297 

ICPL 9800 1 75 112 3.80 7.90 12.65 144.60 987 

ICPL 87091 110 160 3.40 9.10 16.37 32.20 1507 

ICPL 84060 115 130 4.20 9.00 73.17 128.10 3071 

ICPL 87119 85 127 5.00 11.00 87.53 147.00 2851 

Controls 
ICPL 332 (R) 70 108 4.60 7.50 49.83 136.00 3978 

ICPL 87 (S) 112 135 3.40 9.00 26.43 53.70 1334 

F Prob. 0 0 0 ~0.001 ~ 0 , 0 0 1  0.013 0.036 

LSD at 5% 0 0 0 0.09 25.47 69.56 1878.90 

R - Resistant check, S - Susceptible check. 



Table 11: Agronomic performance 12 pigeonpea genotypes in ralny reason, second planting 
(2001-2002) 

Grain yield D:gt Dsysto Seeds Grain yield Grain yield 

nowaing Maturity perpod ";iiht zE (per 3 plants (kg per ha) 

in d in g) 

lCPL 187-1 

ICP 7203-1 

ICPL 88039 

ICPL 9800 1 

ICPL 98008 

ICPL 87091 

T 21 

ICPL 84060 

ICPL 87119 

ICP 7035 

Controls 

ICPL 332 (R) 100 112 4.60 7.02 48.80 163.80 3501 

ICPL 87 (S) 65 84 3.40 7.25 24.50 51.50 1758 

F Pmb. 0 0.002 0 <0.001 0.059 0.010 0.306 

LSD at 5% 0 26.20 0 0.08 42.76 63.84 2385.00 

R - Resistant check. S - Susnptible check 



4.1.5.3 Grain yield per three plants 

During the 2000 rainy season grain yield per three plants was highest 

in ICPL 332 (173.00 g) followed by ICPL 871 19 (151.00 g) among long-duration 

genotypes and in ICP 7203-1 (148.00 g), and ICPL 98008 (147.00 g) in the first 

planting among the short-duration genotypes (Table 8). In the second planting grain 

yield per three plants was greater in ICPL 332 (167.40 g), ICPL 871 19 (145.00 g) 

and ICPL 84060 (130.70 g) in case of long-duration genotypes and in ICPL 98001 

(141.50 g) in case of short-duration genotypes as compared to 51.80 g in ICPL 87 

(Table 9). During the 2001 rainy season highest grain yield was recorded in ICPL 

871 19 (147.00 g) followed by ICPL 332 (136.00 g) among long-duration genotypes 

and in ICPL 98001 (144.60 g), ICP 7203-1 (143.30 g) in the first planting (Table 

10). During the second planting higher grain yield per three plants was recorded in 

ICPL 332 (163.80 g) in case of long duration genotypes and lCPL 98001 (141.50 g) 

in case of short duration genotypes. 

4.1.5.4 Grain yield per hectare 

Grain yield was highest in ICPL 332 (6283 kg ha") followed by 

ICPL 84060 (5667 kg ha"), ICPL 871 19 (5394 kg ha") in case of long-duration 

genotypes and lCPL 187-1 (3767 kg ha"), T 21 (3017 kg ha.') and ICP 7203-1 

(381 1 kg ha") in case of short-duration genotypes during the 2000 rainy season in 

the first planting (Table 8). During the second planting highest grain yield was 

recorded in ICPL 332 (4361 kg ha") followed by ICPL 84060 (3126 kg ha") among 

long duration genotypes. Among the short duration genotypes highest grain yield 

was recorded in ICP 7203-1 (4361 kg ha-') (Table 9). During the 2001 rainy season 

grain yields were higher in ICPL 332 (3978 kg ha"), lCPL 84060 (3071kg ha"), 



ICPL 871 19 (285 1 kg ha") among long-duration genotypes and ICPL 187-1 (2992 

kg ha"), ICP 7203-1 (2514 kg ha"), T 21 (2292 kg ha") as compared to ICPL 87 in 

case of short-duration genotypes (Table 10). During the second planting highest 

grain yield was obtained in ICPL 332 (3501 kg ha") followed by ICP 7035 (3501 kg 

ha") in case of long duration genotypes. In case of short duration genotype highest 

grain yield was obtained in ICPL 187-1 (2371 kg ha") (Table 11). 

4.1.6 Genotypic stability for resistance to H. armigera 

Stability statistics for yield components and pod borer resistance are 

presented in Tables 12, 13, 14, 15 and 16 for the 12 pigeonpea genotypes. 

4.1.6.1 100 seed weight 

The G x E interaction was not significant for 100 seed weight. The 

100 seed weight varied from 7.00 g (ICPL 332) to 11.00 g (ICPL 871 19 and ICP 

7035). Among the twelve pigeonpea genotypes tested over four seasons 'b' values 

were significantly greater than 1 for ICP 7203-1, ICPL 87091, T 21, ICPL 87 among 

short duration genotypes and in ICPL 84060, ICPL 871 19, ICP 7035 among long 

duration genotypes (Table 12). 

4.1.6.2 Grain yield per plot 

Grain yield per plot was significantly different due to genotype x 

environment (G x E) interaction among the 12 pigeonpea genotypes. Among the 

long duration genotypes highest grain yield per plot was recorded in ICPL 332 (2.40 

kg plot.') but with slope 0.57 and residual mean squares SiZ value equal to 1 

indicating its unstability followed by ICPL 332. Highest grain yield per plot was 



Table 12: Estimates of stability for 100 seed weight in 12 pigeonpea genotypes 
tested over four seasona (2000-2002) 

100-seed weight 
Genotype Mean (g) t-value 

bi Sebi 6i2 RMS 

ICPL 187-1 8.00 0.69 0.28 0.00 -1.10 

ICP 7203-1 9.00 1.43 0.26 0.00 1.68 

ICPL 88039 9.00 0.67 0.07 0.00 -4.46 

ICPL 98001 8.00 -0.10 0.10 0.00 -1 1.50 

ICPL 98008 8.00 0.43 0.18 0.00 -3.19 

ICPL 87091 9.00 1.14 0.49 0.00 0.29 

ICPL 84060 8.00 1.30 0.18 0.00 1.71 

ICPL 87119 11.00 1.12 0.33 0.00 0.36 

ICP 7035 11.00 1.39 0.28 0.00 1.38 

Controls 
ICPL 332 (R) 7.00 0.3902 0.32 0.00 -1.89 

ICPL 87 (S) 8.00 2.40 0.50 0.00 2.82 

R - Resistant, S - Susceptible, bi = slope of regression line, 
SEbi - Standard error of bi, 6i2 - Residual mean squares. 



recorded in ICPL 84060 (1.91 kg plot"), but slope (0.58) and residual mean squares 

equal to 0 indicating its unstability. Among the short duration genotypes highest 

grain yield was recorded in ICPL 98001 followed by ICPL 187- 1. In case of ICPL 

98001 'b' value is greater than one and zero residual mean square value indicates its 

slight stability over the four seasons (Table 13). 

4.1.6.3 Grain yield per hectare 

The G x E interaction was not significant for grain yield (kg ha") 

among the 12 pigeonpea genotypes tested (Table 14). Highest grain yield was 

recorded in ICPL 332 (4530.75 kg ha") but slope was less than one and high 

residual mean square values indicating its unstability over the seasons followed by 

ICPL 332, highest grain yield was recorded in ICPL 84060 (2509.75 kg ha") with 

slope slightly greater than one indicating its unstability. In case of short duration 

varieties highest grain yield was recorded in ICPL 187-1 (3423.00 kg ham'). 

4.1.6.4 Pod damage ratings 

The G x E interaction was not significant for pod damage ratings. 

Higher pod damage ratings were recorded in ICPL 98001 (7.00). ICPL 98008 (7.00), 

ICP 7035 (7.00) and ICPL 332 (7.00). Lowest pod damage ratings were recorded in 

ICPL 84060 (4.00) and ICPL 871 19 (4.00). For ICPL 187-1, ICPL 84060, and T 21 

the slope was slightly greater than one, indicating that there was resistance to be 

unstable over seasons. In ICPL 88039 the regression coefficient was <I indicating 

that it is unstable in its resistance, and it will not support more larvae under higher 

infestation (Table 15). 



Table 13: Estimates of stability of grain yield in 12 pigeonpea genotypes 
tested over four seasons (2000-2002) 

Grain yield (per plot) 
Genotype Grain yield 

kg plot'' bi SEbi 6i2 RMS t-value 

ICPL 187-1 1.65 0.27* 0.22 0.00 -3.32 

ICP 7203- 1 1.28 0.38** 0.03 0.00 -22.30 

ICPL 88039 0.46 0.23** 0.01 0.00 -75.90 

ICPL 98001 1.86 1.82** 0.17 0.00 4.83 

ICPL 98008 1.25 6.73** 0.75 6.00 7 64 

ICPL 87091 0.17 0.14** 0.02 0.00 -40.50 

ICPL 84060 1.91 0.58* 0.17 0.00 -2.52 

ICPL 871 19 1.64 0.63 0.19 0.00 -1.99 

ICP 7035 0.13 0.05 0.00 0.00 -1639 

Controls 
ICPL 332 (R) 2.39 0.57 0.29 1.00 -1.46 

ICPL 87 (S) 0.53 0.37** 0.01 0.00 -58.70 

R - Resistant, S - Susceptible, bi = slope of regression line, 
SEbi - Standard error of bi, 6i2 - Residual mean squares. 
*, **  Significant at P 0.05 and 0.01 respectively. 



Table 14: Estimates of stability of grain yield kg per ha in 12 pigeonpea 
genotypes tested over four seasons (2000-2002) 

Grain yield (kg per ha) 
Genotype 

Mean (kg) bi Sebi 6ia RMS t-value 

ICPL 187-1 3423.00 2.13 0.82 517360 0.30 

ICP 7203-1 1914.50 0.81 0.39 -1 69603 0.68 

ICPL 88039 787.00 0.54 0.52 -18394 0.47 

ICPL 98001 3214.00 2.07 0.61 129078 0.22 

ICPL 98008 1022.25 0.94 0.09 -359042 0.62 

ICPL 8709 1 693.25 0.49 0.11 -356294 0.04 

T 21 2304.00 0.71 0.52 -16883 0.63 

ICPL 84060 2509.75 1.36 0.17 -332846 0.17 

ICPL 871 19 1816.75 1.19 0.65 201 1982 0.80 

ICP 7035 1503.00 0.42 1.40 2449378 0.43 

Controls 
ICPL 332 (R) 4530.75 0.65 0.39 -159156 0.47 

ICPL 87 (S) 3081 .OO 1.52 0.72 327918 0.59 

R - Resistant, S - Susceptible, bi = slope of regression line, 
SEbi - Standard error of bi, 6i2 - Residual mean squares. 



Table 15: Estimates of stability of 12 pigeonpea genotypes tested for 
resistance to H. armigera over four seasons (2000-2002) 

Pod damage ratings (0-9 scale) 
Genotype 

Mean Bi SEbi 6i2 RMS t-value 

ICPL 187- 1 6 1.31 1.72 2.00 0.18 

ICP 7203-1 6 1.12 2.05 3.00 0.06 

ICPL 88039 5 0.91 4.03 10.00 -0.02 

ICPL 98001 7 -0 87 3.25 7.00 -0.57 

ICPL 98008 7 -0.87 3.25 7.00 -0.57 

ICPL 87091 6 3.35 1.87 2.00 1.26 

T 21 6 1.33 3.42 7.00 0.10 

ICPL 84060 4 -2.92 0.28 0.00 -13.90 

ICPL 871 19 4 -2.54 0.25 0.00 -14.20 

ICP 7035 7 3.92 2.03 3.00 1.44 

Controls 
ICPL 332 (R) 7 3.92 2.03 3.00 1.44 

ICPL 87 (S) 6 3.35 1.87 2.00 1.26 

R - Resistant, S - Susceptible, bi = slope of regression line, 
SEbi - Standard error of bi, 6iZ - Residual mean squares. 



4.1.6.5 Per cent pod damage 

All the genotypes were unstable in their reaction to H, armigera in 

terms of per cent pod damage (Table 16). However, the regression coefficient was 

less than unity in case of ICPL 187-1, ICP 7203-1, ICPL 88039, ICPL 98008, T 21, 

and ICPL 87 had regression coefficient greater than unity and these genotypes 

suffered greater pod damage with an increase in intensity of infestation. Highest 

pod damage was observed in ICPL 871 19 (78%) and lowest in lCPL 332 (50%) in 

case of long duration genotypes Among short duration genotypes highest pod 

damage was observed in ICPL 87 (74%) and ICPL 98001 (72%) and lowest in case 

of ICPL 187-1 (39%). 

4.2 MECHANISMS OF RESISTANCE TO H. armigera IN 

PIGEONPEA 

4.2.1 Antixenosis for oviposition 

4.2.1.1 Oviposition non-preference under no-choice conditions 

There was a considerable variation in the oviposition preference of 

the female moths towards the pigeonpea genotypes tested. Under no- choice cage 

conditions, the moths laid an average of 97 to 381 eggs per female (Table 17 and 

Fig.5). Among the genotypes tested there were 176 eggs per female on ICPL 332 

(resistant check) compared to 381 eggs on ICPL 87 (susceptible check). Among the 

short duration genotypes lowest numbers of eggs 97 eggs per female were recorded 

on T 21 followed by 137.60 eggs on ICPL 98008. Among the long-duration 

genotypes, lowest numbers of eggs were recorded on ICPL 84060 (133 eggs per 

female), followed by ICP 7035 (200 eggs) and ICPL 871 19 (240 eggs). The 

genotypes ICPL 87091, lCPL 871 19 were preferred as substrate for oviposition 

while lCPL 87 was highly preferred for oviposition by the H. armigera females. 



Table 16: Stability of resistance based on percentage pod damage to 
H. urnrigera in 12 pigeonpea genotypes tested over four seasons 
(2000-2002) 

Pod damage (%) 
Genotype Mean 

bi Sebi 6iZ RMS t-value 

ICPL 187-1 39 0.81** 0.00 0.00 -66.70 

ICP 7203-1 49 0.70** 0.08 4.00 -3.77 

ICPL 88039 47 0.11** 0.04 1 .OO -21.60 

ICPL 98001 72 2.302* 0.02 0.00 61.70 

ICPL 98008 53 0.65** 0.06 2.00 -5.58 

lCPL 87091 65 2.04** 0.05 1 .OO 22.00 

T 21 55 0.14** 0.02 0.00 -57.10 

ICPL 84060 52 0.7:** 0.02 0.00 -16.20 

ICPL 87 1 19 78 1.24** 0.04 1 .OO 6.43 

ICP 7035 63 1.06** 0.01 0.00 6.12 

Controls 
ICPL 332 (R) 50 0.90** 0.00 0.00 -21.30 

ICPL 87 (S) 74 1.34 0.02 0.00 16.50 

R - Resistant, S - Susceptible, bi = slope of regression line, 
SEbi - Standard error of bi, 6i2 - Residual mean squares. 
* * Significant at P 0.0 1 



Table 17: Relative ovipositional preference by the H. armigera females towards 
12 pigeonpea genotypes under no-choice cage conditions (2000-2002) 

Genotype No. of eggs laid  ema ale-' ROP (%) 

ICPL 187-1 153.00 (12.30k0.39) -42.65 

ICP 7203-1 171.00 (13.07f0.39) -38.00 

ICPL 88039 162.00 (12.7k0.39) -40.29 

ICPL 98001 153.00 (12.3650.29) -42.65 

ICPL 98008 137.60 (12.36M.11) -46.89 

ICPL 87091 240.00 (15.49k0.32) -22.65 

T 21 97.00 (9.841t0.13) -59.38 

ICPL 84060 133.00 (1 1.53+0.17) -48.21 

ICPL 871 19 240.00 (15.49k0.32) -22.70 

ICP 703 5 200.00 (14.14?0.15) -31.11 

Controls 

ICPL332 (R) 

ICPL87 (S) 

R - Resistant check, S - Susceptible check, 
ROP - Relative oviposition preference in relation to ICPL 87 





4.2.1.2 Oviposition non-preference under dual- choice conditions 

Under dual-choice cage conditions significantly less number of eggs 

were laid on ICPL 187-1 (48.80), ICPL 84060 (37.27). ICPL 87119 (43.93) and 

ICPL 332 (56.53) as compared to the susceptible cultivar ICPL 87. The relative 

oviposition preference for all the test cultivars was lower than ICPL 87 under no- 

choice, dual-choice and multi-choice conditions (Table 18 and Fig.6). 

4.2.1.3 Oviposition non-preference under multi-choice conditions 

Under the multi-choice cage conditions, the female moths laid on an 

average 91.67 (ICPL 332) to 272.33 (ICPL 87) eggs on 12 genotypes of pigeonpea. 

Among the short-duration genotypes lowest numbers of eggs were laid on ICPL 

98001 (1 13.33) followed by T 21 (131.67). ICPL 88039 (160.00), ICP 7203-1 

(163.33). The genotypes ICPL 87 (272.33), ICPL 98008 (240.33) and ICPL 87091 

(208.33) were highly preferred for oviposition by the H. armigera females under 

multi-choice cage conditions. Among the long-duration genotypes lowest numbers 

of eggs were laid on ICPL 84060 (133.33) and ICP 7035 (196.67) were highly 

preferred for oviposition. Relative oviposition preference in relation to ICPL 87 was 

negative for all the genotypes tested (Table 19 and Fig.7). 

4.2.2 Antibiosis mechanism of resistance to H. armigera 

4.2.2.1 Growth and survival of H. armigera on leaves of different 

pigeonpea genotypes 

The mean larval weight on the leaves at 5 days after initiating the 

experiment were higher on ICP 7035 (3.8 mg) and ICPL 332 (3.8 mg) among the 



Table 18: Relative oviposition preference by the H. armigera females towards 
12 pigeonpea genotypes under dual choice cage conditions 
(2000-2002) 

Genotype Total number of e ~ n s  laid t-Value ROP 
Test Renotype ICPL 87 

ICPL i 87-1 

ICP 7203-1 

ICPL 88039 

ICPL 98001 

ICPL 98008 

ICPL 87091 

T 21 

ICPL 84060 

ICPL 871 19 43.93' 73.67b 22.33 -25.29 

ICP 7035 67.13' 83 .60~ 1.55 -10.93 

Control 

ICPL332 (R) 56.53' 89.33b 2.29 -22.49 

* Significant at P=0.050; R = Resistance check; 
ROP = Relative oviposition preference in relation to ICPL 87. 





Table 19: Relative ovipositional preference by the H. armigera females towards 
12 pigeonpea genotypes under multi choice conditions (2000-2002) 

Genotype No. of eggs laid   em ale" ROP 

ICPL 187-1 172.67(13.09&0.85) -22.40 

ICP 7203-1 163.33(12.77f0.85) -25.02 

ICPL 98001 113.33(10.47&0.85) -41.22 

ICPL 8709 1 208.33(14.32+0.85) -13.32 

ICPL 87 1 19 

ICP 703 5 

Controls 

ICPL 332 (R) 91.67(9.56+0.85) -49.63 

ICPL 87 (S) 272.33(16.49*0.85) 

R - Resistant check, S - Susceptible check, 
ROP - Relative oviposition preference in relation to ICPL 87. 





long duration genotypes. In case of short duration genotypes highest larval weights 

were recorded on T 21 (4.6 mg) and ICPL 187-1 (4.8 mg) (Table 20). 

The mean larval weights on the leaves at 10 days after initiating the 
J 

experiment did not differ significantly, except on ICPL 88039. Among the short- 

duration genotypes lowest larval weight of 70.8 mg per larva was recorded on ICPE 

88039 as compared to 79.2 mg per larva on ICPL 87. The mean larval weights at 15 

days after initiation of experiment did not vary among the short duration genotypes. 
A 7 l l q  

Among the long duration genotypes higher larval weight was observed on ICPL 932 
I< ' k  T i c - .  { 

(263.9 mg) (Fig.8). Lowest pupal weights were recorded in larvae reared on T-21 

(221.4 mg) and ICPL 187-1 (223.2 mg) as compared to 237.3 mg on ICPL 87. 

Longest larval period was recorded on ICPL 98008 (30 days), as compared to 22 

days on the susceptible check, ICPL 87 and lowest pupation was noticed on ICPL 
5'5 . ,  59 

98008 (16%). In case of long duration genotypes and lowest larval weight of WJ mg 

per larva was recorded on ICPL 332 and lowest pupal weights were recorded in 
.'1q, 7 215- .8 

larvae reared on ICPI, 871 19 (180.#mg), ICPL 84060 (W.5 mg), ICPI. 332 (-2 

mg), as compared to 227.2 mg on ICP 7035 (Table 20). Longest larval period was 

recorded on ICPL 84060 (32 days). Longest pupal period was recorded in larvae 

reared on the resistant check, ICPL 332 (17 days). Lowest adult emergence was 

recorded on ICPL 87119 (16 %), followed by ICPL 332 (18%) and ICPL 84060 

(20%) (Table 20 and Fig.8). 

4.2.2.2 Growth and survival of H. armigera on flowers and pods of 

dimerent pigeonpea genotypes 

The weights of larvae at 5 days after initiation of experiment on the 

flowers and pods was highest in ICPL 332 (10.8 mg) in case of long duration 







genotypes. In case of short duration genotypes highest larval weight was recorded 

on ICPL 88039 (10.1 mg). Among the short-duration genotypes the weights of the 

larvae at 10 days after initiation of experiment on the flowers and pods of ICPL 

87091 (191.50 mg), ICPL 187-1 (183.10 mg), ICPL 98008 (178.80 mg) and ICP 

7203-1 (162.00 mg) were lower compared to the larvae reared on ICPL 87 (238.70 

mg). Larval weight of 15 days after initiation of the experiment was highest in 

ICPL 87 (326.0 mg) and lowest on ICP 7203-1 (209.6 mg) among the short duration 

genotypes. In case of long duration genotypes lowest larval weight was recorded on 

ICPL 84060 (192.1 mg). Among the long duration genotypes weights of larvae at 

10 days after initiation in ICPL 84060 (148.33 mg) and ICPL 332 (184.40 mg) 

compared to ICPL 87 (238.70 mg). Longest larval period was recorded on T 21 (24 

days) followed by ICPL 98008 (23.80 days). Pupal period was relatively shorter 

when the larvae were reared on ICPL 88039 (9.8 days) and ICPL 87 (10.3 days). 

Lowest pupation and adult emergence were recorded on T 21 (38% and 24% 

respectively). Highest adult emergence was recorded on ICPL 87 (56%). Among 

the long-duration genotypes, longest larval period was recorded on ICPL 332 (24.1 

days), followed by those reared on ICPL 84060 (24 days). Pupal period was 14 

days on ICPL 332 (Table 21 and Fig. 9). 

Correlation between pod damage parameters of larvae reared on 

leaves, flowers and pods of 12 pigeonpea genotypes indicated a positive and 

significant correlation between pupal weight and damage (0.60), pupal period and 

damage (0.58). Similarly positive correlation was observed between larval weight 

and damage (0.43) which indicates that the pod damage increases because increase 

in larval feeding which results in increase of larval weight (Table 22). Principal 

component analysis of 12 pigeonpea genotypes based on biological effects of leaf, 

flower and pods towards H, armigera revealed that ICPL 871 19, T21, ICPL 187-1, 







ICPL 84060, ICP 7203-1, ICPL 98008, ICPL 332 are resistant genotypes, ICP 7035, 

ICPL 88039 are susceptible genotypes; ICPL 87091, ICPL 87, ICPL 98001 are 

moderately resistant genotypes (Fig. 10). 

4.2.2.3 Standardisation of artificial diet impregnated with lyophilized 

leaf powder of pigeonpea 

Larval mortality increased with an increase in the amount of leaf 

powder, and ranged between 26.67 to 60% in ICPL 332 and 16.67 to 28.33% in case 

of ICPL 87. There were not significant differences in larval mortality with the 

increase in the amount of leaf powder per 10 to 20 mg per 75ml of artificial diet, 

Pupal weights ranged from 296.7 to 333.lmg in case of ICPL 332 and 297.6 to 

319.3 mg in case of ICPL 87 as compared to 313.7 mg in case of standard artificial 

diet. There was a significant prolongation of larval period when lyophilised leaf 

powder was added into the artificial diet and such an increase was greater for 

resistant cultivar ICPL 332 as compared to that of ICPL 87. Differences in the pupal 

period were large between the larvae reared on standard artificial diet and those 

reared on diets containing lyophilised leaf powder of ICPL 332 and ICPL 87. Per 

cent pupation was 40 to 63.3 in diets with ICPL 332 leaf powder and 56.67 to 

66.67% in diet with ICPL 87 leaf powder. Similarly, the adult emergence ranged 

from 20 to 53.33% and 43.3 to 56.67% in ICPL 332 and ICPL 87 respectively, as 

compared to 60.00% in the standard artificial diet. Thus impregnation of lyophilised 

leaf powder resulted in significant adverse effects on larval survival, larval weight, 

larval period and per cent pupation and adult emergence. The differences in these 

parameters between the resistant and susceptible cultivars were maximum when 15 

to 20 g leaf powder was impregnated into 75 ml of artificial diet. Therefore the 



Table 22: Codations between damage parametm of larvae -red on leavea, 
flowen and Poda, of 12 Pigeonpea genotype (2000-2002) 

S1.No Damage uarameter Correlation value 

1 Larval weight 

2 Larval mortality on lo* day 

3 Pupal weight 

4 Pupal pcriad 

5 Adult emergence percentage 

6 Pupation percentage 

Signirrcantly dmerent at 5% probability. 



Flg 10: Principal component mnlysic of 12 plgranpea genotype# baaed on biologknl effects of leaves, 
flowen and pods towards H, amigera 



technique can be used to measure the antibiosis component of resistance to 

H. armigera in pigeonpea (Table 23 and Fig. 1 I). 

4.2.2.4 Standardisation of artificial diet impregnated with lyophilised 

pod powder of pigeonpea 

Larval mortality increased with an increase in the amount of pod 

powder, and ranged between 15 to 33.30% in ICPL 332 and 8.83 to 13.33 % in case 

of ICPL 87. However, there was no significant difference in larval mortality with 

the increase in the amount of pod powder of ICPL 87 from 10 to 20 g in artificial 

diet, pupal weights ranged from 159 to 284.20 rng in case of ICPL 332 and 191.9 to 

293.20 mg in case of ICPL 87 as compared to 276.40 mg in case of standard 

artificial diet. Highest pupation percentage (63.33) and highest adult emergence 

(53.30) was observed at 5 g concentration in case of ICPL 332. Highest pupation 

percentage (73.33) was observed at 5 g concentration in case of ICPL 87. Highest 

adult emergence (53.33) was observed at 5 g concentration in case of ICPL 87 

(Table 24 and Fig.12). The differences in these parameters between the resistant 

and susceptible cultivars were maximum when IS to 20 g leaf powder was 

impregnated into 500 ml of artificial diet (Table 24). 

4.2.2.5 Growth and survival of H, armigera on lyophilized leaf powder 

impregnated in artificial diet of different pigeonpea genotypes 

The weight of 10 day-old-larvae reared on diets impregnated with 

lyophilized leaf powder of 12 pigeonpea genotypes differed significantly. Among 

the long-duration genotypes lowest larval weight was recorded in larvae reared on 

ICP 7035 (1 1.50 rng). The larvae reared on artificial diet containing leaf powder of 
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ICPL 871 19 (14.84 mg), and ICPL 332 (41.53 mg). Lowest pupal weight was 

recorded in larvae reared on ICPL 84060 (245.9 mg), followed by ICPL 871 19 

(249.5 mg); and ICPL 332 (3 1 Img). Longest larval period was recorded in larvae 

reared on ICPL 332 (30.84 days), followed by those reared on ICPL 84060 (29.83 

days). The pupal period was 14 days on ICPL 84060, followed by 12.70 days on 

ICPL 332. Lowest pupation was recorded on ICPL 332 (40.00%), followed by lCPL 

84060 (33.33%). Similarly, lowest adult emergence was recorded on artificial diet 

containing lyophilized leaf powder of ICPL 84060 (20.00%) 

Among the short-duration genotypes highest larval weight was 

recorded in larvae reared on ICPL 98008 (44.32 mg). The larvae reared on artificial 

diet containing leaf powder of ICPL 187-1 (15.55 mg), ICPL 88039 (21.59 mg), 

ICPL 98001 (28.43 mg), weighed significantly lower than the larvae reared on 

artificial diet containing leaf powder of ICPL87 (5 1.87 mg). There were significant 

differences in the pupal weights of larvae reared on the artificial diet containing 

lyophilised leaf powder of different genotypes. Highest pupal weight was recorded 

on ICPL 88039 (332.90 mg), followed by ICPL 87091 (332.60 mg). Longest larval 

period was recorded in larvae reared on ICPL187-1 (27.67 days) and ICP 7203-1 

(25.42 days). The pupal period was 13 days on ICPL 187-1 and 12 days on T 21 

Larval survival was greater on diets containing lyophilized pod powder than the 

diets containing lyophilized leaf powder (Table 25). 

4.2.2.6 Growth and survival of H. armigera on lyophilized pod powder 

impregnated in artificial diet of different pigeonpea genotypes 

Among the short-duration genotypes when the larvae were reared on 

the lyophilized pod powder larval weights were greater (Table 26) in larvae reared 



Table 25: Growtb and development ofH. armigcm on artifieinl diet impregnated with 10 g of l y o p h i l i  leaf powder of 12 pigeonpa 
genotypes (2000-2002) 

pupa~wt Larval Pupal 
(mP) 

Larval mortality (%) period period Pupation (%) Aduh emergence (%) 

Genotype (mg) (days) (days) 

Artificial diet 210.15 ' 371.40' 0.00 ' (68.07 ') 20.18 " 9.83 ' 80.00 (68.073 76.67 (61.92 ') 
ICPL 187-1 15.55 * 329.30: 6.67' (40.86 b, 27.67" 13.00 * 43.33' (40.86 .b) 36.67*L (36.93 9 
lCPL 7035 1 1.50 ' 279.80 3.33 a (48.85 3 23.33 " 1 1.17" 5 6 . 6 P  (48.85 *) 50.00 " (45.003 
ICPL 7203-1 36.17' 328.40' 6.67 ' (51.143 2 ~ . 4 2 ~ ~  12.17 60.00. (51.14 50.00" (45.00 ) 
ICPL 84060 32.38 245.90 * 10.00 ' (35.22 3 29.83 ab 14.00' 33.33' (35.22 *) 20.00 * (26.07 3 
lCPL87091 28.75" 332.60' 0.00' (51.149 2 5 . ~ ) ~  10.33 " 60.00; (5114 ) 60.00~ (50.77 d, 

lCPL 871 19 14.84 * 249.50: 3.33 (49.22 b, 26.5* 12.33 * 56.67 (49.22 9 50.00 (45.08 ") 
ICPL 88039 21.59" 332.90 0.00 ' (52.783 21.3' 12.33 63.33 " (52.78 *) 56.67 (48.85 d, 

lCPL98001 28.43 Cd 331.70' 6.67' (53.0fi 17.85' 1 1 . 1 7 ~  63.33" (53.07 b, 53.33 ' (46.92 ") 
ICPL 98009 44.32 * 327.30' 0.00 " (46.92 9 18.37 ' 11.17 " 53.33 " (46.92 "b) 46.67 (43.08 ") 
R I 32.38 321.80' 3.33 ' (50.8 24.09 ' 12.00 " 60 .OO" (50.85 50.00" (45 00 ") 
Controls 
ICPL332(R) 41.53 ' 311.00' 13.33 ' (38.863 30.84 * 12.70" 40.00" (38.86 7 33.33 " (35.01 *) 
ICPU7(S) 51.87 261.60' 3.33 ' (52.78 3 21.67 10.50 63.33 " (52.78 ") 63.33 '(52.78 d, 

- 
Fprob <0.001 0.064 0.214 0.101 0.013 0.003 0.147 0.101 <0.001 <0.001 
Lsd 24.63 77.60 10.12 17.58 7.04 1 .80 27.33 17.58 19.60 1 1.9h 
cv % 33.40 14.90 137.9 2.12 17.4 9.1 28.8 2.12 23.40 15.9 - 

D.41: Days after initiation of experiment. Figures followed by same letter within a column do not dif i r  significantly at P 0.05 
R: Resistant and S: Susceptible. Figures in parenthesis are angular transformed values. 



Table 26: Growth and development of H. nrmigern on artificial diet impregnated with 10 g of lyophilizcd pod powder of different 
pigeonpea genotypes (2000-2002) 

Larval wt Pupal wt Larval mortality(%) Larval Pupal Pupation (%) Adult emergence (%) 
period period D A ( m )  (mg) Actual Angular (& 

(days) 
Actual Angular Actual Angular 

Artificial diet 387.50 329.00 ' 0.00 (0.00) 16.17 8.83 90.00 (71.570 86.67 (68.86) 
ICPL 187-1 146.80 232.30re 16.67 ' (19.93) 20.50 12.00 ' 60.00 a (50.85) 53.30'~~ (46.92) 
ICPL 7035 138.30 292.8 13.33 ' (21.14) 18.67 11.33 66.67 ab (54.78) 50.00 " (45.000 
ICPL 7203-1 156.00; 21 1.70 16.67 ' (23.86) 20.17 11.50 * 70 .00~  (57.00) 46.67 * (42.990 
ICPL 84060 104.20 215.40 16.67. (23.86) 22.00 -3.50 ~ 0 . 0 0  " (56.79) 56.67 * (48.85) 
ICPL 87091 278.90 ' 206.40 ' 6.67 ' (12.29) 20.50 11.17 70.00 ab (57.00) 63.33 (52.78) 
ICPL 87119 47.90' 234.70' 0.00 (0.00) 22.17 .be 12.33 * 70.00 * (57.00) 40.00' (39.15) 
ICPL 88039 58.10 281.10 3.33 ' (6.14) 16.00 9.83 76.67 * (61.22) 70.00 (57.00) 
ICPL 98001 184.40' 256.90 6.67 ' (8.86) 18.50: 11.67 * 80.00: (63.43) 66.67 (54.78) 
ICPL 98008 84.00 245.90 6.67 a (8.86) 20.50 10.83 70.00 (57.00) 63.33 (53.07) 
T 21 119.80 217.10 6.67 a (8.86) 21.83 12.83 a 66.67 * (54.99) 50.00 * (45.00) 
Controls 
ICPL 332@ 131.80 ' 267.60' 13.33 a (17.22) 24.67' 12.50 * 56.67 (48.85) 43.33 a (41.15) 
ICPL 87(S) 319.80 ' 275.50 6.67 ' (12.29) 17.33 11.00 56.67 (48.93) 53.33 ' (46.71) 

Fprob <0.001 0.061 0.297 0.174 <0.001 0.026 0.033 0.008 0.005 0.005 
Lsd 110.3 69.68 15.58 19.18 2.38 2.18 17.21 10.1 13 19.95 12.56 
cv % 39.4 16.50 20.1 91 8.60 11.30 14.7 10.6 20.7 15.1 

DAI: Days after initiation. Figures followed by same 1ette.r in a column do not differ significantly at P 0.05. 
R: Resistant and S: Susceptible.Figures in parenthesis are angular transformed values. 



on diets containing pod powder of ICPL 87 (319.80 mg) and) followed by lCPL 

88039 (58.10 mg). Lowest pupal weights were recorded on ICPL 87091 (206.40 

mg) followed by ICP 7203-1 (21 1.70 mg), ICPL84060 (2 15.40 mg). Longest pupal 

period was recorded in larvae reared on diets containing lyophilized pod powder of 

T 21 (12.83 days). Lowest adult emergence was noticed in ICP 7203-1 (46.67%). 

Among the long-duration genotypes larval weights were lowest on ICPL 871 19 

(47.9 mg) and longest larval period was recorded in larvae reared on lCPL 332 

(24.67 days) followed by ICPL 871 19 (22.17 days). Longest pupal period was 

recorded in larvae reared on diets containing lyophilized pod powder of lCPL 

84060 (13.5 days). When the larval were reared on artificial diet impregnated with 

the lyophilized leaf and lyophilized pod powder there was significant difference in 

the per cent pupation and per cent adult emergence. When the larvae were reared on 

diets containing lyophilized pod powder lowest pupation was recorded on ICPL 332 

(56.67%). Fecundity and egg viability of adults emerging from larvae reared on 

different genotypes did not differ significantly. 

Correlations between pod damage parameters of larvae reared on 

Iyophilized leaf powder and lyophilized pod powders impregnated in artificial diet 

of pigeonpea genotypes indicated (Table 27) that there was a positive and 

significant correlation between larval weight and pod damage (0.71), larval 

mortality on 1 0 ~  day and pod damage (0.71). Adult emergence per cent and pod 

damage (0.55), and pupation per cent and pod damage (0.63). Principal component 

analysis of 12 pigeonpea genotypes based on biological effects of leaf and pod 

powder impregnated into artificial diet indicated that T 21, 1CP 7035, ICP 7203-1, 

lCPL 98008, lCPL 871 19 are resistant genotypes; ICPL 98001 is a susceptible 



Table 27: Comlationr between damage parameten of larvae reared on lyophilired 
Leaf powden and lyophllised pod powden impregnated in artificial diet of 
12 pigeonpea genotype6 (2000-2002) 

SI.No Damage parameter Cornlation value 

1 Larval weight 

2 Larval mortality on 10" day 

3 Pupal weight 

4 Pupal period 

5 Adult emergence percentage 

6 Pupation percentage 

* Significantly different at 5% probability 



genotype; lCPL 87, ICPL 87091, ICPL 88039, ICPL 187-1, ICP 84060 are 

moderately resistant genotypes (Fig. 13). 

4.2.2.7 Larval feeding on inflorescences of 12 pigeonpea genotypes 

The growth of neonate larvae of H. armigera on inflorescences of 12 

pigeonpea genotypes was observed under laboratory conditions. Highest larval 

mortality was observed on ICPL 332 (56.67%) followed by ICP 7035 (50.00%) 

among long-duration genotypes and in lCPL 88039 (40.00%) and lCPL 98001 

(40.00%) in case of short-duration genotypes. Highest weight gain was observed on 

ICP 7035 (133.14%) and there was no significant difference among the short 

duration genotypes (Table 28). 

4.2.3 Trichome types and their density in 12 pigeonpea genotypes 

Five morphologically distinct types of trichomes (Type A-E) were 

identified from pods and calyx of the 12 pigeonpea genotypes under a simple 

microscope (40x). Type A trichome have a long tubular neck. It is longer than all 

other trichomes except Type D. Type B is globular. Type C trichomes are 

unsegmented and nonglobular. Type D is similar to Type A except for the base. The 

base is absent in Type D trichomes. Type E Trichomes are shorter than all other 

types. 

The density of trichome types A-E varied significantly among the 

genotypes. In the calyxes Type A, C, D and E trichomes were present in all the 

genotypes but Type B trichomes were absent in short-duration genotypes such as 

lCPL 87091, lCPL 871 19, and lCPL 88039. Type A and Type D trichomes were 

present in greater density compared to Type B, C, E. In the flower calyx, highest 



FIg 13: Principal cornponeat analysl of 12 pigcanpea genotype8 bawd on bblogkal effect8 of leaf 
and pod powder impregnated Into afllficlal diet 



Table 28: Growth of neonate larvae of H. armigera on inflorescenca of 
12 pigeonpea genotypes under Laboratory conditions (2001-2002) 

Genotypes Larva' Weight gain Larval wt Larval wt mortality 
IDA1 tg) 5DAI ti31 (%) 

ICPL187-1 3.80 5.10 26.67& 1260" 

ICP703 5 2.22 27.60 50.00* 13314' 

ICP7203- 1 4.33 5.60 23.33* 1265' 

ICPL84060 2.40 3.00 20.00'" 1989' 

1CPL8709 1 3.82 6.40 13.33' 1565' 

ICPL87 1 19 4.52 4.20 43.33k 1045' 

ICPL88039 3.25 4.20 4 0 . 0 0 ~  1 186' 

ICPL98001 3.52 4.30 40.00" 1350' 

ICPL98008 1.86 5.90 33.33* 3837' 

T2 1 3.45 5.00 3 0 . 0 0 ~  1589' 

Controls 
ICPL87(S) 1.86 5.80 33.33* 3453' 

ICPL332@ 5.80 8.20 ~ 6 . 6 7 ~  2050' 

Mean 3.40 7.10 34.20 2823 

FPROB 0.377 0.367 0.075 0.187 

LSD 3.20 17.9 25.89 0.024 

CV % 56.90 148.8 45 170.1 

DAI: Days after initiation. Figures followed by same letter in a column do not differ 
significantly at P 0.05. 
R: Resistant and S: Susceptible. 
Weight gain = (Final weight - Initial weight) / Initial weight'100 



number of Type A trichomes were present on ICPL 88039 (171.67) and lowest on T 

21 (6.67). Type B trichomes were highest on long-duration genotypes such as ICPL 

87119 (33.33) and lowest on ICP 7035 (18.33). Type C trichomes are highest in 

ICPL 871 19 (61.61), Type D in ICP 7035 (66.33) and Type E in ICPL 84060 (2.33). 

Type C trichomes were highest on ICPL 98008 (75.00) and lowest on ICPL 87091 

(7.50). Type D trichomes were highest on lCPL 98008 (96.67) and lowest on ICPL 

332 (3.33) and absent in ICPL 98001 and ICPL 871 19 (Table 29). Greater number 

of Type E trichomes were present on ICP 7203-1 (2.67), lCPL 84060 (2.33). 

Among short duration genotypes Type A trichomes are higher in ICPL 88039 

(1 71.67) and Type B trichomes in ICPL 87091 (1 3.33). 

On the pods, Type A-E trichomes were present on all genotypes. 

There were significant differences in the trichome density among the genotypes 

tested. Type D trichornes were present in greater density compared to Type A. Type 

A trichomes were highest on ICP 7035 (1 18.33) and lowest on ICPL 84060 (7.33). 

Type B trichomes were higest on T 21 (33.33). Type C were greater on T 21 

(145.00). Type D were greater on ICP 7035 (126.67). Type E trichomes did not 

differ significantly among the genotypes examined (Table 30). 

4.2.4 Biochemical analysis 

4.2.4.1 Estimation of nitrogen, phosphorus and potassium 

Nitrogen, phosphorus, and potassium contents in flowers differed 

significantly (Table 3 1). Lowest nitrogen content (1.98%) was observed in flowers 

of T 21 while highest nitrogen content was observed in flowers of ICPL 332 

(2.65%). Among the flowers of long duration genotypes ICPL 871 19 had lowest 

phosphorus content (0.23) while highest phosphorus content was observed in ICPL 



Table 29: Mean density of five different types of trichomw on upper end 
lower interveinal nurfece of flowers of 12 pigeonpea genotypes 
(2001-2002) 

Genotype A B C D E 
ICPL 187-1 23.33d 0.00~ 1 1  .67g 36.67d 1 .33'b 

ICP 7203-1 51.67~ 10.67~ 10.67~ 61.67' 2.67' 

ICPL 98001 25.00~ 0.00' 33.33' 0.00' 0.33' 

ICPL 98008 23.33d 0.00' 75.00' 96.67' 0.00' 

ICPL 87091 43.33' 13.33' 7.50~ 43.33d 0.67~ 

ICPL 84060 21.67' 6.67' 46.67d 61.67' 2,33'b 

ICPL 871 19 16.67"3,33" 61.67' 0.00' 1 .00' 

ICP 7035 13.33' 18.33~ 66.33b 68.33bC 1.33~ 

Controls 
ICPL 332 (R) 11.33' 11.33~ ~3.33~ 3.33 0.333' 

ICPL 87 (S) 23.33d 1 1  .33d 53.33 41 .33d 0.667~ 

F Prob. <0.001 <0,001 <0.001 <0.001 0.088 

LSD at 5% 4.47 2.972 3.851 16.64 1.662 

CV(%) 7.4 17.6 4.5 22.2 93.4 

Mean followed by same letter in a column do not differ significantly at P 0.05. 
R - Resistant check; S- Susceptible check, 



Table 30: Mean density of five different types of trichomes on upper and lower 
interveinal surface of pods of 12 pigeonpea genotypes (2001-2002) 

Genotype TIUCHOME TYPES 
A B ,  C D E 

ICPL 187-1 

ICP 7203-1 

ICPL 88039 

ICPL 98001 

ICPL 98008 

ICPL 87091 

T 21 

ICPL 84060 

ICPL 871 19 

ICP 7035 1 18.33' 6.33' 15.00~ 126.67' 1 .OOa 

Controls 
ICPL 332 (R) 35.00" 1 .33~ 5 5 . 0 0 ~  29.67' 0.667' 

ICPL 87 (S) 46.67' 6.67b 63.33bC 53.33b 1,333' 

F Prob. <0.001 <0.001 <0.001 ~ 0 . 0 0 1  0.005 

LSD 25.00 12.80 41.27 42.52 1.613 

CV% 42.30 74.80 37.00 50.30 90.70 

Mean followed by same letters in a column do not differ significantly. 
R - Resistant check and S- Susceptible check. 



Table 31: Nitrogen, phosphorus, potassium and protein content (%) of flowers 
of 12 pigeonpee genotypes (2001-2002) 

Genotype Nitrogen Phosphorus Potassium Protein 

ICPL 187-1 2.51h 0.29~ 1.33' 1 5 . 6 7 ~  

ICP 7203-1 2.19" 0.25~ 1.38' 13.71' 

ICPL 88039 2 .06~ 0.30' 1 .63f 12.88~ 

ICPL 98008 2.43g 0.32' 1.64' 15.18g 

ICPL 87091 2 .07~  0 .29~ 1.66' 12.91b 

ICPL 84060 2.40' 0.29~ 1.64' 14.98' 

ICPL 871 19 2.36' 0.23" 1.21" 14.77' 

ICP 7035 2.60' 0.27' 1 .26b 16.23' 

Controls 
ICPL 332 (R) 2.69 0.272' 1.74' 16.56' 

ICPL 87 (S) 2.23d 0 .28~ 1.33" 1 3 . 9 ~ ~  

F Prob. <O.OO <0.01 <0.001 <0.001 

LSD at 5% 0.01 0.01 0.01 0.07 

R - Resistant check and S. - Susceptible check. 
Mean followed by same letters in a column do not differ significantly 



98008 (0.32%). Among shon duration genotypes highest potassium content was 

observed in ICPL 332 (1.74%) and lowest in ICPL 871 19 (1.21%). 

The nitrogen, phosphorus and potassium contents in pods of 12 

pigeonpea genotypes differed significantly (Table 32). Lowest nitrogen content was 

observed in ICPL 88039 (2.16%) among highest in ICPL 84060 (2.86%). followed 

by ICPL 7203-1 (2.67%). Lowest phosphorus content was observed in T 21 

(0.26%) and highest in ICPL187-1 (0.35%). Potassium content was highest in the 

resistant check ICPL88039 (1.57%) followed by ICPL 98001 (1.54%) and lowest in 

ICPL 98008 (1.13%). 

4.2.4.2 Protein content 

The protein conterit in flowers and pods of the pigeonpea genotypes 

tested differed significantly (Table 31). The protein content of flowers was more 

compared to that of pods. Highest protein content was observed in the flowers of 

ICP 332 (16.56%) and lowest in T 21 (12.36%). Highest protein content was 

observed in pods of ICPL 84060 (17.85%), among long duration genotypes and 

ICPL 7203-1 (16.65%) among short duration genotypes. Lowest protein content 

was observed in pods of ICPL 88039 (13.51%). followed by ICPL 98008 (13.78%). 

Because of the greater protein content in flowers of ICPL 7035, more damage was 

observed in flowers of this genotype by H. armigera (Table 32). 

4.2.4.3 Reducing sugars 

Sugar content of leaves and pods of pigeonpea genotypes differed 

significantly. The sugar content in pods was greater than in the leaves (Table 33). 

Highest sugar content was observed in leaves of ICPL 187-1 (9.57%), followed by 



Table 32: Nitrogen, phosphorus, potassium and protein content (%) of pods of 
12 pigeonpea genotypes (2001-2002) 

Genotvpe Nitrogen Phosphorus Potassium Protein 

ICPL 187-1 2.44' 0 .35~  1.46' 15 .25~  

ICP 7203-1 2.67h 0.26' 1.26' 16.65' 

ICPL 88039 2.16' 0.25' 1.57h 13.51' 

ICPL 98001 2.57' 0 .30~  1.54g 1 6.07g 

ICPL 98008 2.21b 0.32' 1.13" 13 .78~  

ICPL 87091 2.21b 0.28" 1.548 1 3 . 7 8 ~  

T 21 2 .50~ 0.26' 1.31d 15.60' 

ICPL 84060 2.86' 0.32" 1.47' l7.85h 

ICPL 871 19 2.34d 0.29' 1.43' 14.64" 

ICP 703 5 2.33' 0 . 2 7 ~  1 .46f 14.55" 

Controls 

ICPL 332 (R.) 2.33' 0.29' 1 .23b 14.55' 

ICPL 87 (S.) 2.33' 0 .30~  1.27" 14.54' 

F Prob. <0.001 <O,OO 1 <0.001 <0.001 

LSD at 5% 0.012 0.0094 0.0108 0.0801 

CV% 0.60 1.90 0.50 0.30 

R - Resistant check and S - Susceptible check. 
Mean followed by same letters in a column do not differ significantly at P 0.05 



Table 33: Percentage of sugars in leaves and pods of 12 pigeonpea genotypes 
(2001-2002) 

Genotype Leaf (%) Pod (%I 
lCPL 187-1 9.57k 10.70~ 

ICP 7203-1 9.40' 10.50' 

ICPL 88039 9.40~ 10.40~ 

ICPL 98001 8.2g8 9.48' 

lCPL 98008 9.47' 10.50' 

ICPL 87091 5.40~ 9.60' 

T 21 7.80' 7.80' 

ICPL 84060 3.66' 9 .40~ 

ICPL 871 19 6.80' 9.70' 

ICP 7035 5.4bC 9.60' 

Controls 

ICPL 332(R) 

ICPL 87 (S) 

F Prob. <0.001 <0.001 

LSD 0.043 1 0.043 1 

CV(%) 0.30 0.30 

Mean followed by same letters in a column do not differ significantly at p 0.05. 



ICPL 98008 (9.47%) among short duration genotypes. Lowest sugar content was 

observed in leaves of ICPL 84060 (3.66%) and higher in ICPL 332 (9.40%). In case 

of pods, sugar content was greater in lCPL 187-1 (10.70%) and lowest in T 21 

(7.80) among short duration genotypes. Among long duration genotypes highest 

sugar content was observed in ICPL 871 19 (9.70). 

The principal component analysis of 12 pigeonpea genotypes based 

on biochemical characters (nitrogen, phosphorus and potassium contents in the 

plant, per cent of sugars and pod damage) revealed that ICPL 332, ICPL 87091, 

lCPL 87, ICP 7035, ICPL 88039 are resistant genotypes; ICPL 871 19 and T 21 are 

susceptible genotypes ICPL 98001, ICP 7203-1, ICPL 187-1 and ICPL 84060 are 

moderately resistant genotypes (Fig.14). 

4.2.5 Bioassay of pod surface extracts from ICPL 87 (susceptible 

check) and ICPL 332 (resistant check) using glass fiber discs 

The pod surface extracts of ICPL 87 and ICPL 332 stimulated the 

feeding by the 3d, 4*, and 5* instars of H. armigera, when presented at pod surface 

equivalents. When the bioassay was conducted using 3d instar larvae the 

antifeedant activity was highest (0.43) in ICPL 332 treated disc (glass fibre disc 

containing ICPL 332 pod extract extracted in hexane) (Table 34). But highest 

antifeedant activity was observed in ICPL 87 (0.22) treated disc (glass fibre disc 

containing ICPL 87 pod extract extracted in methane). When the bioassay was 

conducted using 4* instar larvae the antifeedant activity was highest in ICPL 332 

(-0.18) treated disc (glass fibre disc containing ICPL 332 pod extract extracted in 

hexane). For S~ instar also highest antifeedant activity was observed on ICPL 332 

(2.25) treated disc (glass fibre disc containing ICPL 332 pod extract extracted in 



Figl4: Principal component analylir of 12 pigeonpen genotyprr baaed on biochemical characters 
and pod damage 





hexane). The amount of leaf discs consumed was greater for ICPL 87 (susceptible 

check) compared to that of the ICPL 332 (resistant check). Significantly more discs 

treated with hexane and methanol were consumed compared with the respective 

controls. The methanol extract was most stimulatory, followed by the hexane 

extract. The attraction of H. armigera adults to ICPL 87 and ICPL 332 extracts 

indicates that chemical cues are involved in host plant selected by H, armigera. 

When the bioassay was conducted using 3d instar larvae the feeding 

index was highest (13.33) in ICPL 332 treated disc (glass fibre disc containing ICPL 

332 pod extract extracted in hexane) (Table 35). Lowest feeding index was recorded 

(-15.89) in ICPL 87 treated disc (glass fibre disc containing ICPL 87 pod extract 

extracted in hexane). The feeding index was highest in ICPL 332 (36.61) in ICPL 

332 treated disc (glass fibre disc containing ICPL 332 pod extract extracted in 

methanol). When the bioassay was conducted using 4'h instar larvae the feeding 

index was highest (38.51) in lCPL 332 treated disc (glass fibre disc containing ICPL 

332 pod extract extracted in hexane). For 5" instar also highest feeding index 

(12.33) was recorded for ICPL 332 (glass fibre disc containing ICPL 332 pod extract 

extracted in hexane). 

4.2.6 Bioassay using plant material 

4.2.6.1 Relative feeding preference by the 3d instar larvae of the 

H. armigera towards leaves of different pigeonpea genotypes 

4.2.6.1.1 Feeding preference under no-choice conditions 

There were no significant differences in the leaf damage ratings up to 

24 hours of observation (Table 36). After 48 hrs, lowest feeding was observed in 





Table 36: Relative feeding preference by the third instar larva of H. armigera 
towards leaves of 12 pigeonpea genotypes under no-choice 
conditions (2001-2002) 

Genotype Damage Rating 
24 hr. 48 hr. 

ICPL 187-1 0.60' 1 .90' 

ICP 7203-1 2.10' 3 .70b 

ICPL 88039 0.40' 0.70" 

ICPL 98008 

ICPL 87091 

ICPL 84060 0.20' 0.30a 

ICPL 871 19 

ICP 7035 

Controls 
ICPL 332 (R) 1.90 3.80 

ICPL 87 (s) 1.50 3.30 

F Prob. 0.004 0.001 

LSD at 5% 1.834 2.74 

R - Resistant check, S - Susceptible check. 
Means followed by same letter do not differ significantly. 
Damage rating (1=<10% leaves damage and 9=>80% leaves damage) 



leaves of ICPL 84060 (DR = 0.30) followed by ICPL 98008 (0.40). Highest damage 

rating was observed in leaves of ICPL 87091 and ICPL 87 11 9 (4.10). 

4.2.6.1.2 Feeding preference under dual-choice conditions 

There were no significant differences among the genotypes tested 

(Table 37). Greater feeding was observed on leaves of ICPL 87091 (2.17) compared 

to those of the susceptible check, ICPL 87 (1.33). Lowest feeding was observed on 

T 21 leaves (0.66) compared to the susceptible check ICPL 87 (1.33). Positive 't' 

values were recorded for all the genotypes indicating that the larvae preferred to feed 

on the leaves of the susceptible check ICPL 87. 

4.2.6.2 Relative preference by the 3d instar larvae towards flowers of 12 

pigeonpea genotypes 

4.2.6.2.1 Feeding preference under no-choice conditions 

There were no significant differences in feeding preference by the 31d 

instar larvae towards the flowers of different pigeonpea genotypes (Table 38). 

However, highest feeding was recorded in flowers of ICP 7203-1 (DR = 7.40) 

followed by ICPL 87091 (7.00) among short-duration genotypes and lowest in case 

of ICPL 187-1 (4.20). Among the long-duration genotypes lowest feeding was 

observed on flowers of ICPL 84060 (4.10) and ICPL 871 19 (7.00). 

4.2.6.2.2 Feeding preference under dual-choice conditions 

Greater feeding was observed on flowers of ICP 7035 (DR = 7.17) in 

comparison to the susceptible check, ICPL 87 (6.83). Negative 't' values were 

recorded for ICP 7035 indicating more damage rating in ICP 7035 compared to the 



Table 37: Relative feeding preference by the third instar larvae of H. arntigera 
toward1 leaves of 12 pigeonpea genotypes under dual- choice 
conditions (2001-2002) 

Damage rating* 
Genotype t value 

Test genotype ICPL 87 

ICPL 187-1 

ICP 7203-1 

ICPL 87091 

ICPL 88039 

ICPL 98001 

ICPL 98008 

T 21 

ICPL 84060 

ICPL 871 19 

ICP 7035 

ICPL 332 (R) 

*Damage rating 1=<10% of leaves damaged 9 4 0 %  leaves damaged. 



Table 38: Relative feeding preference by the third instar larva of H. armigera 
towards flowen of 12 pigeonpea genotypes under no-choice 
conditions (2001-2002) 

Cienotvpe DR (24 hl 

ICPL 187- 1 4.20~ 

ICP 7203-1 7.40~ 

ICPL 88039 

ICPL 98001 

ICPL 98008 

ICPL 87091 

T 21 

ICPL 84060 

ICPL 871 19 

ICP 703 5 6.80~ 

Controls 
ICPL 332 (R) 5.60" 

ICPL 87 (S) 5.00~ 

F prob. 

LSD at 5% 

R - Resistant check, S - Susceptible chock. 
Mean followed by same letter do not differ significantly. 
DR= Damage Rating 



susceptible check ICPL 87. In all the other genotypes tested positive 't' values were 

recorded indicating more preference for the flowers of ICPL 87 as compared to test 

genotype (Table 39). 

4.2.6.2.3 Feeding preference under multi- choice conditions 

In case of short-duration genotypes greater feeding was observed 

(Table 40) in flowers of ICP 7203-1 (DR=7.40) followed by those of ICPL 87091 

(7) and ICPL 871 19 (7.00). Lowest feeding was observed in T 21 (0.80). In case of 

long-duration genotypes lowest feeding was observed in ICPL 84060 (4.10). 

4.2.6.3 Relative preference by the ld instar H armigem larvae towards 

pods of 12 pigeonpea genotypes 

4.2.6.3.1 Multi-choice conditions 

Lowest damage rating after 48 hrs was observed in pods of T 21 

(1.25), followed by ICP 7203-1 (1.40), while highest pod damage was observed in 

pods of lCPL 87091 (7.40) after 48 h (Table 41). In case of long duration genotypes, 

there were no significant differences in larval feeding on pods. Highest damage 

rating was observed in pods of the susceptible check, ICPL 87 (7.50) followed by 

ICP 7035 (1 .SO) (Table 42). 

4.2.6.3.2 Effect of extracting the pod surface chemicals by different 

solvents on feeding preference by the H. armigera larvae 

There was greater feeding on pods extracted with hexane than on the 

pods extracted in methanol and distilled water. In case of susceptible check, ICPL 

87 there were no differences in the feeding in case of control pods, and the pods 



Table 39: Relative feeding preference by the third instar larva of H. armgera 
towards flowers of 12 pigeonpea genotypes under dual-choice 
condition (2001-2002) 

Genotype Damage rating t-value 
Test genotype Control (ICPL 87) (S) 

ICPL 187-1 2.17 6.50 3.00 

ICP 7203-1 3.83 7.17 1.63 

ICPL 87091 8.67 3.67 1.96 

ICPL 88039 5.83 7.17 1.17 

ICPL 98001 4.16 4.33 5.29 

ICPL 98008 3.88 6.00 4.65 

ICPL 84060 1.83 6.50 5.25 

ICPL 871 19 4.00 5.00 3.77 

ICP 7035 7.17 6.83 -1.19 

ICPL 332 6.00 6.66 1.76 

R - Resistant check, S - Susceptible check. 
* Damage rating (1=<10% flowers damaged and 9 = >80% flowers damaged) 



Table 40: Relative feeding preference by the third instar larva of H armigera 
towards flowers of 12 pigeonpea genotypes under multi-choice 
conditions (2001-2002) 

Genotype DR (24 h) 

ICPL 187-1 4.20' 

ICP 7203-1 7.40' 

lCPL 88039 6.00' 

ICPL 98001 5.60" 

ICPL 98008 4.60' 

ICPL 87091 7,OO' 

T 21 0.80' 

ICPL 84060 4.10' 

ICPL 871 19 7.00' 

ICP 7035 6.80' 

Controls 
ICPL 332 (R) 

ICPL 87 (S) 5.00' 

F prob 3.50 

LSD at 5% 1.27 

CV(%) 3.407 

R - Resistant check, S - Susceptible check. 
Means followed by same letter do not differ significantly. 
* Damage rating (1=<10% flowers damaged and 9=>80% flowers damage) 



Table 41: Relative feeding preference by the third instar larva to H. armigera 
towards pods of eight pigeonpea genotypes underhulti-choice 
condition (2001-2002) 

Genotype DR (24 h.) DR (48 h.) 

ICPL 187-1 1 .80L 4.40' 

ICP 7203 - 1 0.90' 1 .40a 

ICPL 88039 1 .70a 2.60'~ 

ICPL 98001 

ICPL 87091 

ICPL 98008 

Controls 
ICPL 332 (R) 

ICPL 87 (S) 1.70' 4.70' 

Mean 

F Prob. 

LSD at 5% 

CV(%) 

R - Resistant check, S - Susceptible check. 
Means followed by same letter do not differ significantly. 
Damage rating (1=<10% pods damage and 9=>80% pods damage) 



Table 42: Relative feeding preference by the third instar larva to H. armigera 
towards pods of four pigeonpea genotypes under multi-choice 
condition (2001-2002) 

Genotype DR (24) DR (48) 

ICPL 84060 0.80' 1.30' 

ICPL 871 19 

ICP 7035 

Controls 

ICPL 332 (R) 

1CPL-87 (S) 

Mean 

F Prob. 

LSD at 5% 

CV% 

R - Resistant check, S - Susceptible Check 
Means followed by same letter do not differ significantly. 
Damage rating (1=<10% pods damage and 9=>80% pods damage) 



extracted in distilled water and methanol. In case of ICPL 84060, ICPL 871 19 and 

ICP 7035 greater feeding was recorded in pods extracted in hexane compared to 

pods extracted in methanol. The results suggested that the compounds extracted in 

hexane and methanol were important in determining feeding preference by the 

H. armigera larvae. 

Under dual-choice conditions, the larvae were offered a choice 

between a control pod and a pod extracted in hexane or methanol or distilled water. 

Greater feeding was recorded in pods extracted in hexane as compared to the control 

pods. When a choice was offered to the larva between a control pod and a pod 

extracted in hexane negative 't' values wers recorded for ICP 7035, ICPL 87, ICPL 

98008, lCPL 87091, ICPL 88039, ICPL 98001, ICPL 84060, and ICP 7203-1 

suggesting greater feeding in pods extracted with hexane compared to control pods. 

For ICPL 332, ICPL 187-1, and T 21 the pod damage ratings were less on pods 

extracted with hexane compared to the control pods (Table 43). 

When a choice was offered to 3d instar larvae between a control pod 

and pod extracted in methanol, negative 't' values were observed in case of ICPL 

187-1, ICPL 87, ICPL 98008, ICPL 87091, ICPL 88039, ICPL 98001 and ICPL 

871 19 indicating greater damage in pods extracted in methanol than on the control 

pods. For ICPL 332, ICP 7035, lCPL 84060 and T 21 the damage in control pods 

was greater when the pods were extracted with methanol (Table 44). 

When the larvae were offered a choice between control pods and 

pods extracted in distilled water, negative 't' values were observed in case of ICPL 

87091, T 21 and ICP 7203-1 pods indicating more damage in pods extracted with 

water compared to the control pods. For the other genotypes, the damage ratings 







were more in control pods as compared to the pods extracted in distilled water 

(Table 45) 

4.3 TOLERANCE 

Tolerance to H armrgera damage was studled In plgeonpea 

genotypes under protected and unprotected conditions in the field 

4.3.1 Pod damage ratings 

Under protected conditions, the differences in pod damage ratlngs 

among the genotypes were not s~gnificant (Table 46) However under protected 

condition, the differences were significant among the genotypes tested In case of 

long- duration genotypes, lowest pod damage ratings was observed in lCPL 332 

(3 33) followed by ICPL 84060 (5 00) while in the short duration genotypes lowest 

pod damage rating was observed In ICPL 98001 (6 OO), followed by ICPL 88039 

(8 00) and ICPL 87 (8.33) 

4.3.2 Pod borer damage 

Under protected conditions, there were no significant differences In 

per cent pod damage (Table 46). However, under unprotected conditions lowest pod 

damage was recorded in ICPL 332 (22 90%), followed by ICP 7035 (24 40%), ICPL 

98001 (57 90%), and ICPL 7203-1 (64 90%). The susceptible checks ICPL87 and 

ICPL 871 19 suffered a pod damage of 83 2% and 67% respectively 

4.3.3 Seed weight per 100 grains 

Mean seed weight per 100 grains was significantly greater under 

protected conditions compared to the unprotected conditions (Table 47) Among the 









long duration genotypes higher 100-seed weight was recorded for ICPL 871 19 

(1 1.44 g) under protected conditions and 10.70 g under unprotected conditions. In 

case of ICPL 871 19 and ICPL 7035 (because of compensation) significantly high 

seed weight per 100 grains was recorded under unprotected conditions. In case of 

short-duration genotypes higher 100-seed weight was recorded for ICPL 87091(9.69 

g under protected and 9.91 g under unprotected conditions). 

4.3.4 Grain yield 

Significantly high grain yield per hectare was recorded under 

protected conditions as compared to unprotected conditions (Table 48). Highest 

grain yield per hectare was obtained in ICP 7203-1 (7408 kg) followed by ICPL 

187-1 (4495 kg) among short-duration genotypes and ICPL 332 (5551 kg), followed 

by ICPL 87119 (5257 kg) in case of long-duration genotypes under protected 

conditions. Under unprotected conditions among long-duration genotypes highest 

grain yield was obtained in ICPL 332 (4361 kg), followed by ICPL 187-1 (3 188 kg), 

ICPL 84060 (3 126 kg). In case of short-duration genotypes highest grain yield was 

obtained in ICPL 187-1 (3 188 kg). 

4.3.5 Loss in grain yield (%) 

Tolerance index based on loss in the grain yield indicated that ICPL 

332 (0.21), and ICPL 84060 (0.24), were the most tolerant genotypes followed by 

ICPL 87 (0.29). ICPL 87119 (0.51), T 21 (0.64) and ICPL 88039 (0.69). Highest 

grain yield reduction i.e., avoidable loss was recorded on ICPL 187-1 (36.46 %) 

followed by T 21 (34.06%), ICPL 98008 (34.80%) and ICPL 88039 (34.23%) 

(Table 48). 





4.3.6 Eggs and larvae 

In the unsprayed field among the long duration genotypes lowest 

number of eggs were recorded on ICPL 871 19 (4.28) followed by ICPL 84060 

(4.52). Among the short duration genotypes, lowest number of eggs were recorded 

on ICPL 187-1 (4.27). Total number of larvae were more on ICP 7035 (4.46) and 

less on ICPL 332 (4.21) followed by ICPL 84060 (4.37) among the long duration 

genotypes. Among the short duration genotypes lowest number of larvae were 

recorded on ICPL 98001 (4.04) (Table 49). The total number of eggs and larvae 

were more during unsprayed condition and less under sprayed conditions (Table 50). 

In the sprayed field lowest number of eggs were recorded in the ICPL 84060 (0.59) 

followed by resistant check ICPI. 332 (1.15) among the long duration genotypes. In 

case of short duration genotypes lowest number of eggs were recorded in ICPL 

98008 (0.88). The total number of larvae were less in ICP 7035 (0.23) followed by 

ICPL 332 (0.14) in case of long duration genotypes. In case of short duration 

genotypes lowest number of larvae were recorded in ICPL 98008 (0.12) (Table 50). 

4.3.7 Correlation between pod borer damage and yield in pigeonpea 

genotypes 

There was a positive and significant correlation between pod damage 

rating and pod damage per cent (0.85). There was a negative correlation between 

grain yield and pod damage rating (-0.62). This indicates that as the pod damage 

rating increases the yield decreases (Table 51). Principal component analysis of 

number of eggs, larvae, pod damage rating, damage per cent and yield indicated that 

ICPL 87, lCPL 87091, ICPL 98001, T 21, ICPL 187-1 are resistant genotypes; ICPL 

98008, ICPL 871 19 are susceptible genotypes; ICPL 332, ICP 7035, ICPL 88039, 

ICP 7203-1, ICPL 84060 are moderately resistant genotypes (Fig. 15). 







Table 51: Correlations between pod borer damage and yield in 12 pigeonpea 
genotypes (2001-2002) 

SI. No Yield and damage parameters Correlation coefficient 

1 Damage rating and pod damage percentage 0.85*** 

2 Total eggs and total larvae 0.32 

3 Total eggs and yield 0.35 

4 Pod damage percentage and yield -0.62 

5 Yield and damage rating 0.07 

6 Larvae and yield 0.07 

7 Pod damage percentage and total eggs under 0.50 
laboratory conditions 

* Significantly different at 5% probability. 



FiglS: Principal eompontnt annlyair on number olcggr. larvae. damage rating, damage 
perantage and yldd 
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CEAPTER - V 

DISCUSSION 

The results obtained in the investigation on Mechanisms of resistance 

to Helicoverp armigera (Hubner) in pigeonpea [Cajamrs cajan (L.) Millsp.] are 

dicussed in this chapter. 

5.1 STABILITY OF RESISTANCE TO H. armigera IN 

PIGEONPEA 

Among the 12 pigeonpea genotypes tested, the G x E interaction for 

pod borer damage was significant for some genotypes indicating the non stability of 

resistance to pod borer over seasons. 

Least pod damage was recorded in ICP 187-1 (39%), followed by 

ICPL 84060 (52%) and ICPL 88039 (47%). These genotypes were stable in their 

reaction to H. armigera over seasons ICPL 871 19 was high yielding, but the pod 

damage was high, with slope >l and unit rms value, suggesting that this genotype is 

more susceptible under climatic conditions favourable to H. armigera. In case of 

ICPL 7203-1, pod damage was low, and grain yield was high, with a unit slope and 

rms value of 4. This indicated that genotype ICP 7203-1 is unstable in its reaction to 

pod borer damage. In case of ICPL 98008, less pod damage and high grain yield 

were observed with a unit slope and minimum rms values which indicated its 

stability of reaction to H. armigera damage. 

In case of ICPL 84060 and ICPL 871 19, the pod damage rating and 

slope were significantly less than one, and rms = 0; indicating stable reaction to pod 



borer damage. In case of ICPL 187-1, the slope was greater than one with minimum 

rms values, suggesting unstable reaction to H, armigero over seasons. 

During the 2000 cropping season, pod borer damage was 

significantly lower in lCPL 187-1 (21.75%), followed by ICPL 84060 (22.68%) and 

ICPL 98001 (24.32%), which were on par with the resistant check, ICPL 332 

(31.09% pod damage). The highest pod damage was recorded in T 21 (52.29%), 

while the susceptible check ICPL 87 suffered 52.22% pod damage. In case of ICPL 

87091, the damage caused by H, armigera to foliage was more compared to the 

other genotypes tested. 

During the 2001-2002 season in second planting, lowest pod borer 

damage was recorded in ICPL 187-1 (44.8%). which was lower than the damage in 

the resistant check, ICPL 332 (56.09%). For ICPL 7203-1, ICPL 84060, and ICPL 

98008; the pod borer damage was on par with that of the resistant check, ICPL 332. 

Highest pod borer damage was recorded in ICPL 98001 (89.25%), which was on par 

with the susceptible check, ICPL 87 (83.50%). 

Highest grain yields per plot were recorded in the resistant check, 

ICP 332 (2.61 kg per plot) during the 2000-2001 cropping season. Grain yields of 

ICPL 187-1, lCPL 87119 and ICPL 84060 were on par with each other. 

Significantly low grain yield was recorded in lCPL 87091 (0.031 kg per plot), which 

was on par with that of the susceptible check, ICPL 87 (0.25 kg per plot). In the 

second season (2001-2002), the grain yields did not differ significantly but grain 

yields were numerically greater in ICPL 332 (3.77 kg), ICPL 84060 (3.40 kg), ICPL 

871 19 (3.23 kg), ICPL 7203-1 (2.28 kg), and ICPL 187-1 (2.26 kg). In the first 

planting, highest grain yields were obtained in ICPL 332, ICPL 7203-1, ICPL 

84060, ICPL 98008 and T 21, and lowest in ICPL 87091, which was on par with the 



susceptible check, ICPL 87. During 2001-2002 season significantly higher grain 

yield was obtained for ICPL 332 (2.56 kg), followed by ICPL 187-1 (1.90 kg), ICPL 

84060 (1.78 kg) and lCPL 871 19 (1.59 kg) as compared to ICPL 87. 

Amongst the short-duration genotypes; ICPL 187- 1, lCPL 98008, 

ICPL 7203-1, T 21 and ICPL 88039 had low pod borer damage and reasonably high 

grain yields compared to the other genotypes tested. All these genotypes were 

determinate types. ICPL 87 and ICPL 98001 had high pod damage and low yields. 

ICPL 87091 exhibited the highest pod borer damage and determinate type of growth 

habit. 

Among the long-duration genotypes, ICPL 84060 and ICPL 871 19 
r k  

were high yielding and were an par with the resistant check, ICPL 332. All these 

genotypes were of indeterminate growth habit. ICP 7035 was also high yielding, but 

the pod borer damage in this variety was higher than ICPL 332 and the grain yield 

was low. ICP 7035 suffered more damage at the flowering stage than at the poding 

stage. This had indeterminate type of growth habit. 

Singh and Choudhary (1980) reported that varieties with bold seed 

were most suited for growing in favourable environments. Tomer el al. (1973) also 

concluded that large seeded chickpea cultivars were unstable and were only suitable 

for high-yielding environments. In the present studies, genotypes with bold grain 

(ICP 7035 and ICPL 871 19) were unstable in grain yield and were susceptible to 

H. armigera. 

Desai el al. (1991) tested 18 pigeonpea genotypes for stability of 

grain yield. The hybrid MTH 9 performed consistently well under low management 



conditions with a highly significant regression coefficient (bi =1.96), while ICPL 

227 exhibited stability in its performance over the years. The extent of genotype x 

environment interaction for grain yield and its components in 29 pigeonpea lines 

were evaluated in 3 environments by Dahiya and Singh (1993). Six genotypes were 

stable for grain yield as they exhibited high mean performance, a unit regression 

coefficient, and a very low magnitude of deviation from regression. 

Ten genotypes of short-duration pigeonpea were evaluated for 

stability by Tyagi and Aganval (1995). Highly significant mean squares were 

observed for genotypes, and genotype x environment interaction. ICPL 15 1 was the 

most stable genotype, in which the regression coefficient did not deviate from unity 

and had a non-significant minimum deviation from regression. 

In the present studies among the 12 genotypes tested, the grain yields 

of lCPL 84060, ICPL 87119, ICPL 187-1, and ICPL 98001 were dn par with the 

resistant check, ICPL 332. In case of ICPL 98001, the 'b' value was greater than I, 

and residual mean square equal to zero; indicating its adaptability to high-yielding 

environments (Eberheart and Russell, 1966). For ICPL 84060, ICPL 87119 and 

ICPL 187-1; the grain yields were unstable with zero RMS values and bi <I .  

5.2 MECHANISMS OF RESISTANCE TO H. armigera IN 

PIGEONPEA 

5.2.1 Antxenosis for oviposition 

The numbers of eggs laid were greater on short-duration genotypes 

compared to the long-duration genotypes. This may be because of greater 

H, armigera population early in the season (September to October) than during the 



later part of the season (November to December) when there is a slight decline in 

temperature. On pigeonpea, most of the eggs were laid on flowers and flower buds, 

and sparingly on the leaves (mostly during the vegetative phase of the host). In the 

field, the larval population was significantly greater on the top flowers and pods 

compared to the flowers and pods at middle and lower parts. Egg laying was quite 

high on floral parts and new pods as compared to foliage. Egg count was low on the 

H. armigera resistant lines such as ICPL 332, ICPL 84060, lCPL 871 19, lCPL 

88039, and T 21 compared to the susceptible genotypes (ICPL 87 and ICPL 87091). 

This suggested that oviposition nonpreference is one of the components of resistance 

to H, armigera in pigeonpea. 

Sison el al. (1993) obsei ved highest number of eggs on ICPL 87 as 

compared to the other genotypes tested. Egg and larval numbers have also been 

found to be lower on pod borer-resistant lines ICP 11964, ICP 1903, ICPL 84060, 

ICPL 87088, ICPL 87089 and ICP 1691 compared to the susceptible cultivar, ICP 

1691 (ICRISAT, 1991). The number of  eggs laid were more on genotypes with 

yellow flowers compared to the genotypes with red flowers. Similar observations 

have been reported by Laxmipathy (2000). 
1) 

In the field, there was no relationship between the number of eggs 

laid and larval abundance (r = 0.32) and number of eggs and pod damage % 

(r = 0.001) Similar observations have also been made by Lateef (1985) and 

Srivastava and Srivastava (1 989). A proportion of the larvae are possibly lost due to 

biotic and abiotic factors, and hence, it becomes difficult to obtain reliable data on 

larval density as a measure of genotypic resistance to this pest. Therefore, it is 

important to develop reliable techniques to screen for resistance to H. armigera 



under laboratory and field conditions using uniform level of infestation at the most 

susceptible stage of the crop. 

5.2.2 Antibiosis mechanism of resistance to H. armigera 

The current study has shown that there is a significant variation in 

growth and survival of H, armigera reared on leaves, flowers and pods of different 

pigeonpea varieties. This is similar to the observations of Sison and Shanower 

(1994), who showed that the H. armigera larvae reared on leaves and flowers of 

pigeonpea had lower larval weights and longer development times than those reared 

on pods. Differences in the nutritional quality of different plant parts may account 

for the variation observed in the growth and survival of H. armigera. Bilapate el al., 

(1988) showed that larval survival and adult fecundity were significantly greater on 

chickpea as compared to that on safflower, maize, cotton and pigeonpea. According 

to Vijaya Kumar and Jayaraj (1982), the preferred host plants are pigeonpea field 

bean, chickpea, tomato, cotton, chillies, mungbean and sorghum. 

According to Dodia and Patel (1994), the larval and pupal mass of 

larvae H. armigera fed on developing pods of resistant varieties were significantly 

lower and the duration of the both the stages were longer than in larvae fed on the 

susceptible variety. The growth of larvae reared on flowers was faster than that on 

the pods. 

Larval and pupal weights, and larval survival were greater in larvae 

reared on artificial diet containing lyophilized leaf and pod powders compared to the 

larvae reared on leaves, flowers and pods collected from field. This may be due to 

availability of more nutrients in the artificial diet. Reduced larval and pupal weights 

and prolonged larval and pupal periods were observed in insects reared on ICPL 



332, ICPL 84060, ICP 7035, ICPL 88039 and T 21 as compared to the insects reared 

on ICPL 87 and ICPL 87091. These results indicated that antibiosis is one of the 

components of resistance to H. armigera in pigeonpea. 

The larval growth was slower on diets containing the lyophilized leaf 

and pod powders compared to the standard diet. Similar observations have earlier 

been made by Yoshida and Shanower (2000), who indicated that the presence of 

growth inhibitors in the leaf and pod powder may result in reduced survival and 

slow growth of the larvae. Larval survival, pupal weights, pupation and adult 

emergence were lower on the resistant genotypes than on the susceptible ones, and 

the standard artificial diet. Slower larval growth, which resulted in prolonged 

development, may increase the probability of predation, parasitism, infection by 

pathogens, and slowdown population growth of H. armigera (Price et a/ . ,  1980). 

Expression of resistance to H. armigera in artificial diet impregnated with leaves, 

flowers or pods of different pigeonpea genotypes were quite consistent. Therefore, 

impregnation of different plant parts consumed by the insect into the artificial diet 

can be used as a reliable means of evaluating pigeonpea genotypes for resistance to 

H. armigera. However, the results of such assays are slightly different than those 

observed with the intact plant parts. Therefore, efforts should be made to establish a 

clear cut relationship between laboratory data based on artificial diets impregnated 

with different plant parts and survival and development on intact plant parts and, 

overall expression of resistance to H. armigera under field conditions. 

5.2.3 Trichome types and their density in pigeonpea genotypes 

Trichomes play an important role in host plant resistance to insects 

(Peter et al., 1995). Trichomes and their exudates and/or pod surface chemicals may 



provide some protection against H. armigera damage (Romeis el al.. 1999b. Sharma 

et al., 2001, Green et ol., 2002). Plant trichomes interfere with the searching 

behaviour of natural enemies of insect pests (Obrycki, 1986). Abundance of Type A 

trichomes and their exudates on reproductive structures also effect H. ormigeru 

natural enemies (Romies et al., 1996, 1998). Glandular trichomes and their exudates 

also influence the activity and abundance of natural enemies (Sharma et a/.,  2001). 

Different types of trichomes were present in the pigeonpea genotypes tested. The 

density of each trichome type differed significantly in pods and flowers. Genotypic 

differences and environmental factors affect the growth and development of 

trichomes (Southwood, 1986). 

Type A and Type D type of trichomes were present in greater density 

in flowers and pods of the pigeonpea genotypes examined. In case of pods, Type 'D' 

trichomes were present in greater numbers compared to Type A trichomes. 

Trichomes were present in greater density towards the edges than in the middle areas 

of flowers and pods. Similar observations have been made by Romeis et al. (1996). 

The pod borer, H, armigera, lays more than 80% of its eggs on pods 

and calyxes (Romeis, 1997). High density of nonglandular trichomes (Type A and 

Type B) might contribute to the larval mortality in the resistant genotypes lCPL 

84060, ICPL 871 19, ICPL 88039, ICPL 7203-1, ICPL 187-1 and T 21 although the 

cause and effect relationships needs to be established clearly. 

The function of the Type B trichomes is unknown. Bisen and 

Sheldrake (1981) suggested that this is the source of characteristic fragrance. The 

secretions in the Type B-trichome are liberated only when the cell wall is ruptured. 

This could be caused by a chewing insect such as H. armigera or by abiotic factors 



such as high temperatures or low air humidity (Ascensao et al., 1995). Bisen and 

Sheldrake (1981) considered Type E trichome to be a developmental stage of 

type B. Since no intermediate forms between Type E add Type B are found, Type E 

is considered to be a separate trichome type. 

Type C and D, trichomes on flowers and pods are nonglandular type, 

and were present in all the 12 genotypes examined. Type E trichomes were low or 

absent in a few genotypes. On the pods, Type D trichomes were greater in ICPL 

187-1 than in ICP 7035. 

5.2.4 Biochemical analysis 

Nutritionally important constituents of a host plant play a significant 

role in the feeding behaviour of phytophagous insects (Beck and Hanec, 1958). The 

phosphorus and potassium contents in flowers and pods of the pigeonpea genotypes 

differed significantly. The levels of potassium and phosphorus were lower in pod 

borer resistant genotypes such as ICPL 332, lCPL 84060, ICPL 7035 and ICPL 

187-1, but high in case of susceptible genotype, ICPL 87. Highest potassium 

content was observed in ICPL 87091 (susceptible genotype). Lowest potassium 

content was observed in ICPL 88039, which is a short-duration type and is relatively 

less susceptible to pod borer damage. Protein content was highest in ICPL 332, 

ICPL 7035, and ICPL 84060. ICPL 332, ICPL 84060, ICPL 7035, and ICPL 871 19 

which are long-duration types and hence tolerance or recovery to pod borer damage 

is one of the components of resistance. Because of high protein content, the damage 

by H. armigera may be more. Similar observations have been made by Khurana 

and Verma (1983). Highest sugar content was recorded in leaves and pods of ICPL 

187-1 and lowest in ICP 7035 leaves and pods of T 21. 



5.2.5 Bioassay of pod surface extracts from ICPL 87 (susceptible 

check) and ICPL 332 (resistant check) using glass fibre discs 

The results of bioassay of pod surface extracts from ICPL 87 and 

ICPL 332 suggested that the compounds on the pod surface play an important role in 

feeding preference by larvae of H. armigera. The feeding indices and antifeedant 

activity confirmed that the compounds extracted from pod surface of ICPL 87 by 

either hexane or methanol stimulated the feeding by 3". 4' and 5' instars (Sharma 

et al., 2001; Green et a/ . ,  2002). 

5.2.6 Bioassay using plant material 

Larvae of H. armigera are able to distinguish between different plant 

parts, and between different species of Cajanus. Young larvae (la/2"* instars) 

congregate inside flowers of C. cajan in preference to others plant parts (Green 

et a/., 2002). Older larvae (3'* to 5' instars) showed an increasing tendency to feed 

upon pods. Specially, switching From feeding primarily on flowers (up to the 3d 

instars) to feeding upon both flowers and pods (4' and 5" instars) may be due to 

differences in nutritional requirements for different instars. Older larvae have 

increased appetite (Raubenheimer and Barton, 2000) and need more proteins 

(Simpson et al., (1988), and this may be one of the factors responsible for a change 

in feeding behaviour of different larval instars. 

The 3d instar larvae feed more on flowers and pods compared to the 

leaf material. This observation was common for all the genotypes. The 3d instar 

larvae spent more time on flowers and pods than on leaves. Among all the 

pigeonpea genotypes tested, there was high damage in flowers and pods of the 



susceptible genotypes such as ICPL 87 and ICPL 87091. These observations were 

similar to genotypic reaction under field conditions. In case of ICPL 84060, ICPL 

332, ICP 871 19, ICP 7035, ICPL 88039, and ICPL 187-1, lower pod damage was 

observed both under field and laboratory conditions. This indicates that the larvae 

are able to select the nutritionally more optimum food when a choice is offered 

between a resistant and a susceptible genotype. 

Differences in pod surface chemistry, that resulted from extraction of 

pod surface compounds in different solvents affected the behaviour of H. armigera 

larvae. In case of resistant genotypes such as ICPL 84060, ICPL 88039, ICP 7203-1 

and ICPL 98008, more damage was observed in pods extracted in hexane than in the 

control pods. The results of these studies suggested that the compounds on the pod 

surface of pigeonpea genotypes play an important role in acceptance or rejection of 

food by H. armigera larvae. 

5.3 TOLERANCE 

Damage by H. armigera larvae on pigeonpea during the vegetative 

stage was very low. However, during the reproductive stage, the larvae damaged the 

flowers and developing pods. There was a significant and positive correlation 

between the larval population and pod damage (r = 0.585). 

Pigeonpea genotypes with indeterminate growth habit were less 

susceptible than the genotypes with determinate growth habit. Greater infestation on 

the determinate plant types may be because of the fact that such genotypes have 

clustered flower arrangement, which might facilitate easy access to flowerdpods to 

the borer larvae, e.g., in ICPL 87 and ICPL 87091. These observations were similar 

to the findings of Kushawaha and Malik (1 988). 



Significantly higher grain yield was recorded in ICPL 187- 1, ICPL 

332, lCPL 84060, ICPL 7203-1, ICPL 87119, lCPL 98001, T 21 and ICPL 88039 

under protected conditions as compared tp ICPL 87. Under unprotected conditions, 

high grain yield was recorded only in case of ICPL 84060 and ICPL 187-1. 

The pod damage was 62.6% under unprotected conditions and 13.9% 

under protected conditions. The pod damage in lCPL 87 and ICPL 87091 was high 

under both protected and unprotected conditions. Both of these genotypes were of 

determinate type, and short- duration varieties, Indeterminate growth habit coupled 

with long-duration resulted in less H. armigera damage. 

Under unprotected conditions, the grain yield of lCPL 187-1 was on 

par with that of the resistant check, ICPL 332, lCPL 98008, T 21 and ICPL 871 19 

were on par with each other. Under protected conditions, all the genotypes were on 

par with the resistant check, ICPL 332 in terms of pod borer damage. Under 

unprotected conditions, lCPL 7035 (24.4%) was on par with the resistant check, 

ICPL 332 (22.9%) for pod damage. These observations suggested the presence of 

tolerance mechanism of resistance in pigeonpea to H. armigera damage. Loss in 

grain weight was lowest in ICPL 332, followed by ICPL 84060, ICPL 187-1, ICPL 

87091, ICPL 871 19, ICPL 88039, ICPL 98001, and T 21. 
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CHAPTER - VI 

SUMMARY 

The present investigation on "Mechanisms of Resistance to 

Helicoverpa urrnigera (Hubner) in pigeonpea [Cbjanus cajan (L.) Millsp.]" was 

conducted at lCRISAT Patanchem during 2000-2002. The results are summarized 

as follows: 

1. There was a strong genotype x environment interaction for H. armigera damage 

and most of the genotypes were unstable across environments in terms of grain 

yield, except lCPL 332 (resistant check). 

2. Among the genotypes tested, high grain yields were recorded in ICPL 84060, 

ICPL 871 19, lCPL 332, ICPL 98008 and ICPL 187-1. 

3. Lowest pod damage was recorded in ICPL 187-1 (39%), followed by resistant 

check ICPL 332, ICPL 84060 and ICPL 88039 (47-53%, pod damage). 

4. All the genotypes were unstable in their reaction to H armigera in terms of 

percentage pod damage. However the regression coefficient was less than unity 

in case of ICPL 187-1, ICP 7203-1, ICPL 88039, ICPL 98008, T 21 and ICPL 

332, while ICPL 87091, ICPL 871 19 and ICPL 87 had regression coefficients 

greater than unity and these genotypes suffered greater pod damage with 

increase in the intensity of H. armigera infestation. 

5. Studies on oviposition preference under no-choice, dual-choice and multi-choice 

conditions revealed that among medium and long duration genotypes; ICPL 



332 (resistant check). Among the short-duration genotypes; the susceptible 

check ICPL 87 was preferred most, followed by lCPL 87091, ICP 7203-1, ICPL 

88039 and ICPL 98001. 

6. Reduced larval and pupal weights, prolonged larval and pupal development on 

resistant genotypes (ICPL 332, ICPL 84060, ICP 7035, ICPL 187-1, ICPL 

88039 and ICP 7203-1) compared to the susceptible genotypes (ICPL 87, ICPL 

871 19 and ICPL 87091) indicated that antibiosis is one of the components of 

resistance to H. armigera in pigeonpea. These results suggested that a growth 

inhibitor or antifeedent substance or both existed in the resistant genotypes. 

7. Five morphologically distinct trichomes (Type A, B, C, D and E) were identified 

from pods and calyxes of the 12 pigeonpea genotypes. Type A and B trichomes 

were present in greater density in flowers and pods. In case of pods, Type D 

trichomes were present in greater numbers as compared to Type A. High density 

of glandular trichomes (Type A and Type B) might contribute to the larval 

mortality on the resistant genotypes (ICPL 84060, ICPL 871 19, ICPL 88039, 

ICP 7203-1, ICPL 187-1 and T21). 

8. The pod surface extracts of ICPL 87 and ICPL 332 stimulated feeding by the 

third- fourth-and fifth-instar larve of H, armigera when presented at pod surface 

equivalents. The attraction of H. armigera larvae to ICPL 87 and lCPL 332 plant 

extracts might be due to some chemical compounds present in the pod surface 

extracts. 

9. Among the 12 genotypes tested, the amounts of potassium and phosphorus were 

lower in resistant genotypes such as lCPL 332, ICPL 84060, ICP 7035 and ICPL 



187-1, but high in the susceptible check, ICPL 87. Protein content was quite high 

in the pod borer resistant genotypes (ICPL 332, ICP 7035 and ICPL 84060). 

Because of high protein content, the damage by Ha armigera may be more, but 

low phosphorus and potassium contents may intluence the extent of feeding. 

10. Studies on yield loss under protected and unprotected conditions revealed 

tolerance as one of the mechanisms of resistance to H. armigera. Reduction in 

grain yield was lower in resistant check lCPL 332, followed by lCPL 84060, 

ICPL 87 and ICPL 871 19 indicating tolerance to pod borer damage in these 

genotypes. 

The lines showing high and stable resistance to H. armigera can be 

used in pigeonpea improvement programs. The resistance mechanisms involved in 

these genotypes can be exploited to develop varieties resistant to H. armigera in 

pigeonpea. 



LITERATURE CITEb 



REFERENCES 

Annadurai R S, Murugesan S and Senrayan R 1990 Age correlated tissue preference 
of Heliothis armigera (Hubner) and Spodoptera spp(F) with special 
reference to phenolic substrates. Proceedings Indian Academy Sciences 
(Animal Sciences) 99:3 17-325. 

h e s  N 3, Jadhav D I, Bond G S and King A B S 1992 lnsecticide resistance in 
Helicoverpa armigera in South India. Pesticide Science 34: 355-364. 

Ascensao L N, Marques and Pais M S 1995 Glandular trichomes on vegetative and 
reproductive organs of Leonotis leonurus (La-maiacez). Annals of Botany 
(London) 75: 61 9-626. 

Beck S D and Hanec W 1958 Effects of amino acids on feeding behaviour of the 
European Corn borer, Pyrausra mubilalis (Hubner). Journal of Insect 
physiology 2: 85-96. 

Bhatnagar V S 1980 A report on research on the Heliothis complex at ICRISAT 
(India) 1974-79.In Proceedings of All India Workshop on Consolidation of 
Pest Management Recommendations and Guidelines of Research 24 - 26 
Apr. 1980, Udaipur, India. 

Bhatnagar V S, Sithanantham S, Pawar C S, Jadhav D S, Rao V K and Reed W 
1983 Conservation and augmentation of natural enemies with reference to 
IPM in chickpea and pigeonpea In Proceedings of the international 
workshop of integrated pest control in grain legumes, 4-9 April 1983 
EMBRAPA Goiania, Brazil 157-1 80. 

Bhosale D J and Nawale R N 1983 Relative susceptibility of pigeonpea germplasm 
to gram pod borer. Journal of Maharashtra Agricultural Universities 8 : 
30-3 1. 

Bilapate G G, Rao Deo A K and Pawar V M 1988 Investigations on Heliothis 
armigera (Hubner) in Marathwada-V111 Growth with reference to 
progression factors for successive instars on pigeonpea . Indian Journal of 
Entomology 50: 462-467. 

Bisen S S and Sheldrake A R 1981 The anatomy of the pigeonpea. Research Bulletin 
International Crops Research Institute For the Semi Arid Tropics (ICRISAT) 
Patancheru , Andhra pradesh ,India. 



Breese E L 1969 The measurement and significance of genotype environment 
interactions in grasses. Heredity 24 : 27-44. 

Butter N S and Singh S 1996 Ovipositional response of Heliothis armigera (Hubner) 
to different cotton genotypes. Phytoparasitica 24: 97- 102. 

Chauhan Y S 1990 Pigeonpea: optimum agronomic management. In The pigeonpea 
(Nene Y L, Hall S D and Sheila V.K eds.). Wallingford, UK CAB 
International, Patancheru, Andhra Pradesh, India: International Crops 
Research Institute for the Semi-Arid Tropics 257-278. 

Clement S L, El-Din Sharaf, El-Din, N Weigand S and Lateef S S 1994 Research 
achievements in plant resistance to insect pests of cool season food legumes 
Euphytica 73: 41-50. 

Comstock R E and Moll R H 1963 Genotype-environment interactions. In: 
Statistical Genetics and Plant Breeding Hanson, W D and H F Robinson, eds. 
National Academic Science Research Council Washington D.C 164-196. 

Courtney S P and Kibota T 1990 Mother does not know the best : Ed selection of 
hosts by ovipositing insects. In insect plant interactions E A Bernays 61-68. 

Cunningham S 4 West and Wright D J 1998 Learning in the nectar foraging 
behaviour of Helicoverpa armigera. Ecological Entomology 23: 363-369. 

Dahiya S K and Singh S 1993 Stability analysis in advanced lines of pigeonpea. 
Annals Applied of Biology 9: 56-60. 

Dahiya S S, Chauhan Y S, Johansen C, Waldia R S, Sekhon H S and Nandal J K 
2002 Extra short duration pigeonpea for diversifying wheat based cropping 
systems in the sub tropics. Experimental Agriculture : 38: 1-1 1. 

Dahiya S S, Chauhan Y S, Srivastava S K, Sekhon H S, Waldia R S, Gowda C L 
L and Johansen C 2001 Growing extra-short-duration pigeonpea in rotation 
with wheat in the Indo-Gangetic Plains. Natural Resource Management 
Programs. Report No. 1 ., India: International Crops Research Institute for the 
Semi-Arid Tropics Patancheru, Andhra Pradesh. 43. 

Desai N G Bharodia P S and Kukadia M U 1991 Study of genotype x year 
interaction in pigeonpea. International Pigeonpea Newsletter 13 : 14-1 5. 



Dhandapani N and Balasubramanian M 1980 Consumption and utilization of 
different food plants by Heliolhis armigera (Hubner) (Noctuiidae, 
Lepidoptera). Entomon 5: 99-103. 

Dodia D A, Pate1 A 1, Patel I S, Dhulia F K and Tikka S B S 1996 Antibiotic effect 
of pigeonpea wild relatives on Helicoverpa armigera. International chickpea 
and pigeonpea newsletter 3: 100-101. 

Dodia D A and Patel J R 1994 Antibiosis in pigeonpea to Helicoverpa armigera 
Hubner. International chickpea and pigeonpea newsletter 1 : 39-40. 

Doss R P, Luthi R, Edelman D L and Hrutford B F 1982 Sitosterol and quercetin 3 
- galactoside, obscure root weevil feeding stimulants from Rhododendron. 
Jour. Agric.Fd.Chem. 30 : 1079 - 1082. 

Doss R P 1983 Activity of obscure root weevil sciopithes obsurus. (Coleopetera: 
Curculionidae) phagostimulants individually and in combination. 
Environmental Entomology 13: 848-851. 

Dua R P, Gowda C L L, Shiv Kumar, Saxena K B, Govil J N, Singh B B, Singh 
A K, Singh R P, Singh V P and Kranthi S 2002 Breeding for Resistance to 
Helicoverpa - Effectiveness and Limitations. In Helicoverpa armigera - the 
way ahead (Sharma, H.C., eds.), International Crops Research Institute for 
the Semi-Arid Tropics Patancheru 502 324, Andhra Pradesh, India. 

Eberhart S A and Russel W A 1966 Stability parameters for comparing varieties. 
Crop science: 6: 36-40. 

FA0 2001 Agricultural Production Statistics. United Nations. 

Finlay K W and Wilkinson G N 1963 The analysis of adaptation in a plant breeding 
programme. Australian Journal of Agricultural Research IS: 742-754. 

Fitt G P 1986 The influence of shortage of hosts on the specificity of oviposition 
behaviour in species of Daucus (Diptera: Tephritidae). Physiological 
Entomology 1 1 :-133-143. 

Fitt G P 1989 The ecology of Heliothis to agroecosystems. Annual Rreview of 
Entomology 34: 17-52. 



Frelichowski J E and Juvik 1 A 2001 Sesquiterpene carboxylic acids from a wild 
tomato species affect larval feeding behavior and survival of Helicoverpa zea 
and Spodoptera exigua (Lepidoptera : Noctuidae) Journal of Economic 
Entomology 94: 1249-1259. 

Gothilfs and Beck S D 1967 Larval feeding behaviour of the cabbage looper 
Trichoplusia ni. Journal of Insect Physiology 13: 1039-1054. 

Green P W C, Stevenson P C, Simmonds M S J and Sharma H C 2002 Can larvae 
of the pod borer, Helicoverpa armigera (Lepidoptera: Noctuiidae), select 
between wild and cultivated pigeonpea [Cajanus sp (Fabaceae)]? Bulletin of 
Entomological Research 92: 45-5 1.  

Green P W C, Stevenson P C, Simmonds M S J and Sharma H C 2003 Phenolic 
compounds on the pod surface of pigeonpea, Cajrtnus cujan, mediate feeding 
behaviour of larvae of Helicoverpa armigera. Journal of chemical Ecology. 

Gurr G M and McGrath D 2001 Effect of plant variety, plant age and photoperiod 
on glandular pubescence and host-plant resistance to potato moth 
(Phthorimaea operculella) in Lycopersicon spp. Annals of Applied Biology 
138: 221-230. 

Hahn D H, Faubion J M and Rooney L W 1981 Analysis of benzoic and cinnamic 
acid derivatives of sorghum by I-IPCL. Cereal Food World 26: 505-506. 

Hardwick D F 1965 The corn ear worm complex. Memoirs of Entomological 
society of Canada, Ottawa, Canada 247. 

Hartlieb E and Rembold H 1996 Behavioral response of female Helicoverpa 
(Heliothis) armigera (Hub). (Lepidopetera: Noctuiidae) moths to synthetic 
pigeonpea (Cajanus cajant.) Kairomone. Journal of Chemical Ecology 22: 
821-837. 

Hmimina M 1988 Potential biotique of Heliothis armigera Hb. (Lepidoptera: 
Noctiidae) Influence due substrata alimentaire et incidence Sur I 'occupation 
des cultures. Journal of Applied Entomology 106: 241 -25 1. 

ICRISAT 1985 Annual Report International Crops Research Institute for Semi arid 
Tropics, A.P., India 1-20. 



lCRlSAT 1991 Annual Report International Crops Research Institute for the Semi 
Arid Tropics, Andhra Pradesh lndia 55 .  

ICRISAT 1999 The medium term plan. International Crop Research Institute for the 
Semi Arid Tropics, Andhra Pradesh, India : 1-20. 

Jackson M L 1967 Soil chemical analysis. Prentice Hall of lndia Private Limited, 
New Delhi. 

John peter A 1995 Pigeonpea tichomes :a promising source for pod borer resistance. 
IPM and IRM Newsletter for Legume Crops in Asia 2: 5-6. 

Khurana A D and Verma A N 1983 Some biochemical plant characters in relation to 
susceptibility of sorghum to stem borer and shoot fly. Indian Journal of 
Entomology 45: 29-34. 

Kimmins F M, Padgham D E and Stevenson P C 1995 Growth inhibition of the 
cotton boll worm (Helicoverpa armigera) larvae by Caffeoylquinic acids 
from the wild groundnut, Arachis paraguariensis. lnsect Science and its 
Application 16 : 363-368. 

King A B S 1994 Heliothis/Helicoverpa (Lepidoptera: Noctuidae). In Insect pests of 
cotton (G.A. Mathews and J.P. Turnstall eds.) CAB lnternational 
Wallingford, Oxon, U.K, 39-106. 

Kofoid K D, Ross W M and Murnm R F 1978 Yield stability of sorghum random- 
mating populations. Crop Science 18 : 677-679. 

Knap J L, Heidin P A and Douglass W A 1966 A chemical analysis of corn silk 
from single corn of dent corn rated as resistant, intermediate and susceptible 
to the corn eanvorms. Journal of Economic Entomology 59: 1062-1064. 

Kushwaha K S and Malik B P S 1987. Effect of Sowing time and plant type on pod 
borer incidence and grain yield in some pigeonpea genotypes, lnternational 
Pigeonpea Newsletter 6: 65-67. 

Kushwaha K S and Malik B P S 1988 Reaction of some pigeonpea genotypes to 
gram pod borer under field conditions Indian Journal of Ecology IS: 
194-195. 



Lakshmipathi 2000 Behavioural studies of Helicoverpa armigera (Hubner) 
(Lepidopetra: Noctiidae) and its management in chickpea, M.Sc(Ecology) 
thesis, Pondicheny University, Pondicheny, India. 

Lateef S S and Pimbert 1990 The search for host plant resistance to Heticoverpa 
armigera. In Proceedings of first consultative group on Host selection 
behaviour of Helicoverpa armigera. International croos research institute for 
the semi arid tropics ~itanche;, A P, India. 

Lateef S S 1985 Gram pod borer Heliothis armigera (hubner) resistance in chickpea. 
Agricultural Ecosystem and Environment 14: 95-102. 

Lateef S S, Reddy L J ,Reed W and Faries D G 1981 Arylosia scarabaeoides: a 
source of resistance to Heliothis armigera . International Pigeonpea 
Newsletter 1 : 32-34. 

Lateef S S 1992 Scope and limitation of host plant resistance in pulses for the 
control of Helicoverpa armigera "In Helicoverpa Management, Current 
Status and Future strategies" Sachan IN (ed). Indian Institute of Pulses 
Research, Kanpur, UP, India 33-37. 

Loganathan M 1981 Studies on ecology and effect of host plants on the 
susceptibility of larvae of Heliothis armigera (Hubner) to insecticides. 
M.Sc(Ag), thesis, Tamilnadu Agricultural Unviersity, Coimbatore, India. 

Mc.Caffery A R, Walker A J and Topper C P 1991 Insecticide resistance in the 
bollworm, HeNcoverpa armigera from Indonesia. Pesticide Science 32: 
85-90. 

Minkenberg 0 P J M, Tatar M and Rosenheim J A 1992. Egg load as a major 
source of variability in insect foraging and oviposition behaviour. Oikos 65: 
134-142. 

Mohan S, Jayaraj S, Purushotham D and Rangarajan A V 1987 Can the use of 
Azospirilture biofertilizer control sorghum shootfly. Current Science 56: 
723-735. 

Murkute G R, Dhage A R, Desai B B, Kale A A, Mote U N and Aher R P 1993 
Biochemical parameters associated with Pod borer damage as influenced by 
maturity group and growth stages of pigeon pea [(Cajanus, cajan (Z)] Mill 
Spp. Legume Research 16: 5 1-56. 



Mustapha, Jallow F A and Zalucki M P 1998 Effects of egg load on the host 
selection behaviour of Helicoverpa armigera (Hubner) (Lepidoptera : 
Noctuiidae). Australian Journal of Zoology 46: 291-299. 

Nam N H, Chauhan Y S and Johansen C 1993. Comparison of extra-short-duration 
pigeonpea with short-season legumes under rainfed conditions on Alfisols. 
Experimental Agriculture 29: 307-316. 

Nene Y L, Hall S D and Sheila V H 1990 The pigeonpea. CAB International 
Wallingford, UK : 490. 

Obrycki J J 1986 The influence of foliar pubescence on entomophagous species in 
interactions of plant resistance and parasitoids and predators of insects 
(Boethel DJ and Eikenbany R.D. eds) New York, USA, John Wiley and 
Sons 61-83. 

Owens J C 1975 An explanation of terms used in insect resistance of plants to insect 
pests. Science 73: 49-50. 

Painter R H 1951 Insect resistance in crop plants, New York, USA, Macmillan. 520. 

Patel R C, Patel J K P B and Singh R 1968 Mass breeding of Helicoverpa 
armigera. Indian Journal of Entomology 30: 272-280. 

Patnaik H P, Senapathi B, Behera P K and Mohapatra H K 1989 Relative 
susceptibility of some pigeonpea cultivars to Heliothis armigera (Hubner). 
India Journal of Plant Protection 17 : 279-282. 

Peter A J, Shanower T G and Romeis J 1995 The role of plant trichomes in insect 
resistance A selection review. Phytophaga 7: 41-64. 

Pearson E 0 I and Darling R C M 1958 The insect pests of cotton in tropical Africa. 
Empire Cotton Growers and Common Wealth Institute of Entomology 
London, UK 355. 

Pethani V V and Kapoor R L 1985 Phenotypic stability for grain yield in pearl 
millet. Indian Journal of Genetics 45 : 362-367. 



Price P W, Bouton C E, Gross P, McPheron B A, Thompson J A and Weis A E 
1980 Interactions among three trophic levels : Influence of plants on 
interactions between insect herbivores and natural enemies. Annual Review 
of Ecological. Systems 11: 41-65. 

Prokopy R J, Roitberg R D and Vargas R A 1994 Effects of egg load on finding 
and acceptance of host fmit in Ceratitis capitafa. Physiological Entomology 
19: 124-132. 

Pundhir R P S and Singh R B. 1987 Possibility of genetic improvement pigeonpea 
(Cajanus cajan) utilising wild gene sources. Euphytica 36:33-37. 

Puri S N 1998 Annual Report. National Centre for Integrated Pest Management. 
Indian Agricultural Research Institute Pusa,NewDelhi. 

Rangarao G V and Shanower T G 1999 Identification and management of 
pigeonpea and chickpea insect pests in Asia. Information Bulletin No.57: 
48-49. 

Ranger C M and Hower A A 2001 Role of the glandular trichomes in resistance of 
perennial alfalfa to the potato leafhopper (Homoptera : Cicadellidae). Journal 
of Econolnic Entomology 94: 950-957. 

Raubenheimer D and Barton B L 2000 Developmental changes in the patterns of 
feeding in fourth and fifth instar Helicoverpa armigera caterpillars. 
Physiological Entomology 25:390-399. 

Reddy K V S 1973 Studies on the gram caterpillar, Heliothis armigera (Hb) 
(Lepidopetera: Noctuidae) with special reference to its biology, host 
preference and estimation of loss in redgram. Ph.D thesis, University of 
Agricultural Science, Bangalore, India. 

Reed W 1965 Heliorhis armigera (Hbn) (Noctuiidae) biology with special 
reference to the pupal stage in Western Tanganyika. Bulletin of 
Entomological Research 50:117-125. 

Reed W and Lateef S S 1990 Pigeonpea: Pest management In The pigeonpea (Nene 
Y.L, Hall S.D. and Sheila V.K. eds) CAB International. Wallingford, U K, 
International Crops Reseerch Institute For the Semi Arid Tropics, 
Patanchem, Andhra Pradesh, India, 349-374. 



Reed W and Pawar S S 1981 Heliothis a global problem, lnternational Workshop 
on Heliothis Management 15-20 Nov. 198 1 International Crops Research 
Institute For the Semi Arid Tropics, Patancheru, A.P., India 1-9 

Reed W, Lateef S S, Sithanantham S and Pawar C S 1989 Pigeonpea and chickpea 
insect identification handbook. Information Bulletin No: 26, Patancheru, 
A.P. India, lnternational Crops Research Institute For the Semi Arid Tropics, 
120. 

Reich V H and Atkins R E 1970 Yield stability of four population types of grain 
sorghum, Sorghum bicolor (L.) Moench, in different environments. Crop 
Science 10 : 511-517 

Robinson R A 1996 Return to resistance: breeding crops to reduce pesticide 
dependence. AgAccess, California, USA. 480. 

Romeis J 1997 Impact of plant characters and cropping systems on the searching 
behavior and parasitization efficiency of Tricho-gramma spp. egg parasitoids 
of Helicoverpa armigera. Ph.D. Thesis, University of Hohenheim, 
Germany. 

Romeis J, Shanower T G and Peter A J 1996 Type and distribution of trichomes on 
pigeonpea leaves. International Chickpea and Pigeonpea Newsletter. 
101-102. 

Romeis J, Shanower T G and Zebitz C P W 1998 Physical and chemical plant 
characters inhibiting the searching behaviour of Trichogramma chilonis 
Entomologia Expermentalis et Applicata 87: 275-284. 

Romeis J, Shanower T G and Zebitz C P W 1999a Trichogramma egg parasitism of 
Helicoverpa arminera on pigeonpea and sorghum in Southern India. 

Romeis J, Sahnower T G and Peter A J 1999b Trichomes on pigeonpea (Cajanus 
Cajun) and two wild Cajanus Spp. Crop Science 39: 564-569. 

Roome R E 1975 Activity of adult Heliolhis armigera (Hub) (Lepidopetra: 
Noctuiidae) with reference to the flowering of sorghum and maize in 
Bostwana. Bulletin of Entomological Research 65: 523-530. 



Sachan J N 1992 Present status of Helicoverpa ormigera resistance in pulses and 
strategies for its management. In Helicoverpa Management Current Status 
and Future Strategies Indian Institute of Pulses Research, Kanpur, UP, India 
7-23. 

Samuel C J A, Hill J Breese B L and Davis J 1978 Assessing and predicting 
environmental response in Lolium perenne. Journal of Agricultural Sciences 
75:l-9. 

Saxena K B, Singh L, Reddy M V, Singh U, Lateef S S, Sharma S B and 
Remenandan P 1990 Intra s~ecies varieties in Atvlosia Scarbaeoides (L) 
Benth, a wild relative of pigeonpea (Cajanus Cajun (L) Nyill SP) ~ u ~ h ~ t i c a  : 
49: 185-191. 

Schoonhoven L M 1990 Host selection by Lepidopteran insects. The role of plant 
chemicals in oviposition , feeding behaviour and host selection behaviour of 
Helicoverpa armigera. Summary Proceedings of the First Consultative 
Group meeting 5-7 Mar.1990, International Crops Research Institute For the 
Semi Arid Tropics 9-1 1. 

Shanower T G, Romeis J and Minja E M 1999 Insect pests of pigeonpea and their 
management. Annual Review of Entomology 44: 77-96. 

Shanower T G, Yoshida M, and Peter A J 1997. Survival, growth, fecundity and 
behaviour of Helicoverpa armigera (Lepidoptera: Noctuidae) on pigeonpea 
and two wild Cajanus species. Journal of Economic Entomology 90: 837- 
841. 

Sharma H C 1993 Phanostimulant activity of sucrose, sterols and sovbean leave 
extractables to t& cabbage looper, ?richoplusia hi (~.e~ido~tera:~octuiidae) 
Insect Science and its Application I5 : 281-286. 

S h m a  H C and Lopez V F 1990 Mechanisms of resistance in sorghum to head bug, 
Calocoris angustatus (Hemiptera Miridae).Entomologia Experimentalis et 
Applicata 57: 285-294. 

S h m a  S P, Saini M L and Goel C S 1989 Effect of different food plants and 
temperature on the development of Heliothis armigera Hubner. Nutri. Ecol. 
Ins. & Env. 70-75. 



S h m a  H C, Green P W C, Stevenson P C and Simmonds M S J 2001 What makes 
it tasty for the pest? Identification of Helicoverpa armigera (HUbner) 
feeding stimulants and location of their production on the pod-surface of 
pigeonpea [Cajanus cajan (L.) Millsp.]. Competitive Research Facility 
Project R7029 C, Final Technical Report, Department for International 
Development, UK 11-26. 

Simpson S J, Simmonds M S J and Blaney W M 1988 A comparision of dietery 
selection behaviour in larva Locusla migratoria and Spodoptera lii~oralis 
Physiological Entomology 13: 225-238. 

Singh S P 1996 Prospects for varietal development in extra-short duration 
pigeonpea. in Prospects for growing Extra-short Duration Pigeonpea in 
Rotation with Winter Crops (L. Singh, Y.S. Chauhan, C. Johansen and S.P. 
Singh Ed), International Crops Research Institute For the Semi Arid Tropics, 
India 86-95. 

Singh K P, Saharan R P and Sareen P K 1994 Variation in kabuli gram. Journal of 
Tropical Agriculture 12 : 101 -106. 

Singh K P, Singh V P and Sareen P K 1995 Stability of yield and its components in 
chickpea (Cicer arietinum). Journal of Tropical Agriculture 13: 1-4. 

Singh V and Singh F 1991 Stability of yield and yield component characters in 
chickpea. Indian Journal of Genetics 5 1 : 183-1 89. 

Singh P K and Singh N B 1995 Phenotypic stability of grain yield and its 
components in chickpea. Madras Agricultural Joumal 82: 387-390. 

Singh S and Choudhary B D 1980 Stable genotypes for boldness in soyabean. 
Madras Agriculture Journal 67: 669-670. 

Singh H and Singh G 1975 Bilogical studies on Heliothis armigera (Hubner) in the 
Punjab. Indian Journal of Entomology 37: 154-1 64. 

Singh K P, Tyagi C S, Chandhany B P and Singh V P 1988 Stability analysis for 
phenological traits in chickpea (Cicer arietinum). Indian Joumal of 
Agricultural Sciences 58: 139-40. 

Singh S P and Jotwani M G 1980 Mechanism of resistance in sorghum to shootfly 
biochemical basis of resistance. Indian Journal of Entomology 42: 51-566. 



Sison E, Cowgil and Lateef S S 1996 Identification of antibiotic and antixenotic 
resistance to Helicoverpa armigera (Lepidoptera: Noctuiidae) in chickpea. 
Journal of Economic Entomology 89: 224-228. 

Sison M J and Shanower M G 1994 Development and survival of Helicoverpa 
armigera (Lepidoptera: Noctuidae) on short duration pigeonpea. Journal of 
Economic Entomology 87:1749-1753. 

Sison M L J, Shanower T G and Bhagwat V R 1993 Helicoverpa arrnigera (Hubner) 
Ovipositional and larval feeding preferences among six short durations 
pigeonpea genotypes. International Pigeonpea Newsletter 17: 37-39. 

Southwood R 1986 Plant surfaces and insects - An overview In (B E Juniper and T 
R E Southwood eds) Insects and the plant surface. Edward Arnold Publishers 
Ltd., London. 1-2. 

Srivastava C P and Srivastava R P 1989 Screening for resistance to the gram pod 
borer Helicoverpa armigera in chickpea genotypes and obviation on its 
mechanisms of resistance'in India. Insect Science and its Application 10: 
255-258. 

Srivastava C P and Srivastava R P 1990 Antibiosis in chickpea (Cicer arie~inum L) 
to gram pod borer Heliothis armigera (hubner) (Noctuiidae: Lepidoptera) in 
India. Entomon 15 : 89 - 93. 

Taneja S L and Nawanze K F 1989 ICRISAT - International Crops Research 
Institute for the Semi-Arid Tropics. International Workshop on sorghum 
stem borer. 17-20 November 1967, ICRlSAT Center, Patanchem, Andhra 
Pradesh - 502 324, India. 

Thorstkeinson A J 1960 Host selection in phytophagous insects. Annual Review of 
Entomology 5: 193-218. 

Tingey W M 1981 Potential for plant resistance in management of arthropod pests In 
advance in potato management, (J.Laschons and Ra casagrande eds), 
Academic press, NewYork, U.S.A 201-245. 

Tomer G S, Singh L, Sharma D and Deodhar A D 1973 Phenotypic stability of 
yield and some seed characteristics in Bengalgrarn (Cicer arietinurn) 
varieties. Jawarlal Nehru Krishi Vishwa Vidyalaya Research Journal 7: 
35-39. 



Tyagi P C and Aganval M C 1995 Phenotypic stability for seed yield in pigeonpea. 
Indian Journal of Genetics and Plant Breeding 55: 148-150. 

Valverde P L, Fornoni J and Nunez-Farfan J 2001 Defensive role of leaf trichomes 
in resistance to herbivorous insects in Datura stramonium. Journal of 
Evolutionary Biology 14: 424-432. 

Venugopal Rao N, Timmala Rao K and Reddy A S 1991 Ovipositional and larval 
development sites of gram Caterpillas (Helicoverpu urmigeru) in pigeonpea 
(Cajanus Cajun). Indian Journal of Agricultural Sciences 61 : 608-609. 

Vijaya kumar and Jayaraj S 1982 Biological and ecological studies of Heliofhis. 
In Proceedings of the International Workshop on Heliothis Management. 
15-20 November, 1981, International Crops Research Institute for the Semi- 
Arid Tropics. Patanchem, Andhra Pradesh, India: 17-28. 

Virk D S, Chahal S S and Poori H S 1985 Repeatability of stability estimates for 
downy mildew incidence in pearl millet. Theoretical and Applied Genetics 
70: 102-106. 

Yates F and Cochran W G 1938 The analysis of group of experiments. Journal of 
Agricultural Sciences 28 : 556-557. 

Yelshetty Suhas and Gowda D K 1998 Progress of pulse entomological research 
for sustainable agriculture in North Karnataka. University of Agricultural 
Sciences. Dhanvad, Karnataka, India. 

Yoshida M and Shanower T G 2000. Helicoverpa armigera larval growth 
inhabitation in artificial diet containing freeze dried pigeonpea pod powder. 
Journal of Agricultural and Urban Entomology 17: 37-41. 

Zalucki M P, Daglish G, Firempong S and Twine P H 1986 The biology and 
ecology of Heliothis armigera (Hubner) and H.punctigera Wallengren 
(Lepidopetra: Noctuiidae) in Australia, what do we know? Australian Journal 
of Zoology 34: 779. 

The pattern of 'Literature cited' presented above is in accordance with the 
'Guidelines' for thesis presentation for Acharya N.G. Ranga Agricultural 
University, Hyderabad. 


	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif
	00000163.tif
	00000164.tif
	00000165.tif
	00000166.tif
	00000167.tif
	00000168.tif
	00000169.tif
	00000170.tif
	00000171.tif
	00000172.tif
	00000173.tif
	00000174.tif
	00000175.tif
	00000176.tif
	00000177.tif
	00000178.tif
	00000179.tif
	00000180.tif
	00000181.tif
	00000182.tif
	00000183.tif
	00000184.tif
	00000185.tif
	00000186.tif
	00000187.tif
	00000188.tif
	00000189.tif
	00000190.tif
	00000191.tif
	00000192.tif
	00000193.tif
	00000194.tif
	00000195.tif
	00000196.tif
	00000197.tif

