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Abstract: Morphological characters of eleven test genotypes of pigeonpea, such as growth habit, pubescence of
pods and leaves, pod angle and pod wall thickness were studied in order to work out the relationship of these traits
vis-a-vis resistance/susceptibility to Maruca vitrata. It was observed that genotype AL 1747 possessed significantly
highest trichome density on leaves and pods (177.33 and 43.33 trichomes/4.6cm2, respectively), whereas MN 1
possessed lowest trichome density (47.33 and 7.66 trichomes/4.6cm?, respectively). Trichome length on leaves and
pods was significantly highest in AL 1747 (66.26 and 180.83um, respectively) and lowest in MN 1 (33.53 and
43.25um, respectively). Genotype AL 1747 recorded significantly highest pod angle (65°), whereas MN 1 recorded
lowest pod angle (18.66°). There was significant negative correlation between trichome density on leaves and pods
with larval weight gain (r = -0.71 and -0.69, respectively) as well as with per cent pod damage (r = -0.75 and -0.75,
respectively) and between trichome length on leaves and pods with larval weight gain (r = -0.81 and -0.81, respec-
tively) as well as with per cent pod damage (r = -0.87 and -0.87, respectively). Pod angle was found to be signifi-
cantly negatively correlated with both larval weight gain and per cent pod damage. Thus, early maturing pigeonpea
genotypes with indeterminate growth habit, higher leaf and pod pubescence with wider pod angles should be pre-
ferred for breeding M. vitrata tolerant lines.
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INTRODUCTION this insect (Saxenet al, 2002).

Various biophysical characters of the plants like
trichomes on stems, leaves, pods and their length a
density, pod length, pod width, pod wall thickness,
number of pods / clusters and angle between the pod
IBlay an important role by providing resistance he t
plants against. vitrata (Halderet al.,2006). Types of

¢ of troical ] ‘ i : i %richomes and their orientation, density and length
pest of tropical grain legumes from its extremelylev have been found to influence host plant resistance/

gep_graphi_cal distribution, extens_ive host range tmd susceptibility to insect pests (Valvered al, 2001;
ability to infest the young growing plant tips, st Aruna et al, 2005; Sharmat al., 2009). Trichomes
flower buds, flowers, pods and seeds (Ranga &ao and trichome exudates on the pod wall surface afay

a!., 2007).SMWItht t:lehlntroducUog of shor_t-duratlton important role in the ovipositional behavior andsho
pigeonpeasiv. vitrata has emerged as a major pest on gq 4 tigy process of insect herbivores (Berretyal,

thtijls crop (ngj\_rrrr:a an?‘ Franzmanln, |200|O). The ipest 2000). Trichomes have been widely exploited as an
able to establish on the crop early. Its arvagaiyafn insect defense mechanism in a number of crop plants
the leaves by rolling and webpmg, and feed |n$ide_ including soybean (Lam and Pedigo, 200%gbidop-
rolled leaves. At the flowering and pod formatlon sis (Karkkainen and Agren, 2002) and tomato
stages, larvae feed on flowers, buds, and podsbping (Simmonset al, 2004; Simmons and Geoff, 2004),

them. This typic@' feeding habit protects the_larva Mortality of arthropod pests resulting from glaratul
from natural enemies and other adverse factorsiding trichomes has been hypothesized to be a result of

chemicals (Sharma and Franzmann, 2000). Being hysical entrapment (Muioait al. 2002) as opposed
serious insect pest of early pigeonpea, yield bsise ?Jo ){[he toxic eFfzfects (()f C(?mpou’nds pr)oducelzlp by the

to M. vitrata in pigeonpea ranged up to. 100 per Centyrichomes (Kennedy, 2003). The morphological fastor
and therefore, the development of resistant culiiva may, therefore provide a potential resistance mecha

and germplasm is one of the best means for coimigoll nism againstM. vitrata in pigeonpea. The present
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Pigeonpea,Jajanus cajar(L) Millsp] is an important
grain legume in India and is grown in 3.5 m ha veith

pigeonpea. Among these spotted pod bokéaruca
vitrata (Geyer) derives its pre-eminent importance as
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study was undertaken to determine the role ofhrs at 4°C. After post-fixation, the specimens were

morphological traits of early maturing pigeonpea
genotypes associated with resistanchltwitrata.

MATERIALS AND METHODS

To elucidate the role of various plant charactessin
imparting resistance/susceptibility thl. vitrata in

again washed thrice (each washing of 5-10 min umat
using distilled water.

Dehydration of the specimen discs was performeagusi
different grades of ethanol (25, 50, 70, 95 and%)00
each for a period of 20 minutes whereas the final
dehydration (with 100% ethanol) was performed for 3

pigeonpea test genotypes, studies were conducted iinutes. The specimens were dried to critical point
Pulses Entomology Laboratory, Department of PlantCO. at 5°C and mounted on aluminium stub using

Breeding & Genetics and Electron Microscopy &
Nanoscience (EMN) Laboratory, College of Agricudtur
Punjab Agricultural University, Ludhiana. Studies o
the biophysical traits of 11 pigeonpea test geregyp
were undertaken by recording the observations ah le
and pod characteristics of each genotype.

On the basis of branching and flowering pattern,

double-sided carbon tape. Each specimen leaf disc w
mounted with its lower surface up allowing the lowe
epidermal surfaces of each leaf to be examined. The
mounted leaf specimens were sputter-coated with a
thin layer of gold using an automated sputter goate
Finally, the specimens were examined and imaged
using Hitachi S-3400N Scanning Electron Microscope

pigeonpea test genotypes were grouped as deteemina@perated at an accelerating voltage of 15 kV using

(inflorescence  bunched/clustered together)
indeterminate (inflorescence spreading/non-clug)ere

andsecondary electron detector. Similar procedure was

followed for imaging the samples of pods of differe

Observations on growth habit of test genotypes weregenotypes of pigeonpea.

recorded visually at 50 per cent flowering stagarifr
three fully-formed trifoliate leaves and green pads

Statistical analysis: Data on the morphological plant
characters were analyzed using ANOVA to test the

each test genotype per replication and imaged usingignificance of difference among genotypes using
scanning electron microscope (SEM) as per standar§ompletely randomized design (CRD). Correlation
protocol (Bozzola and Russell, 1999). Imaging andcoefficients for morphological plant characters hwit
counting was performed from three regions of singlelarval weight gain and per cent pod damage wer als
leaflet per genotype and observations were recordetorked out.

from the electron micrqgraphs of_ individual test RESULTS AND DISSCUSSION

genotypes. For measuring the trichome angle, a

straight line was made parallel to the leaf baseData pertaining to trichome density on leaves fiédint
connecting the base of the trichome. Another linetest genotypes of pigeonpea varied from 47.33-13/7.3
extending from the tip of the trichome to the bae per 4.6 crh (Table 1). The leaf trichome
the trichome was made using a scale. The angleensity was significantly lowest in MN 1 (47.33
between the two lines was measured using a protract trichomes per 4.6 cfpfollowed by ICPL 20340 (55.00
and expressed in degrees for each individual tieho  per 4.6 cf) and AL 15 (59.66 per 4.6 én while it
Observations were recorded by taking five hand cutwas significantly highest in AL 1747 (177.33
cross-sections of green pods of test genotypestand trichomes per 4.6 cfh The trichome density on the
thickness of the outer peel portion (epidermis andleaves of remaining test genotypeg. ICPL 98003,
underlying tissues) of these sections were measuredL 1790, AL 201, AL 1770, AL 1735, AL 1495 and
under a compound microscope using stage and oculd?AU 881 was 96.66, 94.66, 92.66, 88.00, 87.33,385.3
micrometer. Angle between the two adjacent pods orand 82.33 trichomes per 4.6 Gnrespectively. The
the same petiole was measured by using a protractorariation in the trichome density on the leavesibf

and expressed in degrees.
Standard protocol for imaging leaf and pod samples
under SEM: The leaf pubescence parametsiz,

1747 and MN 1 has also been depicted in Plate 1.
As far as trichome density on pods was concerrted, i
varied from 7.66-43.33 trichomes per 4.6°amd dif-

trichome density and trichome length were analyzedfered significantly among various test genotypes of
and imaged under Scanning Electron Microscopepigeonpea. Pods of genotype MN 1 were least pubesce
(SEM) at the Electron Microscopy and Nanoscience(7.66 trichomes per 4.6 &nfollowed by AL 15 (9.66

(EMN) Laboratory, College of Agriculture, Punjab
Agricultural University, Ludhiana as per standard-p

trichomes per 4.6 cth and ICPL 20340 (11.00
trichomes per 4.6 cth However, pods of test genotype

tocol given by Bozzola and Russell (1999). FreshAL 1747 were highly pubescent with a trichome dnsi

leaves of each test genotype were collected anceimm
diately immersed in individual vials containing 2&r
cent glutaraldehyde solution for primary fixationda
kept overnight at a temperature of 4°C. The leatsp
mens were then washed thrice with distilled wafer.
secondary fixation, the specimens were immersetl in
per cent osmium tetraoxide solution for a perio@-df

of 43.33 per 4.6 cf The trichome density on the pods
of remaining test genotypewsjz. AL 1770, ICPL
98003, AL 1790, AL 1735, AL 201, AL 1495 and
PAU 881 was 34.33, 25.66, 25.33, 19.66, 17.66,316.3
and 16.00 trichomes per 4.6 Gnrespectively. The
variation in the trichome density on the pods of AL
1747 and MN 1 has also been depicted in Plate 2.



Table 1. Trichome density, length and angle on leaves ad pbpigeonpea test genotypes .

Pod wall thickness (um)

Pod angle’)

Trichome angle (°)

Trichome length (um)

Trichome density/4.6¢ch

Genotypes

Pods
86.00
83.33

Leaves
74.33
71.00
75.00
76.00
75.33
73.33
71.33

75.66
73.33
77.66
74.00

Pods
281(10.56)

Leaves

Pods
16.33 (4.16)

19.66 (4.54)
43.33 (6.65)
34.33 (5.94)
25.33 (5.13)

Leaves
85.33 (9.29)

87.33 (9.39)
177.33 (13.34)
88.00 (9.43)
94.66 (9.78)
96.66 (9.88)
55.00 (7.48)
47.33 (6.95)
59.66 (7.78)
92.66 (9.67)
82.33 (9.12)
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67.55

43.00 (6.62)
48.66 (7.04)
65.00 (8.11)
48.33 (7.01)
34.66 (5.95)
36.00 (6.07)
20.00 (4.56)
18.66 (4.42)
23.66 (4.94)
33.66 (5.87)
36.33 (6.10)

58.88 (7.58)
53.11 (7.33)
66.26 (8.19)
51.03 (7.11)
4350 (6.62)
47.06 (6.90)
35.98 (6.02)
33.53 (5.83)
35.93 (6.05)
50.10 (7.13)
49,51 (7.09)

AL 1495

80.61

26410.23)
0.88 (13.47)

AL 1735

74.75

87.00
84.00
86.66

AL 1747

64.13

861(10.05)

AL 1770

68.89

7B511.11)
1.33 (10.45)

AL 1790

72.82

88.26
62.91

83.00
85.33

25.66 (5.16)
11.00 (3.46)
7.66 (2.94)
9.66 (3.26)
17.66 (4.31)
16.00 (4.11)

ICPL 98003
ICPL 20340

MN 1

A4647.41)

85.00

86.33
85.33

432515
49.306)

60.79
75.39

AL 15

949.86)

AL 201

73.85
NS

83.00

9@9148)

PAU 881

o7

NS

(0.31) (0.31) (1.01) (1.54) NS

=0.05)

CD(p

Means of three replications; Figures in parenthaseshe transformedn+1 values; NS: non-significant

b. Susceptible genotype - MN 1

Plate 1.Scanning electron micrographs of the leaf surfaces
of resistant and susceptible pigeonpea genotypb$ gaowing
trichome density (100pm corresponds to 6.5 cm) .

Trichome length on leaves of different test genesyp
of pigeonpea varied from 33.53-66.26 © m (Table 1).
The trichome length on leaves was significantlydgtv

in MN 1 (33.53 um) followed by ICPL 20340 (35.98
pm) and AL 15 (35.93 pm), while it was highest on
AL 1747 (66.26 pm). The trichome length on the
leaves in the other test genotypsz, AL 1495, AL
1735, AL 201, AL 1770, PAU 881, ICPL 98003 and
AL 1790 was 58.88, 53.11, 50.10, 51.03, 49.51,6€17.0
and 43.50 um, respectively. As far as trichome tleng
on pods was concerned, it varied from 43.25-180.83
KM among various test genotypes of pigeonpea. The
length of trichomes on pods was significantly sbsirt

in genotype MN 1 (43.25 um) followed by AL 15
(49.66 pm) and ICPL 20340 (54.40 pm), while it was
longest in AL 1747 (180.83 um). However, test
geontypesyiz. AL 1790, ICPL 98003, AL 1495, AL
1735, AL 1770, AL 201 and PAU 881 recorded
125.76, 111.33, 111.28, 104.43, 101.85, 94.13 and
90.45 pm, respectively. The variation in the trictgo
length on the pods of AL 1747 and MN 1 has als;mbee
depicted in Plate 3.

The trichome angle on leaves and pods of diffetestt
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EMNL_PAU 15.0kV ¢.6mm x350 SE 4/22/2014 ' 100um EMNL_PAU 15.0kV 10.9mm x500 SE 7/25/2014 100um
Resistant genotype — AL 1747 Susceptible genotype — MN 1

Plate 2. Scanning electron micrographs of the pod surfaceesistant and susceptible pigeonpea genotypeg &rbwing
trichome density (100pm corresponds to 6.5 cm).

125um

EMNL_PAU 15.0kV 10.0mm x250 SE 8/27/2014
a. Resistant genotype — AL 1747 b. Susceptible genotype — MN 1

o 1
200um

Plate 3. Scanning electron micrographs of the pod surfaceesistant and susceptible pigeonpea genotypeg &hrbwing
trichome length (100pum corresponds to 6.5 cm).

genotypes varied from 71.00-77:6Gand 83-87, whereas significantly lowest pod damage (7.97%) as
respectively (Table 1). Lowest trichome angle’[#in observed in indeterminate genotype AL 1747 (highly
leaves was recorded in AL 1735 and highest trichomeesistant). This finding is in accordance with Sexet
angle in genotype AL 201 (77.56 The differences in  al. (1996) and Choudhast al. (2013), who also reported
the trichome angle on the leaves were, however; nonthat determinate pigeonpea genotypes with clustered
significant. As far as the trichome angle on thelgpo inflorescence were more susceptiblévtovitrata than
was concerned, the lowest trichome angle 6f\88s  indeterminate types.

recorded on the pods of genotypes ICPL 98003 andhe pod wall thickness of the test genotypes cdqrigea
PAU 881, whereas highest trichome angle was obdervevaried from 60.79-88.26 pum (Table 2). Lowest pod wa
in AL 1747 (87). The differences in the trichome angle thickness (60.79 um) was recorded in AL 15 anddsgh
on the pods were, however non-significant. (88.26 um) in ICPL 20340. However, pod wall thicksie
On the basis of growth habit, there were markefédif  was observed to be statistically non-significanbagall
ences among the various test genotypes of pigeonpethe genotypes. Data pertaining to pod angle oéreifit
Genotypes AL 1495, AL 1735, AL 1747, AL 1770, test genotypes of pigeonpea ranged from 18.66-65.00
AL 1790, AL 201 and PAU 881 were categorized as(Table 2). The pod angle was significantly narroviviN
indeterminate types, whereas genotypes ICPL 980031 (18.66), followed by ICPL 20340 (20.00°) and AL 15
ICPL 20340, MN 1 and AL 15 were categorized as (23.66°), while it was wider in AL 1747 (6500The
determinate types (Table 2). In the present stddy, genotypesyiz. AL 1735, AL 1770, AL 1495, PAU 881,
terminate genotype MN 1 (moderately susceptible)ICPL 98003, AL 1790 and AL 201 recorded 48.66, 38.3
recorded significantly highest pod damage (40.61%),43.00, 36.33, 36.00, 34.66 and 33.66°, respectively
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Table 2. Growth habit, mean pod wall thickness and pod aafjtest genotypes of pigeonpea.

S.No. Genotypes Growth habit Pod wall thickness (um) Pod angle {)

1 AL 1495 Indeterminate 67.55 43.00 (6.62)
2 AL 1735 Indeterminate 80.61 48.66 (7.04)
3 AL 1747 Indeterminate 74.75 65.00 (8.11)
4 AL 1770 Indeterminate 64.13 48.33 (7.01)
5 AL 1790 Indeterminate 68.89 34.66 (5.95)
6 ICPL 98003 Determinate 72.82 36.00 (6.07)
7 ICPL 20340 Determinate 88.26 20.00 (4.56)
8 MN 1 Determinate 62.91 18.66 (4.42)
9 AL 15 Determinate 60.79 23.66 (4.94)
10 AL 201 Indeterminate 75.39 33.66 (5.87)
11 PAU 881 Indeterminate 73.85 36.33 (6.10)
CD (p=0.05) - NS (0.71)

Means of three replications; Figures in parenthaseshe means ofn+1 transformations; NS: non-significant

Table 3.Correlation studies of different variables on lamaight gain and pod damage duévtovitratain pigeonpea .

Morphological characters Correlation coefficient (r)
Larval weight gain (mg) Pod damage (%)

Trichome density on leaves (4.6 9m -0.71* -0.75**
Trichome density on pods (4.6 &m -0.69** -0.75**
Trichome length on leaves (um) -0.81* -0.87**
Trichome length on pods (pm) -0.81** -0.87**
Trichome angle on leaves (°) -0.05 -0.16
Trichome angle on pods (°) 0.06 0.11

Pod angle (°) -0.78** -0.83**

Pod wall thickness (pum) -0.30 -0.12

** Significant at 1% level of significance; Meanstbaree replications

Correlation between morphological characteristics the correlation between the trichome length ondesav
of leaves and pods of test genotypes with lalv  showed significant negative correlation with larval
weight gain and pod damageThe data highlighting weight gain and per cent pod damage ( r = -0.81-and
the correlation of leaf and pod characteristicpigéon- ~ 0.87, respectively) indicating that the more t&egth
pea with larval weight gain and per cent pod damageof trichomes on leaves the lesser larval weight gai
have been presented in Table 3. Significant negativand per cent pod damage. Similarly, the trichome
correlation was observed between trichome density o length on pods showed significant negative coritat
leaves and larval weight gain (r = -0.71) and psmtc with larval weight gain and per cent pod damage {r
pod damage ( r = -0.75), indicating that higher the0.81 and -0.87, respectively) indicating that theren
trichome density on leaves, lesser would be thealla the length of trichomes on pods the lesser woudd th
weight gain and per cent pod damage. Trichome tiensi larval weight gain and per cent pod damage.

on pods showed significant negative correlatiorhwit In pigeonpea, the trichome density on the upper and
larval weight gain and per cent pod damage (r 890. lower surfaces of leaf, and length and trichomesidgn
and -0.75, respectively), indicating that highee th on pods were found to be positively correlated v
trichome density on pods, lesser would be the larvaresistant genotype ICPL 98003 agairit vitrata
weight gain and per cent pod damage. (Sunitha et al., 2008). The length and density of
The present result is in accordance with the figgliof ~ trichomes were more in the resistant genotypes as
Halder and Srinivasan (2011) who observed presencebserved by Jackai and Oghiakhe (1989) who demon-
of dense trichomes on leaves of resistant cowpeatrated that the trichomes were responsible fostegwe
genotype HC-270 while trichome density was low in in wild cowpea TVNu-72 and TVNu-73 thl. vitrata
susceptible genotype GC-9708. A significant negativ as compared to the susceptible variety IT 84 E-124.
correlation was observed between trichome densify a They reported that the length of trichomes werepirtgmt

pod damage. Similar observations were also docwuent in contributing resistance. Oghiaktet al. (1991b)

by Halderet al. (2006) who reported that significant observed the adverse effects of pubescence inanid
negative correlation was obtained between trichomecultivated cowpeas on oviposition, mobility, food
density on pods and pod damage. The data highigghti consumption and utilization byl. vitrata. According
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to Oghiakheet al. (1991a), the cowpea cultivars lines. Consequently, these traits need to be imcorp
IT-82D-716 (susceptible), MRV2-84F (moderately rated into breeding programmes for resistancélto
resistant) and TVu-946 (resistant) showed variation vitrata with the aim of further improving IPM pro-
trichome length and density on different plant part grammes against this important pest of legumes.
Correlation studies between physico-chemical patensne

of pigeonpea genotypes with larval weight gain andREFERENCES
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