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ABSTRACT

Under the attack of Cereospora Spp. resistant genotypes as studied in groundnut are
capable of maintaining a higher level of chlorophyll, soluble sugar, acid protein,
RNA and total phenol content in their leaves. Gene action study revealed that both
additive x dominance and dominance x dominance gene interactions are important
for total phenol content in the leaves. Biparental matings followed by recurrent
selection of types with increased amount of phenol in the leaves would be suggested
for the development of 'Tikka' disease resistant genotypes.

Key Words: Groundnut, Tikka' disease, Biochemical defence, resistance, susceptible,
gene interaction.

In groundnut leaf-spot disease caused by Cercospora Spp. and is corn.monly
known as 'Tikka' has attracted attention for a serious scientific management [1].
Genotypes resistant to the disease would be the cheap and stable management
practice [2]. The susceptibility or resistance to disease is a dynamic interaction between
h:ost and the parasite which is being expressed differentially depending upon the
changes in physiological or biochemical constituents within the tissues which in tum
are the resultant manifestation of the activities of genes under which they operate.
The present study is concerned with the analysis of biochemical changes in different
groundnut genotypes under the attack of Cercospora Spp. in natural environment and
the elucidation of the genetic control of the interaction of host and pathogen in
relation to changes in total phenol content in the leaves which is known to be a
major biochemical defence [3, 4].

MATERIALS AND METHODS

Four genotypes namely 'Zuled', ICCV 87157', 'TMV2 (7731)' and 'ICGV 87121'

'Corresponding author.
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were taken as experiment material. From our earlier studies in field trial for three
consecutive years on scoring of leaf of the disease on 0-7 point scale as suggested
by [5] revealed that genotypes 'Zuled' exhibited a very high level of field resistance,
ICGV 87157 moderately resistant, while TMV2 (7731) and ICGV 8721 were highly
susceptible to Cercospora Spp. causing Late leaf spot disease of Tikka'. Leaf samples
from each genotype (both healthy and diseased) were collected at 75 days of crop
growth because at this stage maximum disease severity was recorded [6]. Total
chlorophyll content, soluble sugar content, acid protein, RNA and phenol content
were estimated following biochemical methods as devised by [7].

For the study of gene action a 6 x 6 half diallel cross was done. Parents used
in this crossing programme were 'Zuled' ICGV 87157, TMV2 (7731), ICGV 8721,
NFSG 72, NRGS (FDRS) 6 respectively. Crossing was done at 50% flowering stage
(32-36 days after sowing). The selected flower buds to be opened in the next morning
were tagged following the special 'ring cut' technique [8]. The buds were emasculated
in the previous evening (4 P.M. - 6 P.M.). In the next morning (6 A.M. - 8 A.M.)
pollination was done. F1 plants were raised in replicated randomised blocks. Phenol
content (mg-1 gm fresh wt) of diseased and healthy leaves of both parents and F1S
was estimated. Genetic components were calculated according to Griffings Method-2
Model-1 [9].

RESULTS AND DISCUSSION

Chlorophyll :

Among the four genotypes, 'Zuled' recorded higher amount of total chlorophyll
(both chI. a and chI. b) in the healthy leaves. In the infected leaves all the genotypes
showed appreciable reduction in chlorophyll content but 'Zuled' maintained
comparatively higher the amount (Table 1a) and was able to maintain greater leaf
surface area supporting the findings of Brahmachari and kolte [10]. In susceptible
genotypes TMV2 (7731) and ICGV 87121 chI. a level had been affected more adversely
than chI. b which also corroborates the observations of Bala and Dhillon [11].

Soluble Sugar :

Two distinct different trends for soluble sugar content was observed. Susceptible
genotypes showed significantly a very high level of soluble sugar content in their
healthy leaves whereas resistant genotypes had lower level of sugar content in their
unaffected leaves but the level was increased in their infected leaves (Table Ib)
which was an agreement with the findings of [12].
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Table la. Chlorophyll content (mg 100 mg-l fresh wI.) of healthy and diseased
leaves of different genotypes

Genotypes Chlorophyll - a Chlorophyll - b Total Chlorophyll

HL DL HL DL HL DL

Zuled 1.27 ± 0.03 0.69 ± 0.02 0.65 ± 0.02 0.45 ± 0.01 1.92 ± 0.04 1.44 ± 0.05

ICGV 87157 0.66 ± 0.02 0.37 ± 0.01 0.35 ± 0.03 0.19 ± 0.01 1.01 ± 0.02 0.56 ± 0.02

TMV2 (7731) 0.72 ± 0.02 0.61 ± 0.02 0.55 ± 0.03 0.43 ± 0.02 1.27 ± 0.01 1.04 ± 0.01

ICGV 87121 0.48 ± 0.01 0.15 ± 0.01 0.22 ± 0.02 0.08 ± 0.001 0.70 ± 0.01 0.23 ± 0.001

Table lb. Soluble Sugar, RNA and Acid Protein content (mg 100 mg-l fresh wI.)
of healthy and diseased leaves of different genotypes

Genotypes

Zuled

Soluble Sugar RNA Acid Protein

9.44 ± 0.5 16.34 ± 0.4 0.387 ± 0.01 0.527 ± 0.01 2.750 ± 0.19 3.850 ± 0.23

ICGV 87157 5.04 ± 0.4 11.52 ± 0.5 0.350 ± 0.01 0.450 ± 0.02 3.010 ± 0.21 4.130 ± 0.30

TMV2 (7731) 13.14 ± 0.6 10.26 ± 0.6 0.275 ± 0.01 0.355 ± 0.01 2.310 ± 0.15 2.750 ± 0.35

ICGV 87121 16.20 ± 0.5 14.88 ± 0.7 0.375 ± 0.02 0.440 ±O.02 2.750 ± 0.18 3.010 ± 0.41

HL = Healthy leaf; DL = Diseased leaf

Table 2. Total phenol content of healthy and diseased leaves of different genotypes

a. Total phenol content (mg 100 mg-l fresh weight)

Genotypes HL DL

Zuld 1.80 ± 0.02 6.30 ± 0.04

TCGV 87157 1.90 ± 0.03 5.90 ± 0.02

TMV2 (7731) 1.60 ± 0.02 3.40 ± 0.02

ICGV 87121 1.80 ± 0.01 3.90 ± 0.02

b. Phenol content in relation to disease severity

Genotypes Healthy leaves One spot per 5 spots per 20 spots per
leaflet leaflet leaflet

Zuled 1.80 ± 0.02 5.20 ± 0.01 6.00 ± 0.02 8.00 ± 0.01

ICGV 87157 1.90 ± 0.02 2.08 ± 0.01 6.20 ± 0.03 6.80 ± 0.01

HL = Healthy leaf; DL = Diseased leaf
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RNA and acid Protein:

G. C. Bera et aI. [Vol. 59, No. 3

Following infection the resistant genotype 'Zuled' and 'ICGV87157' recorded
relatively high level of RNA and acid protein than susceptible genotypes 'TMV2
(7731)' and 'ICGV - 87121' (Table Ib). Such a situation in wheat infected with Puccinia
graminis was also reported by Bhattacharya et al. [13].

Phenol Content :

Matern and Kneusel [3] reported that phenolic compounds which are very toxic
to the pathogen and produced at a faster rate after infection in the resistant genotypes.
In our study, phenol content did not show significant variation in the healthy leaves
of all the four genotypes but the level had increased after infection (Table 2a). The
resistant genotype 'Zuled' recorded around 4.5 times increase from Zero leaf spot
level to 20 leaf spots per leaflet, while in 'ICGV 87157' the increase was around 3.5
times. Even during the appearance of a single leafspot 'Zuled' recorded a phenol
turnover as high as 2.5 times of ICGV87157' (Table 2b).

The study by and large emphasizes that leaves in resistant genotype are capable
of maintaining higher level of chlorophyll content (both a and b) under the attack
of Cercospora. More importantly, the resistant genotypes maintain high level of RNA
protein and phenol content in their infected leaves. This biochemical manifestation
would serve as valuable parameter for the selection of resistant genotypes in
groundnut.

Gene action

The ANOVA for combining ability (Table 3) for phenol content in the leaves
revealed that mean squares due to gca and sca were highly significant. The estimated
ratio of additive to total genotypic variance was 0.15 which suggests that the phenol
content is controlled predominantly by non-additive gene action.

Table 3. ANOVA for phenol content in diseased leaves

Source

gea

sea

Error

2 ci gea
2cr2 gea + cr2 sea

**Significant at P = 0.01

Phenol df.

5

15

20

Content in diseased leaves Ms.

2.23**

1.65**

0.02

0.15
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The gca values showed wide variation amongst parents. 'Zuled' and ICGV
87157' recorded significantly high positive gca value while the same was significantly
negative for 'ICGV-87121', INRGS(FDRS)6', 'NFSG72' (Table 4).

Table 4. GCA effects of parents for phenol content in diseased leaves and per
se performance of 4 selected cross

1. TMV2 (7731) (PI) 0.116

2. NFSG72 (P2) -0.351

3. leGV 87157 (P3) 0.794

4. NRGS (FDRS) 6 (P4) -0.436

5. Zuled (Ps) 0.0519

6. leGV 87121 (P6) -0.410

SE 0.044

Parents gca effects per se Selected cross sca effect
performance
of parents

3.40 5.60 (P2 x Ps) 1.772

3.00 3.24 (PI x P6) 1.407

5.90 7.40 (P4 x P6) 2.727

2.70 5.80' (P3 x P6) 1.851

6.30

3.90 4.80 (average of all crosses)

7.701

The crosses P4 x P6, P3 x P6, P2 x P5 and PI x P6 are very good specific
combiners. It was also noted that these four crosses had per se performance for
phenol content well above the average values of all the crosses (Table 3b). In terms
of their gca effects these crosses demonstrated different gene actions. For example,
the crosses 4 x 6 [NRGS (FDRS) 6 x ICGV 87121] displayed a low x low gca
combinations indicating dominance x dominance gene interactions. While 2 x 5
(NFSG72 x Zuled), and 3 x 6 (ICGV87157 x ICGV87121) having low x high and
high x low gca combinations demonstrated additive x dominance gene interactions.
Since groundnut is predominantly a self-pollinated crop mopping up of additive
genetic variance would be of major interest. A biparental matings followed by
recurrent selection with these genotypes would be profitable' for developing 'Tikkas'
disease resistant lines. Iroume and Knauft [15] also suggested the selection among
crosses for the development of high yield and disease resistance genotypes in
groundnut.
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