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ABSTRACT

An incomplete diallel analysis of sesame involving five females (branched) and five males (unbranched) revealed that additive gene actions were predominant in controlling most of the characters studied although non-additive gene actions were also important in height to first capsule, 1000-seed weight, days to maturity and seed yield per plot. Among the females, Zhongzhi 100 was a good general combiner for seed yield, plant height, capsules on main stem, days to maturity and resistance to disease, and Yuzhi 2 for capsule size, 1000-seed weight, resistance to charcoal and dwarfness. Among the males, Yuzhi 4 was a good general combiner for capsule size, seeds per capsule, 1000-seed weight and low height to first capsule. The crosses 85-588 x 85-411 and Yuzhi 2 x Ezhi 1 were better for seed yield, Zhongzhi 10 x 85-411 and 85-588 x Ezhi 1 for 1000-seed weight.

INTRODUCTION

The combining ability analysis is an a important method to know gene actions and it is frequently used by crop breeders to choose the parents with a high general combining ability (gca) and hybrids with high specific combining ability (sca) effects. In variety improvement, it is also useful for selecting the most suitable breeding procedure. In sesame, although studies in this aspect have been carried out (Reddy, 1994, Bakhert et al, 1988, Mcharo et al, 1995) more information about combining ability is needed. In this study, ten agronomic characters have been analyzed.

MATERIALS AND METHODS

Five branched female parents, viz. Zhongzhi 10, 87E32, 85-588, Xiezhi 1, Yuzhi 2 and five unbranched male parents, viz. Ezhi 1, Yuzhi 4, Yuzhi 8, Yiyangbei and 85-411 were crossed in an incomplete diallel mating design. The 25 F1’s and their parents were grown in a complete randomized block design with three replications at the Oil Crops Research Institute of CAAS in 1996. Each plot consisted of 3 rows with row length of 3 m. The observations were recorded on five random plants from each plot for ten characters (Table 1)(capsule size was calculated as capsule length x width; the resistance index for resistance to charcoal rot was transformed using sin-1(x). The analysis of combining ability was done by the procedure (fixed model) of Huang Yuanzhang et al. (1982).

RESULTS AND DISCUSSION

The analyses of genotypic variances showed that significant genetic differences existed in all the ten characters studied. The variances due to the general combining ability were significant for all the characters in females and for six characters, except plant height, seeds per capsule, resistance to charcoal rot and seed yield in males, indicating the role of additive gene actions in the inheritance of these characters. However, the variances due to females were greater than those due to males for all the characters except height to first capsule, and capsule size, indicating greater diversity among the females than among the males for those characters. The variances due to the specific combining ability were significant for height to first capsule, 1000-seed weight, days to maturity and seed yield. This indicated that non-additive gene actions also played an important role in these characters (Table 1). Both additive and non-additive gene effects existed in most characters. However, additive effects were predominant. The results are similar to those of Bakheit and Mahdy (1988) and Mcharo et al (1995).

The gca estimates (Table 2) revealed that among females, Zhongzhi 10 was the best general combiner for plant height, capsules on main stem, days to maturity and seed yield. 85-588 was the best for capsules/plant, Xiezhi 1 for seeds/capsule and Yuzhi 2 for capsule size, 1000-seed weight, resistance to charcoal rot and dwarfness. Among the males, Yuzhi 4 was good general combiner for capsule size, seeds/capsule, 1000-seed weight and low height to first capsule, Yiyangbei for capsules/plant and Ezhi 1 for days to maturity.

Among the four characters which had significant variances due to a specific combining ability, seed yield showed larger sca effects in crosses 85-588 x 85-411, Yuzhi 2 x Ezhi 1, 87E32 x 85-411 and Zhongzhi 10 x Yuzhi 8, 1000-seed weight in crosses Zhongzih 10 x 85-411 and 85-588 x Ezhi 1, days to maturity in crosses Yuzih 2 x Yiyangbei, Zhongzhi 10 x Yuzhi 8 and 87E32 x 85-411, and height to first capsule had better sca effects in crosses Xiezhi 1 x 85-411, Yuzhi 2 x Ezhi 1 and 85-411 x Yuzhi 4 (Table 3).

As the additive gene effects are easily fixed, the improvement of the characters with predominant additive effects such as plant height, capsule size, capsules on main stem, capsules per plant, 1000-seed weight and resistance to charcoal rot can be done by single plant selection or the selection of superior segregants in early generations. The characters with a similar importance of both additive and non-additive gene effects such as height to first capsule and days to maturity can be improved by early generation selection and intensive selection in advanced generations.

Table 1. Variances of general and specific combining ability in sesame

Source of variation
d.f.
Plant height
Height of first capsule
Capsule size
Capsules on main stem
Capsules per plant
Seeds per capsule
1000 seed weight
Days to maturity
Resistance to charcoal rot
Seed yield/plot

Genotypes
24
85.32**
64.12**
638.41**
141.38**
212.45*
23.57*
0.044**
15.89**
44.92**
35.02*

Females
4
255.13**
83.23**
840.19**
442.43**
418.13**
55.79**
0.097**
29.17**
162.63**
65.25*

Males
4
84.13
137.20**
2291.69**
296.22*
201.04**
7.77
0.085**
27.89**
22.00
9.42

F x M
16
43.17
41.07*
174.64
140.09
51.21
19.46
0.020*
9.57**
21.23
33.86*

Error
48
34.44
20.10
171.68
100.15
57.24
11.14
0.0015
3.21
11.52
17.97

*, ** significant at 5% and 1% level of probability, respectively

Table 2. General combining ability effects for ten characters

Source of variation

Plant height
Height of first capsule
Capsule size
Capsules on main stem
Capsules per plant
Seeds per capsule
1000 seed weight
Days to maturity
Resistance to charcoal rot
Seed yield/plot

Zhongzhi 10

6.23**
3.66*
-2.45
5.56*
2.20
-0.29
-0.08**
1.45*
1.43
2.93

87E32

-2.65
-1.14
-6.15
1.01
-1.30
-1.22
-0.04**
-0.15
1.49
-2.95

85-588

-1.90
-1.40
-5.92
0.84
5.33
-1.32
0.04**
1.39*
-3.90**
-0.09

Xiezhi 1

2.09
-1.01
2.78
1.67
2.13
3.36**
-0.05**
-1.15
-2.89
0.24

Yuzhi 2

-3.77
-0.10
11.73*
-9.08**
-8.36*
-0.52
0.14**
-1.55
3.88**
0.13

Exhi 1

2.73
1.28
-4.33
0.92
-1.78
0.20
-0.01
1.72*
0.71
0.82

Yuzhi 4

-2.42
-3.65*
19.61**
-4.04
-5.04
0.95
0.09**
-0.75
0.72
-0.66

Yuzhi 8

-2.32
-2.69
3.56
-3.60
-1.36
0.20
0.05**
-1.75**
1.03
-0.48

Yiyangbei

1.94
2.74
-6.44
4.01
6.68
0.39
-0.11**
0.92
-0.87
0.90

85-411

0.07
2.32
-12.40*
2.71
1.50
-0.96
-0.02
-0.15
-1.59
-0.59

S.E.(gi-gi)

2.14
1.64
4.78
2.76
3.65
1.22
0.014
0.65
1.24
1.55

*, ** significant at 5% and 1% level of probability, respectively

Table 3. Specific combining ability effects for four characters

Females
Males
Height to first capsule
1000-seed weight
Days to maturity
Seed yield

Zhongzhi 10
Ezhi 1
1.37
0.011
-1.99
0.40


Yuzhi 4
2.64
-0.084
0.81
-2.30


Yuzhi 8
0.74
-0.034
1.81
3.13


Yiyangbei
-2.82
0.009
-1.19
1.61


85-411
-1.94
0.097
0.55
-2.84

87E32
Ezhi 1
-1.70
-0.012
0.28
-0.38


Yuzhi 4
2.17
-0.097
-3.25
2.54


Yuzhi 8
-0.86
-0.017
-0.25
-5.40


Yiyangbei
-1.88
0.055
1.41
-0.02


85-411
2.26
0.071
1.81
3.26

85-588
Ezhi 1
-2.71
0.090
-1.25
-4.38


Yuzhi 4
-4.18
0.038
1.55
-0.20


Yuzhi 8
-1.27
-0.049
0.55
0.49


Yiyangbei
2.90
-0.099
-0.79
-1.71


85-411
5.25
0.019
-0.05
5.80

Xiezhi 1
Ezhi 1
8.30
-0.068
1.28
-0.10


Yuzhi 4
-1.10
0.057
1.41
0.33


Yuzhi 8
-1.39
0.013
-0.92
1.33


Yiyangbei
0.38
0.036
-1.59
-0.67


85-411
-6.20
-0.039
-0.19
-0.89

Yuzhi 2
Ezhi 1
-5.27
-0.022
1.68
4.46


Yuzhi 4
0.46
0.086
-0.52
-0.37


Yuzhi 8
2.77
0.086
-1.19
0.44


Yiyangbei
1.41
-0.001
2.15
0.80


85-411
0.62
-0.149
-2.12
-5.33

S.E. (Sij-Ski)

4.01
0.035
1.60
3.79

S.E. (Sij-Skl)

4.33
0.037
1.73
4.09
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ABSTRACT

The experimental material chosen for the study consisted of 22 lines (female parents) and 4 testers (male parents) of sesame. Crosses were effected between these female and male parents to study the heterosis for yield contributing characters in sesame. Out of all the cross combinations, Si3315/11 x Co1 yielded 43.94% standard heterosis over the best check Co1 in all the 3 environments. Besides a heterotic potential, the hybrid was found to be moderately resistant to powdery mildew, a serious disease which causes yield reduction of up to 25%.

INTRODUCTION 

Production of hybrids in sesame is possible through two means viz., genetic and non-genetic. The genetic tool is through the availability of genetic, cytoplasmic and genic cytoplasmic male sterility systems. The other method used for the production of hybrids i.e. non-genetic tool used is hand emasculation and crossing. Also the simple selfing and crossing techniques developed by Thangavelu and Nallathambi (1962) made the production of F1 hybrids very simple. A single crossed flower may yield about 64 seeds. They reported that single labourer could make crosses for about 900 flowers per day. The success of crossing is also very high. The identification of hybrids is easy in sesame due to the simple inheritance of many of the characters. The present study reports the extent of heterosis for yield contributing characters in a line x tester experiment.

MATERIALS AND METHODS 

The experiment was conducted at the Agricultural College and Research Institute, Madurai during the 1995 Kharif season. The experimental material consisted of 22 lines and 4 testers crossed in LxT fashion. The hybrids were raised in 3 different locations viz., Agricultural College and Research Institute, Madurai (E1), Regional Research Station, Virdhachalam (E2), and Agricultural Research Station, Paramakudi (E3) during rabi for the same year. Observations were recorded on 5 randomly selected plants for seven yield contributing characters namely plant height, the height at which the first fruiting branch arises, the number of branches per plant, number of capsules on main stem, number of capsules per plant, number of capsules on branches and single plant yield. The genetic parameters such as mean, combining ability (Kempthorne, 1957) and standard heterosis (Matzinger et al., 1962) were calculated and powdery mildew resistance was also scored. 

RESULTS AND DISCUSSION 

The per se performance of sca effects of the cross Si 3315/11 x Co1 are presented in Table 1, revealing that this cross was significant for yield contributing characters such as number of branches per plant, number of capsules on main stem, number of capsules per branches, number of capsules per plant and single plant yield. The hybrid, which involved both good general combiners, had high per se and significant sca effects for the above mentioned characters. Therefore, this hybrid would be able to show good performance even under poor rainfed conditions. This valuable hybrid was the best source for developing a high yielding variety through a simple pedigree programme. In Table 2, which presents the performance of hybrid Si 3315/11 x Co1 over locations and over seasons, this hybrid is shown to yield 43.94% standard heterosis over the best check, Co1. 

Table 1. Sca effect and per se performance of Si 3315/11 x Co1 for yield contributing characters.

Characters
per se

performance
gca effects
sca effects of Si 3315/11 x Co2



Si3315/11 
Co1


Number of branches per plant 
8.03**
1.19**
0.35**
0.70

Number of capsules on main stem 
21.21**
2.11**
-0.26
0.47

Number of capsules on branches 
76.76**
18.22**
1.92**
12.38**

Number of capsules per plant 
97.98**
20.33**
1.66**
12.85**

Single plant yield 
13.75**
4.34**
0.30**
1.16*

Table 2. Yield performance of Si 3315/11 x Co1 over environments

Environment
Standard heterosis over the best cultivated variety Co1 (per cent)

E1
61.37

E2
42.13

E3
29.63

Over environments
43.94

Besides the heterotic yield potential, hybrid Si 3315/11 x Co1 was found to be moderately resistant to powdery mildew, a serious disease which causes yield reduction of up to 25%. One of the parents involved in this cross, namely Si 3315/11, was reported to be field resistant to both powdery mildew and shoot webber (Murali Baskaran et al., 1990). In the present investigation, this parent was also found to be stable for yield over environments. 
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ABSTRACT

The P1, P2, F1, F2, BC1 and BC2 generations of five sesame crosses were studied for eight genetic traits. The additive dominance model was adequate for the number of capsules on branches in the cross ES12 x CO1. An epistatic digenic model was assumed for all other crosses. The study revealed the importance of both additive and non-additive types of gene action for all the characters studied. Duplicate epistasis played a relatively greater role than complementary epistasis. All the three types of interaction played a major role. Therefore reciprocal recurrent selection is suggested for the development of a superior variety. 

Key words: genetic architecture, generation mean, metric traits, gene action

INTRODUCTION 

The choice of a suitable breeding procedure depends upon the relative magnitude of different gene effects and an understanding of the mode of inheritance of complex quantitative characters. Generation mean analysis is used to estimate the component variance which provides information about the predominant type of gene action for the important characters of crop species. Dixit (1976) studied the inheritance of yield and its components in sesame using six parental lines, their F1’s, F2’s, and two backcross generations. This analysis was one of the several tools used in estimating additive, dominance and epistatic variations. The objective of this research was to study genetic action of several traits in sesame, using the generation mean analysis.

MATERIALS AND METHODS 

The experiment was conducted at the Agricultural College and Research Institute, Madurai during rabi 94-95. The material comprising 6 parents, 5 F1’s, 5 F2’s Viz., N-67-141 x CO1, Si 1508 x CO1, ES 12 x CO1, Si 3315/11X CO1 and Si 3315/11 x TMV 4 were used for this study. Six generations i.e. P1, P2, F1, F2, BC1, and BC2 of each cross were sown in randomized block design with 3 replications. The spacing was 30 cm between rows and 30 cm within rows. The total number of population raised in each replication was 25 in parents, F1 and backcross generation and 300 in F2. 

Observations on plant height, the height at which the first fruiting branch occurs, the number of branches per plant. number of capsules on main stem, number of capsules on branches, number of capsules per plant, oil content and single plant yield were recorded on 20 plants each on P1, P2, and F1, 150 plants in F2 and 25 plants each in BC1 and BC2. The means and variance of mean of 8 metric traits were computed for each generation of all the crosses. Mather’s scaling tests (1949) were applied to detect the presence of epistasis for the 8 characters. The significance of scales and gene effects were tested by t test (Singh and Chaudhary, 1985). The genetic effects were estimated using the models suggested by Mather and Jinks (1971) and Jinks and Jones (1958). 

The type of gene actions complementary or duplicate, was assessed based on the sign of h and l gene effects (complementary = same sign; duplicate = opposite signs)

RESULTS AND DISCUSSION 

The scaling test and the estimates of genetic parameters viz., m, d, h, i, j, and l of different traits are presented in Table 1. 

A simple additive-dominance model was adequate as inferred from the non significance of all the scales in ES 12 x CO1 for number of capsules on branches. For the remaining crosses, an epistatic digenic interaction model was assumed by one or two or three of scales being significant. 

The fixable type of gene effects was predominant in ES 12 x CO1 and Si 3315/11 x TMV4 for plant height and the height at which the first fruiting branch occurs, suggesting a biparental mating approach for the improvement of these characters. The dominance effect (h) was important for plant height and the height at which the first fruiting branch occurs in one cross each. Heterosis breeding is suggested for the improvement of the above traits. 

Among the interaction components, the fixable additive x additive interaction effect (i) with duplicate type of epistasis was predominant for all the traits in most of the crosses, indicating the possibility of obtaining transgressive segregants in later generations. In these crosses, selection had to be postponed to advanced generation for the realization of superior segregants. 

The additive x additive and dominance x dominance interaction effects with a complementary type of epistasis was noted for the number of capsules on branches, number of capsules per plant and oil content, suggesting a recurrent selection technique for improving those characters. 

All the characters, except the height at which the first fruiting branch occurs, had additive x additive, additive x dominance and dominance x dominance interaction effects, suggesting a scope for employing a reciprocal recurrent selection for the genetic upgrading of these characters. The method also provides opportunities for breaking up undesirable linkages and possibilities of obtaining high yielding lines under selection pressure. 

In Si 3315/11 X TMV4, all three types of interactions were present for number of branches per plant. At the same time, additive and dominance effects were at non- significant levels. In this case, the intermating of F2 population and multiple crossing among the selected segregants would improve these traits.

Table 1. Scaling tests and genetic effects for traits in sesame

Character
A
B
C
m
(d)
(h)
(i)
(j)
(l)
Type of epistasis

Plant height

C1
*
*
*
22.31**(3.92
-8.18**(1.23
83.32**(9.85
50.99**(3.73
2.66(1.70
-12.39(7.50
D

C2
*
*
-
86.51**(5.23
-2.86(1.65
-43.29**(13.18
-7.88(4.96
4.96*(2.29
55.05**(9.32
D

C3
*
*
-
91.88**(4.83
5.45**(1.14
-18.44(12.23
-4.93(4.69
-8.31**(1.95
8.74(8.45
D

C4
*
*
*
80.77**(5.19
7.49(1.46
-47.53**(12.76
8.21(4.98
-21.40**(2.08
62.63**(8.49
D

C5
*
*
*
75.34**(5.39
1.30(1.64
41.22**(14.00
19.83**(5.13
11.78** (2.45
61.14**(10.55
D

Height at which the first fruiting branch arises

C1
*
-
*
7.66**(1.59
0.99*(0.39
9.59*(3.81
6.64**(1.54
-1.84**(0.57
-2.93(2.87
D

C2
-
-
*
5.73**(1.73
-0.32(0.41
14.49**(4.19
9.24**(1.68
0.14(0.64
-5.93*(2.92
D

C3
-
*
-
14.80**(1.58
1.03**(0.26
2.34(3.95
-0.26(1.56
-1.00(0.57
-3.20(3.08
D

C4
*
*
*
6.41**(1.81
0.83(0.45
9.88*(4.40
9.73**(1.76
-2.01**(0.68
-1.40(2.95
D

C5
*
*
*
20.13**(2.04
1.52**(0.54
-24.32**(5.13
-4.67**(1.97
-2.22**(0.84
19.87**(3.26
D

continued

Character
A
B
C
m
(d)
(h)
(i)
(j)
(l)
Type of epistasis

Number of branches per plant

C1
*
*
*
1.74**(0.51
-0.26(0.19
1.40(1.36
2.24**(0.48
0.15(0.26
1.85*(0.94
C

C2
*
*
*
5.77**(0.82
0.01(0.23
-6.83**(2.01
1.49(0.79
0.75*(0.33
8.59**(1.40
D

C3
*
-
*
3.83**(0.63
0.76*(0.31
-2.56(1.69
1.20*(0.55
-1.84**(0.37
5.19**(1.59
D

C4
*
*
*
1.57*(0.66
-0.46*(0.23
2.90(1.70
2.22**(0.62
-0.05(0.31
0.65(1.16
C

C5
*
*
*
3.22**(0.66
-0.76**(0.22
-2.31(1.73
0.87(0.63
1.13**(0.30
5.08**(1.37
D

Number of capsules on main stem

C1
*
*
*
7.54**(1.63
-1.36**(0.5
4.98(4.06
8.81**(1.05
0.45(0.69
11.27*(4.44
C

C2
-
*
-
17.16**(2.45
-1.83**(0.64
-4.17(6.34
-1.26(2.36
5.82**(1.05
7.34(5.91
D

C3
*
*
*
16.01**(1.94
0.68(0.69
-6.65(4.92
2.37(1.81
-1.13(0.91
11.70**(3.93
D

C4
*
*
*
20.33**(2.39
1.50(1.13
-24.74**(6.00
-1.10(2.11
3.96**(1.27
28.40**(4.35
D

C5
*
*
*
19.81**(2.36
-0.30(1.24
-21.53**(6.28
1.21(2.01
2.39(1.44
19.58**(4.61
D

continued

Character
A
B
C
m
(d)
(h)
(i)
(j)
(l)
Type of epistasis

Number of capsules on branches 


C1
-
*
*
7.89(4.86
-9.40**(1.21
26.86*(12.31
21.31**(4.71
9.22**(1.99
13.71(11.27
C

C2
-
*
*
52.81**(7.78
-9.69**(1.05
-65.73**(18.18
-23.90**(7.71
15.09**(2.29
88.05**(20.35
D

C3
-
*
*
28.10**(6.51
-1.13(1.70
14.82(16.45
-
-
-
-

C4
*
*
*
26.07**(6.84
-7.56**(1.23
-1.03(16.69
4.96(6.73
0.35(2.39
25.62(13.17
D

C5
-
*
*
20.41**(5.15
-11.26**(1.77
-3.72(13.75
14.31**(4.84
15.26**(2.55
35.58*(15.58
D

Number of capsules per plant


C1
*
*
*
15.78**(5.95
-10.76**(1.28
31.00*(14.86
29.78**(5.81
9.67(2.28
25.41(13.39
C

C2
*
*
*
78.19**(8.93
-11.52**(1.21
-94.34**(20.83
-33.38**(8.85
16.61**(2.61
111.62**(20.37
D

C3
-
-
*
44.05**(7.58
-0.41(1.92
8.86(19.13
11.86(7.33
-4.49(3.10
7.61(15.68
C

C4
*
*
*
46.66**(7.58
-6.06**(1.63
-26.5(18.85
3.6(7.40
-3.64(2.88
54.50**14.37
D

C5
*
*
*
40.71**(6.22
-11.56**2.39
-26.57(16.46
15.04**(5.74
17.75**(3.18
55.85**(17.23
D

continued

 
A
B
C
m
(d)
(h)
(i)
(j)
(l)
Type of epistasis

Oil content

C1
*
*
*
42.75**(0.90
-0.10**(0.07
-1.24(2.41
3.55**(0.90
-0.05(0.36
0.51(1.54
D

C2
*
-
*
42.97**(0.81
-0.65**(0.05
1.10(1.93
2.79**(0.81
-0.34(0.24
-1.68(1.16
D

C3
-
-
*
44.51**(0.85
-0.61**(0.07
-0.88(2.22
1.28(0.84
-0.01(0.33
0.08(1.41
D

C4
*
*
*
43.22**(0.60
0.10*(0.05
0.24(1.51
3.28**(0.60
1.69(0.21
1.90*(0.94
C

C5
*
*
*
53.71**(0.56
0.61**(0.04
-22.85**(1.41
-7.71**(0.56
-0.13(0.20
12.12**(0.88
D

Single plant yield

C1
*
*
*
2.96**(0.61
-0.89**(0.09
-5.02**(1.53
3.76**(0.60
0.88**(0.22
11.35**(1.23
D

C2
*
*
*
8.41**(0.94
-1.51**(0.14
-11.98**(2.21
-2.30*(0.93
1.57**(0.29
14.08**(1.35
D

C3
*
*
*
5.91**(0.79
-0.78**(0.15
-4.76*(1.99
1.64*(0.78
0.40(0.30
11.01**(1.84
D

C4
*
*
*
7.49**(0.83
-0.58**(0.18
-10.61**(2.05
-0.45(0.81
-0.31(0.31
12.99**(1.88
D

C5
*
*
*
4.86**(0.48
-0.15(0.16
-4.97**(1.76
1.74**(0.66
0.84**(0.29
8.86**(1.25
D

C1=N-67-141 X CO1, C2 =SI 1508 X CO1, C3 =ES 12X CO1, C4= Si 3315/11 X CO1, C5=Si 3315/11 X TMV4 

* Significant at P= 5%

** Significant at P= 1%
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ASSOCIATION ANALYSIS OF SINGLE PLANT YIELD AND ITS YIELD CONTRIBUTING CHARACTERS IN SESAME (Sesamum indicum L.)
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ABSTRACT

One hundred and fourteen genotypes of sesame (Sesamum indicum L.) were studied by correlation and path coefficient analysis for single plant yield and other yield contributing components. All the characters studied showed significant and positive correlation with single plant yield. The intercorrelation between the yield components, except the number of capsules on the main stem, revealed high associations with each other. The characters viz., plant height, number of capsules on main stem and number of capsules on branches, showed a high positive direct effect on single plant yield. The residual effect was high, which indicates that besides the characters studied, there are some other attributes which contribute to yield. 

Key words: Correlation, path coefficient, sesame

INTRODUCTION 

Sesame (Sesamum indicum L.) is one of the important oil seed crops in India. Sesame oil is characterized for its stability and quality so the production of this important oil seed crop has to be stepped up by evolving a high yielding variety. Therefore the plant breeder must know the relationship between yield-contributing characters and their association with yield. With this main objective a correlation study was undertaken in sesame. 

MATERIALS AND METHODS 

A total of 22 lines (female parents) of different geographical origins and 4 testers (male parents) consisting of high yielding and well adapted varieties of sesame, were crossed in a line x tester model during February to May, 1995 to generate material with a wide variability. The 26 parents and the 88 hybrids were raised in a randomized block design with three replications during July to October, 1996 at the Regional Research Station, Vridhachalam. The materials were studied for eight characters viz., days to 50% flowering, plant height, height at which the first fruiting branch arises, number of capsules on main stem, number of capsules on branches, number of branches per plant, number of capsules per plant and single plant yield, for finding out the correlation of various characters with yield. Data on mean single plant basis were utilized for statistical analysis. Correlation coefficients were calculated at the genotypic level using the formula suggested by Miller et al. (1958). Phenotypic correlations were estimated as proposed by Panse and Sukhatme (1957). A path coefficient analysis was made, as suggested by Wright (1934) and elaborated by Dewey and Lu (1959).

RESULTS AND DISCUSSION 

The estimated phenotypic and genotypic correlation coefficients are presented in Table 1. 

Table 1. Phenotypic , genotypic and environmental correlation coefficients–pooled



X2
X3
X4
X5
X6
X7
X8

X1
P
0.236*
0.209*
0.115
-0.088
0.039
0.018
0.105


G
0.556**
0.477**
0.513**
-0.344**
0.331**
0.270**
0.407**


E
-0.006
-0.000
-0.178
0.002
-0.174
-0.164
-0.081

X2
P

0.464**
0.493**
0.283**
0.554**
0.585**
0.583**


G

0.730**
0.755**
0.148
0.802**
0.784**
0.838**


E

0.104
0.174
0.397**
0.257**
0.350**
0.335**

X3
P


0.322**
-0.107
0.265**
0.229*
0.208*


G


0.653**
-0.128
0.575**
0.531**
0.556**


E


-0.095
-0.108
-0.120
-0.142
-0.153

X4
P



-0.022
0.704**
0.663**
0.576**


G



-0.025
0.880**
0.835**
0.809**


E



-0.022
0.506**
0.471**
0.361**

X5
P




0.144
0.347**
0.304**


G




0.298**
0.417**
0.371**


E




0.075
0.341**
0.287**

X6
P





0.978**
0.734**


G





0.992**
0.918**


E





0.963**
0.567**

X7
P






0.759**


G






0.924**


E






0.612**

*Significant at p = 5 %

** Significant at p = 1 %

In general, the genotypic correlation coefficients were slightly higher than the phenotypic correlation coefficients, indicating the masking effect of the environment in the total expression of the genotypes. Such results are in concurrence with the results of Sanjeevaiah and Joshi (1974) in sesame. All the characters studied showed significant and positive correlations with single plant yield at both genotypic and phenotypic levels. Asthana and Raj (1970) found similar results for seed yield and capsule number on the main stem, Osman Khidir and Osman (1970) for plant height, branch number and capsule number with seed yield, and Osman and Osman Khidir (1974) for days to full maturity with seed yield. 

In the present investigation, the intercorrelation for the number of capsules on the main stem with all other traits, excluding the number of capsules per branches and number of capsules per plant, were negative. Such a negative association may occur due to the competition of two developing structures of the plant for limited resources like nutrient and water supply (Adams, 1967). Newell and Eberhart (1961) were of the view that it would be difficult to exercise simultaneous selection for the characters which show negative association with each other.

The results of the path coefficient analysis based on the genotypic correlation coefficient are presented in Table 2. The characters viz., plant height, number of capsules on main stem, and number of capsules per branches showed high positive direct effects on single plant yield. This was in agreement with the earlier reports of Thangavelu and Rajasekaran (1983). The indirect effect of plant height, number of capsules on main stem and number of capsules on branches via the other traits was not considerable, which might be due to their high negative indirect effect via number of capsules per plant. All the indirect effects via number of capsules per plant were negative. From the above results, it can be inferred that the characters plant height, number of capsules on main stem and number of capsules on branches are to be given prime importance as they revealed a significant positive correlation coefficient and a high positive direct effect compared to other traits. 

Table 2. Path coefficients showing the direct and indirect effects of characters on single plant yield –pooled

Characters
X1
X2
X3
X4
X5
X6
X7
X8

X1
0.122
0.141
-0.021
0.071
-0.237
1.282
-0.952
0.401**

X2
0.068
0.255
-0.032
0.105
0.102
3.103
-2.764
0.838**

X3
0.058
0.186
-0.043
0.090
-0.088
2.225
-1.872
0.556**

X4
0.062
0.192
-0.028
0.138
-0.017
3.407
-2.946
0.809**

X5
-0.042
0.037
0.005
-0.003
0.689
1.154
-1.470
0.371**

X6
0.040
0.204
-0.025
0.121
0.205
3.870
-3.499
0.918*

X7
0.033
0.199
-0.023
0.115
0.287
3.839
-3.528
0.924**

Residual effect = 0.313

X1= Days to 50 per cent flowering, X2= Plant height, X3= Height at which the first fruiting branch arises, X4= Number of branches per plant, X5= Number of capsules on main stem, X6= Number of capsules on branches, X7= Number of capsules per plant, X8= Single plant yield.

In the present study, the residual effect (0.313) was high in magnitude which shows that some other important yield contributing characters which contribute to yield have to be included. 
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ABSTRACT

Comparisons of the means of F1 and F2 populations of three crosses and their reciprocals, as well as their direct and reciprocal backcross progenies revealed the presence of cytoplasmic inheritance of the traits capsule volume and seed breadth. For the 1000-seed volume a predominant role of maternal genetic control over the expression was observed. Both cytoplasmic and maternal genetic control over the expression of seed length, 1000 seed weight and seed density were evidenced.

Key words: Sesame, cytoplasmic inheritance, maternal genotypic control, seed size characters

INTRODUCTION

Knowledge on the genetic architecture of seed size characters in sesame would greatly help the efficient and profitable exploitation of the available range of variation for these characters in future breeding programmes in this crop. Moreover, knowledge of maternal effects is needed for genetic studies with reciprocal crosses. Although there are studies on inheritance in sesame (Brar and Ahuja, 1979; Weiss, 1985) and on maternal inheritance of fatty and composition (Mosjidis and Yermanos, 1984), information concerning the cytoplasmic and maternal genetic effects on the seed size characters is practically unavailable. To study these effects data from reciprocal backcross generations can be used (Mosjidis and Yermanos, 1984). The purpose of the present study was to verify the existence of cytoplasmic and/or maternal effects on the seed size characters.

MATERIALS AND METHODS

The plant material consisted of six generations P1, P2, F1, F2, B1 and B2 of three direct (D) crosses and their reciprocals (R). The crosses were D1 (S.00028 x S.0327), D2 (S.00028 x AC.No.673.3.130.12) and D3 (S.0327 x AC.No.673.3.130.12) and their reciprocals R1, R2 and R3. The segregating and non-segregating populations were raised in a randomized block design with two replications. The experiment was conducted at the Oilseeds Breeding Station, School of Genetics, Tamil Nadu Agricultural University, Coimbatore. A sample size of 20 plants in parents and F1, 60 in backcrosses and F2 generations were utilized for taking observations.

Significant ‘t’ test differences between direct and reciprocal F1 and F2 populations and differences between B1’s of direct crosses and B2’s of reciprocal crosses were considered as the indication for the presence of cytoplasmic inheritance. The differences between B2’s of direct crosses and B1’s of reciprocal crosses were also taken into consideration. On the other hand the similarity (non-significant differences) among the B1’s and B2’s of direct and reciprocal crosses were considered as the indication for maternal genotypic control (Dani and Kohel, 1989).

RESULTS AND DISCUSSION

The data on the mean volume of capsules of the F1’s, F2’s, B1’s and B2’s of direct and reciprocal crosses are presented in Table 1. The F2 populations of the cross D3 (S.0327 x AC.No.673.3.130.12) differed significantly from their reciprocal F2 populations. In the remaining two direct and reciprocal F2 populations the differences were non-significant. The B1’s of the cross D1(S.00028 x S.0327) and D3(S.0327 x AC.NO.673.3.130.12) differed significantly from the B2’s of their respective reciprocal crosses. Similarly, the B2’s of cross D2 and D3 differed significantly from the B1’s of reciprocal crosses. The comparison of the B1’s of direct and reciprocal crosses with their concerned B2’s showed dissimilar capsule volume excepting for B1’s of B2’s of D1. This indicated that maternal genetic control is more or less absent in most of the cross combinations. The results clearly demonstrated the existence of cytoplasmic influence on the inheritance of capsule volume.

Table 1. Analysis of cytoplasmic and/or maternal effects of capsule volume

Capsule volume (cm3)

Generation
Mean
Generation
Mean
Difference ( S.E.







F1(D1)
0.17
F1(R1)
0.18
0.01 ( 0.01

F2(D1)
0.24
F2(R1)
0.24
0.00 ( 0.02

B1(D1)
0.30
B2(R1)
0.45
0.15 ( 0.02**

B2(D1)
0.50
B1(R1)
0.45
0.05 (  0.03

B1(D1)
0.30
B2(D1)
0.50
0.20 ( 0.03**

B1(R1)
0.45
B2(R1)
0.45
0.00 ( 0.03







F1(D2)
0.16
F1(R2)
0.28
0.11 ( 0.01**

F2(D2)
0.26
F2(R2)
0.24
0.02 ( 0.02

B1(D2)
0.33
B2(R2)
0.37
0.04 ( 0.02

B2(D2)
0.41
B1(R2)
0.26
0.15 ( 0.02**

B1(D2)
0.33
B2(D2)
0.41
0.08 ( 0.03**

B1(R2)
0.26
B2(R2)
0.37
0.11 ( 0.02**







F1(D3)
0.18
F1(R3)
0.17
0.01 ( 0.01

F2(D3)
0.36
F2(R3)
0.42
0.06 ( 0.03*

B1(D3)
0.51
B2(R3)
0.38
0.13 ( 0.03**

B2(D3)
0.37
B1(R3)
0.26
0.11 ( 0.02**

B1(D3)
0.51
B2(D3)
0.37
0.14 ( 0.03**

B1(R3)
0.26
B2(R3)
0.38
0.12 ( 0.02**







D1: S.00028 x S.0327
D3: S.0327 x AC.No.673.3.130.12

D2: S.00028 x AC.No.673.3.130.12


R1: S.0327 x 2.00028
R2: Ac.No.673.3.130.12 x S.00028

R3: AC.No.673.3.130.12 x S.0327

*, **: Significant at P = 5% and 1%, respectively

The data on mean seed length of F1’s, F2’s, B1’s and B2’s are presented in Table 2. Two out of the three direct and reciprocal F2’s namely F2(D2) vs. F2(R2) and F2(D3) vs. F2(R3) displayed significant differences in seed length. B1’s of the direct crosses D1 and D2 differed significantly from the B2’s of their respective reciprocal backcrosses. Similarly, B2’s of the cross D2 differed significantly from the B1’s of its reciprocal cross, R2. Between the three direct crosses, the only B1’s and B2’s of D2 showed a non-significant difference. The B1’s and B2’s of the other two direct crosses showed significant differences whereas in all the three reciprocal crosses the differences between B1 and B2 were non-significant. Both cytoplasmic and maternal genetic control were present in the expression of length of seeds.

Table 2. Analysis of cytoplasmic and/or maternal effects of seed length 

Seed length (mm)

Generation
Mean
Generation
Mean
Difference ( S.E.







F1(D1)
2.82
F1(R1)
2.95
0.13 ( 0.02 **

F2(D1)
2.76
F2(R1)
2.80
0.04 ( 0.04

B1(D1)
2.91
B2(R1)
2.70
0.21 ( 0.03**

B2(D1)
2.80
B1(R1)
2.76
0.04 ( 0.03

B1(D1)
2.91
B2(D1)
2.80
0.11 ( 0.03**

B1(R1)
2.76
B2(R1)
2.70
0.06 ( 0.03







F1(D2)
2.74
F1(R2)
2.74
0.00 ( 0.03

F2(D2)
2.71
F2(R2)
2.85
0.14 ( 0.03**

B1(D2)
2.88
B2(R2)
2.77
0.11 ( 0.03**

B2(D2)
2.87
B1(R2)
2.75
0.12 ( 0.04**

B1(D2)
2.88
B2(D2)
2.87
0.01 ( 0.05

B1(R2)
2.75
B2(R2)
2.77
0.02 ( 0.02







F1(D3)
2.66
F1(R3)
2.69
0.03 ( 0.02

F2(D3)
2.79
F2(R3)
2.88
0.09 ( 0.03**

B1(D3)
2.74
B2(R3)
2.77
0.03 ( 0.03

B2(D3)
2.81
B1(R3)
2.79
0.02 ( 0.02

B1(D3)
2.74
B2(D3)
2.81
0.07 ( 0.02**

B1(R3)
2.79
B2(R3)
2.77
0.02 ( 0.03







D1: S.00028 x S.0327 
D2: S.00028 x AC.No.673.3.130.12 

D3: S.0327 x AC.No.673.3.130.12

R1: S.0327 x 2.00028 
R2: Ac.No.673.3.130.12 x S.00028

R3: AC.No.673.3.130.12 x S.0327

*, **: Significant at P = 5% and 1%, respectively

The data on mean seed breadth of F1’s, F2’s, B1’s and B2’s are presented in Table 3. Only one out of the three direct and reciprocal F2’s namely, F2(D2) and F2(R2) showed significant difference in seed breadth. The B1’s of direct and B2’s of reciprocal crosses of S.00028 x S.0327 and S.00028 x AC.No.673.3.130.12 showed significant differences in mean seed breadth. But the comparison of B2’s of direct crosses with B1’s of reciprocal crosses displayed significant difference only in cross S.00028 x S.0327. Comparison of the B1’s of direct and reciprocal crosses with their respective B2’s exhibited significant differences excepting the B1’s and B2’s of cross S.0327 x AC.No.673.3.130.12. This exhibited the predominant role of cytoplasm in the inheritance of the seed breadth.

Table 3. Analysis of cytoplasmic and/or maternal effects of seed breadth 

Seed breadth (mm)

Generation
Mean
Generation
Mean
Difference ( S.E.







F1(D1)
1.59
F1(R1)
1.43
0.16 ( 0.02**

F2(D1)
1.57
F2(R1)
1.55
0.02 ( 0.02

B1(D1)
1.59
B2(R1)
1.43
0.16 ( 0.02**

B2(D1)
1.53
B1(R1)
1.47
0.06 ( 0.02**

B1(D1)
1.59
B2(D1)
1.53
0.06 ( 0.02**

B1(R1)
1.47
B2(R1)
1.43
0.04 ( 0.02*







F1(D2)
1.53
F1(R2)
1.52
0.01 ( 0.02

F2(D2)
1.52
F2(R2)
1.67
0.15 ( 0.02**

B1(D2)
1.59
B2(R2)
1.51
0.08 ( 0.02**

B2(D2)
1.54
B1(R2)
1.55
0.01 ( 0.02

B1(D2)
1.59
B2(D2)
1.54
0.05 ( 0.02*

B1(R2)
1.55
B2(R2)
1.51
0.04 ( 0.02*







F1(D3)
1.46
F1(R3)
1.45
0.01 ( 0.02

F2(D3)
1.60
F2(R3)
1.61
0.01 ( 0.02

B1(D3)
1.55
B2(R3)
1.61
0.06 ( 0.03

B2(D3)
1.58
B1(R3)
1.53
0.005 ( 0.03

B1(D3)
1.55
B2(D3)
1.58
0.03 ( 0.03

B1(R3)
1.53
B2(R3)
1.61
0.08 ( 0.03**







D1: S.00028 x S.0327 
D2: S.00028 x AC.No.673.3.130.12 

D3: S.0327 x AC.No.673.3.130.12

R1: S.0327 x 2.00028 
R2: Ac.No.673.3.130.12 x S.00028

R3: AC.No.673.3.130.12 x S.0327

*, **: Significant at P = 5% and 1%, respectively

The data on the mean weight of 1000 seeds are presented in Table 4. Among the three direct and reciprocal F2 populations only F2(D1) and F2(R1) exhibited significantly different mean 1000 seed weight. On considering the B1’s of direct and B2’s of reciprocal crosses, B1(D3) and B2(R3) evidenced significantly different mean 1000 seed weight, as well as the B2(D1) and B1(R1). B1’s of direct and reciprocal crosses showed significant differences when compared with their respective B2’s in all the crosses excepting S.00028 x AC.No.673.3.130.12. The results indicate that in two out of the three cross pairs viz., S.00028 x S.0327 and S.0327 x AC.No.673.3.130.12 cytoplasmic influence in the inheritance of 1000 seed weight was obvious whereas in on cross S.00028 x AC.No.673.3.130.12, maternal genetic control over this trait was evident.

Table 4. Analysis of cytoplasmic and/or maternal effects of 1000 seed weight

1000 Seed weight (g)

Generation
Mean
Generation
Mean
Difference ( S.E.







F1(D1)
2.77
F1(R1)
3.01
0.24 ( 0.03**

F2(D1)
3.24
F2(R1)
3.66
0.42 ( 0.20*

B1(D1)
3.86
B2(R1)
3.68
0.18 ( 0.22

B2(D1)
3.44
B1(R1)
4.23
0.79 ( 0.25**

B1(D1)
3.86
B2(D1)
3.44
0.42 ( 0.18*

B1(R1)
4.23
B2(R1)
3.68
0.55 ( 0.27*







F1(D2)
2.57
F1(R2)
3.18
0.61 ( 0.02**

F2(D2)
3.41
F2(R2)
3.37
0.04 ( 0.19

B1(D2)
3.20
B2(R2)
3.19
0.01 ( 0.16

B2(D2)
3.56
B1(R2)
3.58
0.02 ( 0.22

B1(D2)
3.20
B2(D2)
3.56
0.36 ( 0.20

B1(R2)
3.58
B2(R2)
3.19
0.39 ( 0.19*







F1(D3)
3.03
F1(R3)
3.09
0.06 ( 0.03*

F2(D3)
3.38
F2(R3)
3.59
0.21 ( 0.19

B1(D3)
3.84
B2(R3)
2.97
0.87 ( 0.17

B2(D3)
3.29
B1(R3)
3.48
0.19 ( 0.19

B1(D3)
3.84
B2(D3)
3.29
0.55 ( 0.19

B1(R3)
3.48
B2(R3)
2.97
0.51 ( 0.17







D1: S.00028 x S.0327 
D2: S.00028 x AC.No.673.3.130.12 

D3: S.0327 x AC.No.673.3.130.12

R1: S.0327 x 2.00028 
R2: Ac.No.673.3.130.12 x S.00028

R3  AC.No.673.3.130.12 x S.0327

*, **: Significant at P = 5% and 1%, respectively

The data on the mean volume of 1000 seeds are presented in Table 5. In all the three comparisons, the F2’s of direct and reciprocal crosses showed non-significant differences. The B1’s of direct crosses and B2’s of reciprocal crosses also exhibited non-significant differences. The B2(D3) differed from B1(R3). The other comparisons of B2’s of direct crosses with de B1’s of their reciprocal crosses exhibited non-significant differences. The B1’s and B2’s of direct and reciprocal crosses respectively showed non-significant differences. The result amply explained the predominant role of maternal genotypic control in the inheritance of 1000 seed volume.

The data on the mean density of seeds are presented in Table 6. The F2’s of direct and reciprocal crosses showed non-significant differences. However, the B1’s of the direct crosses B1(D1) and B1(D2) differed significantly from the B2’s of their reciprocal crosses, and the B2’s of D3 differed significantly from the B1’s of its reciprocal cross R3. The B1’s and B2’s of direct and reciprocal crosses showed non-significant differences excepting B1(D3) and B2(R3). Indication for the presence of cytoplasmic control in the inheritance of seed density was evidenced from the significant differences among the direct and reciprocal backcross progenies. Maternal genotypic control over this trait was also obvious in crosses D1, R1, D2 and R3.

Table 5. Analysis of cytoplasmic and/or maternal effects of 1000 seed volume

1000 seed volume (ml)

Generation
Mean
Generation
Mean
Difference ( S.E.







F1(D1)
5.67
F1(R1)
7.10
0.93 ( 0.02**

F2(D1)
9.88
F2(R1)
8.41
1.47 ( 1.87

B1(D1)
8.68
B2(R1)
8.64
0.04 ( 1.71

B2(D1)
11.16
B1(R1)
10.01
1.15 ( 1.75

B1(D1)
8.68
B2(D1)
11.16
2.48 ( 2.01

B1(R1)
10.01
B2(R1)
8.64
1.37 ( 1.40







F1(D2)
7.92
F1(R2)
8.36
0.59 ( 0.02**

F2(D2)
9.45
F2(R2)
9.14
0.31 ( 1.88

B1(D2)
7.35
B2(R2)
10.15
2.80 ( 1.58

B2(D2)
8.08
B1(R2)
8.25
0.17 ( 1.10

B1(D2)
7.35
B2(D2)
8.08
0.73 ( 1.17

B1(R2)
8.25
B2(R2)
10.15
1.90 ( 1.53







F1(D3)
8.99
F1(R3)
8.74
0.08 ( 0.02**

F2(D3)
10.30
F2(R3)
7.91
2.39 ( 1.56

B1(D3)
9.51
B2(R3)
8.67
0.84 ( 1.09

B2(D3)
12.13
B1(R3)
7.21
4.92 ( 2.15*

B1(D3)
9.51
B2(D3)
12.13
2.62 ( 2.18

B1(R3)
7.21
B2(R3)
8.67
1.46 ( 1.02







D1: S.00028 x S.0327 
D2: S.00028 x AC.No.673.3.130.12

D3: S.0327 x AC.No.673.3.130.12

R1: S.0327 x S.00028 
R2: Ac.No.673.3.130.12 x S.00028

R3: AC.No.673.3.130.12 x S.0327

*, **: Significant at P = 5% and 1%, respectively

Comparisons of the means of F1 and F2 populations of three direct crosses with their reciprocal crosses as well as their direct and reciprocal backcross progenies revealed the presence of cytoplasmic inheritance of the traits namely capsule volume and seed breadth. For 1000 seed volume a predominant role of maternal genotypic control over the expression was observed. Both cytoplasmic and maternal genotypic control over the expression of seed length, 1000-seed weight and seed density were evidenced.
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Table 6. Analysis of cytoplasmic and/or maternal effects of seed density

Seed density (g/ml)

Generation
Mean
Generation
Mean
Difference ( S.E.







F1(D1)
0.64
F1(R1)
0.59
0.15 ( 0.11

F2(D1)
0.80
F2(R1)
0.90
0.10 ( 0.17

B1(D1)
1.52
B2(R1)
0.96
0.56 ( 0.22*

B2(D1)
1.31
B1(R1)
0.85
0.46 ( 0.31

B1(D1)
1.52
B2(D1)
1.31
0.21 ( 0.34

B1(R1)
0.85
B2(R1)
0.96
0.11 ( 0.17







F1(D2)
0.48
F1(R2)
0.58
0.10 ( 0.11

F2(D2)
0.96
F2(R2)
1.44
0.48 ( 0.26

B1(D2)
0.90
B2(R2)
1.74
0.84 ( 0.27**

B2(D2)
0.99
B1(R2)
0.93
0.06 ( 0.24

B1(D2)
0.90
B2(D2)
0.99
0.09 ( 0.18

B1(R2)
0.93
B2(R2)
1.74
0.81 ( 0.31**







F1(D3)
0.52
F1(R3)
0.56
0.04 ( 0.09

F2(D3)
0.75
F2(R3)
0.85
0.10 ( 0.13

B1(D3)
1.50
B2(R3)
1.22
0.28 ( 0.24

B2(D3)
0.83
B1(R3)
1.53
0.70 ( 0.21**

B1(D3)
1.50
B2(D3)
0.83
0.67 ( 0.22**

B1(R3)
1.53
B2(R3)
1.22
0.31 ( 0.23







D1: S.00028 x S.0327 
D2: S.00028 x AC.No.673.3.130.12 

D3: S.0327 x AC.No.673.3.130.12

R1: S.0327 x 2.00028 
R2: Ac.No.673.3.130.12 x S.00028

R3: AC.No.673.3.130.12 x S.0327

*, **: Significant at P = 5% and 1%, respectively
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ANALYSING GENOTYPE BY ENVIRONMENT INTERACTION IN SESAME (Sesamum indicum L.) POPULATION
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ABSTRACT

Eight genotypes of white-grain sesame were evaluated for yield in 1995, 1996 and 1998 in Turen, Portuguese State, Venezuela. Genotype by environment interaction and stability were determined by regression, principal component axis (PCA) and additive main and multiplicative interaction (AMMI) models, none of which coincided in the information provided. The AMMI model was more reliable because it explained 97 % of the variation and considered both the additive and multiplicative effects for genotype, environment and GxE interaction, respectively. 

Key words: Sesame, stability, GxE interaction, regression, PCA, AMMI

INTRODUCTION

Sesame cultivation in Venezuela bases its importance on the production of high quality white grains for export, requiring a more efficient production, which needs new cultivars  largely adapted to our variable climatic conditions. Sesame in Venezuela is grown during the dry season, taking advantage of the ground humidity and some occasional rain, wherefore, the crop is exposed to facing unpredictable environmental factors, according to the classification of Fehr (1988). Taking into account this problem with the importance of  new cultivars, the idea of stable cultivars appears. A genotype is considered to have agronomic stability if it yields well with respect to the productive potential of test environments (Romagosa and Fox, 1993); statistically, it could be defined as the cultivar that makes the smallest contribution to the genotype by environment interaction (GxE). GxE interaction  has been studied by many different methodologies, although this interaction complicates the selection of superior genotypes (De Lacy et al., 1996). Yan and Hunt (1998) point out that regression on the mean model, the principal component axis (PCA) model, and the additive main and multiplicative interaction (AMMI) model, are methods that have been used to quantify GxE interaction. Eberhart and Russell´s (1996) regression model has been the most popular although Wright (1971) points out that this model confuses the interaction with the main effects. The PCA model has the disadvantage of not describing the additive main effects because it is a multiplicative model (Zobel et al., 1988). The AMMI model considers both the additive effect for genotypes and environments and the multiplicative effect for interaction (Zobel et al., 1988; Crossa et al., 1990; Gauch and Furnas, 1991; Yan and Hunt, 1998), so that it has been widely accepted by numerous authors. The objective of this research was to study GxE interaction in a sesame population with the help of Eberhart and Russel´s  regression model, the PCA model and the AMMI model, and to determine the most stable genotype.

MATERIALS AND METHODS

Six promissory lines and two commercial cultivars were sown during the commercial growing season in 1995, 1996 and 1998, in experimental fields of the National Fund of Agricultural Research (FONAIAP), located in Turen, Portuguese State, Venezuela. The trials were established in a randomized complete block design with four replications each year. The experimental plots consisted of four rows of 5 m long on 0.6 m centers. All the rows were harvested after 90 days of planting and the yield expressed as kilograms of seed per hectare. These yield data permitted the utilization of the stability analysis proposed by Eberhart and Russell (1966), and to study GxE interaction by the PCA model and the AMMI model.

RESULTS AND DISCUSSION

1. Eberhart and Russell´s regression model

The regression sum of squares accounts for 24% of the regression plus the deviations from regression sum of squares. Table 1 presents the stability parameters considered by the model for the genotypes evaluated, and the environmental indexes. The latter denotes very favorable conditions in 1995, intermediate in 1998 and very unfavorable in 1996. According to the proposed model, none of the genotypes would be stable. Figure 1 indicates that genotypes UCLA 90-1 and UCLA 249, had high mean yields which were unique in  having a b coefficient  statistically equal to 1. However, their deviations from the regression were too large to consider them to be stable. UCLA 295 possesses a very high b coefficient, and a high mean yield, which indicates that it responded to the favorable conditions in 1995. Lin et al. (1986), point out that large  deviations from the regression model do not have to be considered as a measure of stability, but should be taken as an indication of the inadequacy of the model to estimate stability. 

Table 1. Stability parameters and environmental indexes. Eberhart and Russell’s model

Genotypes
Mean yield (kg ha-1)
B
S2d

UCLA 37-1
611.00
1.55**
44399.9**

UCLA 37-3
605.67
0.50**
10445.7**

UCLA 83
738.67
0.21**
1452.1**

UCLA 90-1
917.67
0.82
1033.8**

UCLA 295
878.00
1.84**
81.3*

UCLA 249
979.33
1.02
22823.5**

UCLA 1
799.00
1.30**
913.2**

FONUCLA
802.67
0.76**
3688.3**

ENVIRONMENTAL INDEXES              1995 = 82.83   1996 = -79.04    1998 = -3.79
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Figure 1. The relation of yield and stability according to Eberhart and Russell’s model

2. PCA model

Table 2 presents the ANOVA for PCA with two axes. It explains 94 % of the model´s sum of squares, which is attributed totally to GxE interaction. Figure 2 presents a biplot that possesses four sectors. Genotypes and environments located near the origin are more stable, those located far away from the origin are more responsive. Genotypes and environments that fall into the same sector interact positively, while those falling into opposite sectors interact negatively. If they fall into adjacent sectors the interaction is more complex (Yan and Hunt, 1998). Figure 2 indicates that the years of evaluation greatly differ. It can be indicated that FONUCLA, UCLA 83 and UCLA 1 are the most stable genotypes.

Table 2. ANOVA for PCA model and AMMI model

ANOVA FOR PCA MODEL
ANOVA FOR AMMI MODEL

SOURCE
df
MS
SOURCE
df
MS

TEST
23
113129**
TREATMENT
23
113129**

PCA 1
10
176981**
ENVIRONMENT
2
222625**

PCA 2
8
84509**
GENOTYPES
7
223730**

RESIDUAL
5
31215*
G x E
14
42186**

ERROR
63
10965
PCA 1
8
64650**




RESIDUAL
6
     12234




ERROR
63
     35665
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Figure 2. Biplot of PCA1 vs. PCA2

The positive interaction corresponds to the genotypes UCLA 249, UCLA 1, UCLA 295, UCLA 90-1 and FONUCLA under the environmental conditions in 1995, while the negative interactions correspond to UCLA 37-1 and UCLA 37-3 in 1996 and 1998, and UCLA 83 in 1995. The genotype UCLA 295 presents a great adaptation to conditions in 1995, because they are the nearest in the biplot.

3. AMMI Model

The ANOVA table for the AMMI model is presented in Table 2. The genotypes, environments (years) and GxE interaction were highly significant (P<0.01) accounting for 60, 17 and 23 % of the total treatment variation, respectively. Table 3 indicates that the AMMI 1 explains 97 % of the treatment combinations, the PCA 1 explains 20 % of the total variation, which is 88 % of the GxE interaction. Figure 3 is the biplot of the main effects against PCA 1, which is helpful to visualize the mean yield of the genotypes and environments, and the GxE interaction for all possible genotype-environment combinations. Genotypes and environments with PCA 1 score near zero have a small interaction (Crossa et al., 1990), being in consequence the most stable. The biplot indicates that the environmental conditions in the three years of study were very different. The best year for the genotypes studied was 1995 (favorable conditions), and the worst was 1996 (unfavorable conditions). Genotypes UCLA 1, UCLA 83, UCLA 90-1, UCLA 249 and FONUCLA interacted positively with year 1998 and negatively with 1995 and 1996. Genotypes UCLA 37-1, UCLA 37-3 and UCLA 295 interacted positively with year 1995 and 1996, and negatively with year 1998. UCLA 295 displayed strong interaction with year 1995 due to the high PCA 1 scores observed, responding to favorable conditions. UCLA 37-3, UCLA 1 and UCLA 90-1 were the most stable during the three years of evaluation, with UCLA 90-1 being the most prominent because, in addition to its stability, it was  the second in mean yield.

[image: image7.wmf]-20

-15

-10

-5

0

5

10

15

550

650

750

850

950

YIELD (kg/ha)

PCA 1


Figure 3. AMMI biplot of PCA1 vs. mean yield

4. General discussion

The models utilized for determining agronomic stability, were not adequate for the genotypes chosen. The information obtained for the AMMI model was more reliable because it explained  97 % of the variation and considered both the additive and multiplicative effects for gentoype, environments and GxE interaction, respectively. The AMMI model indicated the genotype UCLA 90-1 as being the most desirable for both stability and high mean yield. All models coincided in high positive interaction for UCLA 295-year 1995 combination.
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EVALUATION OF INTEGRATED NUTRIENT MANAGEMENT IN SUMMER SESAME (Sesamum indicum  L.)
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ABSTRACT

To develop an integrated nutrient management (INM) package for sesame, an investigation was carried out in the summer season of 1996. The study showed that an integrated application of farmyard manure at 10 t ha-1, 100 % recommended N & P and biofertilizers (Azospirillum and phosphobacteria) increased the plant height, number of capsules/plant and seed yield significantly. The INM package gave the highest yield of 1116 kg ha-1, which was 32.5% higher than that obtained with recommended N & P alone. Benefit-cost ratio was also the highest for INM with 100 % N & P.

Key words: Sesame, integrated nutrient management, biofertilizers

INTRODUCTION

Sesame (Sesamum indicum L.) is mainly grown under rainfed condition in most parts of India. Though India occupies about 38 % of the world’s acreage, it accounts for only 26 % of the total production and the average yield is about 210 kg ha-1 (Mishra, 1996). One of the main reasons for such a low yield is improper and inadequate fertilization. Sesame responds well to most nutrients. Addition of organic manure (farmyard manure, pressmud, poultry manure, etc.) increased the sesame yield and reduced root rot disease (Dinakaran and Dharmalingam, 1996). Application of N up to 60 kg ha-1 significantly increased sesame yield, beyond which yield increase was not significant (Balasubramaniyan and Dharmalingam, 1996). Phosphorus fertilization had a positive influence on seed yield and quality of sesame (Devasagayam and Jayapaul, 1997). Integrated nutrient management (INM) maintains the crop productivity at a fairly high level. It enhances the efficiency of applied nutrients and provides favourable soil physical condition (Jeyabal et al., 1997). Sesame response to biofertilizers integrated with organic manure and inorganic fertilizers has not been adequately studied. Hence, the present investigation was taken up with an aim to evaluate the integrated effect of organic manure, inorganic fertilizers and biofertilizers in summer sesame.

MATERIALS AND METHODS

Field investigation was carried out during the summer season (March to May 1996) at Nagarjuna Agricultural Research and Development Institute (NARDI), Andhra Pradesh, India, to evaluate the integrated effect of organic manure, inorganic fertilizers and biofertilizers in sesame. The experimental site is situated at about 170 N latitude and 780 E longitude. Highest the mean monthly temperature was at its highest during the month of May (41.50 C). The daily evaporation rate as observed in open pan was at its highest during May (9.9 mm). The soil of the experimental field was sandy loam, with pH 7.1; EC 0.07 dS/m and organic carbon 0.60 %. The soil available N, P and K were 204, 18 and 250 kg ha-1, respectively.

A total of eight treatments comprising 100 % recommended N & P (T1), 75 % recommended N & P (T2), 100 % N & P + farmyard manure (FYM) at 10 t ha-1 + biofertilizers, Azospirillum and phosphobacteria each at 2 kg ha-1 (T3), 75 % N & P + FYM 10 t ha-1 + biofertilizers (T4), FYM at 10 t ha-1 (T5), FYM + biofertilizers (T6), farmers practice (T7) and check - no N & P (T8) were tested. The experiment was laid out in randomized block design with three replications.

Fertilizer schedule adopted was 40 kg N, 20 kg P2O5 and 20 kg K2O ha-1. A fertilizer dose of 20 kg N, 10 kg P ha-1and no K was applied as farming practice based on the information collected from local farmers. Nitrogen and phosphorus were applied as urea and single superphosphate, respectively. Nitrogen and potassium were applied in two equal splits, at basal and 30 days after sowing. The entire P was applied basally. Biofertilizers, Azospirillum (Azospirillum lipoferum) and phosphobacteria (Bacillus megaterium var phosphaticum), each at 2 kg ha-1, were mixed with 50 kg well decomposed FYM and applied basally as per the treatment schedule. 

Cultivar G-1 was used in the study. Seed was mixed with sand and sown in line continuously adopting the row spacing of 30 cm. At 13 days after sowing, seedlings were thinned, adopting 30 cm spacing between the plants. Plant height was recorded at flowering stage. Number of capsules/plant was counted at maturity. Mean seed yield was recorded after drying to 13 % moisture content. Benefit-cost ratio was worked out to find out the economics of the INM technique.

RESULTS AND DISCUSSION

Integrated application of FYM, 100 % recommended N & P and biofertilizers produced the tallest plants, the increase was 10.5 % over the recommended N & P alone. Application of 75 % recommended N & P integrated with FYM and biofertilizers, gave an almost similar plant height to that of the application of 100 % recommended N & P alone. The rapid mineralization of N from inorganic fertilizers, a greater solubilisation of native and applied P by phosphobacteria and continuous supply of nutrients from FYM might have increased the plant growth resulting in increased height in the INM plot. Application of N & P at 100 % gave taller plants than that with 75 % N & P. Combined application of biofertilizers and FYM did not increase the plant height over FYM alone.

INM with 100 % recommended N & P (T3) recorded the largest number of capsules/plant, which was 30.4 % higher than that with 100 % recommended N & P alone (T1). Integrated nutrition with 75 % recommended N & P (T4) produced 24.9 % more capsules than 75 % recommended N & P alone (T2)(Table 1). Combined application of FYM and biofertilizers (T6) increased the number of capsules by 17.4 % over application of FYM alone (T5). Because of the steady supply of both macro and micronutrients in the INM plot, plants grew taller and more vigorously. Taller plants have more nodes for capsule development than shorter plants (Kamel et al., 1983). The present study also showed that taller plants gave a greater number of capsules.

Application of 100 % recommended N & P integrated with FYM and biofertilizers registered the highest seed yield of 1116 kg ha-1, which was 32.5 % higher than that with  100 % recommended N & P alone. Seed yield obtained from integrated application of 75 % recommended N & P, FYM and biofertilizers was almost similar to that with 100 % recommended N & P alone (Table 1). Application of FYM combined with Azospirillum and phosphobacteria gave a yield comparable to that with 100 % recommended N & P. Application of 100% N & P gave a 28.5 % higher yield than application of 75 % N & P, and 75 % N & P gave an almost similar yield to farmers practice. No N and P application resulted in 42.5% yield reduction compared to 100 % N & P.

Table 1. Effect of integrated nutrient management on summer sesame 

Treatments
Plant height (cm)
No. of capsules/plant
Seed yield (kg ha-1)
Benefit/cost ratio

100 % N & P alone
64.5
48.7
842
2.53

75 % N & P alone
58.1
41.0
655
2.25

INM with 100 % N & P
71.3
63.5
1116
2.58

INM with 75 % N & P
65.4
51.2
873
2.23

FYM at 10 t/ha alone
57.5
38.4
630
1.94

FYM + biofertilizers
59.1
45.1
722
2.06

Farmer’s practice
55.7
37.3
633
2.17

Check (no N & P)
48.6
27.2
484
1.94

C D (p = 0.05)
4.22
3.34
144
-

The benefit/cost (BC) ratio was found to be high for INM with 100 % N & P (2.58), followed by 100 % recommended N & P alone (2.53), which was almost similar to INM with 75 % N & P.

CONCLUSION

The study showed that the application of organic manure (FYM at 10 t ha-1), recommended N & P and biofertilizers (Azospirillum and phosphobacteria each at 2 kg ha-1) could be an agronomically efficient method of supplying nutrients to increase the sesame yield and maintain soil health.
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ABSTRACT

Studies on the response of sesame to micronutrients with and without organic manure during summer season under irrigated conditions, were carried out from 1995 to 1997 at two locations in a coastal ecosystem in South India. The results revealed a significant response of sesame to the application of MgSO4 at Kayamkulam and Gypsum at Vridhachalam. The application of organic manure along with different micronutrients further increased the seed yield although the increase was significant only in the case of ZnSO4 at Kayamkulam and all nutrients at Vridhachalam.

INTRODUCTION

Sesame is becoming a very popular crop in coastal regions of South India during the summer season. The crop is mostly planted after one or two crops of rice or rice and groundnut. The crop is generally raised with residual fertility of the previous crop although of late there has been some use of NPK fertilizers. As sesame succeeds rice or groundnut which are heavy feeders, it is quite likely that sesame productivity is also limited by one or more micronutrients (Balamurugan and Venkatesan, 1983; Muthuvel, 1985). The present studies were carried out to find out the response of sesame to the application of micronutrients with or without organic manure during the summer season under irrigated conditions.

MATERIAL AND METHODS

The experiment was carried out during summer seasons from 1995 to 1997 at two locations viz., Kayamkulam (Kerala) and Vridhachalam (Tamil Nadu) under the All India Coordinated Sesame Improvement Project. The soils were loamy sand at Kayamkulam and sandy loam at Vridhachalam. The soils had pH of 5.1 and 7.2, available N(179 and 210 kg ha-1), available P(21.0 and 18.5 kg ha-1) and available K(74 and 112 kg ha-1) at Kayamkulam and Vridhachalam, respectively. The treatments comprised the application of ZnSO4 (10 kg ha-1), MgSO4 (25 kg ha-1), Borax (10 kg ha-1) and Gypsum (250 kg ha-1) and combination of organic manure (5 t ha-1) with each one of the above nutrients. These eight treatments were arranged in a randomized block design with three replications. Farm yard manure (FYM) was used as the source of organic manure.

The crop was supplied with recommended amounts of fertilizers which were 30:15:30 and 35:23:25 N: P2O5: K2O kg ha-1 at Kayamkulam and Vridhachalam, respectively. The whole quantity of N, P and K was applied before sowing. The crop at Kayamkulam centre also received 3% urea spray at 20 and 40 days after sowing, amounting to 6.0 kg urea ha-1 each time. All the micronutrients with or without FYM were applied before sowing along with fertilizers. The crop was planted during the second week of February at Kayamkulam and second to last week of January at Vridhachalam with the cultivars Thilothama and TMV-3, respectively. Recommended cultural practices were adopted for raising the crop. The crop received from 4 to 6 irrigations in different years. The data were pooled over three years and only mean data are presented.

RESULTS AND DISCUSSION

There were significant differences in seed yield of sesame due to different treatments both at Kayamkulam and Vridhachalam (Table 1). At Kayamkulam, without organic manure, the application of MgSO4 resulted in the highest yield (593 kg ha-1) which was significantly higher than with Gypsum (520 kg ha-1), but at par with the yields recorded with ZnSO4 (568 kg ha-1) and Borax (547 kg ha-1). Application of organic manure along with micronutrient further increased the yield, although it was significant only with ZnSO4 (655 kg ha-1). At Vridhachalam, the application of Gypsum recorded a significantly higher yield (871 kg ha-1) of sesame than with ZnSO4 (832 kg ha-1) and MgSO4 (806 kg ha-1), but on a par with Borax (843 kg ha-1). Application of organic manure together with all the micronutrients significantly increased the yield. The mean seed yield data of two locations also indicated a considerable increase when micronutrients were applied with organic manure. The data on branches /plant and capsules/plant also followed a similar trend as seed yield.

REFERENCES

Balamurugan C., Venkatesan G. 1983. Response of sesame (Sesamum indicum L.) to potassium and manganese. Madras Agriculture Journal. 70(10):673-677.

Muthuvel P., Udhayasooriyan C., Habbeebullah B. 1985. Studies on micronutrient fertilization of sesame. Madras Agriculture Journal. 72(4):234-235.

Table 1. Response of sesame to micronutrients with and without organic manure

Treatments
No. of branches/plant

No. of capsules/plant

Seed yield (kg ha-1)


Kayamkulam
Vridhachalam
Mean

Kayamkulam
Vridhachalam
Mean

Kayamkulam
Vridhachalam
Mean

1. ZnSo4 (10 kg ha-1)
2.8
4.2
3.5

70
54
62

568
832
700

2. MgSO4 (25 kg ha-1)
2.9
4.6
3.8

64
51
58

593
816
704

3. Borax (10 kg ha-1)
2.8
4.8
3.8

66
46
56

547
843
695

4. Gypsum (250 kg ha-1)
2.6
5.6
4.1

57
61
59

520
871
696

5. ZnSO4+OM (5 t ha-1)
3.6
4.7
4.1

76
53
64

655
890
772

6. MgSO4+OM (5 t ha-1)
3.5
4.9
4.2

72
50
61

620
889
754

7. Borax+OM (5 t ha-1)
3.5
4.9
4.2

72
57
64

595
897
746

8. Gypsum+OM (5 t ha-1)
2.9
6.2
4.6

61
67
64

537
914
726

C.D.(P=0.05)
0.22
0.60
--

7.0
3.8
--

56
35
--

OM: Organic manure

INFLUENCE OF NUTRIENT LEVELS ON SESAME IN DIFFERENT SEASONS
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ABSTRACT

Field experiments were conducted in 1995 and 1996 during Kharif and Summer seasons to study the effect nutrient levels on growth and yield of sesame grown in soils low in available N and medium in available Pand K. In general, 150% of recommended levels increased  plant height and dry matter production as well as seed and oil yield.

INTRODUCTION

Sesame is being cultivated both in rainfed and irrigated lands. The general recommendation of nutrients for the sesame crop is 35:23:23 kg NPK ha-1 for irrigated conditions in Tamil Nadu, irrespective of the season. But the crop responds differently according to the season. Hence, this study was carried out to study the response of the sesame crop for major nutrient levels in different seasons.

MATERIALS AND METHODS

The experiments were conducted at the Regional Research Station, Vriddhachalam, Tamil Nadu in sandy loam soils with sesame cultivar TMV4. Soil was low in available N(225 to 252 kg ha-1), medium in available P(15.2 to 18.5 kg ha-1) and K(155 to 172 kg ha-1). Experiments were laid out in a split plot design during Kharif and summer seasons of 1995 and 1996 and replicated three times. Nutrient levels were in the main plot and there were different spacings in the sub-plot treatments. Nutrient control, 100 percent recommended level (35:23:23 kg NPK ha-1) and 150 per cent of recommended levels nutrients (53:35:35 kg NPK ha-1) were treatments of nutrient levels. Gypsum 200 kg ha-1, 1/3 of N, full dose of P and K were applied basally and the remaining 2/3 of N were applied at 30 and 40 days after sowing (DAS) with equal splits.

Observations on plant height, dry matter production (DMP), and capsules per plant, seed numbers per capsule, 1000-seed weight and seed and oil yields were recorded. For biometric observations, a total of five plants were taken at random and the average at arrived. Estimations of total N (Humphries, 1956), P and K (Jackson, 1973) were computed by multiplication of N, P and K contents with dry weight of the plant at harvest. Oil yield was calculated as per formula of seed yield (kg ha-1) x oil content (per cent) divided by 100.

RESULTS AND DISCUSSION

The  effect of nutrient levels on sesame growth during Kharif and summer seasons is presented in Table 1.

Table 1. Nutrients effect on sesame growth

Attributes

Major nutrients (NPK)
CD(P=0.05)



Dose over 

rec. levels (35:23:23)






100%
150%
Control
Mean


Plant growth







Plant height (cm)
K
114
120
102
112.0
2.11


S
105
111
101
105.5
0.41









Dmp (kg  ha-1)
K
3869
4204
2099
3390.6
451.0


S
5837
7029
3481
5449.0
188.2

Yield components







Cap./ plant
K
88
92
46
75.3
10.7


S
103
128
87
106.0
2.4









Seeds/cap.
K
68
70
58
65.3
1.6


S
69
74
64
69.0
0.5









1000-seed wt. (g)
K
3.0
3.1
2.7
2.9
0.03


S
3.1
3.1
2.9
3.0
0.17









K: Kharif, S: Summer








Plant growth

Nutrient levels influenced the plant height in both the seasons. The highest level of nutrients (150%) registered the tallest plant in both seasons, which was significantly higher than its lower level. The same trend was also followed in dry matter production. However, during the Kharif season, the 150% recommended nutrients was on a par with 100% recommended nutrient application.

Yield components

During Kharif, the dose of 150% of NPK over the recommended levels produced 92 capsules per plant. It was on a par with 100% recommended levels of nutrients, although during the summer the 150% level of nutrients had a significantly higher value of 128 capsules per plant (Table 1).

The seed number per capsule was significantly influenced by nutrient levels during both the seasons. NPK level of 150% over the recommended nutrient application had significantly more seeds per capsule.

The highest level of nutrients produced more seed weight (3.1 g) during both the seasons. Kanade et al. (1992) reported that the seed yield of sesame was doubled by the application of 50 and 25 kg of N and P ha-1 by increasing the yield traits by over half of the levels during the summer.

Nutrient uptake

Nutrient uptake and yield of sesame for Kharif and summer are presented in Table 2.

Table 2. Nutrient effect on nutrient uptake and yield
Attributes

Major nutrients (NPK)
CD(P=0.05)



Dose over

rec. levels(35:23:23)






100%
150%
Control
Mean


Nutrient uptake







(kg ha-1)







Kharif
N
35.1
38.8
19.0
30.9
3.66


P
7.7
8.9
3.3
6.6
0.89


K
36.8
41.0
19.8
32.5
4.12









Summer
N
50.6
60.7
28.9
46.7
3.25


P
8.5
10.1
5.1
7.9
0.26


K
40.7
49.0
28.3
39.3
1.38









Yield (kg ha-1)







Kharif
Seed
674
729
364
589.0
77.6


Oil
325
345
179
283.0
36.9









Summer
Seed
1268
1488
786
1180.6
39.6


Oil
621
718
392
577.0
20.3

In both the seasons, nutrient levels influenced the NPK uptake. During Kharif, the dose of 150% of NPK over the recommended levels was on a par with 100% recommended levels of nutrients. During the summer the 150% of NPK over the recommended level of nutrients significantly increased the N and P uptake. The increased NPK uptake with application of nutrients may be attributed to increase seed yield and partly due to the great mobility of these nutrients (Rao et al., 1993).

Yield

Both seed and oil yields were influenced by the nutrient level during both the seasons. During Kharif, the 150% of NPK over the recommended application produced 729 kg ha-1 which was on a par with 100% recommended level of nutrients (674 kg ha-1). During summer, the 150% over recommended NPK produced significantly more seed yield of 1488 kg ha-1. Similar trend of seed yield was also registered in the oil yield.
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EFFECT OF PLANT GROWTH REGULATORS AND Azospirillum brasilense ON GROWTH AND YIELD OF SESAME
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ABSTRACT

An investigation was conducted to study the influence of plant growth regulators and biofertilizers, alone and their combinations, on growth and yield of sesame. Results revealed that plants treated with Planofix +Azospirillum increased all the morphological characters, dry matter production (DMP) and yielded more than other treatments. When compared to the control, all the treatments increased yield and other parameters.

INTRODUCTION

The role of plant growth regulators in improving yield of different crops have been well established (Setia et al., 1993).  Similarly, increased yield with biofertilizer treatment has also been proved by many authors in different crops. Achieving a proper hormonal balance by exogenous application of plant growth regulators is essential to increase yield of crops.  Hence this present study was taken up with plant growth regulators and biofertilizers with the goal of increasing yield.

MATERIALS AND METHODS 

A pot culture experiment was conducted in sesame cultivar (TMV 3) with two plant growth regulators alone and in combination with Azospirillum along with a control with the following set of treatments viz., 

T1
Control (water soaking)

T2
Cytozyme (100 ppm)

T3
Planofix (100 ppm)

T4
Azospirillum
T5
Cytozyme + Azospirillum (100 ppm)

T6
Planofix + Azospirillum (100 ppm)

Observations on plant height, number of leaves, LAI, number of capsules per plant, DMP (g/plant) and seed yield were recorded and subjected to statistical analysis.

RESULTS AND DISCUSSION

Results (Table 1) indicated that sesame seeds treated with Planofix + Azospirillum recorded higher number of capsules, plant height, number of leaves, LAI, DMP and seed yield. It was followed by Cytozyme + Azospirillum combination and then by individual treatments with Planofix, Cytozyme and Azospirillum. Increase in morphological parameters with Planofix and Cytozyme was reported by Ravichandran (1989) and Rajmohan (1989).

Table 1. Influence of growth regulators and A. brasilense on sesame

Treatments
Characters


Plant  height
No. of leaves
LAI
No. of capsules
DMP          (g plant-1)
Seed yield (g)

Control
31.43
28.3
3.1
28.1
5.14
1.16

Cytozyme (100 ppm)
34.18
31.4
3.2
33.4
6.19
1.23

Planofix (100ppm)
36.24
34.3
3.3
34.6
6.32
1.35

Azospirillum
33.66
30.2
3.1
30.2
5.86
1.20

Cytozyme + Azospirillum
36.33
34.8
3.3
37.1
6.20
1.38

Planofix + Azospirillum
38.41
36.3
3.4
38.8
7.32
1.43

C.D. (p=0.05)
8.16
6.32
0.08
7.04
2.14
0.20

Increase in plant height and DMP with Azospirillum treatment was reported by Singaravel et al. (1998). This increase could be due to increase in uptake of nutrients in plants treated with Azospirillum. A similar observation was recorded in the case of number of capsules per plant and seed yield. The same trend was reflected in yield also.  Maximum yield was recorded by plants treated with Planofix + Azospirillum (1.43 g plant-1). The untreated (control) plants recorded a yield of 1.16 g plant-1. Increased yield with NAA was reported by Meyyappan and Vaiyapuri (1991) in sesame. A similar observation with Cytozyme in groundnut and soybean was reported by Baskar (1992) and Rajmohan (1989). Increased yield with Cytozyme and Planofix might be due to increased morphological, physiological and growth characters coupled with yield attributes (Prakash, 1998). El-Mandoh and Abdul-Magid (1996) and Singaravel et al. (1998) also reported increased yield in sesame plants treated with Azospirillum.
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EFFECT OF GROWTH REGULATORS AND CLIPPING ON SESAME GROWTH AND YIELD IN DIFFERENT SEASONS
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ABSTRACT

Experiments were conducted in sandy loam soils with a neutral pH to study the effect of growth regulators and clipping on sesame in the Kharif and summer seasons of 1995 and 1996. Manual clipping of the sesame tip at two pair of true leaves above cotyledonary leaves gave more capsules per plant, test weight and seed yield during summer than during the Karhif season. The nutrient uptake was enhanced. The next best treatment was an ethrel spray at 200 ppm

INTRODUCTION

In India, sesame is being cultivated in an area of 1.91 millions hectares with an average productivity of 305 kg ha-1. The seed yield is very low when compared to the yield of the crop in China or Yugoslavia. The probable reason for the low yield is the lack of appropriate production technology for increasing and sustaining its productivity. Growth regulators are being used in agriculture to alter plant canopy structure for improving the photosynthetic efficiency of the crop. Ethrel and cycocel are two growth regulators which are recommended for different field crops (Ray Noggle and George, 1989). In a previous study the use of ethrel and manual clipping increased the number of branches and consequently improved the number of capsules per plant and seed yield (Kathiresan et al., 1997). However, the research on the effect of growth regulators and clipping sesame in different seasons has been very meager. Therefore this research was undertaken to study the effect of growth regulators and clipping on sesame growth and yield in different seasons.

MATERIALS AND METHODS

Field experiments were conducted to study the effect of growth regulators and clipping on sesame in different seasons at the Regional Research Station, Vriddhachalam in a sandy loam soil with TMV-4 variety. Experiments were laid out in a split plot design during Kharif and the summer seasons of 1995 and 1996 and replicated three times. Soil was low in available N (15.2 to 18.5 kg ha-1) and K (155 to 172 kg ha-1). Nutrient levels were in the main plot and growth regulators were in the sub-plot treatments. Manual clipping at the stage of two pair leaves above the cotyledonary leaf, ethrel 200 ppm, cycocel 1000 ppm and control were the treatments of growth regulators. Growth regulators were sprayed at the same stage of two pair leaves above the cotyledonary leaf. Gypsum 200 kg ha-1, 1/3 of N, full dose of P and K were applied basally and the remaining 2/3 of N were applied at 30 and 40 days after sowing with equal splits.

Observations on plant height, dry matter production, yield attributes, nutrients (N, P and K) uptake and seed yield were recorded at harvest.

RESULTS AND DISCUSSION

The effects of growth regulators on sesame growth and yield attributes are presented in Table 1. In general, in Kharif season the height of sesame plants registered higher values than in the summer. This might be due to the fact that a favorable environment with non-limiting growth factors may encourage the vegetative growth. Among the growth regulators, ethrel produced significantly more height than other regulators. 

Table 1. Effect of growth regulators on sesame growth and yield attributes

Attributes

Treatments means
Mean
CD(P=0.05)



Growth regulators
Manual clipping
Control





Ethrel
Cycocel





Plant growth








1. Plant height (cm)
K
121
115
105
114
114
1.71


S
117
105
100
108
105
0.39










2. DMP (kg  ha-1)
K
4570
2959
4919
3026
3869
120.10


S
6188
5461
6507
5192
5837
160.80

Yield components








1. Cap./ plant
K
102
70
112
70
88
2.30


S
103
86
122
100
103
2.50










2. Seeds/cap.
K
70
68
68
68
68
1.70


S
70
70
68
68
69
0.30










3. 1000-seed wt. (g)
K
3.1
3.0
3.1
3.0
3.0
0.03


S
3.1
3.1
3.1
3.1
3.1
0.05










K: Kharif, S: Summer, CD: Critical difference

Dry matter production (DMP) was high during the summer season. Manual clipping recorded significantly more DMP than other treatments in both seasons. Ethrel came next to manual clipping (Table 1).

Yield components

The number of capsules registered in a plant was high (122) in the summer season sesame with the treatment of manual clipping. This treatment also produced more capsules in the Kharif season than growth regulators. Ethrel recorded 70 seeds per capsule during both seasons as compared to 68 for the treatment of clipping. During both seasons, ethrel and clipping treatments had a similar 1000-seed weight (3.1 g).

Nutrient uptake

The effects of growth regulators on nutrient uptake and yield are given in Table 2.

Table 2. Effect of growth regulators on nutrient uptake and mean yield

Attributes

Treatments means
Mean
CD(P=0.05)



Growth
Regulators
Manual clipping
Control





Ethrel
Cycocel





Nutrient uptake

(kg ha-1)








Kharif
N
42.3
26.8
43.4
27.8
35.1
0.94


P
9.1
5.8
9.9
5.9
7.7
0.23


K
43.5
27.8
47.3
28.4
36.8
1.11










Summer
N
54.1
47.6
54.7
46.2
50.6
1.83


P
8.9
8.0
9.2
7.7
8.5
0.03


K
40.4
41.2
41.6
40.3
40.7
NS

Yield (kg ha-1)








Kharif
Seed
801
510
862
521
674
20.7


Oil
387
246
416
251
325
9.7










Summer
Seed
1344
1136
1413
1128
1268
34.7


Oil
653
584
693
555
621
17.0

K: Kharif, S: Summer, CD: Critical difference

Nutrient uptake was high during the summer season with the clipping treatment (54.7, 9.2 and 41.6 kg ha-1 of N, P and K), followed by ethrel. The same trend was observed in Kharif.

Yield

Generally, summer sesame yielded more than the Kharif crop (Table 1). This may be due to the availability of more sunshine hours, which enhanced the photosynthetic efficiency of the crop and, ultimately, increased the yield. Clipping produced a higher seed yield of 1413 kg ha-1 during the summer, followed by ethrel which recorded 1344 kg ha-1. The availability of adequate nutrients with a prolonged period of sunshine hours during the summer might have caused an enhancement of the yield attributes and resulted in a good seed yield (Kamel et al., 1983; Metawally et al., 1984; Rao and Raikhelkar, 1993). A similar trend was also recorded in oil yield. The higher yield observed for the treatments of clipping and ethrel spray in relation to the control was due to a higher number of capsules per plant also observed in a previous study (Kathiresan et al., 1997).
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ABSTRACT

A field experiment was conducted during the Kharif seasons from 1995 to 1997 to identify the appropriate integrated weed management practice in the rainfed sesame cultivar Padma for medium black soil in an assured rainfall zone. The results showed that cultural practices of two hand weedings and hoeings carried out at 20 and 30 days after sowing of sesame produced significantly higher grain yield (1239 kg ha-1) and gave significantly more gross monetary returns (Rs. 26,519 per ha) with highest benefit cost ratio of (6.64) and weed control efficiency (85.3%) than the rest of the integrated weed management practices and non-weeded controls.

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the important oilseeds cultivated in India since ancient times, over an area of 2.0 million hectares recording a total production of 0.7 million tonnes and in this way providing 32% of the total oilseed production of the country. Sesame is cultivated by the farmers with the traditional system of intercultivation by hand weeding and hoeing. Being a slow growing crop during the seedling phase, all types of weeds including monocotyledons, dicotyledons and perennials dominate the growth of sesame and finally affect the production per unit area. Weed interference is the single largest factor affecting the production of sesame. The rising cost of labour, contributing to a major share of cultivation charges of sesame crop, needs to be replaced by alternative effective and economic measures which can help to boost the production of sesame. The adoption of chemical weed control has proved to be more effective and remunerative in the production of other crops. To maximise the production of sesame, an experiment was planned to find out a suitable and economical integrated weed management practice.

MATERIALS AND METHODS

The field experiment in integrated weed management in rainfed sesame was conducted for three years in Kharif seasons from 1995 to 1997 at the Oilseeds Research Station, Jalgaon, on medium black soil with 60 cm. depth and having pH of 7.8, 12.6 kg ha-1 available N, 14.8 kg ha-1 available P2O5 and 726.4 kg ha-1 available K2O. The experiment was laid out with 14 treatments consisting of cultural practices of hand weeding and hoeing once or twice, as well as a combination of both and chemical herbicides separately and in combination with cultural practices, with a control (Table 1) in a randomised block design with three replications. The gross and net plot sizes were 4.30x3.60 m2 and 3.60x3.0 m2, respectively. The crop was sown in lines at a spacing of 30cm x 15cm and fertilized with 50 kg N ha-1 in two equal splits at sowing and three weeks after sowing. The crop was sown in each season after receipt of sufficient rain at each site. During the crop growth period, observations on the dry weight of weeds and the weed control efficiency were worked out separately for each treatment. The grain yield of sesame was recorded at the harvesting of the crop in each season.

RESULTS AND DISCUSSION

The data of the mean grain yield of sesame (kg ha-1), gross monetary returns (Rs ha-1), and benefit-cost ratio as influenced by the treatments is presented in Table 1 and the data on mean dry matter at harvest kg ha-1 and weed control efficiency (%) are presented in table 2.

grain yield

The data revealed that all the integrated weed management practices produced a significantly higher grain yield of sesame than the control during all the years and when the data were pooled over the seasons. The cultural practices of hand weeding and hoeing both carried out at 20 and 30 days after sowing produced a higher grain yield of sesame than the rest of the treatments, except hand weeding carried out at variable growth stages during 1995, while it was significantly higher than the rest of treatments in 1996 and on a par with hand weeding at 20 and 30 days after sowing. After pooling the data over the seasons, weed management practice of hand weeding and hoeing both carried out at 20 and 30 days after sowing produced  a significantly higher grain yield of sesame (1239 kg ha-1) than the rest of the treatments. This might be due to the effective control of weeds obtained with cultural practices of hand weeding and hoeing, carried out at 20 and 30 days after sowing, which recorded the lowest weed dry matter of weeds and the highest weed control efficiency in all the seasons and when the data were pooled over the seasons. Kondap and Chandrashekhar Rao (1970) and Ahuja et al. (1971) also reported that the critical period of weed competition in sesame was 15-30 days after sowing and two intercultivating operations recorded 18.7% increased yield over no weeding.

Gross monetary returns

The cultural practices of hand weeding and hoeing carried out at 20 & 30 days recorded significantly more gross monetary returns than the rest of the treatments, except only hand weeding carried out at 20 and 30 days after sowing, when the data were pooled over the seasons. This practice has also recorded highest benefit-cost ratio as compared to the rest of the weed management practices in all the season and when the data were pooled over the seasons. These results are in accordance with the results of Balsubramaniyam and Dharmalingam (1997).

Table 1. Effect of different weed control treatments on seed yield and gross monetary returns during1995-96  to 1997-98.

Treatments
Grain Yield kg ha-1
Gross monetary returns Rs. ha-1
Benefit-cost ratio Rs. ha-1


1995
1996
1997
Pooled mean
1995
1996
1997
Pooled mean
1995
1996
1997
Pooled mean

Unweeded
715
283
325
441
17870
5111
6509
9833
5.57
1.65
2.28
3.17

HW at 20 DAS
1245
560
536
781
31139
10083
10712
17306
8.66
2.89
3.19
4.91

HW at 30 DAS
1234
617
828
893
30861
11111
16546
19509
8.58
3.18
4.94
5.57

HW at 20 & 30 DAS
1335
731
1229
1098
33380
13167
24574
23704
8.66
3.51
6.92
6.26

Hoeing at 30 DAS
1105
558
554
739
27620
10056
11065
16250
7.92
2.91
3.69
4.84

Hoeing at 20 DAS
1097
548
641
762
27435
9861
12815
16704
7.87
2.51
4.27
4.88

Hoeing at 20 & 30 DAS
1179
931
1119
1076
29472
16750
22398
22870
7.83
4.52
6.31
6.22

Hw + Hoeing both at 20 & 30 DAS
1450
1031
1238
1239
36250
18556
24750
26519
8.66
4.75
6.52
6.64

Alachlor 1.5 kg ha-1
885
424
694
668
22130
7639
13833
14537
5.63
2.00
4.22
3.95

Pendimenthalin 0.5 kg ha-1
984
537
725
749
24611
9667
14046
16111
6.42
2.47
4.26
4.38

Metalochlor 2.0 kg ha-1
969
466
805
746
24213
8389
16093
16231
6.02
1.98
4.80
4.27

Alachlor 1.5 kg + HW at 30 DAS
983
489
652
708
24583
8806
13037
15472
5.82
2.08
3.45
3.78

Pendimethalin 0,5 kg ha-1 + HW at 30 DAS
1117
625
1069
937
27917
11250
21361
20176
6.46
2.61
5.62
4.90

Metalochlor 2.0 kg ha-1 + HW at 30 DAS
1066
563
1024
884
26648
10139
20481
19093
6.04
2.41
5.32
4.59

S.E. ± kg ha-1
80
34
30
66
2016
601
666
1406
-
-
-
-

C.D. at 5%
233
100
88
193
5861
1885
1937
4088
-
-
-
-

Table 2. Effect of different weed control treatments on total weed dry matter kg ha-1 at harvest and weed control efficiency.

Treatments
Total weed dry matter kg ha-1 at harvest



Weed control efficiency %





1995
1996
1997
Pooled mean
1995
1996
1997
Pooled mean

Unweeded
810
963
925
899
-
-
-
-

HW at 20 DAS
590
426
407
474
27.2
55.7
56.00
46.30

HW at 30 DAS
610
305
276
397
24.7
68.3
70.16
54.38

HW at 20 & 30 DAS
232
246
258
245
71.4
74.4
72.21
72.67

Hoeing at 20 DAS
357
429
435
407
55.9
55.5
52.97
54.79

Hoeing at 30 DAS
390
399
398
396
51.8
58.6
56.97
55.79

Hoeing at 20 & 30 DAS
335
343
327
335
58.6
64.4
66.64
63.21

Hw + Hoeing both at 20 & 30 DAS
112
132
153
132
86.2
86.3
83.45
85.31

Alachlor 1.5 kg ha-1
598
671
674
648
26.2
30.3
27.13
27.87

Pendimenthalin 0.5 kg ha-1
522
596
594
571
35.5
38.1
35.78
36.46

Metalochlor 2.0 kg ha-1
578
616
612
602
28.6
36.0
33.83
32.81

Alachlor 1.5 kg + HW at 30 DAS
387
408
352
382
52.2
57.6
61.94
57.24

Pendimethalin 0.5 kg ha-1 + HW at 30 DAS
237
240
213
230
70.7
75.0
76.97
74.22

Metalochlor 2.0 kg ha-1 + HW at 30 DAS
399
294
282
325
58.1
69.5
69.51
65.70

RECOMMENDATIONS

From those results it is seen that the cultural practices of hand weeding and hoeing are essentially to be carried out at 20 and 30 days after sowing of rainfed crop of Kharif sesame for effective weed control to maximise the productivity of sesame cultivar Padma cultivated on medium black soil in an assured rainfall zone.
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CAN THE SESAME SHOOT WEBBER AND CAPSULE BORER, Antigastra catalaunalis Duponchel (LEPIDOPTERA: PYRAUSTIDAE) BE CONTROLLED CHEMICALLY ?
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ABSTRACT

The field efficacy of six insecticides at two concentrations each against the shoot webber and capsule borer, Antigastra catalaunalis Duponchel, was studied in Tamil Nadu, India, with a popular sesame cultivar, TMV 3. Among the various insecticides tested, Etofenprox was found to be superior followed by Bacillus thuringiensis  formulation and Dimethoate while Padan and Endosulfan were the least.  Etofenprox at the rate of 400 g acre-1 showed higher percentage reduction of larval population (by visual count), affected branches, leaves and capsules, followed by Bacillus formulation (400 g acre-1) and Dimethoate (100 g acre-1).

INTRODUCTION

Of the insect pests attacking sesame (Sesamum indicum L.), the shoot webber and capsule borer, Antigastra catalaunalis Duponchel, causes a formidable set back in sesame production by causing death of seedlings (Sood and Siddhu, 1984), damaging the leaves, buds, flowers and capsules till harvest of the crop (Mahadevan and Mohanasundaram, 1986) and reducing the yield considerably (Philip Sridhar, 1990; Kumar, 1992). The damage potential of the pest necessitates the formulation of an effective control measure (Kumar and Goel, 1997) which forms the aim of the present study where a few eco-friendly chemicals were compared with conventional chemicals for their field efficacy.

MATERIALS AND METHODS

Six insecticides at two concentrations each were evaluated for their efficacy against A. catalaunalis under field conditions in Cuddalore district, Tamil Nadu, India, with the cultivar TMV 3. The treatments (Table 1) were replicated three times in individual plots of 4 m x 3 m size with plant spacing of 30 cm x 30 cm.  Hand operated knapsack sprayer was used to spray the chemicals and two sprayings were done on 30th and 60th DAS. The total number of larvae present in five plants from each plot were recorded at weekly intervals from 27th DAS and percentage reduction in the larval population after first and second rounds of spraying was calculated as followed by Gurdip Singh et al. (1980) and from each plot, the number of total and affected branches, leaves and capsules on five plants were recorded. The data obtained was used to calculate the per cent reduction of affected branches, leaves and capsules.  The yield from each plot was also recorded. The data were analysed under randomised design and the treatments were ranked by Duncan’s multiple range test.

RESULTS AND DISCUSSION

In the present study, non-conventional chemicals such as DIPEL and Padan were also included, keeping in view of their eco-friendliness over the other conventional chemicals used.  Etofenprox at the rate of 400 g acre-1 recorded maximum percentage reduction in larval population, affected branches, leaves and capsules which was followed by Bacillus formulation (400 g acre-1). Padan, Carbaryl and Endosulfan were found to be the least effective in reducing the larval population as well the damage caused. On analysing the yield of sesame from each plot, it is observed that the control plot (with no spraying) recorded the lowest yield while Etofenprox and DIPEL treated plots recorded higher yield (Table 1).

Table 1.  Effect of insecticidal treatments on the yield of sesame.

Treatments
Concentration
Mean yield (in kg/plot)

Endosulfan (Parrysulfan 35 EC)
60g/ac
0.187 ( 0.076

Endosulfan (Parrysulfan  35 EC)
20g/ac
0.223 ( 0.091

Carbaryl (Sevin  50 WDP)
100g/ac
0.197 ( 0.080

Carbaryl (Sevin  50 WDP)
20g/ac
0.230 ( 0.094

Dimethoate (Rogor  30 EC)
100g/ac
0.243 ( 0.099

Dimethoate (Rogor  30 EC)
20g/ac
0.300 ( 0.122

Etofenprox (Trebon  10 EC)
200g/ac
0.257 ( 0.104

Etofenprox (Trebon  10 EC)
400g/ac
0.313 ( 0.127

Bacillus thuringiensis var. Kurstaki (DIPEL  8L) 
200 g/ac
0.257 ( 0.104

Bacillus thuringiensis var. Kurstaki DIPEL  8L)
400 g/ac
0.310 ( 0.127

Padan (Cartap  50 sp)
150g/ac
0.210 ( 0.086

Padan (Cartap  50 sp)
250g/ac
0.217 ( 0.089

Untreated control
-
0.177 ( 0.072

CD(p=0.05)

0.017

Values are mean of three replications.

Udagawa (1988) reported that Etofenprox, a synthetic pyrethroid was highly efficient in controlling many insects. Being both contact and stomach poison, Etofenprox is highly toxic to A. catalaunalis like other synthetic pyrethroids namely cypermethrin, decamethrin and fenvalerate as reported by Mahto (1988), Gurdip Singh and Grewal (1989) and Kumar and Goel (1994). Though the formulations of Bacillus thuringiensis are effective against Lepidopterans, in the present study, it stands second to Etofenprox. The gut pH of the larva may influence the susceptibility to Bacillus and further reduction in virulence was observed with the interaction of plant allelochemicals (Krischik et al., 1988) and ecological factors such as ultraviolet radiation and temperature (Raun et al., 1966). Among the rest, Dimethoate was superior than the others while Padan was the least effective. Padan is a contact poison and as the larva of A. catalaunalis feeds within webbed leaves, it was least effective (Table 2).

Table 2. Percentage reduction of larval population due to insecticidal treatment (visual count method) (Cv. TMV 3)

Treatments

34 DAS
41DAS
48 DAS
55 DAS
62 DAS
69 DAS

Endosulfan
60g/ac
74.91

(59.94)a
50.19

(45.12)c
12.73

(20.90)h
00.00

(05.74)g
50.19

(45.12)e
74.91

(59.94)c

Endosulfan
20g/ac
87.64

(69.42)b
50.19

(45.12)c
37.45

(37.73)f
12.73

(20.90)d
74.91

(59.94)d
37.45

(37.73)fg

Carbaryl
100g/ac
85.84

(67.89)a
85.84

(67.89)d
42.92

(40.93)de
00.00

(05.74)g
100.00

(90.00)a
28.33

(32.16)g

Carbaryl
20g/ac
100.00

(90.00)a
89.00

(70.63)b
44.33

(41.74)d
55.67

(48.26)ab
89.00

(70.63)d
77.67

(61.80)c

Dimethoate
100g/ac
100.00

(90.00)a
79.88

(63.35)b
49.85

(44.91)d
39.94

(39.19)c
100.00

(90.00)a
69.67

(56.77)cd

Dimethoate
20g/ac
80.24

(63.61)a
80.24

(63.61)b
20.36

(26.82)h
00.00

(05.74)g
100.00

(90.00)a
80.24

(63.61)bc

Etofenprox
200g/ac
100.00

(90.00)a
79.88

(63.55)b
60.06

(50.80)bc
30.03

(33.23)cd
100.00

(90.00)a
100.00

(71.65)b

Etofenprox
400g/ac
100.00

(90.00)a
100.00

(90.00)a
62.55

(52.27)b
25.09

(30.06)d
100.00

(90.00)a
100.00

(90.00)a

DIPEL
200 g/ac
100.00

(90.00)a
50.00

(45.00)c
33.50

(35.37)f
33.50

(35.37)c
100.00

(90.00)a
33.50

(35.37)fg

DIPEL
400 g/ac
100.00

(90.00)a
90.09

(71.65)b
49.85

(44.91)d
39.94

(39.20)c
100.00

(90.00)a
69.97

(56.77)cd

Padan
150g/ac
00.00

(05.74)d
42.92

(40.93)cd
28.33

(32.16)fg
57.08

(49.07)a
85.84

(67.90)b
57.08

(49.07)e

Padan
250g/ac
66.67

(54.74)bc
66.67

(54.74)c
77.67

(61.80)a
22.33

(28.20)de
77.67

(61.80)bc
44.33

(41.74)f

Control
-
00.00

(05.74)d
22.33

(28.20)e
11.00

(19.37)h
00.00

(05.74)h
00.00

(05.74)f
22.33

(28.20)g

CD(p=0.05)

14.31
7.81
5.88
7.75
11.99
8.36

Figures in parentheses are arcsine transformed values

Values mean of three replications

Figures with various letters differ significantly

With regard to percentage reduction of affected branches, in all the treatments, there was no significant reduction from 48th DAS onwards, because the proliferation of branches slowed down after the commencement of flowering.  Further, there was no reduction after the second spray of insecticides on 60th DAS, since the already damaged branches remained as such till harvest (Table 3).

As the growth of leaves was continuous even after the commencement of flowering, the crop showed greater variation in the reduction of affected leaves after two rounds of spray (Table 4).

The infestation of A. catalaunalis on the capsules was very low compared to that of the branches and leaves. Etofenprox and DIPEL proved superior over other insecticides in reducing the incidence on capsules as well increasing the yield (Table 5).

The present study clearly proves the efficacy of eco-friendly, non-conventional insecticides like DIPEL which can be well advocated as one of the integrated pest management practices for managing the often ill managed shoot webber and capsule borer, A. catalaunalis on sesame.

Table 3. Percentage reduction of affected branches due to insecticidal treatments (Cv. TMV 3)

Treatments

34 DAS
41DAS
48 DAS
55 DAS
62 DAS
69 DAS

Endosulfan
60g/ac
00.00

(05.74)c
09.53

(17.98)a
09.53

(17.98)b
-12.10

(-20.36)e
-12.10

(-20.36)e
-12.10

(-20.36)c

Endosulfan
20g/ac
00.00

(05.74)e
07.41

(15.80)ab
07.41

(15.80)bc
07.41

(15.80)b
07.41

(15.80)b
07.41

(15.80)b

Carbaryl
100g/ac
00.00

(05.74)e
-11.24

(19.59)h
-11.24

(-19.59)f
-06.34

(-14.58)e
-06.34

(-14.58)e
-06.34

(-14.58)e

Carbaryl
20g/ac
00.00

(05.74)e
00.00

(05.74)de
04.49

(12.23)d
04.49

(12.23)bc
04.49

(12.23)bc
04.49

(12.23)bc

Dimethoate
100g/ac
06.26

(14.49)c
06.26

(14.49)b
09.99

(18.43)b
09.99

(18.43)b
09.99

(18.43)b
09.99

(18.43)b

Dimethoate
20g/ac
04.65

(12.45)cd
11.24

(19.59)a
11.24

(19.59)b
11.24

(19.59)ab
11.24

(19.59)ab
11.24

(19.59)ab

Etofenprox
200g/ac
00.00

(05.74)e
03.14

(10.21)bc
03.14

(10.21)d
03.14

(10.21)cd
03.140

(10.21)cd
03.140

(10.21)cd

Etofenprox
400g/ac
00.00

(05.74)e
11.79

(20.08)a
11.79

(20.08)ab
11.79

(20.08)a
11.790

(20.08)a
11.79

(20.08)a

DIPEL
200 g/ac
00.00

(05.74)e
01.76

(07.62)d
01.76

(07.62)de
14.27

(22.19)a
14.270

(22.19)a
14.27

(22.19)a

DIPEL
400 g/ac
11.470

(19.80)ab
11.47

(19.80)a
17.42

(24.67)a
17.42

(24.67)a
17.42

(24.67)a
17.42

(24.67)a

Padan
150g/ac
00.00

(05.74)ef
09.38

(17.83)a
09.38

(17.83)b
09.38

(17.83)b
09.38

(17.83)b
09.38

(17.83)b

Padan
250g/ac
12.09

(20.35)a
12.09

(20.35)a
19.99

(26.56)a
19.99

(26.56)a
19.99

(27.56)a
19.99

(26.56)a

Control
-
-06.26

(-14.49)g
-06.26

(-14.49)fg
-14.29

(-22.21)f
-14.29

(-22.21)e
-14.29

(-22.21)e
-14.29

(-22.21)e

CD(p=0.05)

4.11
6.24
7.26
8.19
8.19
8.19

Figures in parentheses are arcsine transformed values

Values mean of three replications

Figures with various letters differ significantly

Table 4. Percentage reduction of affected leaves due to insecticidal treatments (Cv. TMV 3)

Treatments

34 DAS
41DAS
48 DAS
55 DAS
62 DAS
69 DAS

Endosulfan
60g/ac
02.90

(09.82)e
08.97

(17.43)bc
09.21

(17.67)c
13.21

(21.40)b
13.91

(21.90)c
17.78

(24.94)c

Endosulfan
20g/ac
12.13

(20.38)a
20.74

(27.09)a
22.89

(28.58)b
26.61

(31.05)a
27.29

(31.49)a
27.29

(31.49)b

Carbaryl
100g/ac
03.76

(11.18)d
01.39

(06.77)d
05.31

(13.32)c
-05.22

(-13.21)f
-04.48

(-12.22)f
-05.07

(-13.81)f

Carbaryl
20g/ac
11.49

(19.81)b
18.42

(25.42)a
23.68

(29.12)ab
21.40

(27.56)ab
24.04

(29.36)ab
24.04

(29.36)b

Dimethoate
100g/ac
10.81

(19.20)b
13.02

(21.15)b
14.41

(22.31)bc
12.45

(20.66)bc
21.15

(27.38)bc
20.64

(27.02)bc

Dimethoate
20g/ac
10.76

(19.15)b
17.54

(24.76)a
18.34

(25.36)b
20.35

(26.81)b
21.94

(27.93)b
21.99

(27.97)b

Etofenprox
200g/ac
10.22

(18.64)bc
18.10

(25.18)a
22.71

(28.46)b
24.25

(29.50)a
26.650

(31.08)a
26.650

(31.08)b

Etofenprox
400g/ac
17.760

(90.00)a
24.880

(29.92)a
30.58

(33.57)a
29.08

(32.63)a
29.69

(33.01)a
29.69

(33.01)a

DIPEL
200 g/ac
12.13

(20.38)a
18.46

(25.44)a
16.69

(24.11)b
23.79

(29.19)a
25.92

(30.60)a
29.94

(33.17)a

DIPEL
400 g/ac
13.53

(21.58)a
18.22

(25.26)a
22.95

(28.62)b
26.85

(31.20)a
30.31

(33.40)a
38.38

(38.28)a

Padan
150g/ac
12.03

(20.29)ab
17.05

(24.38)ab
22.06

(28.01)b
01.86

(07.84)d
06.30

(14.54)d
08.88

(17.34)d

Padan
250g/ac
10.55

(18.95)b
16.42

(23.90)b
21.56

(27.67)b
25.57

(30.38)a
28.70

(32.39)a
29.64

(32.99)b

Control
-
-09.04

(-17.50)f
-11.48

(-19.81)e
-06.33

(-14.57)d
-00.17

(-02.36)f
-04.06

(-11.62)de
-05.53

(-13.60)de

CD(p=0.05)

5.13
6.26
5.86
6.90
6.14
6.40

Figures in parentheses are arcsine transformed values

Values mean of three replications

Figures with various letters differ significantly

Table 5. Percentage reduction of affected capsules due to insecticidal treatments (Cv. TMV 3)

Treatments

62 DAS
69 DAS

Endosulfan
60g/ac
10.00

(18.43)e
22.98

(28.64)ef

Endosulfan
20g/ac
16.24

(23.77)c
38.57

(38.39)b

Carbaryl
100g/ac
07.26

(15.63)g
26.97

(31.29)de

Carbaryl
20g/ac
09.57

(18.02)e
36.72

(37.30)b

Dimethoate
100g/ac
23.400

(28.93)ab
35.93

(36.83)b

Dimethoate
20g/ac
25.87

(30.57)a
37.24

(37.61)b

Etofenprox
200g/ac
09.640

(18.09)e
30.17

(33.32)cd

Etofenprox
400g/ac
24.72

(29.81)a
44.99

(42.12)a

DIPEL
200 g/ac
14.12

(22.07)cd
27.82

(31.83)d

DIPEL
400 g/ac
16.79

(24.19)c
28.64

(32.36)d

Padan
150g/ac
15.14

(22.90)c
30.50

(33.52)c

Padan
250g/ac
15.90

(23.50)c
34.63

(36.05)bc

Control
-
07.62

(16.02)ef
05.64

(13.74)g

CD(p=0.05)

2.42
3.27

Figures in parentheses are arcsine transformed values

Values mean of 3 replications

Figures with various letters differ significantly
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REACTION OF SESAME VARIETIES AGAINST INSECT PESTS. (I): THE BIHAR HAIRY CATERPILLAR, Spilosoma obliqua
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ABSTRACT

Seventeen sesame cultivars were evaluated under laboratory conditions to study their reaction to the bihar hairy caterpillar (Spilosoma obliqua). Significant differences among varieties were found for leaf area, biomass consumed and larval weight. Cultivar RAUSS-17.4 was less preferred for feeding and may be considered more resistant to S. obliqua. 

INTRODUCTION

The bihar hairy caterpillar, Spilosoma obliqua Walker (Lepidoptera: Aretiidae, is one of the most important defoliator pest of sesame (Sesamum indicum L.) in India. Neonate larvae are gregarious in habit and feed on the green matter underside of leaves. The later instar larvae disperse and voraciously defoliate the leaves causing serious damage to the crop. The reaction of host plants except sesame on growth parameters of S. obliqua has been reported by Deshmukh et al. (1979, 1982), Prasad and Chand (1980a, 1980b), Chand (1979) and Katiyar et al. (1976). No attempt has been made so far to study the preference and consumability of the S. obliqua on different varieties of sesame. Therefore the present investigation was undertaken.

MATERIAL AND METHODS

Seventeen sesame cultivars namely Co1, HT 1, Phuletil 1, Thilothoma, RAUSS 17-4, TKG 21, TKG 22, TKG 55, JT 7, TC 25, MADIA, MLT 8, GURGA, HN 3, CO 50, N32 and RAUSS (White) were tested against the larvae of S. obliqua under laboratory conditions in the Department of Entomology at College of Agriculture, Gwalior during 1998. To assess the total leaf area and biomass consumed during larval period, five neonate larvae were allowed to feed on leaves of varieties kept in Petri-dishes separately. There were four replications. The leaves were changed daily and leaf area and biomass consumed recorded with the help of graph paper. Larval weight was also recorded on eighteenth day. Data were subjected to statistical analyses.

RESULTS AND DISCUSSION

Leaf area consumed by S. obliqua during the larval period was minimum and significantly lower (128.7 cm2) in the cultivars HT 1 than in rest of the tested cultivars except RAUSS 17-4, CO 1, JT 7 and Phuletil 1 (Table 1). In contrast, maximum leaf area (249.6 cm2) was consumed in cultivar RAUSS (White) followed by CO 50. Leaf biomass consumed by larvae was also significantly lower (2.575 g) in cultivar HT 1 and higher (5.492 g) in cultivar RAUSS (White). This indicate that cultivar RAUSS (White) was the most preferred for feeding followed by CO 50 and cultivar HT 1 was the least preferred followed by Thilothma and TKG 55, RAUSS 17-4, CO 1 and JT 7.

Weight of larva developed on different cultivars was significantly lower in cultivar N 32 (1.308 g) and RAUSS 17-4 (1.313 g) and higher in cultivars TKG 55 (2.002 g), TKG 21 (2.001 g) and Gurga (1.951 g) (Table 1). The comparatively lower larval weight recorded in cultivars N 32 and RAUSS (White), in spite of the higher consumption of leaf area and leaf biomass on these cultivars, indicate the presence of antibiosis mechanism of resistance which influence the weight of larva.

Cultivar RAUSS 17-4 was less preferred for feeding and weight of larva developed on this cultivar was also significantly lower. Therefore this cultivar may be considered as resistant to S. obliqua.

Table 1. Preference of sesame cultivars against the bihar hairy caterpillar Spilosoma obliqua

Varieties
Leaf area consumed

(cm2)
Leaf biomass consumed

(g)
Larval weight

(g)

CO 1
156.6
3.133
1.491

HT 1
128.7
2.575
1.693

Phuletil 1
159.2
3.501
1.641

Thilothama
176.3
2.644
1.792

RAUSS 17-4
152.3
2.893
1.313

TKG 21
185.9
3.346
2.001

TKG 22
166.0
3.040
1.857

TKG 55
168.8
2.782
2.002

JT 7
158.4
3.169
1.631

TC 25
185.9
3.717
1.603

MADIA
185.9
4.090
1.551

MLT 8
195.8
4.112
1.782

Gurga
215.3
4.023
1.957

HN 3
181.6
3.631
1.653

CO 50
225.3
4.280
1.562

N 32
201.6
4.233
1.308

RAUSS (White)
249.6
5.492
1.434

SE (
11.1
0.226
0.021

C.D. at 5%
30.9
0.626
0.058
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ABSTRACT

Twenty sesame (Sesamum indicum) genotypes were evaluated under field conditions for their reaction to the budfly (Dasineura sesami). Significant differences were found between genotypes for bud infestion. Minimum infestation was observed in variety CO 1.

INTRODUCTION

Sesame (Sesamum indicum L.) is attacked by 65 species of insect pests in different stages of its plant growth (Ahuja and Bakhetia, 1995). About four decades ago a Cecidomyid fly, Dasineura sp. was reported infesting sesame flower (Anonymous, 1957). The species has been later described as Dasineura sesami Grover & Prasad. The preliminary account on the biology of the pest on sesame was given by Prasad (1967) and he also reported 60% of bud infestation due to its smaller size, concealed feeding habit and no clear cut outer symptoms on the infested buds. As no information is available on the reaction of the sesame varieties against the pest, the present investigation was carried out.

MATERIAL AND METHODS

Twenty sesame genotypes (listed in Table 1) were sown in the field in a trial replicated twice during rainy season of 1998. Each genotype was grown in a plot of 6.0 m2 with row to row and plant to plant spacing of 30 and 10 cm, respectively. Normal agronomic practices were followed to raise the crop.

Total number of buds and buds infested by D. sesami were counted and the percent infestation was worked out. Data were subjected to arcsin (angular) transformation for statistical analysis and are presented in Table 1.

RESULTS AND DISCUSSION

The bud infestation in different varieties ranged from 14.8% in CO 1 to 34.9% in MLT 12 (Table 1). The minimum infestation observed in variety CO 1 was significantly lower in comparison to all the other varieties with the exception of Thilothma and MLT 9 that did not differ significantly from CO 1. The maximum infestation observed in MLT 12 was significantly higher than that of all the varieties except C 50 and N 32. It is recommended that the best varieties should be further evaluated in order to identify resistant material to be included in breeding programs.

Table 1. Per cent flowers infested by Dasineura sesami

Varieties
Mean

CO1
14.8 (22.58)

Phuletil 1
25.5 (30.33)

Thilothma
18.9 (25.71)

RAUSS–17-4
25.1 (30.02)

TKG 22
22.8 (28.46)

TKG 55
24.8 (29.86)

JT 7
26.2 (32.02)

TKG 32
25.8 (30.51)

TKG 67 
25.7 (30.43)

TC 25
21.7 (27.69)

MADIA
21.8 (27.85)

JBPL 1
32.7 (30.31)

MLT 8
27.2 (21.43)

Gurga
21.3 (27.50)

HN 3
25.4 (30.23)

MLT 9
18.2 (25.18)

MLT 12
34.9 (36.21)

C 50
33.4 (35.31)

N 32
34.0 (35.60)

RAUSS (White)
28.0 (31.95)

SE (m)(
(1.10)

C.D. at 5%
(3.26)

Figures in parentheses are angular transformed values 
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SCREENING OF SESAME (Sesamum indicum L.) GENOTYPES AGAINST POWDERY MILDEW (Leveillula taurica)
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ABSTRACT

Forty sesame (Sesame indicum L.) genotypes were screened for their reaction to powdery mildew (Leveillula taurica Lev) during Rabi 1996 under natural disease pressure. Two lines viz., 22AN-8 and Phule Til-1 were found to be highly resistant, while seven lines viz., TKG-21, DS-1, GT-2, TMV-4, Pb Til N0.1, Krishna and B-181 were moderately resistant to powdery mildew.

Key words: Sesame, powdery mildew, screening

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the important ancient oilseed crops grown in India over an area of 2.42 millions has with a production of 0.8 million tonnes. It is predominantly grown in the states of Andhra Pradesh, Maharashtra, Rajasthan, Uttar Pradesh and Karnataka. The average productivity of sesame is very poor (only 155 kg ha-1) in India. This low productivity has been attributed to poor soil management and severe incidence of pests and diseases. Powdery mildew, caused by Leveillula taurica Lev, is one the serious diseases reported in India both in Kharif and Rabi seasons (Raja Ravindran and Amirthadeva, 1996). The disease was found to cause an average yield loss up to 45% (Shambharkar et al., 1997). Differential reaction of sesame varieties to powdery mildew has been reported (Raja Ravindran and Amirthadeva, 1996). An attempt is made in this research to identify the sources of resistance to powdery mildew, which can be exploited in breeding for resistance to powdery mildew.

MATERIALS AND METHODS

Forty genotypes of sesame, supplied by the All India Coordinated Research Project on Oilseeds (Sesame), were grown in a randomized block design with three replications in red chaIka soiIs at Directorate of OiIseeds Research Farm, Rajendranagar, Hyderabad during Rabi 1996. The sowings were taken up at a spacing of 45 X 15 cm in the first fortnight of October. Fertilizers, irrigation and other cultural operations were performed according to the recommended practices (Anon.,1992). The incidence of powdery mildew was recorded on 0-5 scale (Mayee and Datar, 1986) in all the leaves of five plants in each line selected randomly and was expressed as PDI (Percent Disease Index). The PDI was calculated following the formula of Karunanithi et al. (1993).

Percent Disease Index=
Sum of numerical ratings X number of leaves
X
100


Total number of observations

  5

The disease score was recorded as follows:

Score
Description
Reaction

0
No infection
Immune

1
1‑10% of leaf area infected
Highly resistant

2
10‑25% of leaf area infected
Moderately resistant

3
26‑50% of leaf area infected
Moderately susceptible

4
51‑70 % of leaf area infected
Susceptible

5
>70% of leaf area infected
Highly susceptible

RESULTS AND DISCUSSION

Among forty genotypes screened for their reaction to powdery mildew two entries viz., 22 AN-8 (4.05%) and Phule Til-1 (8.54%) recorded the lowest disease incidence (<10%) and were categorized as highly resistant, while seven entries viz., TRG-21, DS-1, GT-2, TMV-4, Pb Til No-1, Krishna and B-14 (brown seeded) were found moderately resistant (<20% disease incidence)(Table 1). All other entries were either moderately susceptible or highly susceptible under natural field conditions. The resistant lines identified may be utilized in the breeding programme for disease resistance so that high yielding disease resistant varieties of sesame may be developed to manage the powdery mildew.
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Table 1. Reaction of sesame genotypes to powdery mildew

Genotype
PDI*

(original value)
PDI

(transformed values)
Disease Reaction**

RT-177
29.99
33.20
MS

TKG-21
17.49
24.72
MR

OMT-1165
43.16
41.06
MS

TC-25
22.28
28.16
MR

Madhavi
21.33
27.50
MR

RT-125
50.00
45.00
S

DS-1
18.43
25.42
MR

Surya
38.16
38.15
MS

Rama
34.14
35.75
MS

JT-7
22.42
28.26
MR

Pratap
36.23
37.00
S

YLM-17
41.45
40.00
S

Soma
25.03
30.00
MS

JT-21
32.01
34.45
S

Vinayaka
33.85
35.57
S

GT-2
19.68
26.33
MR

HT-1
20.45
26.88
MR

TMV-3
28.16
32.05
MS

22AN-8
4.05
11.60
HR

RT-54
45.00
42.13
S

Kanke White
30.67
33.62
MS

PADMA
26.06
30.69
MS

CO-1
34.30
35.84
MR

VRT-1
21.52
27.63
MR

TMV-4
13.63
21.66
MR

Pb-Til No-1
16.72
24.13
MS

KALIKA
32.21
34.57
MS

Phule Til-1
8.84
17.29
HR

PARUVA
43.07
41.01
MS

YLM-11
37.14
33.54
R

Krishna
15.08
22.85
MR

T-85
20.67
27.04
MS

SVPR1
33.06
35.09
MR

B-14 BROWN
18.43
25.42
MR

TC-289
30.37
33.44
MS

Rajeshwari
38.85
38.55
S

N-32
41.92
40.35
S

Gowri
24.99
29.99
MR

Uma
26.90
31.24
MS

E-8
34.13
35.74
MS

S.E. = 10.70, CD (0.05) = 21.18

*PDI = Percent Disease Index

**HR = Highly Resistant; R = Resistant; MR = Moderately Resistant; S = Susceptible; MS = Moderately Susceptible.

ROLE OF EDAPHIC FACTORS ON THE INCIDENCE OF DRY ROOT-ROT OF SESAME CAUSED BY Rhizoctonia bataticola (Taub.) Butl.

Raj Krishan, N. N. Tripathi and Ragender Singh

Department of Plant Pathology

CCS HaIyana Agricultural University

Hisar-125 004, India.

ABSTRACT

The objective of this research was to study the effects of adaphic factors and moisture regime on the incidence of root rot disease. Amongst the various soil types, sandy soil supported maximum disease (78.33%) as compared with clay soil (51.56%). Increased nitrogen doses were responsible to enhance the root-rot incidence from 66.66% in control (0 kg N ha-1) to 88.33% in sandy soil having 45 kg N ha-1. Similarly, more disease incidence of 48.33% was observed when pots were irrigated after the interval of seven days as compared to pots receiving irrigation every day.

Key words: Sesame, Rhizoctonia bataticola, dry root-rot, soil type, soil nutrition

INTRODUCTION

Sesame (Sesamum indicum L.) the most important kharif oilseed crop, suffers from various types of fungal, bacterial and viral diseases. Dry root-rot, caused by Rhizoctonia bataticola (Taub.) Butl., is the most devastating in North-Western parts of India particularly Haryana. Due to severe infections stem become black causing break off or blackening may extent upward capturing the stem and ultimately defoliation occurs. Being an omniphagous and omnipresent soil borne pathogen, the population of R. bataticola is influenced by soil texture, its nutritional status and moisture. Keeping this in view, present investigations have been carried out to study on the effect of some edaphic factors viz., soil type, soil nutrition and moisture regime on the incidence of dry root-rot of sesame.

MATERIALS AND METHODS

An experiment was conducted to determine the effect of four soil types viz., sandy, sandy loam, clay loam and clay soil on root-rot development. The soils were collected from different parts of Haryana State. These soils were analysed for various components (Table 1) by the method described by Piper (1966). Sterilised soil kept in 15 cm earthern pots was inoculated with homogenised mycelial suspension at the rate of 100 mg per kg of soil. After three days of incubation, 20 seeds of sesame were sown in each pot. Three replications of each treatment were maintained along with equal number of pots using un-inoculated soil as control.

Nitrogen was commonly applied as fertilizer for sesame cultivation. Therefore, the effect of different doses of nitrogen were supplemented with urea (46% N). The following doses of nitrogen were maintained N0 = 0 kg N ha-1, N1 = 15 kg N ha-1, N2 = 30 kg N ha-1 and N3 = 45 kg N ha-1. The required amount of urea was added in sandy soil on weight basis. The soil was kept in polythene sheets and put inside each pot of 15 cm diameter.

Table 1: Effect of soil on root rot of sesame caused by Rhizoctonia bataticola

Type of soil
Per cent
Disease incidence (%)


Sand
Silt
Clay


Sandy soil
96.0
2.5
1.50
66.66 (54.76)

Sandy loam soil
70.0
18.0
12.0
78.33 (62.24)

Clay loam soil
53.5
19.5
27.0
56.66 (48.55)

Clayey soil
14.2
24.3
61.3
51.66 (45.97)

C.D. at 5%



5.56

Figures in parenthesis are angular transformed values

Table 2. effect of nitrogen levels on the development of root-rot sesame caused by Rhizoctonia bataticola

Nitrogen levels (kg ha-1)
Disease incidence (%)

N0
66.66 (54.76)

N1
68.33 (55.73)

N2
75.00 (60.00)

N3
88.33 (70.00)

C.D. at 5%
5.80

Figures in parenthesis are angular transformed values

To determine the effect of soil moisture regime on disease development, sterilized sandy soil in 15 cm earthern pots was inoculated with mycelial suspension at the rate of 100 mg per pot. Different moisture regimes in triplicate were maintained by irrigating pots at an interval of 1, 2, 5 and 7 days of inoculated as well as un-inoculated soil up to 25 days of sowing. Control sets were also run in triplicate to see the effect of different level of moisture on germination.

Table 3. Effect of irrigation frequency on the incidence of root-rot of sesame caused by Rhizoctonia bataticola

Irrigation after days of interval
Disease incidence (%)

1
6.66 (14.89)

2
16.66 (23.34)

5
36.66 (37.29)

7
48.33 (44.03)

Figures in parenthesis are angular transformed values

RESULTS AND DISCUSSION

Data presented in Table 1 reveal that sandy soil favoured 78.33% root rot incidence followed by sandy loam soil (66.66%). Minimum disease incidence of 51.66% was observed in clay soil. The difference in disease incidence between soil type were statistically significant. The quantum increased in sand composition of soil was directly proportional to the increase in disease population. This observation is in accordance with the results of Philip et al., (1969) and Chattopadhyay and Mustafee (1977) who found that field soil having more sand contracted higher disease due to more aeration better drainage of the soil. This is ideal condition for luxuriant growth of the fungus.

A disease incidence of 66.66% was recorded when sand was not supplemented with nitrogen doses. When nitrogen was enhanced from 15 to 45 kg N ha-1, disease incidence increased from 68.33 to 88.33% (Table 2). Similar observations were made by Rowan (1971) on black rot of slash pine and Sivaprakasam et al. (1975) on sunflower root-rot caused by Macrophomina phaseolina (R. batalicola). It may be due to increase in succulence and proliferation of root system which is helpful in penetration and further development of the disease by R. bataticola.

The maximum disease incidence (48.33%) was observed when the pots were irrigated after seven days of interval. It caused more damage on depletion of soil moisture because the disease incidence was only 6.66% when irrigation was applied after one day interval (Table 3). Ghaffar and Erwin (1969) and Rao and Mukherji (1972) corroborated the present finding where they observed that low soil moisture provided ideal conditions for more aeration and space for mycelium proliferation and hence induce more disease under low moisture conditions.
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MANAGEMENT OF SESAME DRY ROOT-ROT Rhizoctonia bataticola (Taub.) Butl. THROUGH BIOLOGICAL AND CHEMICAL MEANS
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ABSTRACT

Seddling protection was obtained when sesame seeds were coated with Trichoderma harzianum conidia. The application to the soil of biomass preparation of T. harzianum at the rate of 10 g per kg soil, along with nitrogen applied at 30 Kg ha-1, reduced the disease from 64.2% to 40% whereas the disease incidence was 45% at 45 Kg N ha-1. The combination of fungicide (soil application) and conidia (seed coating) reduced the disease to 5%, whereas the seed treatment with fungicide and soil application of biomass preparation of T. harzianum was found to be the most effective to control the disease (0% incidence).

Key words: Sesame, Rhizoctonia bataticola, dry root-rot, Trichoderma harzianum, fungicides, nitrogen

INTRODUCTION

Sesame (Sesamum indicum L.), the most important oilseed crop being cultivated in the kharif season during which high temperature and humidity are very conducive to disease development. Among the various fungal diseases, root-rot caused by Rhizoctonia bataticola (Taub.) Butl., is the most devastating in Haryana. The pathogen has a wide host range and causes damage to several crops of economic importance. In severe infections, stems become black, and break off or the rot may extend upwards causing defoliation.

Microbes and fungicides have been tried to control soil borne plant pathogens (Papavizas and Lumsden, 1980). In spite of the omniphagous and omnipresent nature of R. bataticola, systematic work has not been initiated for the management of this disease. The objective of the present research was to find out the effect of application of T. harzianum, on the seed and in the soil, on the control of root rot in sesame and the interaction with nitrogen doses and fungicidal application.

MATERIALS AND METHODS

Conidia raised on potato dextrose agar were applied to 600 mg of seeds in sterilized watch gIass. Seeds were coated with different amounts of conidia, viz. 0, 1.5, 2.5, 3.5 and 4.5 g kg-1 seed. Twenty seeds were sown in each pot. Three replications of each treatment and a control (untreated seeds) were used. Disease incidence was observed periodically up to 25 days of sowing and per cent disease incidence was caIculated, also in subsequent experiments.

To study the combined effect of T. harzianum and nitrogen doses on disease development, a second experiment was conducted under greenhouse. Nitrogen at 30 and 45 kg ha-1 was used in sandy soil in triplicate along with six different levels (2, 4, 6, 8 and 10 g kg-1 of soil) of T. harzianum preparation biomass. A control set without nitrogen and without T. harzianum biomass was used. The soil in pots was inoculated with mycelial suspension of R. bataticola at the rate of 100 mg per pot. After 3 days, 20 seeds of sesame (cv HT-1) were sown. After another 3 days, biomass of T. harzianum (at above levels) was added with irrigation water and upper soil was distributed gently with the help of a small fork. Thereafter, the disease incidence was recorded periodically up to 25 days after sowing.

In a third experiment, aimed to find out the effect of fungicidal application and seed coating with conidia of T. harzianum on disease control, the sterilized soil inoculated with R. bataticola, at the rate of 10 mg kg-1 soil, was drenched with the three fungicides (benomyl, carbendazim and carboxin) at the rate of 0.2%. Freshly harvested conidia were used to coat the seeds at the rate of 2.5 and 3.5 g kg-1 seed. Twenty treated seeds were sown in each pot along with the three control sets: no application of fungicides but seeds were coated conidia at 2.5 and 3.5 g kg-1 and neither soil drenching with fungicides nor seed coating with conidia. In another experiment, seeds treated with fungicides (benomyl, carbendazim and carboxin) at the rate of 0.2% were sown in sterilized soil inoculated with R. bataticola at the above rate and with biomass preparation of T. harzianum at the rate of 4 and 6 g kg-1 of soil. Twenty treated seeds were sown in each pot along with two control sets. In one set, mycelial suspension was added but seeds were not treated with fungicides. In the other set untreated seeds, without fungicides and without mycelial suspension, were used. Three replications of each treatment were maintained. Data on disease incidence were recorded from each pot periodically up to 25 days after sowing.

RESULTS AND DISCUSSION

Uncoated seeds exhibited 66.66% disease incidence. The disease incidence was 45% when seeds were coated with conidia at the rate of 1.5 g kg-1 seed. Minimum disease (30%) was recorded at the application of 4.5 g conidia kg-1 seed (Table 1). The difference in disease-controlling potential at different rates of conidia application were statistically non-significant but performed better than the control. Working on R. bataticola on mungbean root-rot, Kehri and Chander (1991) noted that seed coating with conidia reduced the disease incidence satisfactorily, which is in agreement with the results of the present study. When pots were supplied with 30 Kg N ha-1, the disease incidence was enhanced to 75% as compared to 64.2% in the control, where neither nitrogen nor mycelial suspension were applied (Table 2). An interesting result observed was that the increased level of T. harzianum biomass reduced the disease incidence to 66.66 % at the rate of 2 g kg-1 soil, being further reduced to 40% when T. harzianum was added at the rate of 10 g kg-1 soil. Moreover, an enhanced level of nitrogen (45 kg N ha-1) increased the disease intensity to 88.33%, but the disease reduced to 45% at 10 g kg-1 soil of T. harzianum  application, thus indicating that the influence of nitrogen was neutralized by the application of T. harzianum, due to suppression of R. bataticola by T. harzianum.

Table 1. Effect of seed coating with conidia of T. harzianum on the root-rot of sesame

T. harzianum conidia g kg-1 seed (w/w)
Per cent disease incidence*

0
66.66 (54.76)

1.5
45.00 (42.13)

2.5
40.00 (39.23)

3.5
35.00 (36.27)

4.5
30.00 (33.21)

C.D. at 5%
6.93

*Figures in parentheses are angular transformed values

Table 2. Influence of T. harzianum and level of nitrogen on the development of root-rot of sesame

Level of N kg ha-1
T. harzianum g kg-1 soil (w/w)
Per cent disease incidence*

30
0
75.00 (60.70)


2
66.66 (54.75)


4
56.66 (48.81)


6
50.00 (45.00)


8
46.66 (43.08)


10
40.00 (39.21)

45
0
88.33 (70.50)


2
78.33 (62.48)


4
71.66 (57.86)


6
63.33 (52.74)


8
55.00 (47.88)


10
45.00 (42.12)

Control
-
64.20 (53.25)

C.D. at 5%

7.51

*Figures in parentheses are angular transformed value

When soil in which conidia coated seed (2.5 g kg-1) were sown was treated with benomyl, carboxin and carbendazim at the rate of 0.2%, minimum disease was observed with benomyl (Table 3). However, when seed coating dose was increased, the disease was reduced to 5.0% with benomyl application. In another experiment, the above fungicide treated seeds were sown in sterilized soil, inoculated with R. bataticola, soil in which T. harzianum was added at the rate of 4 and 6 g kg-1 soil. Results presented in Table 4 show that, with a mycelial concentration of 4 g kg-1 soil, carboxin was the most effective (3.58% disease incidence) followed by carbendazim (7.15%). When increased levels of mycelial suspension of 6 g kg-1 soil were applied, and seeds were treated with three fungicides, carbendazim was found to control the disease completely (0% incidence), followed by carboxin (1.79%). A similar observation was made by Lewis and Papavizas (1980), which corroborates the results of the present study. It is concluded that the combination of soil application of T. harzianum and fungicides used in this study is very effective in controlling root rot disease in sesame.

Table 3. Effect of soil application of fungicides and seed coating with conidia on the control of root-rot of sesame

Conidia g kg-1 seed (w/w)
Fungicide at 2%, W/V
Disease incidence (%)*

2.5
Benomyl
8.33 (16.60)


Carboxyn
10.00 (18.05)


Carbendazim
11.66 (19.89)


No fungicide
42.50 (40.69)





3.5
Benomyl
5.00 (12.92)


Carboxyn
6.66 (14.76)


Carbendazim
6.66 (14.76)


No fungicide
36.00 (36.87)





Control
-
66.66 (54.76)

C.D. at 5%

2.31

*Figures in parenthesis are angular transformed value

Table 4. Effect of soil application of T. harzianum in soil and seed treatment with fungicides on the control of root-rot of sesame

Mycelial suspension of T. harzianum
(g kg-1 soil)
Fungicide at 2% W/W
Disease incidence (%)*

4
Benomyl
8.93 (17.36)


Carboxyn
3.58 (10.94)


Carbendazim
7.15 (15.45)


No fungicide
26.66 (31.11)





6
Benomyl
7.15 (15.45)


Carboxyn
1.79 (7.71)


Carbendazim
0.00


No fungicide
21.66 (27.76)

Control

64.66 (50.55)

C.D. at 5%

1.37

*Figures in parenthesis are angular transformed value
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ABSTRACT

Foliar spray of potassium chloride (KCl) reduced the incidence of root-rot of sesame. Among the concentrations tried, 1.5, 1.25 and 1.0% of KCl, were on par in reducing the incidence of root-rot. Among the stages  of spray, spraying at 45 DAS resulted in the lowest mean root rot incidence (60.71%). Spraying of 1.0% at 45 DAS is the best combination which caused disease reduction from 75% to 52.5%. Potassium chloride spray also enhanced the rhizosphere populations of fungi and bacteria and decreased that of actinomycetes.

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the important oilseeds crops in India occupying the third position. Dry root-rot of sesame caused by Macrophomina phaseolina is the most serious disease affecting the crop at later stages of growth and it causes yield loss up to the extent of 30-40% in Tamil Nadu (Buldeo et al., 1979). Changing the host metabolism so as to induce its own resistance either by modifying host physiology or rhizosphere microflora is an important approach in biological control of plant diseases.

When potassium chloride (KCl) was sprayed it reduced root-rot incidence caused by M. phaseolina in urd bean (Nazer et al., 1989). Selvarajan (1990) reported also the effect of (KCl) on root-rot incidence in chick pea. In soybean, the reduction was 50% (Krishnaveni, 1991). Since the pathogen is active in causing root-rot incidence under water-stress conditions, an attempt was made to study the effect of foliar spray of potassium chloride on the sesame root-rot incidence.

MATERIALS AND METHODS

An experiment was conducted using unsterile pot culture silt soil [M. phaseolina inoculum multiplied in sand-maize medium was added at five per cent level (W/W)] with the cultivar TMV 3. Potassium chloride spray at concentration of 0.25, 0.5, 0.75, 1.0, 1.25 and 1.5% were used for the study. The above concentrations were selected after standardising their tolerance limits in sesame plants so as to avoid their phytotoxic effects. The chemical was sprayed separately at different concentrations on 30, 45 and 60 DAS with teepol (0.1%) as wetting agent. The experiment was conducted in a randomized block design with eight replications including four replications for the assessment of the rhizosphere microbial populations. The pots were maintained in glasshouse with regular, judicious and uniform watering. The root rot incidence was recorded on 75 DAS and the per cent disease incidence was calculated.

For assessing the rhizosphere microbial population, five plants for each spray concentration and for each interval were pulled out at random, five days after the potassium chloride spray, and the population of fungi, bacteria and actinomycetes were assessed using Rose bengal agar, nutrient agar and Kustar’s agar respectively.

RESULTS AND DISCUSSION

Among the different concentrations of KCl sprayed on sesamum plants, 1.5, 1.25 and 1.0 % were on par and these were significantly superior to the other concentrations, respectively recording 55.8, 56.6 and 58.3% mean root-rot incidence as against 75.8% in the control (Table 1). Among the stages of spray, spraying 45 DAS resulted in significantly less mean root rot incidence of 60.7% as compared to spraying 60 DAS (68.2%) and 30 DAS (65.7%). The minimum root rot incidence of 50.0% was recorded with 1.5 and 1.25% KCl when sprayed 45 DAS against the maximum disease incidence of 75.0% in the control. On par with these when sprayed with 1.0% KCL 45 DAS, the disease reduction was 52.5 from 75.0%. Efficacy of KCl spray on root-rot incidence was reported in soybean (Krishnaveni, 1991), pigeon pea (Nakkeeran, 1992) and green gram (Ebenezar, 1996). Angappan (1992) observed reduction in root-rot incidence of chickpea when KCl spray was combined with seed treatment of T. hamatum. Foliar spray of KCl, also resulted in the reduction of sclerotial production in addition to the root rot incidence due to increased leaf water potential (Samiyappan, 1988; Nazar et al. ,1989).

Table 1. Efficacy of foliar spray of potassium chloride (KCl) at three stages (DAS) on sesame root-rot incidence

Foliar spray of KCl 

(% concentration)
Root rot incidence (%)*



DAS



30
45
60
Mean

0.25
72.5 (58.4)
70.0 (56.8)
75.0 (59.9)
72.67 (58.4)

0.5
72.5 (58.3)
67.5 (55.2)
72.5 (58.4)
70.83 (57.3)

0.75
65.0 (53.7)
60.0 (50.8)
67.5 (55.2)
64.17 (53.2)

1.0
60.0 (50.7)
52.5 (46.4)
62.5 (52.3)
58.33* (49.8)

1.25
57.5 (49.3)
50.0 (45.0)
62.5 (52.2)
56.67 (48.8)

1.5
57.5 (49.4)
50.0 (45.0)
60.0 (50.8)
55.83 (48.4)

Control (no foliar spray)
75.0 (60.0)
75.0 (60.0)
77.5 (61.7)
75.83 (60.6)

Mean
65.7 (64.2)
60.7 (51.3)
68.2 (55.8)


CD(P = 0.05): Concentration = 1.46; Spray (DAS) = 1.41; Interaction = 2.72

* Mean of four replications

Figures in parentheses are mean transformed values

Among the KCl spray fluid concentrations used, 1.5, 1.25 and 1.0 % increased the fungal population respectively to 118.8, 107.7 and 104.3 x 10-3 colony forming units (cfu) g-1 soil and all these were on par (Table 1). The unsprayed control had the lowest population of 57.8 x 10-3 cfu g-1 soil. Similar trend was also observed in the bacterial population also and its increase was two fold as compared to the control, while significant reduction in the actinomycetes population was observed with the increase in the concentration of KCl spray 

Table 2. efficacy of foliar spray of KCl on the sesame rhizospere population in pot culture

KCl (% conc.)
Rhizospere populations (cfu g-1 oven dry soil)*


Fungi (103)

Bacteria (105)

Actinomycetes (103)


DAS

DAS

DAS


30
45
60
Mean

30
45
60
Mean

30
45
60
Mean

0.25
61.5 (7.8)
96.5 (9.8)
49.0 (7.0)
69.0 (8.2)

92.5 (9.6)
84.25 (9.2)
37.2 (6.1)
71.3 (8.3)

12.0 (3.5)
21.5 (3.7)
21.5 (4.6)
15.7 (3.9)

0.5
69.0 (8.3)
106.5 (10.3)
57.5 (7.6)
77.7 (8.7)

110.5 (10.5)
97.0 (9.8)
43.5 (6.6)
83.6 (8.9)

11.50 (3.4)
11.25 (3.3)
18.0 (4.2)
13.6 (3.7)

0.75
76.25 (8.7)
121.0 (11.0)
67.5 (8.2)
88.2 (9.3)

131.0 (11.4)
108.5 (10.4)
48.5 (6.9)
96.0 (9.6)

10.25 (3.2)
10.0 (3.2)
16.25 (4.0)
12.2 (3.5)

1.0
89.0 (9.4)
147.5 (12.1)
76.5 (8.7)
104.3 (10.1)

157.5 (12.5)
132.0 (11.5)
56.0 (7.5)
115.2 (10.5)

7.5 (2.7)
8.5 (2.9)
14.5 (3.8)
10.1 (3.1)

1.25
92.5 (9.6)
151.5 (12.3)
79.25 (8.9)
107.7 (10.3)

163.2 (12.8)
140.5 (11.8)
59.50 (7.7)
121.1 (10.8)

6.0 (2.4)
6.5 (2.5)
11.0 (3.3)
7.8 (2.8)

1.5
95.0 (9.7)
159.2 (12.6)
81.0 (9.0)
111.8 (10.5)

169.5 (13.0)
143.0 (11.9)
61.5 (7.8)
124.7 (10.9)

4.0 (2.0)
5.0 (2.2)
8.0 (2.8)
5.6 (2.4)

Control (No foliar spray)
58.5 (7.6)
68.5 (8.3)
46.5 (6.8)
57.8 (7.6)

75.0 (8.7)
63.5 (7.9)
32.0 (5.6)
56.8 (7.4)

12.25 (3.5)
14.5 (3.8)
21.5 (4.6)
16.0 (3.9)

Mean
77.4 (8.8)
121.5 (10.9)
65.32 (8.0)


128.5 (11.2)
109.8 (10.4)
48.3 (6.9)


9.07 (2.9)
9.9 (3.1)
15.8 (3.9)


CD(P=0.05)

Concentration
0.42

0.56

0.32

Sprays (DAS)
0.37

0.54

0.30

Interaction
0.80

1.03

0.62

* Mean of four replications

Figures in parenthesis are mean transformed values

cfu = colony forming units

(Table 2). It was the least (5.6 x 10-3 cfu g-1 soil) with 1.5 % KCl spray accounting for almost a three fold decrease over control (16.0 x 10-3 cfu g-1 soil).

Spraying KCl 45 DAS significantly increased the mean rhizosphere population of fungi (121.54 x 10-3 cfu g-1 soil) rather than spraying the same on 30 DAS (77.39 x 10-3 cfu g-1 soil) and 60 DAS (65.32 x 10-3 cfu g-1 soil). The mean rhizosphere bacterial population was the highest (128.43 x 10-5 cfu g-1 soil) when KCL was sprayed 30 DAS followed by 45 DAS (109.82 x 10‑5 g-1 soil) and 60 DAS (48.32 x 10-5 cfu g-1 soil). The mean of actinomycetes population was the maximum (15.82 x 10-3 cfu g-1 soil) when KCl was sprayed 60 DAS followed by 45 DAS (9.89 x 10-3 cfu g-1 soil) and 30 DAS (9.07 x 10-3 cfu g-1 soil). In general KCl spray enhanced the rhizosphere populations of fungi and bacteria and decreased that of actinomycetes. Bhagyaraj and Rangaswami (1972) had similar observations in the case of finger millet. However, Kannaiyan and Prasad (1974) found increased population of actinomycetes also by the foliar spray of KCl on muskmelon.

Randasamy and Rangaswami (1967) observed more Penicillium spp. in the rhizosphere of sorghum due to the foliar spray of KCl. The increase in the quantity of aminoacids and sugars exuded by roots was attributed to the increased rhizosphere fungal and bacterial populations in fingermillet (Bhagyaraj and Rangaswami, 1972). Saxena (1985) opined that potassium enhanced drought tolerance in the roots. Sesame root-rot incidence, usually severe under low soil moisture condition, was possibly reduced by the resistance conferred by KCl on account of drought tolerance.
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ABSTRACT

The effect of soil solarization on the sesame (Sesamum indicum) stem root-rot pathogen (Macrophomina phaseolina) population in soil was studied in the summers of 1995 and 1996 in a split-split plot design experiment. Plots with different combinations of irrigation (I) and ploughing (P) treatments were covered by transparent polyethylene sheets for different periods up to six weeks maintaining appropriate controls. The highest temperatures of 52.5oC in 1995 and 53.5oC in 1996 were recorded in irrigated/ploughed (I/P) treatment at 5 cm over six week solarization compared to 44.4oC and 47.1oC in control. At 15 cm soil depth, maximum average over six week solarisation was 46.3oC  and 49.3oC in I/P compared to 39.2oC and 44.0oC in control, in 1995 and 1996 respectively. Soil population of Macrophomina phaseolina in I/P treatment was reduced to a non-detectable level after six weeks solarization, whereas the effect on the Trichoderma population was scant. There was a significant rise in population of soil actinomycetes and  fluorescent Pseudomonad bacteria.

In addition, the pathogen inoculum placed in nylon bags, and exposed to similar solarization treatments, showed a significant reduction of Macrophomina phaseolina population viz. 84.5 and 100% at 5 cm and 37.3 and 5.3% at 15 cm depth in 1995 and 1996, respectively, over the control, confirming the earlier observation.

Key words: Soil solarization, Macrophomina phaseolina, soil population, beneficial soil microflora, Sesamum indicum
INTRODUCTION

Sesame (Sesamum indicum L.) is one of the major oilseed crops cultivated in India. Stem-root rot of sesame caused by Macrophomina phaseolina (Tassi) Goid is the most important disease of the crop in India with reports of up to 50% incidence, resulting in heavy yield losses (Chattopadhyay and Kalpana Sastry, 1998). The concept of soil solarization stemmed from the possibility of raising soil temperature to lethal level, by mulching soil surface with plastic film during the hot summer months. The use of this method has been reported to eliminate Sclerotium rolfsii in Israel (Katan, 1980) and lesser populations of other soil borne pathogens viz., Pythium spp. and Rhizoctonia solani in USA (Pullman et al., 1981). Solarization was tested as a potential tool under Indian summer conditions for the management of soil populations of Macrophomina phaseolina to manage the soil borne diseases. In addition, its effects on general fungal, bacterial and actinomycete flora and particularly on beneficial microflora, viz. Trichoderma and fluorescent pseudomonads were also evaluated. 

MATERIAL AND METHODS

Experimental design

The experiment was carried out in the research farm of the Directorate of Oilseeds Research, Hyderabad, India (77o55’E and 18o59’N) in sandy to clay loam alfisol type soil. After a scrutiny of the available weather data of the location for the last ten years, six weeks of peak summer was identified during 16 to 21 Standard Weeks (Table 1). The experiment was laid out in split-split plot design in three replications with irrigated (I) and non-irrigated (NI) as main (M) plots, ploughed (P) and unploughed (NP) as sub (S) plots and 0, 3 and 6 weeks of solarization as sub-sub (SS) levels of treatment. Each plot was 5m x 3m in size. Plots were irrigated to field capacity according to the design before they were covered with transparent polyethylene mulch of 50 µm thickness on 19th April, 1995 and 20th April, 1996 i.e., on the days following irrigation, by spreading the sheet from all sides, burying and sealing along the edges with top soil in a 20-cm-deep furrow. The plots remained covered for different periods of up to six weeks maintaining appropriate controls.

Preparation of inoculum

Inocula of M. phaseolina and Trichoderma viride were artificially grown on sorghum seed meal medium presoaked overnight in 0.2% sucrose solution at 27 + 1(C for 15 days. Known amount of inocula grown in this manner were placed separately in small packets. These packets were then placed in nylon bags at 5 and 15 cm depth with the help of nylon rope in different plots before covering them with the polyethylene mulch. 

Measurement of soil temperature

Soil temperature at 5 and 15  cm soil depth was recorded daily between 14.00 hrs and 15.00 hrs, the period when the temperature reached the peak. A portable soil temperature electronic thermometer with stainless steel probes (Milwaukee TH 300) was used for these measurements.

Media  for enumeration of microflora

i) A selective medium (Meyer et al., 1973) was used for the enumeration of the M. phaseolina population in soil and artificially placed inoculum. Each soil sample was air dried, homogenized and sub samples of 20 mg were evenly sprinkled on each Petri dish. Counts of colonies of M. phaseolina were taken on the seventh day. 

ii) Specific media for fungi (Martin, 1950), bacteria (Dhingra and Sinclair, 1985), actinomycetes (Kenknight and Muncie, 1939), Trichoderma spp. (Elad and Chet, 1983) and fluorescent Pseudomonads (Sands et al., 1972) were used to enumerate their respective soil populations. The same Trichoderma specific medium was used to assess changes in the population of  T. viride in the artificially placed inoculum.

RESULTS AND DISCUSSION

The average soil temperature at 5 cm soil depth over different periods of solarization indicated wide variations under various treatments. The highest temperatures of 52.5oC in 1995 and 53.5oC in 1996 were recorded in I/P over six weeks solarization compared to 44.4oC and 47.1oC in control in 1995 and 1996, respectively (Fig. 1). A peak temperature of 62.9(C was reached during the sixth week of solarization in 1995 in I/P. At 15 cm soil depth, the maximum average over six weeks solarization was 46.3oC  and 49.3oC in I/P compared to 39.2oC and 44.0oC in control, in 1995 and 1996, respectively. Though such temperature rises have been recorded in other countries as well (Stapleton and Devay, 1982), the rise here seems to be among the highest, which could be due to a higher ambient temperature rise (Table 1). The soil population of M. phaseolina in I/P treatment was reduced to a non-detectable level after six week solarization (Fig. 2a ). An artificially placed inoculum of M. phaseolina was also reduced to 14.5% in 1995 and to a non-detectable level in 1996 at 5 cm depth in I/P after six weeks solarization confirming the trend (Fig. 2b). In the same treatment, even at 15 cm soil depth, the M. phaseolina soil population was reduced to 37.3 and 5.3% in 1995 and 1996, respectively (Fig. 2c). The disinfestation of soil from M. phaseolina (Maiti et al.,1993) and Verticillium dahliae (Bourbos and Skoudridakis, 1996) by means of soil solarization has been reported in previous studies. But such a drastic effect on the pathogen has not been found earlier. Similarly, Old (1981) in Australia did not observe so much promise in the method. This could be due to the differences in ambient temperatures in these countries.

Table 1: Average weather data for 14-23 Standard Weeks at the location of experiment during 1985 - 94.

Standard Weeks/Year
Max. temp.(oC)
SSH/day
Rainfall

(mm)
Rainy days (no.)

14
38.1
11.0
0.0
0

15
37.3
10.2
21.2
1

16
38.6
10.9
0.0
0

17
38.7
10.8
8.6
1

18
34.2
5.8
4.8
1

19
37.9
6.9
14.8
3

20
38.9
7.6
80.2
2

21
38.9
10.3
0.0
0

22
40.8
11.3
0.0
0

23
41.6
9.4
0.0
0

The soil population of fungi decreased due to soil solarization (Fig. 3a), the reduction being greater in solarized plots in NI/P and I/NP. Similar trends have been noted in fungal soil flora as an effect of dry heating (Maiti et al. 1993). This study confirms the trend in real farm situations. However, the bacterial population in general increased in all treatments in 1995 and showed exactly the opposite trend in the following year due to solarization (Fig. 3b). The population of fluorescent Pseudomonads (Fig. 3c) and soil actinomycetes (Fig. 3d), the beneficial microflora in soil, increased under irrigated treatment in solarized plots. Though Maiti et al. (1993) found the reduction in soil actinomycete population in studies conducted under artificial conditions, this study (Fig. 3d) found an increase in its population due to the treatment, which supported the findings of Stapleton and Devay (1982). The investigation recorded a minimal effect of six weeks soil solarization on Trichoderma population in soil in I/P treatment (Fig. 4a) which was further confirmed by artificially placed T. viride inoculum at 5 cm (Fig. 4b) and 15 cm depth (Fig. 4c). Though solarization reduced the population of fungal flora in general, tolerant fungi such as Trichoderma survived the treatment. Kodama et al. (1980) reported a similar effect for another thermophilic fungal group Talaromyces. Potential antagonists such as Trichoderma are known to be favoured by solarization with a shift of soil biota and substrate in their favour (Katan, 1987).

Further, the reduction in M. phaseolina soil population to a non-detectable level may not only be due to the high soil temperature in solarised soil but also due to conditions favouring antagonists that may produce antibiotics and may mycoparasitize the pathogen to eliminate them. The effect of elimination seem to be better in irrigated and ploughed treatments because of : a) the susceptibility of resting structures to wet or moist heat conditions than the dry heat available in non-irrigated treatments, b) the heating being better in wet soil (Mahrer et al., 1984), c)  the fact that the moisture promotes the biological activity of tolerant antagonistic flora like Trichoderma, fluorescent Pseudomonads and actinomycetes that enhance the pathogen control process. Thus, the study showed that the preplant population of M. phaseolina  in soil can be reduced significantly by soil solarization for six weeks during a hot summer using transparent polyethylene mulch after ploughing and irrigation. The study also demonstrated the tool to be an ecofriendly one as it affected the natural antagonists the least. The investigation showed the potential of solarization in tropical situations through the exploitation of summer temperatures for augmenting the reduction in the  M. phaseolina soil population.
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RESEARCH AND DEVELOPMENT NOTE: HEALTH-CARE SAFFLOWER OIL

Song Guangwei and Li Dajue
Institute of Botany, Chinese Academy of Sciences, 
Beijing 100093, China

The world health organization declares that 12 million people die of cardiovascular diseases in the word every year, and these diseases take the first place in the cause of death. Studies show that high cholesterol is the most important factor that causes cardiovascular diseases.

Safflower is an important traditional Chinese medicinal herb. The linoleic acid content in safflower reaches as high as 75-86%. Linoleic acid is an essential fatty acid for the human body. It has the effect of reducing the content of cholesterol in blood and reducing the low-density lipoprotein content in the cholesterol, and also raising the high-density lipoprotein cholesterol content in blood. Through tests it shows that low-density lipoprotein cholesterol is harmful to health, and the high-density lipoprotein cholesterol is of benefit to health.

Based on the research of safflower of 25 years, the Institute of Botany, Chinese Academy of Sciences carried on the study of Health-care Safflower Oil. Health-care Safflower oil is mainly composed of safflower oil and rice bran oil. In order to improve the health-care and curative effects, some physiological active materials such as evening primrose oil, vitamin E etc. are added. At the same time, in order to improve the taste of the oil, sesame oil is added. The main technological processes include mixing, flavoring, precipitating and filtering. The Health-care Safflower Oil contains Linoleic acid, gamma-linolenic acid, and vitamin E. Taking it over a long period of time, it may prevent cardiovascular and cerebrovascular diseases effectively.

There is a great quantity of unsaturated fatty acid in rice bran oil; it also plays the role of a reducing the content of blood fat effectively. Evening primrose is a unique oil seed that contains a great quantity of gamma-linolenic acid, the content of which ranges from 7-14% of total oil. Coronary heart disease and thrombosis etc. respond well to treatment by gamma-linolenic acid. The primary function of vitamin E is to help protect the integrity of cellular and intracellular structures and to prevent destruction of certain enzymes and intracellular components. As an important antioxidant, vitamin E retards the sedimentation of fats in food and in the digestive tract, and protects cells from infection of toxic substances formed from the oxidation of unsaturated fatty acids.

To establish the effects of Health-care Safflower Oil, comparative tests were made. The control materials include safflower oil, rice bran oil and sunflower oil. The results show that the content of cholesterol in blood of those that took sunflower oil declined 9%, those that took safflower oil declined 14%, those that took rice bran oil declined 8%, and those that took Health-care Safflower Oil declined 26%. A conclusion can be drawn from the above testing results that the health-care safflower oil can significantly reduce the content of cholesterol in blood. The Health-care Safflower Oil has an excellent quality and reasonable price. It is universally applicable to all ages.
SCREENING FOR LOW SATURATED FATTY ACIDS IN SAFFLOWER

Velasco, L and J.M. Fernández-Martínez

Institute of Sustainable Agriculture (CSIC)

Apartado 4084, E-14080 Córdoba, Spain

ABSTRACT

One hundred and thirty-two accessions from the US safflower collection were evaluated in search for variants with reduced levels of saturated fatty acids. Eight half seeds from each accession were analysed by gas-liquid chromatography. Total saturated fatty acid content ranged from 4.9% to 14.8%. Variants with low levels of saturated fatty acids (<6%) were identified in both high oleic and high linoleic acid backgrounds. This preliminary evaluation suggests that the safflower collection contains useful germplasm for the development of healthier safflower oils with low concentrations of saturated fats.

INTRODUCTION

Recent studies have indicated that the consumption of high levels of saturated fatty acids may contribute to increase blood serum cholesterol, which is related to the risk of coronary heart diseases (Mensink et al., 1994). Because vegetable oils are a principal source of fats in the diet, the present trend in oilseed breeding is to reduce the concentration of saturated fatty acids (Seiler, 1996). Safflower oil contains moderate levels of saturated fatty acids (c. 10%), compared with higher contents in sunflower (c. 12%) and soybean (c. 16%) and lower contents in canola (c. 6%) (Padley et al., 1994).


Safflower is one of the best examples of variability for the fatty acid composition of the seed oil. Variants with high stearic (4% to 11% of the total fatty acids), high oleic (>80%), and high linoleic acid concentration (>85%) have been identified and are currently available in released materials (Fernández-Martínez et al., 1993). However, no research to develop a safflower oil with lower levels of saturated fatty acids has been undertaken. Such a safflower oil would gain acceptance by consumers.


Breeding programmes to reduce saturated fats are ongoing in other oilseed crops. The main approach is the use of induced mutagenesis, for example in sunflower (Miller and Vick, 1999) and in soybean (Erickson et al., 1988; Fehr et al., 1991; Takagi et al., 1995; Stojšin et al., 1998), although the evaluation of germplasm collections also appears to be a feasible approach in sunflower (Seiler, 1996; 1998).


The objective of this study was to search for variants with low saturated fatty acid content in a germplasm collection of safflower.

MATERIALS AND METHODS

One hundred and thirty-two safflower (Carthamus tinctorius L.) accessions were provided by the Western Regional Plant Introduction Station of the US Department of Agriculture. Sixteen seeds from each accession were placed on wet paper filter in Petri dishes and maintained in the dark at room temperature. Small cotyledon pieces were cut after 24 h from eight of the germinating seeds. The fatty acid composition of the oil in cotyledon tissues from individual seeds was analyzed by simultaneous extraction and methylation (Garcés and Mancha, 1993) followed by gas-liquid chromatography (GLC) on a Perkin-Elmer Autosystem gas-liquid chromatograph (Perkin-Elmer Corporation, Norwalk, CT, USA). A 2-m-long column packed with 3% SP-2310/2% SP-2300 on Chromosorb WAW (Supelco Inc., Bellefonte, PA, USA) was used. The oven, injector and flame ionization detector were held at 185, 275 and 250ºC, respectively.

RESULTS AND DISCUSSION

The evaluated collection showed a great variability, with an average fatty acid composition of 5.8% palmitic (from 3.4% to 10.2%), 2.2% stearic (from 0.8% to 9.9%), 26.2% oleic (from 5.6% to 86.9%), and 65.9% linoleic acid (from 7.1% to 88.7%). The average sum of saturated fatty acids (palmitic and stearic acids) was of 7.9%, ranging from 4.9% to 14.8% (Fig. 1).
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Fig. 1. Histogram of saturated fatty acid content in 983 seeds from 132 accessions of safflower.


Table 1 shows the correlation coefficients between fatty acids in the set of 983 single seeds of safflower. Total saturated fatty acid content was negatively correlated with oleic and positively correlated with linoleic acid. Such correlations responded to the structure of the population, which included two clearly different groups for oil composition, characterized by high oleic and high linoleic acid content, respectively. This can be more clearly observed in Fig. 2. The high oleic acid phenotypes had an oleic acid content of more than 70%, all of them with low saturated fatty acid content (between 4.9% and 7.0%). Conversely, the high linoleic acid phenotypes (oleic acid below 40% and linoleic acid above 55%) exhibited great variation for saturated fatty acid content, from 5.1% to 14.8%. Some of the seeds with high saturated fatty acid content were high in stearic acid (Fig. 3) and probably carry one or two doses of the recessive allele st reported by Ladd and Knowles (1971). Others were high in palmitic acid, with slightly higher (>8%) concentrations of this fatty acid than those typical of safflower (Knowles, 1989). The high linoleic acid group also contained phenotypes with a low saturated acid content, very similar to the lowest levels detected in the high oleic acid group (Fig. 2).


In sunflower, a boundary of 7% is being used for considering an oil as low in saturated fatty acid content (Seiler, 1996). This author identified populations of the perennial wild species Helianthus pauciflorus and H. giganteus as potential sources of genes for low saturated fatty acids (6% to 7%). Also, mutagenesis has led to the development of sunflower lines with either low palmitic (<5%) or low stearic acid concentration (<2%) , but they still possess a sum of both saturated fatty acids close to conventional lines. A reduction of the saturated fatty acid content to levels below 8% is expected by genetic combination of both types of mutant alleles (Miller and Vick, 1999). The lowest levels reached in soybean after mutagenic treatments are of about 8.5% (Takagi et al., 1995).

Table 1. Correlation coefficients between fatty acids in a set of 983 single seeds from 132 accessions of safflower. All coefficients are significant at p<0.01.


Stearic
Oleic
Linoleic
Total saturated

Palmitic
0.27
-0.55
0.52
0.76

Stearic

-0.36
0.31
0.83

Oleic


-0.99
-0.56

Linoleic



0.52
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Fig. 2. Scatter plot of saturated fatty acid content versus oleic acid content in 983 seeds from 132 accessions of safflower.
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Fig. 3. Scatter plot of palmitic versus stearic acid content in 821 seeds of high linoleic acid safflower.


Some of the accessions evaluated in the present study had an average saturated fatty acid content of below 6%, comparing very favourably with the improved materials developed in soybean and sunflower. Furthermore, these levels are similar to those of conventional canola varieties (Padley et al., 1994). Most of them are high in oleic acid, but also one high-linoleic accession showed an average saturated fatty acid content of 5.9% (from 5.1% to 6.4%), and several of them showed average values below 6.5%.


The phenotypes with the lowest levels of saturated fatty acid within each accession have been selected and are being grown in pots. Their progenies will be evaluated for the fatty acid composition of the seed oil, which will give us a better indication of the feasibility of developing more healthy low saturated safflower oils, both high oleic and high linoleic acid types, from the available germplasm.
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PRODUCTION

Safflower (Carthamus tinctorius L.) is not cultivated in Lebanon any longer, although cultivated safflower  is believed to have originated from here and the neighboring countries. It had been grown under a small acreage in this country for a long time, but detailed records are not available. It was reported by Worzella et al. (1964) that tens of hectares of safflower were planted then. Nowadays, some old farmers still recognize the plant, and report that odd plants still remain here and there in and around their fields. 

The small acreage of safflower grown earlier was mainly for harvesting the petals to use as a food colouring and flavouring agent, or for preparing textile dye, and not really for oil production. 

EARLY RESEARCH

Little research was conducted on safflower in Lebanon. This is understandable in view of its small acreage. Research carried out in the sixties and seventies was conducted by former faculty members of the Faculty of Agricultural and Food Sciences of the American University of Beirut. Worzella et al. (1964) introduced new varieties from the USA in an attempt to increase the seed yield of safflower. Promising lines like Nebraska-6, -8, and -10, and Utah were put into yield trials with the local variety. However, during the 5-year period between 1959 and 1963, the introduced lines yielded less than the local variety.

Nasr et al. (1978) conducted an experiment to find the optimal rate of nitrogen application, and the optimal seeding rate and row spacing for growing safflower. They found that an N rate higher than 70 kg ha-1 did not increase seed yield. Seed yield was optimal at a population of 27 plants/m2 using an inter-row spacing of 37.5 cm and an intra-row spacing of 10 cm. 

Both experiments were conducted in the Bekaa Plain at the American University of Beirut’s Agricultural Research and Educational Center (AREC), which is 995 m above sea level and has a long-term annual precipitation of 513 mm. The climate in the Plain is characterized as temperate as the Plain is separated from the Mediterranean Sea by a range of mountains 2-3000 m high. The frost -free period is about 7 months from mid-April to mid-November. Precipitation usually falls in November to April, with the peak in December to February. The soil is clayey, calcareous, and has a pH around 8. 

INTRODUCTION OF SPRING PLANTING

Sowing safflower in the spring was probably the normal practice in earlier days. The two experiments mentioned earlier were planted in April or May, and irrigated at weekly intervals. Nevertheless, as the rains usually come in November and the rainfall reaches the maximum in February, spring planting appears not to be making the best use of the available rainfall. Besides, with increasing economic and social costs of irrigation, growing safflower under irrigation may not be financially rewarding.

The sowing date of safflower was studied from 1991/92 to 1993/94 at three locations in northern Syria with different mean annual rainfalls (280, 330, and 480 mm) by ICARDA using different varieties (Beg and Pala, 1997). It was found that safflower was drought, cold, and frost tolerant even under the fall planting. The mean grain yield between the different sowing dates, which ranged from mid-November to mid-January, was not significantly different. This suggested that farmers can have plenty of time to prepare weed-free fields for planting safflower.

In 1996, ICARDA initiated the fall planting of a safflower yield trial (SAFYT) at its Kfardan Station in Lebanon’s drier northern Bekaa Plain to check the performance of selected safflower varieties in a colder environment. Due to an exceptionally cold season, which killed off many plants, and other unforeseen conditions, seed yield of the trial was poor, with an average of only 400 kg ha-1. The line PI 301055 from Turkey gave the highest yield of 560 kg ha-1. The trial was repeated in 1997/98, and a mean yield of 990 kg ha-1 was obtained, with the USA variety Gila giving the top yield of 1260 kg ha-1. This latter yield level was encouraging for a dry site where no fertilizers and irrigation were applied.

ARGUMENT FOR RE-INTRODUCTION OF SAFFLOWER

When the first author joined the AUB in 1997, he believed that safflower could have a great potential for Lebanon, and started conducting experiments with it. The main argument for safflower is that Lebanon, similar to most other countries in West Asia and North Africa, has a critical and growing shortage of edible vegetable oils, which are healthier and cheaper than animal fats. Based on FAO data, the mean per capita consumption of vegetable oil was 129 g per day in Lebanon between 1961 and 1992, and the mean increase rate was 3.5 g per year. This demand for vegetable oil, both from the shift in consumer behavior, and from population growth has been met nearly totally by importation, as local production was minimal. For example, 49300 t of edible vegetable oils were imported in 1990, with a total cost of US$ 26.2 m (calculated from data given in Beg, 1993). This drains the country’s reserves. Farmers should be encouraged to grow oil-seed crops as a remedy.

The Bekaa Plain, especially the area around Baalbeck, has suffered economically after the crackdown on illegal crops. This has caused increased emigration of the rural population to towns and cities. So far, no new replacement crops have been successfully introduced. Safflower has the potential for replacing the crops for drugs in the Bekaa. This is because:

· Safflower oil usually fetches a good price next to olive oil and higher than all other edible vegetable oils.

· In addition to producing seed for oil (30-40 % oil), birdseed, and other uses, the meal is valued as a high protein (approx. 43%) livestock feed (Langer and Hill, 1982). Lack of cheap and nutritive feed is a major constraint to profitable animal production in the Bekaa.

· Safflower petals (about 100 kg ha-1) can also be collected for sale (around US$ 10/kg) to provide extra income (Pala and Beg, 1997). That saffron is perhaps the most costly spice, and safflower is a common adulterant or substitute. Safflower petals are also used for cosmetics and medicine (Li and Mündel, 1996). Collecting petals is labor intensive (1 kg/labor/day), and is expected to provide extra job opportunities.

· Originating from the Middle East (Knowles, 1976), the adaptation of safflower to Lebanon, which has winter and spring rainfall, and a dry summer, should not be a problem. Most of the results of research on safflower production in Lebanon’s neighboring countries are favorable. A recent study in relatively mild Cyprus (Hajichristodoulou, 1992) concluded that in the high rainfall areas, or in low rainfall areas with supplementary irrigation, safflower can be successfully grown. In fact, safflower has been grown for some time in Israel; an acreage of 6960 acres was reported in 1956 (Knowles, 1958). More importantly, recent results in northern Syria, which has a similar climate and soils as in northern Bekaa, showed that safflower can withstand cold, frost and snow reasonably well. Delayed sowing from mid-Nov to mid-Jan had no effect on safflower yield. This desirable plasticity would be much welcomed by farmers (ICARDA, 1994; Beg and Pala, 1997).

· Unlike other oil-seed crops like canola, sesame, and sunflower, safflower can be grown just like winter cereals in rainfed fields, with no need for additional implements or machinery. Safflower usually matures after the wheat harvest is completed; consequently it does not clash with the main cereal crops for the use of harvesting equipment (Arnon, 1972). It may be a good break crop for the cereal/cereal rotation, since its deep and extensive root system leaves the soil in an improved physical condition. It offers the chance for crop diversification in predominantly cereal producing areas of northern Bekaa, and enhances long-term sustainability.

· High-oleic type of safflower gives high quality oil nutritionally similar to olive oil, with high levels of oleic acid, but much less costly (Li and Mündel, 1996). A recent tasting test at ICARDA, Aleppo, Syria, showed that most of the judges could not differentiate dishes prepared from olive or safflower oil.

In addition, the medical benefit of safflower oil to the consumers should not be forgotten. Safflower oil has the highest level of polyunsaturated fatty acid among all the oils. Polyunsaturated fats are associated with the lowering of blood cholesterol, and in reducing the rate of coronary heart disease and myocardial infarction (Capurso, 1997).

RESULTS OF 1997/98

Very positive results have been obtained by the first author. In a small-plot non-irrigated experiment planted in the fall at AREC comparing five safflower lines with one latest variety from each of barley, durum wheat, bread wheat, chickpea, and lentil, he found that one safflower line, PI 301055, produced a significantly higher seed yield than barley, which is the most productive in the drier northern Bekaa. Coupled with the relatively high price of safflower seed, safflower gave much higher economic returns among the different crops when only seed yield was considered. 

The same yield trial (SAFYT) planted at Kfardan by ICARDA was also planted at AREC by the first author. Mean seed yield at AREC (2000 kg ha-1) was twice that obtained at Kfardan. This was not unexpected since the rainfall at AREC was higher, and the trial was fertilized with 60 kg N and 45 kg P2O5 ha-1, though neither trial was irrigated. The highest yielding variety was Gila with a seed yield of 2550 kg ha-1.

Besides, promising lines from the fall planting of the ICARDA Safflower Observation Nursery (SAFON), and the Safflower Core Collection (SCC) of the Regional Plant Introduction Station at Pullman, Washington, USA, were also selected at AREC. Mean seed yield of the SAFON was similar to the SAFYT, but the highest yield reached 3780 kg ha-1. The highest yielding line was PI 537598 from USA. Twelve high yielding entries were selected for further testing in the next season. In the SAFON, seed yield was found to correlate positively with the head-number score (r=0.52), plant height (r=0.68), and early growth-vigor score (r=0.61), but not with head-size score or flowering time. Nearly all high yielding lines flowered between 10-14 June. 

There was a large variation between accessions of the SCC for most of the characters measured. The highest seed yield was 4650 kg ha-1 produced by PI 250537 from Egypt, though mean seed yield for the fall planting was only 1230 kg ha-1. Twelve high yielding entries were promoted to the preliminary yield trial, and 75 accessions or selections from within accessions were selected for further testing. Seed yield was found to correlate positively with plant height (r=0.45), and early growth-vigor score (r=0.36), but not with flowering time, as in the SAFON. Nearly all high yielding accessions also flowered between 10-14 June.

So far, no problem of major diseases or insects has occurred. An insect, which looks like bird dropping, was found to feed on the safflower leaves. It was identified as the tortoise beetle (family Chrysomelidae, sub-family Cassidinae).

FUTURE DIRECTION

Keeping in mind that diseases and insects may be a major problem when safflower acreage increases, we believe that the main agronomic concern now is weed control, as safflower has a slow initial growth. However, if fall planting gives the same yield as winter planting in Syria, then weeds probably will be a lesser problem as farmers can wait after the opening rains to kill the weeds by cultivation before planting safflower. Improvement in agronomic practice will be the theme of our next phase of research. 

However, we believe that the real hurdle facing the acceptance of safflower as a potential crop for the Bekaa is marketing. Farmers will grow the crop if they find it profitable to do so. At the moment, they will not even try to grow safflower, because they know that they will not be able to sell their harvest. We do not believe in subsidy by the government, but government action to help to set up a cooperative to market the crop and an oil-seed processing industry is really needed. Alternatively, private enterprises should be encouraged to purchase safflower seed from farmers to press for oil locally, or to export the seed directly. We do not have experience in this area. Any advice from readers of the Sesame and Safflower Newsletter will be appreciated.

CONCLUSION

Preliminary results showed that safflower can be a profitable crop in the Bekaa Plain of Lebanon. We believe that the main hurdle is how to solve the problem of marketing to permit farmers sell their crops if they start growing safflower.
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ABSTRACT

A survey of safflower insect-pests and their natural enemies was carried out in 12  different districts of Maharashtra State for five winter seasons (1992-93 to 1996-97).

Observations on cropping pattern and its influence, intensity of pests and their natural enemies were recorded in a grower's field. Early sown safflower in the month of September received a lesser attack from aphids than that sown later in October and November. Most of the growers adopted traditional strip cropping of sorghum + safflower in the ratios of 9:3, 12:3, 15:3 and 18:3 which harboured a smaller aphid population than only safflower and also than the safflower intercropped with other crops. In all, 22 insect-pests have been reported but aphid (Uroleucon compositae Theob.) was the only major pest in all safflower-growing areas. The gram pod borer (Heliothis amigera Hub.) was also found capable of causing economic damage to the crop up to a moderate level. The aphid predator, the ladybird beetle (Menochilus sexmaculatus Fab) and some parasites like Pseudendaphis sp. etc. were also recorded to the extent of 0 to 10 beetles/plant and 1 to 3% parasitization, respectively.

Key words: Insect-pests, scenario, safflower, dry prone area.

INTRODUCTION

Safflower, Carthamus tinctorius L., is one of the oilseed crops traditionally grown in India. It has now become quite popular amongst the farmers in Maharashtra State due to the rich nutritional value of its edible oil. Areas under safflower cultivation are also increasing now. About 70% of the total area of the country are constituted in Maharashtra only and the present work was thus undertaken. Numerous insect‑pests have so far been reported, which damage this crop at various stages of its growth in different parts of the country (Anonymous, 1987). The present contribution reports some important insect-pests and their natural enemies recorded on this crop particularly in the dry tract of the Maharashtra (India). The safflower crop is grown mostly under rainfed conditions and hence the management practices, the chemical measures for the control of insect‑pests etc. should not involve a high cost in inputs. An attempt was therefore made to find out the incidence of pest in relation to the cropping pattern (systems adopted in the area), to identify different insect-pests and their natural enemies (prevalence, sporadicity and new pests) and to find out the intensity of the pests as well as losses occurred due to their feeding.

MATERIALS AND METHODS

The survey was undertaken in 12 different districts of Maharashtra State for five years (1992-93 to 1996-97) in the major safflower growing areas of Solapur, Satara, Pune, Ahmednagar, Jaina, Beed, Osmanabad, Parbhani, Nanded, Latur, Akola and Buldhana districts. During all the years, a survey of winter-sown safflower crop was undertaken for insect-pests and their natural enemies at two stages i.e. just before flowering (pre-flowering) and after flowering (seed development stage). Observations were recorded on cropping systems adopted by the farmers, insect-pests, natural enemies and their intensity. Numerical observations were also recorded in respect of major predominant pests of the crop and their natural enemies and they are presented in Tables 1 and 2.

Table 1. Classification of insect-pests

Category
No. of aphids/5 cm apical twig/plant
Per cent infestation of other pests
Classification

Low
Less than 25
1 to 10
Minor pest

Moderate
26 to 50
11 to 30
Moderate pest

High
51 to 75
31 to 50
Major pest

Very high
More than 75
51 to 100
Key (major) pest

RESULTS AND DISCUSSION

It was observed that the early sowing of safflower in the month of September possessed less aphid build-up than late sowings in October and November (Anonymous, 1985). Both the systems of sole and strip/intercrop were found to be adopted by the cultivators. However, the majority of the fields surveyed represented traditional strip cropping with sorghum (Table 2). The proportion of strip cropping was in the ratio of 9:3, 12:3, 15:3 and 18:3. Somewhere it was also extended up to 21:3 or 24:3 in rare cases. Overall the crop condition of safflower crop was better wherever it was together with sorghum than alone or sown with other crops. The compatibility may be due to differential zones of nutrient/moist extraction of the crop.

The survey made over five years indicated that a total of 22 insect‑pests were found feeding on safflower. According to Rai (1976) the safflower is also attacked by 22 insect-pests at its various stages of growth. Most of these insect‑pests have already been recorded as pests of safflower in various parts of the country. However, in the dry prone areas of Maharashtra many of the enlisted pests and their natural enemies are newly recorded on a safflower crop. Only the pests and natural enemies which have a consistent appearance over the years have been included (Table 2). Aphid (Urokucon compositse Theob.), gram pod borer (Heliothis amigera Hub.), grass‑hopper (Chrotogonus spp.) and jassids (Empoasca devatans Dist.) have been noticed for all the 5 years of the survey while the remaining pests were not of a regular occurrence.

From Table 2 it is evident that safflower aphid was the only major pest in all the 

Table 2. Details of survey of safflower pests. Natural enemies and their intensity

Particulars
Years




1992-93
1993-94
1994-95
1995-96
1996-97

No. of districts surveyed
5
5
4
12
8

No. of fields visited
64
67
42
163
164

Cropping systems







Sole crop fields
25
30
13
127
62


Strip cropping (Sorghum+Safflower)
27
30
15
126
95


Intercropping (Chikpea+Safflower)
5
5
8
6
5


Wheat+Safflower
3
1
3
1



Linseed+Safflower
4
1
3
3
2

Pest intensity







Major pests
Aphids
Aphids
Aphids
Aphids
Aphids


Moderate pest
Gram pod borer
Gram pod borer
Gram pod borer




Minor pests
Grass hoppers, stem borers, Jassids, Semiloopers, White grubs, Termites, Hairy caterpillar, Tingid bug, etc
Stem & flower head borer, Army worm, Capsule fly, Mites, Safflower, caterpillar, Leaf worm, Semiloopers, White fly, Grass hoppers, Leaf minor, Jassids, Stem flies, etc
Jassids, Semiloopers, Stem borers, Grass hoppers, White fly, Bihar hairy caterpillar, White grubs, Cut worms, Capsule fly, Stink bug, etc
Gram pod borer, Jassids, Grass hoppers, Semi loopers, White flies, Stem borer, Leaf miners, Safflower caterpillars, Cut worms, etc
Gram pod borer, Jassids, Grass hoppers, Leaf worms, Semiloopers, etc

continued....

Particulars
Years


1992-93
1993-94
1994-95
1995-96
1996-97

Natural enemies







Predators
Predatory lady bird beetles on aphids

(0.5 to 5 /plant) Syrphid flies and Chrysopa species
Predatory lady bird beetles (4 to 10 adult/plant)
Coccinellids and Chrysopa species
Lady bird beetles feeding on aphids

(0 to 4 /plant)
Lady bird beetles on aphids

(0 to 3 beetles/plant)


Parasites

Aphids were parasitized up 3%
Parasitization to the extent of 1 to 3%
Only 1 to 2% parasites associated with aphids
Mummified aphids i.e. parasitization up to 2 to 3%

System Inference of cropping

Aphid population was less in the strip and inter cropping than sole safflower
Less built up of aphids in the inter cropping than sole cropping
Normal sowing and strip cropping with sorghum harboured the less aphid population than late sowing and sole safflower
Less aphid built up observed in strip and inter cropping than the sole safflower

Remarks
Incidence of gram pod borer was observed from 2 to 20% on leaves and then on capsules frequently
About 10 to 40% capsule damage was noticed due to attack of Heliothis species
Highest population of Coccinellids was noticed in the shaded portion of safflower fields
Protected fields were grouped in tolerant grades of foliage drying while unprotected categorised under susceptible grades
Only 15% of the farmers adopted some kind of plant protection measures










Note: Scientific names of the pests and their natural enemies are given in the text.

surveyed areas causing severe loss to the crop during all the 5 years (Anonymous, 1990). Maximum aphid population recorded was 325/5 cm apical twig/plant during the year 1994-95. The peak activity of safflower aphid was observed from November to January (Dhoble,1985; Akashe et al.,1995). At its  nymphal and adult stages the aphid sucks the sap from leaves, buds, flowers, tender shoots and stems till the harvesting of the crop limiting the production to a great extent. Karve et al., (1978) observed a yield loss due to aphid to the extent of 55% at Phaltan (Maharashtra State) whereas Suryawanshi and Pawar (1980) reported a 35 to 72% loss in yield during heavy infestation periods. Other pests recorded were stem borer (Osterinia nubilalis Hub.), semi looper (Plusia orichalcea Fab.), white grub (Holotrichia serrata Fab.), termite (Terrnes spp.), hairy caterpillar (Euproctis subnotata Wlk.), tingid bug (Monanthia globulifera Wlk.), stem and flower head borer (Eublema vivula Moore), army worm (Spodoptera exigua Hub.) capsule fly (Acanthiophilus helianthi Rossi), spider mite (Tetranychus telarius L.), safflower caterpillar (Prospalata (Perigea) capensis Guen.), leaf worm (Spodoptera (Prodenia) litura Fab.), white fly (Bemisia tabaci Lind.), leaf miner (Phytornyza atricornis Meig.), stem fly (Melanagromyza obtusa Malloch), bihar hairy caterpillar (Diacrisa obligue Wlk.), cut worm (Agrotis spp.) and stink bug (Dolycoris indicus Stol.). Though the incidence of the gram pod borer was of a moderate intensity for the first 3 years and at a minor level for the last 2 years, due to its intensive feeding on economic plant parts, it was found capable of causing extensive damage to the crop. The grass-hoppers and semi loopers were observed to feed on safflower leaves mainly at the seedling stage of the crop growth. However, the remaining pests did not cause any considerable damage to the crop owing to their irregular occurrence and low density of population. The total loss to the crop from these pests was minimum or negligible in some cases.

As regards to natural enemies, coccinellids and chrysopids were regularly noticed for all the five years of the survey. A potential predator, ladybird beetle (Menochilus sexrnaculatus Fab.), was found feeding voraciously on the safflower aphids lowering the host population to a great extent. The average population ranged from 0 to 10 beetles/plant. Some parasites i.e. mummified aphids due to Pseudendaphis sp. etc. to the extent of 1-3% were also recorded during all the years.

Though some authors in this country as well as abroad have recorded these insect species as pest of safflower, such work in the dry prone areas of Maharashtra State (India) is limited. And hence, many of these insects‑pests and their natural enemies have been recorded for the first time in the State.
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INTEGRATION OF DISEASE CONTROL TOOLS FOR MANAGEMENT OF SAFFLOWER WILT 
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Abstract

A Carbendazim-tolerant strain of Trichoderma viride (Tv Mut) was induced by mutating native T. viride by UV irradiation for 15 min. Carbendazim at 0.1% a.i. and Tv Mut  were used as seed treatments for integration with soil application of KCl at 20 kg k ha-1, which caused the maximum (82.7%) reduction in  the incidence of safflower wilt over control under field conditions. The same combination of treatments also provided the highest yield while causing a significant reduction in the rhizosphere soil population of Fusarium oxysporum.

Key words: Safflower, Carthamus tinctorius, wilt, Fusarium oxysporum, management, mutation

Introduction

Wilt disease of safflower caused by Fusarium oxysporum Schlecht. f. sp. carthami Klisiewicz and Houston (Foc) is economically the most important disease of the crop in India (Kalpana Sastry and Chattopadhyay, 1997), Egypt (Zayed et al., 1980) and USA (Klisiewicz and Houston, 1962). In recent years, an increasing consciousness of environmental pollution due to pesticides and the development of fungicide resistant strains in plant pathogens, has challenged plant pathologists to search for ecofriendly tools for disease management. Earlier workers reported management of fusarial wilts by biocontrol agents (Naik and Sen, 1991), potassium fertilizers (Stoddard, 1947), botanicals (Chattopadhyay and Kalpana Sastry, 1997) and systemic fungicides (Gaikwad and Sen, 1987). However, none of the measures were individually effective in managing these diseases at field level. An integrated disease management strategy seems to be the logical solution to this problem which has not been worked out for safflower wilt. So, the present study was undertaken to develop an integrated strategy for safflower wilt management using fungicides, bioagents and nutrients.

MATERIALS AND METHODS

Induction and isolation of mutants

Trichoderma viride native isolate (Tv wild), found to be effective as a biocontrol agent against Foc (Chattopadhyay and Kalpana Sastry, 1997) was used to induce variants by ultraviolet (UV) irradiation. On 60 Petri plates of potato dextrose agar (PDA) medium (Potato peeled and sliced : 200 g, Dextrose:  20 g; Agar: 20 g), Tv wild was grown for seven days at 27oC. On the eighth day 30 plates were washed in 30 ml  sterile distilled water with a camel hair brush and conidia counted in haemocytometer. Lids of the remaining 30 plates were removed and plates were placed on stage of laminar air flow bench, 55 cm below a germicidal UV lamp (Philips TVV 15W, G15T8, made in Holland) for 15 min. Conidia from such irradiated plates were removed from PDA medium surface by gently rubbing the surface with a sterile camel hair brush under 20 ml sterile distilled water. The spore suspension was taken in sterile test tubes, where from 1 ml of aliquot was dispensed on to Petri plates containing PDA poisoned with carbendazim at 1000, 500, 250, 100 and 50 ppm. Such plates were incubated at 27oC for ten days. An unexposed culture was also maintained under similar conditions as a control. Colonies that developed on 1000 ppm carbendazim-amended medium were isolated and maintained in PDA slants. These colonies were highly tolerant to Carbendazim at 1000 ppm, which were labeled as Tv Mut.

Integrated Disease Management (IDM):

Soil application of potash at the recommended dose, i.e., at 20 kg K ha-1 (Kalpana Sastry and Chattopadhyay, 1997) in the form of KCl was given as basal prior to sowing. KCl was either an individual  treatment or a combination with any of the treatments applied on seed. Wilt susceptible safflower cv. ‘Tara’ was used for the experiment. Dry seed treatment with fungicide carbendazim (Subeej 25 SD of BASF) was done at 1.0 g a.i. per kg seed. Biocontrol agents were initially grown on PDA at 27oC for seven days. For seed treatment with any of the biocontrol agents  50 seeds were rolled on one Petri plate of growth of the particular bioagent viz., Tv wild or Tv Mut or native isolate of Gliocladium virens (Gv wild) or phosphate solubilising bacteria (PSB) from TNAU, Coimbatore. When the bioagent and the carbendazim were combined for seed treatment, the treatment of seed with carbendazim was followed by that of the bioagent (Tv Mut). Seed treatment with Azadirachtin (from Fortune Biotech, Secunderabad, India) was done at 45 ppm. Seed treatment with freshly prepared neem leaf extract was done at 2% (w/v). 

The experiment was laid out in a sick plot (red loam to sandy loam soil with 6.5 pH and 103 kg K ha-1, i.e., low level of K in soil; initial Foc population 43.3 x 103 cfu per g soil) with plot size of 4.2 m x 2.25 m in a randomised block design with a spacing of 45 cm x 20 cm. There were seventeen treatments, each treatment replicated three times with suitable controls. Effect of the treatments on germination i.e., plant stand, percent disease incidence at 90 days after sowing, pathogen population in  rhizosphere soil at harvest and yield were recorded. 

Soil samples were collected from rhizosphere of plants in each treatment before sowing and at harvest. For the purpose modified Czapek’s Dox Agar medium (Kalpana Sastry et al., 1993) was used for enumeration of Foc population in soil. Each soil sample was air dried, homogenized and sub samples of 20 mg were evenly sprinkled on each Petri plate. Counts of colonies of Foc were taken on  the fourth day.

RESULTS AND DISCUSSION

Colonies isolated from 1000 ppm carbandazim medium were mutants tolerant to carbendazim at the dose and were labeled as Tv Mut. This confirmed the feasibility of induction of new, stable biotypes of T. viride on exposure to UV irradiation as done previously by Papavizas and Lewis (1983).

Table 1. Effect of biological and chemical treatments on initial plant stand and wilt incidence in safflower. 

Treatment
Initial Plant Stand*
Percent disease incidence*
Percent disease reduction*

Tv Wild
97.3
  28.1 (22.5) #
62.2

Tv Wild +K
100.3
27.0 (21.1)
64.6

Tv Mut
97.7
26.3 (19.8)
66.8

Tv Mut + K
93.0
26.6 (19.7)
66.9

Tv Mut + Carbendazim
93.7
26.8 (20.4)
65.8

Carbendazim + K
95.7
26.0 (19.8)
66.8

Carbendazim
94.3
27.8 (20.5)
65.6

K
86.7
33.1 (30.5)
48.8

Tv Mut + Carbendazim + K
100.3
20.7 (10.3)
82.7

Gv Wild
81.7
33.0 (30.1)
49.5

Gv Wild + K
86.7
30.5 (25.7)
56.9

PSB
80.7
37.6 (37.2)
37.6

PSB + K
82.3
33.2 (30.0)
49.7

Neem leaf extract
96.7
27.1 (21.1)
64.6

Neem leaf extract + K
101.0
27.0 (20.8)
65.1

Azadirachtin
88.0
28.5 (22.7)
61.9

Azadirachtin + K
89.7
27.5 (21.4)
64.1

Control
81.0
50.6 (59.6)
-

S.E. (±)
4.0
           2.6
-

C.D. (P<0.05)
11.9
           7.7
-

*Mean of three replications

#Figures in parentheses are actual percent of disease incidence and others are angular transformed values

All the treatments involving Tv Wild, Tv Mut, Carbendazim and neem leaf extract individually and in combination with KCl provided significantly higher initial plant stand over control. All the treatments caused significant (P<0.05) reduction in disease incidence over control. However, combination of seed treatment by Tv Mut and carbendazim with soil application of KCl caused the highest (82.7%) reduction in wilt of safflower over control, disease incidence being significantly lesser (P<0.05), than other treatments (Table 1). The same combination also provided the highest yield (Table 2). Chattopadhyay and Sen (1996) observed that integration of tolerant strains of T. viride, carbendazim and KCl were effective in checking  muskmelon  wilt. Neem leaf extract performed better than azadirachtin which is in agreement with an earlier study (Chattopadhyay and Kalpana Sastry, 1997). Maximum reduction in the rhizosphere soil population of Fusarium oxysporum was caused by Tv Mut + K followed by Tv Mut + Carbendazim + K (Table 2). The importance of pathogen population in soil has been stressed  previously by Wensley and McKeen (1963). Though pathogen population in rhizosphere soil could be reduced to some extent individually by Tv Mut and K, the same was not possible by carbendazim  (Table 2), which again underlined  the need for integration of different measures. The role of potash in the reduction of disease incidence and the rhizosphere soil population of the pathogen is clear from the data in Tables 1 and 2. Thus, K provides the needed advantage in combination of treatments not only for disease suppression but also in pathogen management, which is very important in the integrated management of safflower wilt. The application of K individually in the form of K as KCl is known to reduce safflower wilt (Kalpana Sastry and Chattopadhyay, 1997), which also inhibits fusaric acid production (Ramaswamy and Prasad, 1975). Seshu Kumar (1997) found KCl to be a better form of K than K2SO4 and KNO3 to reduce safflower wilt incidence and pathogen population in soil as it possibly provides more available potassium which seems to contribute more towards disease reduction than the negative ions viz., Cl-, NO3- , SO4-2.

Table 2: Effect of biological and chemical treatments on Fusarium oxysporum population in rhizosphere and safflower seed yield

Treatments
cfu of Fusarium oxysporum (x103)per g

soil (a)
Safflower seed yield (b)

(kg ha-1)

Tv Wild
26.0 (59.4)
838.3 (219.0)

Tv Wild +K
22.7 (64.5)
813.0 (209.4)

Tv Mut
26.0 (59.4)
880.1 (234.0)

Tv Mut + K
15.3 (76.1)
843.0 (220.8)

Tv Mut + Carbendazim
26.7 (58.3)
709.0 (169.8)

Carbendazim + K
22.7 (64.5)
899.5 (242.3)

Carbendazim
42.7 (33.3)
920.6 (250.3)

K
25.3 (60.4)
837.7 (218.8)

Tv Mut + Carbendazim + K
20.7 (67.7)
1093.5 (316.1)

Gv Wild
31.7 (50.4)
557.3 (112.1)

Gv Wild + K
28.7 (55.2)
539.7 (105.4)

PSB
41.3 (35.5)
479.7 (82.8)

PSB + K
39.3 (38.6)
546.7 (108.0)

Neem leaf extract
32.0 (50.0)
749.6 (185.2)

Neem leaf extract + K
27.7 (56.7)
769.0 (192.6)

Azadirachtin
42.7 (33.3)
730.2 (177.8)

Azadirachtin + K
38.7 (39.5)
753.1 (186.6)

Control
64.0
262.8

S.E. (±)
1.40
65.0

C.D. (P<0.05)
4.10
192.9

* Mean of three replications

(a) Figures in parentheses indicate percent of reduction over control, initial Foc population 43.3 x 103 cfu per g soil

(b) Figures in parentheses indicate percent increase over control

ACKNOWLEDGEMENT

The authors are grateful to the Project Director of the Directorate of Oilseeds Research, Hyderabad for providing necessary facilities and encouragement to carry out the study.

REFERENCES

Chattopadhyay C., Sen B. 1996. Integrated management of Fusarium wilt of  muskmelon caused by Fusarium oxysporum. Indian J. Mycol. Plant Pathol. 26:162-170.

Chattopadhyay C., Kalpana Sastry R. 1997. Effect of bioagents on safflower wilt caused by Fusarium oxysporum f. sp. carthami. In: Proceedings, IVth International Safflower Conference, Bari, Italy, 2-7 June, 1997, Corleto, A. (eds.), Adriatica Editrice, Bari, Italy, pp. 299-302.

Gaikwad S.J., Sen B. 1987. Chemical control of cucurbit wilt caused by Fusarium oxysporum Schlecht. Veg. Sci. 14:83-91.

Kalpana Sastry R., Chattopadhyay C. 1997. Viable approaches for effective management of wilt in safflower. In: Proceeding, IVth International Safflower Conference, Bari, Italy, 2-7 June, 1997, Corleto, A. (eds.), Adriatica Editrice, Bari, Italy, pp. 295-298.

Kalpana Sastry R., Rego T.J., Nageswara Rao V., Kiresur V. 1993. Economic optimum of feasible cropping systems for management of wilts in safflower. In: Sustainability in Oilseeds, Prasad, M.V.R., (eds.), Indian Soc. Oilseeds Res., Hyderabad 500030, pp. 413-416.

Klisiewicz J.M., Houston B.R. 1962.  Fusarium wilt of safflower. Plant Disease Reporter 46: 748-749.

Naik M.K., Sen B. 1991. Biocontrol of plant diseases caused by Fusarium spp. In: Biological Control of Plant Diseases, Vol.3, Mukherji, K.G. (ed.) Aditya Books, Ansari Road, New Delhi 110 002, pp. 37-52.

Papavizas G.C., Lewis J.A. 1983. Physiological and biocontrol characteristics of stable mutants of Trichoderma viride resistant to MBC fungicides. Phytopathol. 73:407-411.

Ramaswamy A., Prasad N.N. 1975. Potassium and melon wilt: III. Influence of potassium on in vivo fusaric acid and pathogen propagule. Sci. Culture 41:525-527.

Seshu Kumar P.M.D. 1997. Management of safflower wilt caused by Fusarium oxysporum. Schlecht, M.Sc. Thesis, ANGRAU, Hyderabad, 189 pp.

Stoddard D.L. 1947.  Nitrogen, potassium and calcium in relation to Fusarium wilt of muskmelon.  Phytopathol. 37:875-884.

Wensley R.N., McKeen C.D. 1963. Some relation between plant nutrition, fungal population and incidence of Fusarium wilt of muskmelon. Can. J. Microbiol. 11:581-594.

Zayed M.A., Yehia A.H., El-Sabaey M.A., Gowily A.M. 1980. Studies on the host-parasite relationships of safflower root rot disease caused by Fusarium oxysporum Schlecht. Egypt. J. Phytopathol. 12:63-70. 

ALTERNARIA LEAF SPOT RESISTANCE IN EXOTIC AND INDIGENOUS SAFFLOWER GERMPLASM
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ABSTRACT

A total of 7136 safflower germplasm accessions were received through NBPGR, New Delhi. Of these, 4293 were indigenous and 2843 were exotic safflower germplasm. They were screened against Alternaria leaf spot (ALS) under artificial epiphytotic conditions under glass house and field conditions. The screening was conducted from the 1988‑89 to 1996-97 crop seasons. In the screening, 118 germplasm accessions were found resistant, 933 tolerant, 2997 moderately tolerant, 2220 susceptible and 868 highly susceptible to Alternaria leaf spot (ALS) under both conditions. These 118 lines may be exploited in a breeding programme for ALS resistance.

Key words: Safflower, alternaria leaf spot, resistance

INTRODUCTION

Safflower (Carthamus tinctorius L.) is affected by a number of diseases. Leaf blight caused by Alternaria carthami Chowdhury is one of the major diseases (Deokar et al., 1991). It is seed borne or air borne and produces large irregular lesions on the foliage, stem and flower bracts (Chowdhury, 1944; Irwin, 1975, 1976) and finally the leaf spot leads to blight symptoms (Ray and Basuchaudharv, 1984). In order to exploit the potential of the genetic material of this crop against ALS the present study analyses the results of an evaluation made of 7136 exotic and indigenous accession received through NBPGR, New Delhi from 1988-89 to 1996-97 for their reaction to ALS.

MATERIALS AND METHODS

The 7136 germplasm accessions were received through NBPGR, New Delhi to Project Coordinating Unit (Safflower), Solapur (Longitud‑17° 14 N and Latitude 75;° 56 E and Elevation 483.6 m MSL). These accessions were evaluated against Alternaria leaf spot under glass house and field conditions from 1988‑89 to 1996‑97 crop seasons.

Glass House Screening

A total of 7136 safflower germplasm accessions were planted each in a plastic pots of 15 cm diameter filled with sterile soil, mixed with well decomposed farm yard manure. About 5 g of urea was applied to each pot when the seedlings were 20 days old. Thirty days old seedlings were inoculated by spraying with Alternaria carthami culture of 25 x 104 spores ml-1. The seedlings were kept in the glass house for about 48 hrs by providing more than 90% relative humidity prior to and after inoculation with the help of a humidifier. The inoculated plants were sprayed with sterile water three times daily to provide free water for the germination of spores and to encourage infection. During the period of incubation the temperature ranged from 25°C to 28°C. The observations on foliar infections were recorded on 0‑9 scale as suggested in phytopathometry (Mayee et al., 1986) from 4 to 15 days after inoculation.

Field Screening

A total of 7136 safflower germplasm accessions were sown in an augmented randomised block design in 5 m row and 30 x 15 cm spacing. Closer spacing within the plant was maintained to create a congenial climate for acquiring the disease infection and its further spread. When the crop was one month old, all safflower germplasm were inoculated with spraying of virulent culture of Alternaria carthami which has a spare load of 25 x 104 spores ml-1. Three sprays of inoculum were given at 30, 45 and 60 DAS. In addition to the application of the virulent culture, infected plant propagules of Alternaria leaf spot were sprinkled uniformly on crop to obtain a severe and extensive development of disease. The observations in respect of the disease intensity were recorded al 35, 50 and 75 DAS. Reaction of Alternaria leaf spot was scored on 0-9 scale as suggested in phytopathometry (Mayee et al., 1986). The disease score was recorded as follows: Score 0 indicated "immune", (zero percent disease intensity); 1-2 resistance (less than 5% leaf area affected); 3-4 tolerance (6 to 25% leaf area affected); 5 moderately tolerance (26 to 40% leaf area affected); 6-7 susceptible (41 to 70% leaf area affected) and 8-9 highly susceptible (more than 71% leaf area affected).

RESULTS AND DISCUSSION

Glass House Screening

The first disease incidence was observed at 3 to 4 days after inoculation. The small necrotic spots and lesions developed mostly on lower leaves. The leaf spot symptoms clearly identified at 5 days after inoculation. The spots became enlarged and concentric ring up to 1-2 mm in diameter developed on infected leaves 6 days after inoculation. Examining the diseased spots under microscope indicated the presence of Alternaria carthami, pathogen. The disease intensity was recorded from 3 to 15 days after inoculation on 0-9 scale. The results are presented in Table 1.

Among the 7136 lines screened, 118 were resistant, 933 were tolerant, 2997 were moderately tolerant, 2220 were susceptible and 868 had highly susceptible reactions to Alternaria spot under artificial epiphytotic conditions in the glass house.

Field Screening

Among the 7136 lines screened, 118 were resistant, 933 tolerant, 299 moderately tolerant, 2220 susceptible and 868 had highly susceptible reactions to Alternaria leaf spot under field conditions. The results are presented in Table 1. Therefore, it is suggested that the 118 safflower accessions observed to be resistant to Alternaria leaf spot under glass house and field conditions can be used in breeding programmes for developing disease tolerant lines to Alternaria leaf spot.

Table 1. Evaluation of safflower germplasm against Alternaria leaf spot (0-9 scale)

Country of origin
Total accessions
Alternaria leaf spot reaction



Resistant (Scale 1-2)
Tolerant (Scale 3-4)
Moderately tolerant (Scale 5)
Susceptible (Scale 6-7)
Highly susceptible (Scale 8-9)

India
4293
60
567
1726
1449
491

China
1153
43
114
568
296
132

U.S.A.
667
5
78
339
156
89

Turkey
141
1
27
65
30
18

Iran
139
3
19
52
43
22

Pakistan
119
0
7
54
39
19

Egypt
92
3
14
26
41
8

Hungary
48
0
6
13
24
5

USSR
41
1
8
17
12
3

Portugal
41
0
5
14
18
4

Israel
39
0
8
12
10
9

California
36
0
3
16
11
6

Ethiopia
34
0
6
9
17
2

Australia
33
2
10
8
6
7

Sudan
34
0
9
10
9
6

Afghanistan
23
0
8
7
4
4

Italy
19
0
7
3
4
5

E. Germany
16
0
4
3
7
2

Poland
10
0
2
3
3
2

Kenya
10
0
1
2
5
2

Spain
19
0
2
8
4
5

Jordan
14
0
3
3
5
3

W. Germany
10
0
4
2
3
1

Bangladesh
13
0
3
5
3
2

Canada
15
0
3
10
2


Others
77
0
15
22
19
21

Total
7136
118
933
2997
2220
868
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ABSTRACT

Safflower (Carthamus tinctorius L.) is an important edible Rabi oilseed crop in India. The safflower plant has been found to be damaged by over 80 species of insects, mites and nematodes throughout the world. In India as many as 25 pests were found of economic importance. Of these, the safflower aphid, Uroleucon (Dactynotus) carthami (Hille Ris Lambers) is the most destructive pest. Other pests of economic importance are the safflower caterpillar, Perigea capensis Guinnee, the gram pod borer, Helicoverpa armigera Hubner and the capsule/fruit fly, Acanthiophilus helianthi Rossi. This review deals with the identification, biology, yield depredation and management of these four pests. Timely sowing i.e. mid September to early October, the use of moderately pest resistant cultivars, bio-control / microbial control agents and chemical insecticides under controlled conditions, have been recommended for the respective pests. The IPM models of the above pests are also suggested.

INTRODUCTION

Safflower, an important Rabi oilseed crop, is grown in 700.000 has with a total annual production of 46.000 tonnes in India which accounts about 54 % of its share in safflower world production (Singh et al., 1999). Maharashtra, Karnataka and to a lesser extent Andhra Pradesh, Orissa, Madhya Pradesh, Eastern Uttar Pradesh and Bihar are major states of India producing safflower crop. Out of over 80 insect, mite and nematode pests appearing on this crop, as many two dozen of them are of major economic importance in India (Weiss, 1983; Singh et al., 1999). Of these, safflower aphid, Uroleucon carthami  (Hille Ris Lambers); pod borer, Helicoverpa armigera (Hub.) and capsule fly, Acanthiophilus helianthi Rossi are the most destructive. The sporadic insect pest viz., Ghujea weevil, Tanymecus indicus Faust is also of local important in Jalgaon region in Maharastra. A brief review on pests identification, biology, yield depredation and their management id dealt with in this article.

Identification, biology, yield depredation and management of major pests of safflower

Safflower aphid, Uroleucon (Dactynotus) carthami (H.R.L.)

Out of four major species of aphids appearing on the crop, Uroleucon (Dactynotus) carthami (H.R.L.) is the predominant species of aphids appearing in this crop. The adults are black coloured, but nymphs are reddish brown and soft bodied insects measuring 1.5 to 2 mm in length. Alate and apterous forms are commonly seen an aphid colony. The alates are found in the beginning of the season (November-December) and again towards the maturity of the crop, while apterous forms are abundantly found between the two extremes mentioned above.

Asexual-viviparous mode of reproduction is reported in this aphid species. Adult longevity, pre-reproductive and reproductive periods last for 14.9, 1.28 and 14.6 days, respectively. However, nymphal stage with four instars lasted in an average of 9.34 days. An average fecundity of 89 offsprings per female has been reported (Rai, 1976).

The pest sucks sap from succulent plant parts i.e. foliage and flowers. Moreover, honey dew secreted by the aphids facilitates the occurrence of black sooty mold on foliage, which hampers the photosynthetic activity of the plant (Karve et al., 1978). Aphid infested plants remain stunted and may die before maturity sometimes without any seed set. An average yield depletion of 37% has been reported at all India basis (Narangalkar and Shivpuje, 1990, Singh et al., 1994; Singh et al., 1999). 

Aphid infestation in India appears at 40-50 days after sowing and remains throughout the crop growth, November to April. Average temperature of 15.3 to 17.0ºC coupled with relative humidity of 44.2-66.6% during January-February proved favourable for aphids development (Upadhyay et al., 1980; Rathore and Pathak, 1981). Aphid infestation recedes towards the maturity of the crop. Hot weather, at maturity and predation due to coccinellids constitute to the overall decline and migration of aphids.

Management

Use of resistant varieties

Genotypes with spineless foliage, thick and succulent branches were more susceptible to aphids than varieties with thin, woody and thorny branches and foliage. Likewise, dwarf plant type with thin and wiry peduncles, tiny capitula and small sized seeds were also found to have a high degree of resistance to aphids (Karve, 1980). Apart from the moderately resistant cultivars like Bhima and A-1, entries viz., GMU-4608, GMU-46O9, GMU-4610, GMU-4625, GMU-4627, JLSF-295, JSLF-406, JSLF-409, SSF-139, SSF-141, SSF-282, SSF-428, GMU-4625677-1, 713-1, X-23, X-24, X‑21‑2, Y/Y, JLA‑21, 216, 219 457 and NS-488 have been identified as resistant to aphid (Singh and Rao, 1981; Parlekar, 1987; Anon., 1998).

Effect of date of sowing

Date of sowing is crucial for aphid management. Sowing during mid or second fortnight of September, under drought prone conditions and September to mid October in irrigated conditions, was found effective to keep aphid population below economic threshold in India because of asynchrony between adequate aphid population and susceptible stage of the crop (Singh et al., 1999).

Biological control

Safflower aphid has been reported to be parasitised by an endoparasite, Pseudendaphis spp. (Diptera: Cecidomyiidae) to the extent of 66.6% in the first week of March (Bhumannavar and Govindan, 1979; Shivpuje and Raodeo, 1985). The emergence of the Cecidomyiids was observed during January. However, it could not be bred in the laboratory conditions.

Some of the Coccinellids i.e. Brumus suturalis Fabr., Coccinella septempunctata Linn., Menochilus sexmaculatus (Fab.) and Scymus nubilus have also been reported predating on aphids (Singh et al., 1994). Other natural enemies viz., Sphacrophoria indiana (Big.), Coccinella arcuta (Fab.), Micromus cinearis (Hagen), Ischiodon scutellaris (Fab.), Harmonia octomaculata (Fab.) and Coccinella repanda (Thomb), Aphelinus sp. and Aphidencyrtus Mayr have also been found predating on aphids (Parlekar, 1987).

Chemical control

- Seed treatment with carbofuran at 60 g kg-1 seed provided good protection against aphids for six weeks without any adverse effect on seed germination (Naik et al., 1987).

- Neem seed kernel extract (NSKE 5%) one week after first aphid appearance followed by dimethoate 0.05% 15 days after first spray of NSKE (Devkumar et al., 1986; Anon., 1995).

- Spraying with oxy demeton methyl 0.025% which protected the crop against aphids for two to three weeks and was safe to the predators (Grewal et al., 1982; Rathore and Pathak, 1983; Gargav and Verma, 1985; Singh et al., 1988). Likewise, spraying with quinalphos 0.03% twice at 20 days interval (Choudhary et al., 1983), or endosulfan 0.07% twice at fortnightly interval (Singh et al., 1988) or monocrotophos (0.04%) once at peak incidence of aphids (Karve, 1980) or cypermethrin 0.001% (Pawar et al., 1987) protected the crop against aphids. Dusting with quinalphos 1.5 D at 20 kg ha-1 also effectively reduced the aphid population under rainfed situations. However, under late sown conditions insecticides as dusts were less effective as against spray formulations (Puri and Garshim, 1978; Ghule et al., 1987).

SAFFLOWER CATERPILLAR, Perigea (Prospalta) capensis (Guinnee)

Safflower caterpillar is a major defoliating pest throughout India (Singh et al., 1994; Singh et al., 1999). The moths are medium sized and dark brown in colour while caterpillars are green coloured which turn dark brown at maturity, smooth and stoutly built in appearance. The larval duration varies from 2-3 weeks. The pest pupate in soil and it last about a week (Sekhar and Rai, 1989). The female lays an average of 345-371 green coloured eggs either singly or in clusters on the crop foliage. The incubation period varies from 4 to 5 days. Enormous yield losses of 62.6 to 100% have been encountered due to excessive foliage feeding by a large number of larvae (Sekhar and Rai, 1989).

Management

Biological control

Braconids i.e. Apanteles ruficrus Haliday, Rogas percurrens Lyle and Heterogamus sp. and the aulophid (Euplectrus euplexiae) have been observed parasitising the larvae of this pest (Rai, 1976). Eriborus argenteopilosus, Pteromalus sp., nematode (Mermis sp), the green muscardine fungus (Metarhizium anisopliae) and nuclear polyhedrosis virus were also reported on this caterpillar (Paliwal and Jakuhmola. 1981). Gaekwad and Pawar (1978) observed 12 to 61.2% parasitization by Apanteles at Parbhani in Maharashtra under field conditions.

Chemical control

Spraying with endosulfan 35 EC or quinalphos 25 EC at 800-1200 ml in 400 to 600 liters of water per hectare once or twice at 15 days intervals or dusting with endosulfan 4 D or quinalphos 1.5 D at 25 kg ha-1 once or twice were also found effective against the pest (Dhoble et al., 1985).

GRAM POD BORER, Helicoverpa (Heliothis) armigera (Hubner).

The gram pod borer, an highly polyphagus pest, has been reported to cause severe damage to safflower (Rai, 1976). Infestation becomes more abundant when safflower was grown as an intercrop with chickpea (Anon., 1995). The pest appears in serious form on safflower in the drought zone areas of Maharashtra (Bilapate et al., 1980).

The females lay yellow-greenish spherical eggs on leaves or capsules with an incubation period of 4-5 days. Initially larvae are also greenish in colour with broken dark gray lines on the lateral sides and turns brown, greenish or reddish towards larval maturity. Larval stage lasts for 3-4 weeks. Pupation occurs in soil and pupal stage lasts for about a week (Rai, 1976). The population increases at an intrinsic rate of 0.1343 and a finite rate of 1.1350 females per day. The mortality rate was 31% at the age interval of 45-50 days. The life expectancy of the pest reduced to 1.99 days from 15.13 days at an interval of 0.5 day (Karve, 1980).

Management

Hand collection and destruction is the good way to minimise the pest population. A number of Hymenopterous viz., Compoletis chloridae, Enicospilus sp., Eriborus argenteopilosus, Microchelonus curvimaculatus and tachnids viz., Carcelia illota, Goniophthalmus halli, Sturmiopsis inferens and Palexorista solennis have been reported parasitising the pest. HNPV and entomogenous fungal and bacterial diseases have been found to keep its population under check. Emphasis has not been given to the protection of the pest by means of chemicals on this crop (Bilapate, 1981; Pawar et al., 1985).

CAPSULE FLY/FRUIT FLY, Acanthiophilus helianthi Rossi

The capsule fly, A. helianthi is also an important pest of safflower in India (Singh et al., 1982; Singh et al., 1999).

The ash coloured flies with light brown legs are generally active during March. The female lays eggs in clusters inside the young flower buds. The maggots feed on the ovaries of florets and thalami of capitula and turn to pupa within a week duration. Pupation takes place in flower buds and flies emerge through small holes previously made by the maggots. Chief symptom of the pest damage is the rotting of infested buds which exude foul-smelling fluid from the apical region. The adult period was 10 days when fed on peptone yeast and sugar in the laboratory condition. There are three generations of the pest from March to first week of May. The pest infestation leads to the yield loss ranging from 38.6 to 93.2%.

Management

Effect of sowing time

Late planting of safflower makes the crop prone to pest infestation. However, the sowing in October carried lower incidence of capsule fly (Singh et al., 1982). The removal and destruction of crop debris reduced pod fly infestation (Singh et al., 1994).

Use of resistant varieties

No much attention has been paid to varietal resistance against, A. helianthi. In Israel, about 2000 lines of world collection were screened and only 3 lines with low levels of capsule fly infestation were identified (Ashri, 1971). Less spiny and non-felted types were more susceptible to attack by capsule fly than late ripening and felted types. However, some of the cultivars viz., A-300, JSF-1, Tara, EB-7, Giza, NS-75, 116-4-5 and Jalgaon have been reported resistant to pest infestation (Singh et al., 1982). Breeding for earliness will lead to more escape from the pest due to asynchrony between pest appearance and susceptible stage of the crop.

Biological control

Orymurus sp., Eurytoma sp., Stenomalus muscarum, Syntomopus spp. and Bracon sp. on adults and Crysopa virgestes on maggots have been reported as important bio-control agents (Rai, 1976).

Chemical control

Application of monocrotophos 0.05% four times at 10 days interval starting from capsule bud stage has been reported effective for the control of the pest (Jakhmola and Yadav, 1983).

SUGGESTED INTEGRATED PEST MANAGEMENT MODULES IN SAFFLOWER

Aphids

· Use of moderately resistant varieties like A-1 and Bhima.

· Timely sowing as suggested for different regions. Late sowing always exaggerates aphid attack.

· Follow crop sanitation and destroy alternate hosts.

· The economic threshold level is 50-60 aphids/5cm twig/plant.

· Spray the crop with 0.05% dimethoate/monocrotophos/0.025% methyl demeton or apply quinalphos 1.5 d at 25 kg ha-1.

· Exploit the population of predators and parasites, if prevalent in the field by spraying the crop with 5 % NSKE, instead of the above pesticides.

Safflower caterpillar, Gram pod borer and Capsule fly/fruit fly

· Plough up the fields before sowing

· Sow the crop timely

· Follow crop sanitation and destroy alternate hosts

· Remove the larvae mechanically

· Spray the crop with 0.05% monocrotophos/quinalphos/endosulfan at 10 days interval or dust the crop with quinalphos 1.5 D / endosulfan 4 D at 25 kg ha-1.
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