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Response of Forage S01rghum Hybrids to Nitrogen 

J. R. Patel, P. C. Patel, A. C. Sadhu, K. R. Thaker and M. K. Gangani 

Forage Research Project, Gujarat Agr,icultural University, Anand Campus, Anand 

ABSTRACT 

A field .experiment was conducted with thre1e forage sorghum hybrids (AS-9, GFSH-1 and X-988) and 
four nitrogen levels (0, 40, 80 and 120 kg N/ha) at Forage Research Farm, Anand (Gltjarat). For&ife 
Sorghum hybrids GFSH-1 and AS-9 produced significantly higher gree~ for9ife yield than pioneer l\ybrid 
X-988 duriJli 1988, 1989 as well as on pooled basis. Jfi'orage Sorghum hybrids GFSH-1 also gave significantly 
higher dry matter yield than X-988 during 1988, ~ut they were at par on pooled basis. Increasing N 
application increased the forage production, ·but 1!dgnificant response of N was observed upto 40 kg N/ha 
for ,reen forage· and dry matter production. Crude protein yield and crude protein content increased 
markedly with the successive increase in nitrogern levels. From the economic point of view, maximum n et 
ICBR was also obtained from the application of 40 kg N/ha. 

INTRODUCTION 

( Sorghum (Sorghum bicolor (L.) Moench) 
15 an important cereal fodder crop admirably· 
~ apted to varying soil and climatic conditions. 
~itrogen fertilizer plays an important role in 
llcreasing forage production of sorghum with 
~ r nutritive value. The plant height of the 

Yhrict GFSH-1 is ranged between 237 to 263 
Ctn alongwith 1 o to 15 number of dark and 
broad lea~es, medium thickness of stem 
: d compact earhead. Maturity period (SO% 

wering days) of this hybrid is 67-80 and 
63.75 d ays for kharif and summer season, 
respe t' • t d · c IVely. It can also be profitably cultiva e 
Ill SaJin . • Bhal ar e sod1c soils as it performed well in 

a ea. ~t resists better to the incidence of peSt 

"
d 

diseases. It is also suitable for single as 
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well as multicut management. The maximum 
green forage yield produced by the hybrid 
GFSH-1 was found 65.95% and 82.07% higher 
than the pioneer hybrid X-988 in single cut and 
two cut, respectively. To study the . forage 
production potential of promising hybrid AS-9 
alongwith recently released forage s~rghum 
hybrid GFSH-1 by the Gujarat Agncultur~I 
University in the year 1992 and Pion~er Hybrid 
X-988 under N fertilization, this experiment _was 
conducted at Forage Research Farm, Gu1arat 

Agricultural Un!versity, Anand. 

MATERIALS AND METHODS 

A field experiment was conducted duri~g 
. f 1989 and 1990 on alluvial 

khanf seasons O • d 
·1 low in available nitrogen (258. 7 an 

SOI S , 
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TABLE 1 

Fviage yields and other ancillary characters of forage sorghum hybrids as affected by nitrogen levels. 

Yield in q/lta Morplwlogical characters 
leaf stem Plant height Leaf length Leaf width 

Trealment Green forage Crude protein (cm) (cm) (cm) ratio 

]080 1990 Pooled 1989 1990 Mean 1989 1990 1989 1990 1989 1990 1989 1-)90 
. 

Sorghum H~·brids 

AS-Q 339 500 420 5.36 6.22 5.79 186.6 212.2 68.6 83.4 4.5 5.8 1.04 0.74 
*(71.5) (93.7) (82.6) 0 (7.34) (6.56) (6.95) 

GFSH-1 375 488 432 5.26 6.20 5.73 216.1 215.4 71.2 82.1 5.0 6.1 0.75 0.54 
(80.6) (87.4) (84.0) (6.45) (6.93) (6.69) 

Pioneer 285 407 346 4.66 6.29 5.48 190.3 206.4 67.9 82.5 3.9 5.3 0.92 0.56 
hvb. X-988 l t:..7 ,\ 10 2 R\ fRO ?\ 

\V' •-'/ \ / •'-"/ \V'V•- , (7 .01) (6.70) (6.86) 

S.Em. ± 16 21 13 - - -
(3.5) (4.2) (5.0) (-) (-) (- ) 

C D. ( 5 ~) 46 60 37 - - -
(10.4) (NS) (NS) (-) (-) (-) 

Nitrogen (kg/ha) 

0 215 31 8 266 2.81 3.52 3.17 183.9 190.5 69.2 81.7 4.4 5.3 1.11 1.06 
(43.7) (62.4) (53.0) (6.72) (5.68) (6.20) 

40 330 531 431 4.96 6.71 5.84 199.7 213.0 67.0 80.7 4.5 5.2 0.93 0.65 
(77.7) (100.0) (88.9) (6 .39) (6 .68) (6.54) 

80 394 494 444 6.07 6.73 6.40 203.1 I 0 
218.4 68.8 84.0 4.5 6.3 0.88 0.42 ► 

(83.4) (101.2) (92.3) (7.29) (6.65) (6.97) C: 

120 394 519 456 6.53 7.98 7.26 203.9 224.3 71.9 84.3 I 
::0 

4.5 6.2 0.68 0.32 f2 (88.0) (101.6) (94.8) (7.34) (7.92) (7.63) 
S. Em ± 18 24 15 I c.. 

( 4.1) - - -(4.8) (3.2) (-) (-) (-) 
C. D. (S % ) I -53 70 43 (0 

02.0) ( 14. l ) (9.l) - - - - (0 

(-) (-) (-) - - - - - - - ./::> 

\", ·u . 
'b ~,. " ' {:>ar tn\h<:,,_,..., ,nd \=\.C,. - dry rna \tc r v,.-1 <.1 ;,nu • • C ru<.I , · · <D 

• c pro 1c 1n concen1ra11on ( %) n :,-p c,: rivcly. 
E 
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164.6 kg N/ha), and high in available 
phosphor~s (60 .9 and 58.6 kg P2Od ha) and 
medium in potash (230.0 and 250.0 kg 
K2O/ha). Twelve treatment combinations 
comprising of three forage sorghum genotypes 
(AS-9, GFSH-1 and X-988) and four levels of · 
N (0. 40, 80 and 120 kg N/ha) were tested in 
factorial randomized block design with three 
replications. Half of the required N in the form 
of urea and entire quantity of P2O5 (Single 
superphosphate} @40 kg/ha were applied at 
the time of sowing , whereas remaining half of 
the N was top dressed one month after sowing. 
Other cultural practices were followed as per 
recommendations. The crop was harvested at 
so per cent flowering stage. Nitrogen content of 
plant was ·estimated by modified Kjeldahl's 
method and crude protein content was worked 
out on dry weight basis (Jackson, 1973). 

RESULTS AND DISCUSSION 

Effect of Genotypes 

Forage sorghum hybrids GFSH-1 and . 
AS-9 being at par with _each other produced 
significantly higher green forage yield than 
Pioneer Hybrid X-988 during both the years as 
well as when results were pooled. Forage 
Sorghum GFSH-1 also produced si~nificantly 
higher dry matter yield than X-988 during 1989. 
GFSH-1 hybrid also produced the higheSt dry 
matter yield on pooled basis, though the 
differences were to be not significant. Genotype 
AS-9 synthesized the highest crude protein 
Yield on an average of two years. The higher 
forage prod.uction in GFSH-1 and AS-9 might 
be due to higher plant height, leaf length and 
leaf width due to their potentiality (Table-1 ). 
Patel (1985) and Raj and Patel (1989) reported 
that hybrid genotypes of forage sorghum gave 
higher forage yield than Pioneer hybrid X-98S. 

Effect of Nitrogen 
During 1989, application of 80 and 

120 kg N/ha produced equally higher green 
forage yield and found significantly superior 
than no application of N and 40 kg N/ha. 
Application of 40 kg N/ha was also found 
significantly superior than no application of N. 
The differences in green forage yield were 
found not significant for 40 kg, 80 kg and 
120 kg N/ha and these levels produced 
significantly higher yield than no application of 
N during 1990 and on pooled basis . The 
signifacant response of nitrogen was observed 
upto 40 kg N/ha for dry matter yield. There 
were no significant differences among 40 kg, 
80 kg and 120 kg N/ha for dry matter yield 
during both the years as well as on pooled 
basis and these levels outyielded the control. 
The higher forage production with nitrogen 
application might be due to low availability of 
initial nitrogen in the soil and hence addition 
of nitrogen increased plant height. leaf 
length and leaf width as compared to 
no application of N (Table 1). Patel (1985} 
and Patel et al. (1 990) reported that green 
forage and dry matter yields of forage sorghum 
increased with nitrogen application probably 
due to increased vegetative growth of plants. 
The crude protein yield increased with 
increasing levels of nitrogen application. 
Application of 40 kg , 80 kg and 120 kg N/ha 
increased crude protein yield by 84. 2. 
101.9 and 129.0 per cent than no application 
of N on an average of two years. Increased 
crude protein content of sorghum by increasing 
N applicatton was also reported by Desai 
and Deore (1 980) , Hussein et al. (1980) and 
Patel et al. (1 990) . Considering the econ<;>mics 
of nitrogen fertilizer, application of 40 kg N/ha 
showed the maximum net ICBR of 1 :22.13 
fallowed by the application of 80 kg N/ha 
(1 : 11 .48) (Table 2). 
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• (2) 

TABLE 2 

Economics of forage sorghum hybrids as Influenced by nitrogen levels. 

Prx,lcd Total Additional Additional Gross Net 

green forage return return cost Rs//,a /C/1U /( '/JI( 

Trealmenf yield q/ha Rs.Iha control (N-fertilizer) 

for ]<)8<) & Rs.Iha 

J<NO 

Nitroj?cn (kg/ha) 

0 266 7980 

.rn 431 12030 4950 214 1:23. 13 1:22.13 

80 444 13320 5340 428 J: 12.48 I: 11.48 

120 456 13(,80 5700 642 1:8.89 I :7.89 

Cost calculated on the basis of Rs. 30/- per q of green forage, 

Rs. 5.35 per kg of nitrogen fertilizer from urea. 

ICBR = Incremental Cost Benefit Ratio. 

The results suggested that r~cently 
released forage sorghum hybrid GFSH-1 found 
promising than other getotypes and application 
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Growth Response, Content and Uptake of Nutrients by 
Different Forage Sorghum Varieties (Sorghum bicolor (L.) Moench) 
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ABSTRACT 

Forage sorghum grown on sandy loam soil responded to nitrogen and zinc application. The 
response for green forage yield was more to Zn application (8 to 12%) than N (6.8 to 7.0%). However. in 
case or dry matter yield, the response to Zn application (11 to 13%) was alniost equal to N application (9 t o 
11%). Among different fertilizer combinations, 80.kg N/ha alongwith 2.5 kg Zn/ha produced maxi.mum 
forage yield. Genotype AS-15 gave significantly higher green forage as well as dry matter yields than M. 
P. Chari and X-988. It also removed the highest amount or all the nutrients. Application of nitrogen to 
forage sorghwn significantly influenced uptake of N and P as well as content and uptake of Zn and Fe. 
Zinc application significantly increased the uptake of Kand Zn by sorghum but depressed the per cent 
composition as well as uptake of N and P. It also depressed the content of Fe but increased the uptake or 
Fe at 2.5 kg Zn/ha application. 

INTRODUCTION 

Jower• (Sorghum bicolor (L.) Moench) is 
~nown to respond extremely well to the applica­
tion of 40 to 120 kg N/ha (Desai and Deore, 
1980 and Patel et al., 1990). It has also been 
reported that dry matter production of forage 
sorghum varieties increased due to application 
Of ' . 

1 
zinc sulphate in the soil (Hegde and Relwarn, 

974 
and Patel and Patel 1988). Dangarwala 

d
e~ al. (1983) reported Zn s~atus of soil of Kheda 
istrict (G • . . 

430 UJarat) as deficient in 14%, medium In 

def~ and sufficient in 43% of soils. Zinc · 
1cienc 

(Jleceiued on 19th ,Jam, .. /988 ) 

indirectly. The use of nitrogen fertilizer 
alongwith Zn may play a significant role in in­
creasing the availability of Zn (applied as well 
as native) by acidifying effect and thereby 
forage yield. In this context, a field experiment 
was conducted on different varieties of forage 
sorghum at Forage Research Farm, Gujarat 
Agricultural University, Anand. 

MATERIALS AND METHODS 

A field experiment with three different 
forage sorghum genotypes (M. P. Chari, 
Pioneer Hybrid X-988 and AS-15), three gr Y not only adversely affects plant 

• 
0

~ but also impairs health of milch animals nitrogen levels (60, 80 and 100 kg N/ha as 
Pre - - --116nt d - - ·h p • t Anand a dres:. : As:.ii.tnnt Research Scie11tii.t , Forage Researc rOjeC ' • 



GAU Res . J. 19 9 4 . 19 (2): 9- 14 

Growth Response, Content and Uptake of Nutrients by 
Different Forage Sorghum Varieties (Sorghum bicolor (L.) Moench) 

as Influenced by Nitrogen and Zinc Fertilization 

P. C. Patel* and J. C. Patel 

Department of Agricultural Chemistry and Soil Science, B. A. College of Agriculture, 
Gujarat Agricultural University: Anand Campus, Anand-388 110 

ABSTRACT 

Forage sorghum grown on sandy loam soil responded to iutrogen and zinc application. The 
response for green forage yield was more to Zn application (8 to 12%) than N (6.8 to 7.0%). However, in 
case of dry matter yield, the response to Zn application (11 to 13%) was almost equal to N application (9 t o 
11%). Among different fertilize r combinations, 80.kg N/ha alongwith 2.5 kg Zn/ha produced m axim um 
forage yield. G enotype AS-15 gave significantly higher green forage as well as dry matter yields than M. 
P. Chari and X-988. It also removed the highest amount of all the nutrients. Application of nitrogen t o 
forage sorghum significantly influenced uptake of N and P as well as content and uptake of Zn and F e. 
Zinc application significantly increased the uptake of Kand Zn by sorghum but depresse d the per cen t 
composition as w ell as uptake of N and P. It also depressed the content of Fe but increased the uptake of 
Fe at 2.5 kg Zn/ha application. 

INTRODUCTION 

(ller:eivcd on 19th ,Jan11 ., 1988) 

indirectly. The use of nitrogen fertilizer 
alongwith Zn may play a significant role in in­
creasing the availability of Zn (applietl as well 
as native) by acidifying effect and thereby 
forage yield. In this context, a field experiment 
was conducted on different varieties of forage 
sorghum at Forage Research Farm, Gujarat 
Agricultural University, Anand. 

MATERIALS AND METHODS 

Jower· (Sorghum bicolor (L.) Moench) is 
known to respond extremely well to the applica­
tion of 40 to 120 kg N/ha (Desai and Deare, 
1980 and Patel et al., 1990). It has also been 
reported that dry matter production of forage 
sorghum varieties increased due to appl ication 
of zinc sulphate in the soil (Hegde and Relwani, 
1974 and· Patel and Patel, 1988). Dangarwala 
et al. (1983) reported Zn status of soil of Kheda 
district (Gujarat) as deficient in 14%, medium in A field experiment with three different 
43% and sufficient in 43% of soils. Zinc· forage sorghum genotypes (M. P. Chari, 
deficiency not only ·adversely affects plant Pioneer Hybrid X-988 and AS-15), three 
growth but also impairs health of milch animals nitrogen levels (60, 80 and 100 kg N/ha as 
;;------ _ _::_ _______ ~:--:-~ --=-=---:--:::-=~~ = =--::-=----------

resent address : Assistant Research Scientist, Forage Research Project , A nand . 
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urea) and three· zinc levels (0, 2.5 and 5.0 kg 
Zn/ha as ZnSO4) was conducted in a splia-split 
plot design on sandy loam soil (alluvial type) of 
Forage Research Projec t Farm, GAU, Anand 
during kharif season. The soil was low in 
available N (1 49 kg/ha), sufficient in available 
phosphorus (60 kg P2O5/ha) and mediurm in 
potassium (152 kg K2O/ha) . The DTPA 
extractable F_e, Mn, Cu and Zn were 14.5, 22.3, 
1.5 and 0.63 ppm, respectively. A basal dose 
of 30 kg P2O5/ha, 25 kg K2O/ha, half of the total 
N and whole amount of zinc as per treatments 
were applied at the time of sowing and 
remaining N as top-dressing after one month of 
sowing. 

TABLE 1 

The crop was harvested at soo;, 
d , Id tt .b . o flower an y,e a rr ut,ng characters and . 1ng 

. yields 
recorded. The s011 and plant samples f Were 

ro,n ea 
plot after harvest were also analysed f Ch 

or th . 
nutrient contents by following the standard eir 
cedures (Jackson, 1967). Pro. 

RESULTS AND ~ISCUSSJON 

Green forage -and dry matter yield . 

The results (Table 1) indicated that 
genotype AS-15 produced significantly higher 
green forage (31 and 21 %) and dry matter (19 

and 9%) yields th.-ir , ~enotypes M. P. Chari and 
X-988. Genotypes AS-15 produced higher 

forage yield due to more plant height and stem 

Effect of nitrogen and zinc on vege1tative growth and yield of forage sorghum. 

( 
I Treulmenls 

?c,enotype 
j 

M. P. Chari 

X-%8 

AS-15 

c·. D. a t s<J 
I 

I 
Nilm~en (kJ.1haJ 

60 . 

xn 
J(J(J 

Zlm· (kAfhuJ 

(j 

2.5 

I s.o 

( I) al 5'4 

Plunr 
lteigltt 

(cm) 

289.3 

252.5 

367.0 

14.8 

292.9 

305.2 

310.0 

12.0 

296.J 

31 I .5 

3(1(1.4 

'> .X 

Stem 

tltickness 

(mm) 

6.54 

7.88 

12.05 

0.63 

8.36 

8.98 

Q,12 

0.45 

8.65 

Q.23 

8.88 

0.45 

Yield (q/hu) 

Green D,y 

forag,, matt<r \ 

402 

437 

528 

30 

435 

466 

465 

26 

428 

-H8 

-i6<1 

11) 

--

128.6 

7CJ.6 

153.2 

I 13.~ 

125.3 

122.8 

~.ti 

111 .8 

I ~J.7 

125.8 

6 ~ ·' -

I 

j 
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thickness ~s compared to that of X-988 
and M. P. Chari. The genotype X-988 produced 

• less dry matter yield due to higher mois­
ture percentage (82) as compared to M. P. 
Chari (68) and AS-16 (71) . 

Application of 80 and 100 kg N/ha re­
sulted in significantly increased th'e plant height 
and thickness of stem and thereby green forage 
(7 and 6.8%) and dry matter (11 and 9%) yields 
over 60 kg N/ha (Table 1). This can be ascribed 
to low availability of N (149 kg/ha) in the soil. · 
The results are in agreement With those 
reported at Anand Centre (Patel et al., 1990). 

Application of 2.5 and 5.0 kg Zn/ha sig­
nfficantly increased the green forage (12 and 
8%) and dry tnatter (11 ahd 13%) yields over no 
zinc as the soil contaihed available zinc just at 

TABLE 2 

marginal level (0.63 ppm) . The vegP.tatIve 
gr owth of sorghum plant increased significantly 
at 2.5 kg Zn/ha level as compared to no zinc 
and hence resulted in higher yields. However, 
further increase in zinc apµlication (5 .0 kg 
Zn/ha) slightly reduced the yield, 1t might be due 
to imbalance in nutrition. The results are in r1c­
cordance with those reported by Hegde and 
Aelwani (1974) and Patel and Patel (1988). 

Content and uptake of nutrients 

Genotype X-988 was found to have sig­
nificantly higher content of nutrients N, P, K. Zn 
and Fe than M. P. Chari and AS-15 (Table 2) 
while genotype AS-15 removed the highest 
amount of all the nutrients (Table 3). This can 
be ascribed to highest dry matter yield recorded 
with genotype AS-15. 

Effect of nitrogen and zinc on nutrients content In forage sorghum. 

Fe: 1.n 
Treatments N ('if) p ('if ) K (o/r J 

(ppm) (ppm ) 
...,J 

Genotype ) 
I 

M. I'. l 'hari 0.66 • 0. I 7 1.5 16-l. IQ 18.Q2 I 

I X-q88 . 1.05 0.24 2 4 340.35 25.20 

I AS-15 0 .71 0 . I 7 2.0 236.35 22.3X 

I C'. n. al S'ti 0.09 0.04 0.5.i 11.3() 2.31 

Nitm>,:cn <kwhn) . 

b(J 0.77 Cl. IQ ~.15 :!::!4.-45 I l)_f-i'l 

XU O.t-:'.! 0.1 Q 2.13 :!-l7.76 2 -1. ()(I 

I IO(J 0 .82 (I.I() 2. I l} 263.6() ::! I hh 

I 
l'. D. at 5'1, NS NS NS 17.67 :!Al 

Zinc (k>,:Jh11J 

I 
,, 

(J _()(I 0.21 2.15 :!l\5.67 ::! I . 3-l 

~

25 0.76 0.18 2. lh 2-i-l .K~ ~3.5 I 
I 0.75 0.18 2.1() 2.~0.-l I 21 .66 

I 511, . o.oo (1.(11 NS 13.61 i s 

-- - I --- -- ----- - ---- ___,/ 
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TABLE 3 

Effect of nitrogen and zinc on upltake of 

Trearmc•nts 
N 

(;cnolypc 

M . I'. Chari 85.0 

X-988 83.2 

AS-15 105.0 

C. D. at 5'fc 14.0 

Nilro~cn (kw_ha) 

60 83.7 

80 96.8 

I 00 92.5 

C. D at 5% 7.5 

Zinc (kg/ha) 

0 95.7 

2.5 90.7 

5.0 86.8 

(' l) Ht 5'Jr ·Ns 

The data presented in Table 2 rev,eal that 
nitrogen content in sorghum increase:d with 
increasing the level of nitrogen. Similar results 
were also obtained by Patel et al. (1990) . The 
differences in P and K contents did not reach 
to the level of significance due to the application 
of nitrogen.· 

There was significant influence of nitrogen 
application on micronutrient concentration in 
sorghum (Table 2) . The highest content of Fe 
was recor:ded at 100 kg N/ha, while Zn icontent 
was hig_hest at 80 kg N/ha. This can be ascribed 
to acidifying effect of nitrogen fertilizer and 

GAU RES. ,J . I OOI\ 
• I I) !~) 

nutrients by forage sorghum. 

I /ptakt: of nutrients ---.... 

(kx/ha) ( 1</lta) 

J I' K Ft: l.n 

21.7 197.7 2103.l 243.2 

18.7 230.9 2702.4 2(KJ.7 

25.4 225.5 3616.) 346.!$ 

5.5 72.4 418.8 13.7 

20.4 231.3 2439.6 222.~ 

22.6 254. l 2958.7 311.7 

22.8 251 .8 3023.2 256.7 

1.8 NS 299.8 2R3 

22.3 22Q.7 2812.6 233.3 

21.7 251.6 2865.2 288.0 

21.7 255.7 2743.7 26Q.3 

NS 17.7 NS 31.0 

thereby increase in the availability of soil native 
iron and zinc as evident by data reported in 
Table 4 (Giordano et al., 1966; Lncas and 

Davis, 1961). However, with further increase in 
nitrogen level i.e. 100 kg N/ha, Zinc content 
slightly decreased as compared to 80 kg Nfha. 
It can be attributed to possible retention of ~ 
in root as Zn-protein complex (Satinder an 

-Shukla, 1980). 

zn/ha 
Application of 2.5 or 5.0 kg I of 

significantly decreased the nitrogen conten bB 
h. can 

sorghum as compared to no zinc. T ,s d d~ 
attributed to dillution effect of increase 



TABLE 4 

ettect of nitrogen and zinc application on 
ttarvest soil. availability of Zn and Fe (ppm) In post 

A,n1ilaMc 

,uJtncltl 

N ill't.>~c·n 
' le-" d 

(kg./lwJ 

60 80 

0.6Q 0.75 

8.30 8.67 

100 

0.78 

8.Q3 

matter yield {Rajagopal and Mehta, 1971). The 
phosphorus content was reduced significantly 
from 0.21 to 0.18 per cent due. to application of 
zinc. This can be ascribed to antagonism 
between phosphorus and zinc in plants (Boawn 
and Brown, 1968). The differences in content of 
K and Zn did not reach to the level of 
significance due to the application of zinc. The 
Fe content of sorghum reduced significantly 
with the increased rate of zinc . This might be 
due to antagonism between Zn and Fe. The 
results are iri accordance with those observed 
by Rajagopal and Mehta (1971) in corn. 

The removal of N and P by the crop were 
16 and 11 per cent higher with the applicati~n 
of 80 kg N/ha than 60. kg N/ha (Table 3) · This 
can be attributed to higher dry matter 
Pfoduction at higher levels of nitrogen. T~e 
Uptake of K was not altered significantly wilh • 
applied N. Sorghum crop removed 21 and 24 

Per cent higher Fe and 40 and 15 per cent 
high . d 1 oo kg N/ha er Zn. respectively at 80 an . 
as compared to 60 kg N/ha. The increase 1~ _Fe 
anct z . f additive n uptake were mainly because 0 

effects of both increase in dry matter yield and 

-
~ li,rc lc:1·.:: I c. n. 

( J.·. • lui > N or ln 

fc:w.:fs 
0 ., -

_,_) 5.0 

o . ..io O.~~ O.QS 0.07 

8.Ql 8.50 8.50 0.33 

content of Fe and Zn in forage sorghum with the 
increase in the rate of nitrogen application. 

_ Application of 2.5 and 5.0 kg Zn/ha in-
crease dry matter yield significantly over no 
zinc. HoweveF, the removal of N and P were not 
influenced significantly due to zinc application 
as the concentration of both the nutrients were 
reduced significantly (Table 2) . The application 
of 2.5 or 5.0 kg Zn/ha significantlyincreased the 
potash uptake over no zinc as dry matter 
prod_uction was increased by zinc application. 
The increase in Zn uptake by the crop was 
mainly because of additive effects of both in­
crease in dry matter yield as well as Zn content 
with the application of zinc (Rajagopal and 
Mehta, 1971). Uptake of Fe was not altered sig­
nificantly by the application of zinc as Fe con­
tent was reduced significantly by the application 

of zinc. 

The interaction effect of genotype and 
nitrogen on content and uptake of N and_ Zn_ by 
sorghum was significant (Table 5) . Appl1cat1on 
of 100 kg N/ha to sorghum genotype X-988 
showed significantly higher N content than 
other interactions except X - 988 x 80 kg N/ha. 
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TABLE 5 
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"'(~1 

Interaction effect of genotype and nitrogen on content and uptake of n itrogen and 

zinc by forage sorghum. 

Ni,n>g.:n Nitrogen (% ) Zinc (ppm ) 

h-i-d 

(kg•ha) M . /'. Cluiri X -C>88 AS-15 !vi. I'. (.'/,uri X -<J88 I\S-15 

~ 611 0.60 O.QS 0.76 18.4 22.0 JIU 

(7 1 .Q) 74.7 ( 104.4) (220.6) (173.1) (273.7) 

~(l 0.67 1.08 0 .7 1 18.6 28.0 W.3 

(~7.0) (88. 1) ( 115.6) (241 .9) (228.4) (464.6) 

1(1(1 0.71 1.10 0.65 IQ }~ 25.6 IQ.6 

(963) (86.6) (94.7) (26 ~-1) (200.3) (302.4) 

(' l) ( 5'A: ) 0.11 4.20 

( I 3.00) (49.20) 

Figure~ in pan.:nth e!-.CS indic:itc uptake ofN (kg/ha) and Zn (q/ ha). 

Application of 80 k~ N/ha to sorghum genotype 
AS-15 removed maximum nitrogen than other 
interactions. Similarly same genotype recorded 
the maximum Zn content (28._3 PPIJ1) and Zn up-. 
take (464.6 q/ha) at 80 kg N/ha. 
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A Survey of Capacity, Intensity and Rate of Release Factors of 
Soil Phosphorus in Different S~bgroups of Soils of South Gujarat 

S. G. Savalia•, M. L. Patel and P. M. Mehta 

Department of A'gril. Chemistry and Soil Science. N. M. College of Agriculture. GAU, Navsari 396 450 

ABSTRACT 

The s urvey of capacity (Olsen's P ), intensity (EPP) and rate of release (Organic C/organic P ratio) 
factors of phosphorus was carried out in different sub groups of soils of South Gujai·at. 111e soils of all the 
sub groups were found low in intensity factor. The soils of vertic ustochrepts and Lithic u.stochrepts were 
found to b e m e dium in capacity and high in the rate of r elease chai·acte1istics of P . The soils of typic 
ustochrepts ·w ere fom1d to b e m edium in capacity and r·ate of release factor while soils of Fluventic 
ustochrepts ":'ere found to be high in capacity and 1·ate of'l"elease factor of P . 

The values of all the sub group soils of South Gltjarat wei-e fow1d to vai-y for the Olsen 's available P 
from 0.61 to 57.17 ppm. for EPP from 6.40 to 7.80 and organ.ic C/01-ganic P ratio from 12.59 to 426.08 with 
thP. ~ean v~ues of 9.19, 7.16 and 143.38, respectively. Olsen's P and EPP show a negative siguificant 
correlation (r = .().22) in .different sub groups soils of South Gltjai·at. The1·e w as no sigu.ificant ~onelation 
between Olsen's p and organic C/organic P ratio in .different sub gi·oup soils of South Gltjarat. 

INTRODUCTION 

Phosphorus has long beer:1 recognized as 
an essential constituent of all living cells. and 
organisms. No tangible survey of the f~ctors ?1 

Phosphate availability has been carried. ~ut in 
different sub group soils of South _Gu1ar~t. 
Detecmination of capacity (Olsen's P), intensity 
(EPP) and rate of release parameters of 
~ifferent sub group soils of South Gujarat ma~e 
it Possible to aefine which of the sub group soils 
of Squth Gujarat have better supply of 
Phosphorus. 

(Uw·C'it>,·cl 011 301/t -July. /990) 

MATERIALS AND METHODS 

Ninety six surface soil samples from 
cultivators' fields of vertic ustochrepts, Ty pie 
ustochrepts, Lithic ustochrepts and Fluventic 
ustochrepts sub group soils of South Gujarat 
were collected. The soil sample were grouped 
in different sub groups as per 7th approximation 
(Smith, 1970) . The collected soil samples were 
analysed for capacity. (Olsen's P), intensity 
(EPP) and rate of release (Org. C/Org. P ratio) 
factors. Olsen's P was determined by using 0.5 
m NaHCO3 (pH = 8.5) extractant as suggested 
by Olsen et al. (1954) . White and Beckett ---' Present address : Senior Research Assistant, Office of the Associate Director of Research, GAU, Navsari-396 450. 
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(1964) procedure was followed for thH deter-
' mination of equilibrium phosphate potential 

(EPP). The organic carbon was determined as 
per Walkely and Black's Titration method as 
·described by Jackson (1967) . The organic 
phosphorus was determined as suggested by 
Legg and Slack (1955). 

RESULTS AND DISCUSSION 

The variable trends of capacity, intensity 
and rate of release factors in various sub 
groups are well reflected in the present 
study .. 

(1) Vertie ustochrepts 

A perusal of Table-1 shows that available . 
phosphorus as determined_ by .C)lsen's 
extractant ranged between.0.61 and 57.17 ppm 
with an average of 9.84 ppm. The values for 
equilibrium phosphate • potential ranged 
between 6.40 to 7.69 with an average value of 
7.11. The minimum and maximum valures for 
organic C/organic P ratio were recorded as 
12.59~ and 426.08, respecti_vely having an 
average value of 146.22. 

(2) Typic ustochrepts 

The results of this sub group soils shows 
that Olsen's extractant phosphorus varied from 
1. 23 to 19 .0_5 ppm with . an average vallue of 
6.68 ppm. The range of equilibrium phosphate 
potential was found .to range from 6.69 tcr 7.80 
with an average of 7.21 . The minimum and 
maximum values for organic C/organic P ratio 
of this sub-group soils were 58.08 and 3~16.00, 
respectively having an average ratio of 1 !59. 12 . 
(Table 1 ). 

(3) Uthic ustochrepts 

The results in Table-1 revealed that avail­
able phosphon ,. • as determined by Olsen's 
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method ranged between 1.23 to 49.18 PPrn With 
an average value of 6.66 ppm. The lowest 
highest values of equiilibrium phosphate pota

nd 
en. 

tial were observed to be 7.07 to 7_79 
respectively with a mean value of 7.34. Th~ 
values for organic C/organic P ratio ranged 
from 29.83 to 333.65 witth an average value of 
125.80. 

(4) Fluventic ustochrepts 

The values for Olsen's P varied from 
14.75 to 17.82 ppm for ~quilibrium phosphate 
potential from 6.63 to 7.45 and of organic 
9/organic P ratio from 99.60 to 181.33. The 
mean values for all thes~ characteristics taken 
in ·the same order were 16.59, 7.09 and 
143. 14, respectively (Table 1). The values of all 
the sub group soils of South Gujarat for the 
Olsen's available P varied from 0.61 to 57.17 
ppm, for EPP from 6.40 to 7.80 and organic 
C/organic P ratio: from 12.59 to 426.08. The 
mean values for all the characteristics taken in 
the same order were 9.19. 7. H, and 143.38 
(Table 1). 

., 
In general, looking to the overall picture 

for the status of capacity factor, the availability 
of phosphorus was found to be in the following 
decreasing order; Fluventic i.Jstochrepts > 

ve'rtic ustochrepts > Typic ustochrepts >. Uthic 

ustochr~pts. 

It was further observed that the Typic us· 
tochtepts and Lithic ustochrepts sub-group 
soils could be rated more or less similar in 

, respect to capacity factor (Table 1). 

As far as the status of intensity factor is 
concerned, the availability of phosphorus was 
observed in the following decreasing sequence. 
Fluventic ustochrepts > Vertie ustochrepts > 

Typic ustochrepts > Lithic ustochrepts. 



TABLE 1 
Range and average values of Olsen's P equilibrium phosphate potential (EPP) and organic C/organlc P 
ratios of different sub group soils of South Gujarat. 

Sr. 
."1n. 

I. 

., 
~-

3. 

.i 

Soil suh-gruup,· Olsen 's P (ppm) 

Runge Average 

Vert i.:- ustochrepts 0.61 - 57.17 9.84 

Tyf)i<.: ustochrcpts 1.23 - 19.05 6.68 

J ,i thi<.: µstochrcpts 1.23 - 49.18 6.66 

Fluvcntic ustochrepts 14.75 - 17.82 16.59 

General 0.61 - 57.1 7 9.1 9 

Equilibrium Phrn,phalc l'olcntia l 

EPP* o,'K. ('/er g. p ratio 

Runge Average Range A ven.1;:e 

6.40 - 7.6Q 7 .11 12.59 - 426.08 146-22 
\~ • 

6.69 - 7.80 7.21 58.08 - 336.00. 159.12 

7.07 - 7.79 7.34 . 29.83 - 335.65 125.80 

6.63 ~ 7.45 7.0Q 99.60 - 181.33 143.14 

6.40 - 7.80 7.16 I 2.SQ - 426.08 143.38 
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The Vertie ustochrepts and Fluventic us­
tochrepts sub group.soils could be rated m0re 
or less simila"r in respect to intensity factor. The 
Fluventic ustochrepts and Vertie ustochrepts 
contained more Olsen's P and EPP as com­
pared to Typic ustochrepts and Lithic 
ustochrepts because of difference in 
physiographic situation. The low equilibrium 
phosphate potential (intensity factor) indicated 
the higher availability of phosphorus and vice 

versa. 

Considering the status o~ rate of release 
factor, the availability of phosphorus was found 
to be in the following decreasing order; Lithic 
ustochrepts > Fluventic ustochrepts > Ver­
tie ustochrepts > Typic ustochrepts. 

TABLE 2 

The low rate of release factor . . s 1nc.r 
high organic P mineral ization v _'ca,~o · • erbc 
tochrepts and Fluventic ustochrepts sub ua. 
soils could be rated more or less 5-1 .1 

group 
m1 ar 

each other in respect of mean value f With 0 rat 
release factor (Table 1). Neptune et al. e ot 
observed that with variation in the ratio 0~

1974
1 

s to p for the Brazilian soil could be du C, N. . e to th 
presence of variable amounts of inositol e · Phos. 
phorus. The average value (123.8) of or a . 

C/ 
· P t· f L. h' 9 nic organic ra 10 o It Ic ustochrepts . . sub 

group soils _was the lowest among all the Sub 
groups. This may . be due to high organic p 

mineralization potential . Somani and Saxena 
(~ 971) reported that organic C/organic p ratio 
have ~e~n fo~nd t~ be_ narrow indicating a high 
organic P m1herahzat1on potential in soils of 

fiajasthan . 

Corr~lation coefficient val~es between Olsen's P, EPP and organic C/or anic p ratios 
In d1fferen_t sub group soils of South Gujarat. • 

9 
• 

Ob.cn·s P 

.. F.<~uilihrium pho!>phall' potential. 

l " Signilkanl at 5 pl·r n·nt ll'vd . 

The co-efficient of correlations were 
~ orked out for_ different parameters presented 
m Table 2 which indicated that Olsen's av ·1 
able phos h . . a1 -
potential (~P~u~ and equ1~1brium phosphate 
relation (r - ~ as a negative significant cor­
that no sig- .; . • 220''') . It was further observed 

tween Olse~'.~c=n~ correla~ion was found be-
s. organic C/organic p ratio 

£ />/'* 

-0.220"'* 

Orgunic C/orf!,unic P 

ratio 

-0.(167 

0.(160 

- - ----------· 

(r = -0.067) and equilibrium phosphate potenti_~ 
vs . organic C/organic P ratio (r = 0.060) in dil· 
ferent sub group soils of South Gujarat. 
Kanzaria ( 197 4) observed significant correl~: 
t' b an1c ion etween Morgan's p and organic C/org . 
p . . . . tiO 111 

ratio . EPP and organic C/organIc P ra 
d bl · • n was eep ack soil . but no significant relatio 
observed between Morgan's P and EPP-
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Yield Stability and Soil Fertility in Sorghum-Wheat 
Sequence over Years 

P. D. Deshmukh, K. B. Zade and V. A. Deslunukh• 

All India Co-ordinated Agronomic Research Project, Punjabrao Krushi Vidyapeeth, Akola, Dist. Maharashtra 

ABSTRACT 

An experiment conducted on sorghum-wheat sequence for six years showed the stable yield levels 
for both the crops and the soil fertility was maintained. The economical dose for sorghum and wheat was 
found to be N8oP ,oKo and N8oP ,oK,o respectively, implying the possibility of reduction in recommended 
dose in both the crops. 

. INTRODUCTION 

Large quantities of fertilizers are con­
tinuously needed for sustaining higher yields in 
a crop sequence. Rational use of costly chemi­
cal fertilizers is strictly envisaged to fetch 
maximum crop yields from sequential cropping 
system without losing soil fertility. • 

Present investigation was attempted in 
order to pinpoint an optimum NPK dose for a 
given crop sequence viz., sorghum-wheat on 

I 

Vertisol. 

MATERIALS AND METHODS 

(Receir~ed on 6th April, /992) 

combinations consistin~ of three levels of N 
(40, 80 and 120 kg ha· 1 • three levels of P (0, 
40 and 80 kg P2O5 ha· ) and two levels of K 
(0 and 40 kg K20 ha-1) fitted in 32 x 2 factorial 
partially confounded design with three blocks in 
a replication having an absolute control in each 
block. There were four replications. Selected 
treatments were picked up for drawing out 
broad conclusions. 

The data for grain yields and fertility status 
of t~e socl (organic carbon content, available N, 
P, K) were recorded. 

RESULTS AND DISCUSSION 
A long term field experiment on 

sorghum-wheat crop sequence on Vertisol Grain yield 
under A.I.C Agronomic Research Project, at The data pertaining to grain yield (T~

1

10
d 

• t· ~ PunJ·abrao Krishi Vidyapeeth, Akola (M.S.) was 1) revealed that the mean cumula 1ve r 
• 1ow8 

in progress. The data for a period of six years (1984-85 to 1989-90) of sorghum was in 
(1984-85 to 1989-90) is utilized in this paper. than the initial year where it was higher 
The experiment was laid out with 18 wheat. ___..-.;; 

la.(NI- • 1 
*Present Addre&s : Professor of Agricultural Chemistry and Soil Science, Punj_abrao Krishi Vidyapeeth, Ako 
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TABLE 1 

r.4ean cumulatlve yleld (q ha-1) and 11 
sequence. near regression coefficients In sorghum-wheat crop 

Initial Mean 
1'rt•11/ml·11I yidtl cumulative 

/eve:/ yield 
(81-85) (8')-')0) 

0-0-0 5 ,(JQ 4.Q(J 

~0-0-0 23.23 16.29 

80-40-0 30.23 24.74 

~0-40-40 33.20 24.13 

120-0-0 15.90 13.68 

120-80-0 34.71 27.92 

120-f<(l-4(1 37.4Q 30.45 

C. 0 .1115% 8.77 5.SQ 

The crop sequence, sorghum-wheat in­
volves both cereal crop which are heavy 
f~eders of nutrients. Further, there was con­
tiuous addition of only chemical fertilizers. 
Hence, the deterioration in subsequent yields 
might have been caused as organic matter was 
not applied during the course of investigation. 
There were seasonal fluctuations in yields. 

Soni et al. (1988) observed very littJe 
s~ope of reducing or• skipping any an;10unt of' 
~rtrogen, phosphorus and potassium eUher for 
nee crop or to the wheat crop. Anonymous 
(1985) also reported decline in yield in sor­
ghum-wheat sequence in three locations. They 
~bserved small improvement or stable yields in 
our loc ti • • t t· a ons in similar type of expenmen a 10n 
rnenuo • . ned tn this paper. 

ha·l ihe data, further, revealed that 80 kg N 
N h ~~0-0-0) was more productive than 120 kg 
of i (120-0-0) for the sequence. Application 

PK Was favourable than NP application. 

linear Initial Mean linear 
regre.\".\'ion yield cumulative regression 
coefficient level yield coefficient 

(81-85) (89-90) 

0.0723 2.23 3.70 0. 1909. 

-0.611 7 03.91 8.06 0.3889 

0.2566 14.83 15.33 0.1611 

-0.5377 17.17 17.65 0.8340 

0.2703 4.67 _7.()1 0.2324 

0.0206 15.66 17.52 0.9411 

-0.3117 18.81 19.17 0.8540 

0.81 3.57 2.79 0.36 

Higher _doses of NPK had resulted in producing 
comparatively higher yield in both the crops of 
the sequence. 

Anonymous (1985) also reported that an 
optimum dose of NPK for all the seven 
locations was found to be lower than the 
recommended dose (.120:80:40) for each crop 
in sorghum-wheat sequence. 

Monetary. returns for the sequence repre­
sented in Table 2 revealed that highest returns . 
were received with N120P80~ 0 combination in 
both the crops. However, highest cost benefit 
ratios (4.24 and 4.62) were observed with 
NaoP40Ko and NaoP4o~o combinations in sor­
ghum and wheat respectively. 

Cumulative effects 

The data represented in Table 1, revealed 
that the cumulative effects of different treatment 
combinations were significant for sorghum­
wheat sequence. 
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TABLE 2 

'Economics of sorghum-wheat crop sequence. 

Treatments Mean Response Value of Cost of Net C. B. Mean Response Value of Cost of Net C. B. 

N- P~O~ - K~O cumula- (q 1:a•l) produce fertilizer profit ratio cumu- (q /ta·l) produce ferti lizer profit ratio 
,&, • "-

(Rs. 1ta·1
) • (additional) (Rs. ha.1

) tive (addi- lative 
yield tional) yield 

I 

Sorghum Wheat 

0-0-0 4.90 3.70 - - - - - - - - - -

-
80-0-0 16.29 11.39 18.11 386- 1425 3.69 8.06 4.36 1199 386 813 2.11 

80-40-0 24.74 19.84 3155 602 2553 4.24 15.,33 11.63 3198 602 2596 4.31 

80-40-40 24.13 19.23 3058 683 2375 3.48 17.65 13.95 3836 683 3153 4.62 

120-0-0 13.68 . 8.78 1396 578 818 1.42 7.01 3.31 910 578 332 0.57 

1.20-80-0 27.92 23.02 3660 1010 2650 2.62 17.52 13.82 3801 1010 2791 2.76 

120-80-40 30.45 25.55 4062 1091 2791 2.72 19.17 15.47 4254 1091 3163 2.90 
I 

0 
> 

Nutrient prices (Rs . · kg.1) Crop prices (Rs. kg" 1) I 
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TABLE 3 

Average nutrient/response tor six years (1984-85 to 1989-90). 

Yield increase (q lra·1
) due to 

.. Crops 
N p K N 

80 120 40 80 40 80 

Sorghum 11.39 9.08 3.45 13.94 2.53 14 

Wheat 4.36 3.31 7.27 • I0.5 I 1.65 5 

Response grain (kg" 1) nutrient application 

PO 
2 5 

K 

120 40 80 40 

8 21 17 6 

3 18 13 4 
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Though the combinations N120Paol<.io 
resulted in highest grain yield in both the crops, 
the combination N120P80Ko was comparatively 
economical as it saved 40 kg K2O but still 
remained at par with N120P80"40 in yi1eld • 
performance. 

While considering the nutrient respontse 
over years, it was clear from the data in 

Table 3 that both the cereal crops gave more 
response to lower levels of N and P. Both the 
crops responded to potash application. It was 
prominently seen that sorghum was more 
responsive to fertilizers than wheat. 

Evaluation for changes in yield 

For evaluation of decline or increase in 

grain yield in sequence over years, linear 

TABLE .4 

Changes in soil fertility. 

Trearments 

N-P 70~ -KP 
(kg-J,~-1) -

0-0-{J 

I 80-0-(1 

. Es0-40-0 

k(J-40-0 

j l 20-0-Cl 

l 20-8'J-0 

l 20-00-40 

Available * 

0. C. (~) 

0.35 

0.4Q 

0.47 

0.49 

0.47 

0.44 

0.45 

., N ·~ r harw ; I of ra bi I QkQ-t>CJ. 

l nili <tl ft rl i l i1y l> ll1IUI> . Org;,uic c;,rho11 0 .46'¼ . 

Availa6/e* 

N (kg J,a-1) 

310 

35,J 

339 

. 367 

307 

358 

314 

Av;,i hthlt: N l'i >5 anc.J Ki > (kg 11;, 1) 
( l 25, I 5 and 355 rc1>pccIivt ly) 

-------
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regression coefficients were calculated. Highes 
positive and negative linear regression c t 

Oeffj. 
cients were recorded at N120P oKo and N p 

• I f ao oKo treatments respective y or sorghum . Negative 
coefficients were also observed in N

80
p K 

~. b. t · . 4o 40 and N120P 80, '40 com ina .ions m sorghum. This 
variation might be due to favourable season for 
sorghum in 1989-90, where general yield levels 
were comparatively higher. 

The values of linear regression coeffi. 
cients were positive for wheat crop. The data 
revealed that . the highest value (0.9411) was 
obtained for N120P80f<o combination_which was 
followed by N120P a0Krn, 

Fertility status of the soil 

The fertiiity status of the soil before 
sowing of sorghum in 1984-85 and after harvest 

Available* 
(P20 5 (kg ha .J) 

36 

38 

37 

38 

31 

41 

39 

Available* 

K,O 
- I 

(kg Jui' ) 

316 

34Q 

330 

31 3 

Jbll 
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of wheat in 1989-90 is shown in Table 4. 
organic carbon content in the soil was slightly 
raised in most of the treatments. However. 
appreciable _changes were not observed as 
organic matter was not incorporated through 
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l)istribuUon nud St.ut,UN of l)'l'P.A Extrnctnble Mlcronutrient Cations 
in 801uc Soils of North nu.d No1•t,h WoHt Agroclimatic Zones of Gujant 

K. M. l'"t\'\l, U, M, ~huh·n1•n11lll, 11. 'f, P11tcl nml It. 0, Potll• 

Da~11mn11t ot Agrlc:ulturnl Chaml::,try & Soll Science, Coll~ge of Agriculture, 
rnj~r,d Aorluultur0I U11lv1trt\lty, S111rdar Krushlnagar-385 506 

AIJSTRAC'l' 

A ft\\l'Vt'Y w-11.l'k w1,it 111,t'l'l"d-out; by (')>fOllVl\tllnl.( 101n•oftleit1 (0-lts, 16-30, 31-60, 61-90 and 91-120 cm) from 
North ruul Ni.wt.It Wt'l!lt 1-at1·oollnu1Uo zo11('11• or OuJorllt. Sbnlln1•ly, for knowing the status of DTPA 
~h•auti,blt- u,ln1•omltl'lt\l\tM. 10 lillrfn,10 (0-lt\ om) Mumple• Wtil·e oollooted from the periphery of 2 km of 
N\nh }'lat-Ofilt, loi'nU.c,n. nntn l't.Wot\lc., d. thnt U\tl conhmt of DTPA extractable Fe and Zn was higher in the 
sm·faott lnyt,.t~ nil! ,,omp1u·o'1 to lowm.· lll.Vtll'lJ, Howevo1·, gl'ndual deo1·ease ln Mn content was fowid along 
\\ilh Ut«- tlt:>pth of ~t)ll. 1~h" Co ooot,cmt Wl\llt mnxim,m, ln 16-30 om layer and it was fowid to decrease with 
soil dt1pt h. l<' m ·t.ht•1·. Ut(' pt\l' mint. dl8trlbutlon of ,.nwfooe samples based on clitical levels was of the order 
or 47.S, UUJ3. 1.00 mad ~2.M pet· M ilt ha doftohmt l't-mge fol' Fe, Mn, Cu and Zn respectively. 

lNTll.ODUC'J'lON 

Use of high analysis fertilizers and 
adoption of high yielding varieties in present 
day intensive agriculture has resulted in greater 
depletion of nutrients, particularly those of 
micronutrients. This situation become more 
acute in light textured and alkaline soils of 
Northern part of Gujarat, which are prone to 
micronutrients deficiencies. Not mwch 
information pertaining to vertical distribution 
and recent · status of DTPA extractable 
micronutrients Is available for this part of 
Gujarat. In order to generate some information 
on this aspect present survey was taken-up aIiid 
the results are reported here In. 

(Received cm 26th Anp., 1992) 

MATERIALS AND METHODS 

For determining the vertical distribution of 
micronutrients cations (DTPA extractable) viz. 
Fe, Mn, Cu and Zn in soil, 1 o profiles were 
exposed at Research Stations of GAU corning 
under North and North West agroclimatic zones 
of Gujarat. The locations of profiles were : (1) 
S.ardar Krushinagar, (2) Deesa and (3) Madana 
of Banaskantha district, (4) Jagudan and (S) 
Vijapur of Mehsana district, (6) Talod and (7~ 
Khedbrama of Sabarkantha district,· (S 
Dehgam of Ahmedbad district and (9) Bhacha~ 
and (10) Mundra of Kutch district. From 88

~
5 

profile, 5 samples were taken at varying deplrn 
I.e. 0-15, 16-30, 31 -60, 61 -90 and 91 -120 c • 

•Associate Research Scientist, D.L. R.P., R.R.S., GAU, Sardar Krushinagar, (B. K.) . 385 506, (Gujarat). 
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TABLE 1 

Cont~nt (µg/g) of Fe, Mn, Cu and Zn in soil profiles. 

/ 
District rJistrict 
Location 

Banaskanlha 

S. K. Nagar 

Dec, a 

Madana 

Mehsana 

Jagudan 

\ 'ij<:1pur 

Sa bark.an lha 

Khcdhrn ma 

Ta!od 

Ahmcdahad 

Dchga m 

Kut.ch 

Bhachau 

Mundni 

Mean 

Banaskant.ha 

S. K. Nagar 

Dee:-.a 

Madams 

0-15 16-30 

3.86 4.32 
. 

4.26 4.28 

6.06 2.52 
t 

3.04 2.84 

3.77 3.64 . 

24.88 15.28 

4.36 4.08 

<us 12.29 

6.36 3.10 

6.20 7.32 

7 19 s.cn 

Cu 

(1.49 (1 0.528 

<1.544 (1.550 

( i.72k 0.688 

Depth (cm) Depth (cm) 

Fe Fe 

31-60 61-90 91-120 0-15 

4.10 3.98 3.56 5.32 

4 .12 4.34 5.45 JJ0 .. 91 

• 2.57 6.22 2.50 · 953 

• . 

2.77 3.15 2.94 4.98 

4.50 4.96 , 4.98 7.90 

10.41 8.50 6.37 19.92 

4.45 4.63 4.36 9.65 

. (1.10 7.19 5.30 12.Q6 

. 
4.09 4.02 4.20 9.96 

6.47 7.99 15.56 2.64 

4.36 5.50 5.53 9.38 

0.530 0.522 0.470 0.450 

0.576 0.632 0.822 0.766 

0.598 0.722 0.478 0.564 

Mn Mn 

16-30 31-60 . 61-90 

5,..73 4.15 4 .61 

4'.23 4.7t 6.36 
.. 8.20 . 6-.53 &.29 . 

6.1-5 6.49 6.78 

7.38 8.54 9.99 

23.00 15.08 12.95 

7.93 8.26 9.69 

22.86 27.50 15.86 

3.09 4.15 3.62 

2:80 1.97 1.62 

9.14 8.74 8.00 

Zn 

0.234 O.LS-6 0.15-l 

(J.422 0.186 0.460 

0.210 0.210 tU:~ 

' 

91-120 

4.72 

8.90 

5.25 

5.01 

11.51 

6.42 

8.70 

12.71 

2.71 

2.05 

6.80 

o.:Jo 

0.354 

0.340 
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I. 
.., 

3. 4. 5. ~-

( 
Mehsamt 

Jagud,tn 0.626 1.984 0.786 1.020 .. 
Vijapur 1.286 1.602 1.476 1.140 

Saharlomlha 

Khedhr,1ma . I .8-t2 1.772 l.210 1.048 

Ta!Cld 0.764 0.762 0.804 0.826 

Ahmcdahad 

Dchgam l.4Q/-~ 1.894 1.950 1.544 

Kut.ch 

Bhach;;u 0.838 0.526 0.512 0.500 

\ iundr,1 o.➔2.i 0.386 0.390 U.324 

M ean O.Q03 1.(>69 0.883 0.827 

6. 7. 8 . 9. 

0.566 0.250 0.278 0.968 

l.032 0.598 0.484 0.220 

0.470 0.930 0.502 0.328 

0.770 0.238 0.167 0.186 

1.030 0.554 0.258 0.364 

0.364 0.618 0.222 0.46: 

0.762 0.570 0.374 0 - ...... . :>~ 

0.676 0.533 0.315 0.360 

IO. 

0.314 

0.212 

0.:58 

o.:o: 

0 
.._.._..., 
-~-

0.506 

0 ~-----~-
0.21.)Q 

11. 

0.156 

0.21 6 

0.2-IB 

0.392 

o. :::o.,. 

0.306 

0.➔3::: 
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similarly, for knowing _the sta.t~s of available! 
TPA extractable) m1cronutnents cations in 

(D rtace (0-15 cm) soils of North and North Wes1t 
su f G . 

Oclimatic zones o UJarat, 10 surface soill agr 
rnples were collected from 2 km periphery o1r sa . 

each profile location except that of Sardar 
l(rtlshinagar from where only 9 samples were . 

collected. 

After proper proGessing of soil samples, · 
micronutrient cations were extracted . using 
o.005 M DTPA reagent (pH= 7.3) as described 
by Lindsay and Norvell ( 1978). Then estimation 
of Fe, Mn, Cu and Zn from filtrate was carried- . • 
out on Atomic Absorption Spectrophotometer 
(Model : Shimadzu, AA-646, Japan) . The 
samples were then categorized in to deficient 
and sufficient groups based on critical values of 
respective elements. 

RESULTS AND DISCUSSION 

Vertical distribution of mlcronutrlent 
cations 

Data presented in table 1 and mean 
values depicted in fig. 1 reveal that Fe content 
was higher in surface strata and found to 
decrease up to 60 cm depth and thereafter 
tended to increase up to 120 cm. With increase 
in depth, Mn content was decreasing gradually. 
Similar decrease in Mn content with depth was 
also reported by Singh et al. (1990) for soils 
of Haryana. Higher content of Zn and Cu was 
registered at 0-15 and 16-~0 cm depth, respec­
tively. Both qf these elements were almost 
uniformly distributed in the lower horizons of the 
profile. The pattern of Zn and Fe distribution 
(Fig. 1) in the profile clearly indicates that there 
is depletion of these two elements in_ sub­
surface soil. The deficient layers of Fe and Zn 

CONTENT ( J.(9/9) .• 

0·25 0·50 0•75 1•() 6 8 9 

15 
·Zn Mn 

30 

•.90 

.: 105 
and zn In soil profiles (mean of ten profiles) 

Fig. , : Content of Fe, Mn, Cu 



are coinciding with the effective root zone of 
crops norm Ally gr 0wn in this ar nu. Deficiencies 
of these two elements cue also reported from 
this area (DnngArwala et al. (1983) by earlier 
workers. 

Status of mlcronutrient cations 

Locationwise, mean and range values of 
DTPA extractable cations viz. Fe, Mn, Cu and 
Zn are reported in table 2. Relatively higher 

mean values of 19.02, 21.87 and 1.55 ~lg/g soil 

TABLE 2 

for Fe, Mn and Cu content, respective! 
recorded with Khedbrama area and in thy, Were, 

. . ec~ 
of Zn (1 .395 pg/g soil) rt was with Vijapur lo e 
tion. This might be due to hilly area and ~a. 
cropping intensity in Khedbrama area. The uow 
of ZnS04 in Vijapur area seems to be proba~e 
reason for higher Zn content. On the othe: 
hand, lower values of 3.77 for Fe at Deesa 1 , or 
Mn 2.48 and Zn 0.328 at M1Jndra and for Cu 

0.51 µg/g soi l at Sardar Krushinagar were 

recorded. High cropping intensity in Deesa area 

Mean and range values (~tg/g) of DTPA extractable Fe, Mn, Cu & Zn content in 
the soils. 

D istric t 

l .o c:r1ti<>n 
Fe ·Mn Cu Zn 

Bana.,;kantha 4.78 6.4() 0.51 0.78 

Sardar Krushinafar (2.86- I0.8..i) (3.86-8.44) (0 .38-0.84) (0.28-1.o'l) 

lkl'~a 3.77 5.QO 0.86 1.0~ 

(2.22-5.56) (3.5Q-8.35) (0 .5Q- l.QO) ( 0.36--t 70) 
Madana 5.40 

I 

l0.6Q 0.56 0.3X 
(3.62-(),56) (16.14-13 .36) 

. , ) I 
(0.36-0.80) (0.26-(!_) ) 

Mchsana 4.52 6.55 0.85 
I 

I.IQ 
Jagudan (3.35-R26) ( 4.84-8.63) (0.4N-3.27) (0.: 3-'.~.9~) 

I Vija pur 4.<)I 8.65 1.16 IJll 

Sahnrlutnthu 
(3 .--l2-8.4I ) (6.73- I 1.4Q) (0 .65-2. 10) (0.47-3.Jll) 

I 
J(),02 21.87 1.55 (l.6~ 

KJ1cdhnt111a (9.30-29.62) ( 11 .28-4 1.88) ( O . ➔:-O. ll_;\ 

I 
( I }2- 1.90) 

l ;,l11<.l 
6 15 Q,I4 0 .60 o.so 

Ah1nlldab11d 
( 4.24-9, 16) ( 4 .56- 17 .07) (0.3 1-0.77) 

( ll. l lJ-0. ll_;\ 

D dl;!ltll l 
6.2-Q 17.36 1.03 O.-l I 

(5 .37-k .08) (5 .54-25.43) (0.64- 1.67) 
(tl.20-0.llO) 

Kulc:h 
5.()-! o.o2 

I 

lih.id ta u 8. J I I .OU 
(,Ul6- I0.6--l) (2.35- I1./N) ( 0. I lJ- I. 7ll) 

( ll.~_;-1.-l ll : 

Mu11d1;1 . 
k .n 2 ,l X 0 .83 oJJ I 

Mc;i11 
( 5 t'd IS.n) ( 1.hll- \.76) (lU2- 1.2 1) 

(0. I 7.(1,btl) I 
6 .1'\l 1) ,71. () 70 I 

(2.22-2()_(!2) 
0 .'13 7()) 

( I .6I -•ll .88) (0. 19-3.27) 
(0. 17--1· / 

----- - - - - - -·-
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TABLE 3 
per cent ·distribution of soil samples 
--. 

In sufficient and deficient categories. , .. ,. 
Mn ('u Zn 

, ,,.:.1ti1)n --- - -- -s /) s '-. / ) s I) s D 

--
I :-. K. n:i ~;ir 

, ... 
7~ 67 

I l)('\'.'-il )() Q() 80 

:,.bdana 40 (,(I I 00 

Jagudan 20 80 l)() 

\•i iapur :!0 80 100 

1 KJ1edbrama J()(I (I iOO 

·1;i1nt1 XO 20 Q() 

Dehf am J(l(I (I '100 

Bhachau 30 70 Q(> 

Munt.Ira 1 ( I() () 0 

M ct1 11 52.2 -i7.8 81.67 

S == Sufficient t1nd 1) = Deficient. 

and proxfrnity of Mundra to sea might have 
reduced the availability of Fe, Mn and Zn. An 
overall mean values of 6.89, 9.72, 0.9~1 and 
O. 704 µg/g soil, for Fe, Mn, Cu and Zn content. • 
respectively, suggest that Fe and Zn content 
are nearer to their respective critical values, but 
Mn and Cu content are on sufficient side. 

. The soil samples were further categorized 
111 to two groups viz. deficient and sufficient 
Using the critical levels of 5 pg/g for Fe and Mn 
as suggested by Katya\ and Sharma (1979) and 

33 10() () ➔➔ 56 

20 100 0 60 40 

0 1()(1 (I 20 ~() 

10 I ( I( I 0 40 60 

0 100 () l)() 10 

(I 100 (I 70 3ll 

10 100 0 -HI 60 

0 100 (I 30 70 

10 ()(I 10 70 30 

JOO LOO u 10 00 

18.33 ()l) 57.4-i 52.56 

0.2 ~lg/g for Cu and 0.5 ~lg/g for Zn by Katyal 
and Randhawa {1983) . Almost similar values 
were also reported by Oangarwala et al. (1983) 
for soils of Gujarat. The per cent deficient 
values of Fe range between O to 90 and that of 
Zn from 1 0 to 90 per cent. Similar extent of Zn 
deficiency was also reported by Singh and 
Sekhon (1991) and Oangarwala et al. (1983) . 
Howeve, . this was not the case with Mn and Cu 
content excepting Mundra location (Table 3). 
From the overall mean per cent dificlent values 
(Fig. 2) of 47.8 and 52.56 for fe and Zn, 
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'7 
-

Mn . Cu Zn 
( 5·0) ( 0·2) c o~s> 

Fig. 2 : Distribution of surface samples into sufficient and deficient categories 

respectively, it can be said that an application 
of Fe and Zn considering the soil type, its 
analysis and cropping pattern, may prove 
beneficial in this area. In the case of Mn, the per 
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Evaluation of Economic Insecticidal Control Schedules for the 
Pod Borer Complex in Pigeonpea * 

G. J. Parsana and P.A. Bhalani•* 

Pulse Research Station, Gujarat Agricultural University, Junagadh Campus, Junagadh 

ABSTRACT . . 
Investigations were carried out af Junagadh (Gujarat) for the estimation of avoidable losses due to 

pod bo1·er complex in pigeonpea and for the evaluation of ihe insecticidal spray schedules for the control 
of pod borer· pests. All the spray schedules were proved significantly superior over control. The over all 
percental{e of.pods damaged due to.pod borer complex at harvest of the _crop was minimwn (2.26 per cent) 
ln treatment which sprayed for four times i.e. first spray of fenvalerate 0.0l'k, at bud initiation, second 
with monocrotophos 0.04% at 60 per cent flowering, third spray with fenvalerate 0.01 % at 60 per cent pod 
1ettlne and followed by monocrotophos 0.04% at 10 day after pod set~ing. It also gave 50.30 per cent 
hiehest yield ( 1246.83 kg/ha) over isolated control plot (829.17 kg/ha). TI1e percentage of pods damaged 
waa 6.16 per cent in the plot sprayed with endos\Jlfan 0.07% at 50 per cent floweling and followed by 
monocrotophos 0.04% at 60 per cent p~d setting. But, it was the next best in yield (1122 kg/ha) which gave 
36.64 per cent higher yield ov!"r control. 'r}le percentage of avoidable loss iu yield was lowest b1 the plot 
•prayed with fenvalerate 0.01% at 'bud _htltiatiC:n, monocrotophos 0.04% at 50 per cent floweting, 
fenvalerate 0.01% at·50 per cent pod sett~g and (ollowt;d by ruonocrotophos 0.04% at 10 days after pod 
eettlne. nus treatment was followed by plot sprayed with monocrotophos 0.04% at bud htitiation, 
endoml(an 0.07% at 50 per cent flowering and 50 pet.· cent pod setting and monocrotophos 0.04% at 10 days 
after pod setthig (4.25 per cent)-and~tment sprayed for two times i.e. spray with endosulfan 0.07'.it, at 
60 per cent Ooweriug and monocrotophos 0.04% at 50 per cent pod setting (9.95 pet· cent). Whe1·eas in 
laolat~d control loss was 33.47 p~r cent. The highest NICBR (1:4.30) was opserved in treatment s prayed at 
60 J>f,r cent fiowerlnl{ with endosulfQ.11 0.07 per cent and second spray at 50 per cent pod setting wiUi 
DlOnocrotoph.os 0.04 per cent. The next highest NICBR (1:3.67) was obtained iu treatment sprayed with 
DlOnocrotophos 0.04 per cent at 50 per cent flowering. " 

INTRODUCTION 

The efforts for increasing production of 
Pigeonpea are greatly hampered by number of 
i od borer pests, which severely damaged to 
10wers and pods of the crop. Amongst the 
Va ' nous pod borer pests, gram pod borer, 

(U ecei1 1ed on 21st Mav I 988) -. 

Heliothis armigera (HUB), plume moth, 
Exelastis atomosa (Wlam). blue butterfly, 
Euchrysops cnejus (Fab.), and the podfly, 
Melanagremyza obtusa (Malloch) cause 
extensive damage to the crop year-after-year. 
Considering the behaviour of pod borer pests 
in the field, a strategy for effective and 

:--.-p - -:-:----------------:-:--:---.~--.--:-:--.---------- ----• a" -• . . . 
••pre ot M . • Sc. (Agri.) the616 :,ubmitted by the first author to the GAU, Sardar Krushmagar. 

sent address : Associate Research Scientist (Entomology), Pulse Research Station, GAU, Junagadh-362 001 . 
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economical control of pod borer complex was 
formulated to restrict the insecticidal application 
in pigeonpea to realise its maximum yield with 
losses insecticidal input. 

MATERIA:LS AND METHODS 

Field experiments were conducted at 
Junagadh (Gujarat) for two years (1984-85 and 
.1985-86) on pigeonpea BDN-2. The crop was 
sown.at a distance of 75 x 10 cm in first week 
of July i_n both the years. All the recommended 
agronomi~al practices were followed for crop 
maintenance. _The experiments were con­
ducted in randomized block design with four 
replications. The gross and net size of each plot . 
was kept 4.5 x 5.0 m (6 lines/plot) and ·3.0 x • 
4.0 m (4 lines/plot) . respectively. The most 
commonly recommended insecticides · mono-

GAU RES . ,J. 1994. 19 (2) 

crotophos 0.04 per cent {500 ml/ha/s r 

endosulphan 0.07 per cent (1 lit/ha/spray~ aay} 
fenvalerate 0._01 per ce~t (250 ml/ha/spra

nd 

were tested . The respective spraying of in Y} sec. 
ticides for 1st, 2nd. 3rd and 4th was done at b 
initiation, 50 per cent flowering. 50 per cent Ud 

. d ft Pod 
setting and 10. ~ys a er pod setting stage of 
the crop, respectively. Observations in pigeon. 
pea pods damaged . by the pod borers were 
recorded from five randomly selected plants 
from each plot at the time of harvest. Percent­
ag~ pod damage was worked out and 
subjected to angular transformation, for statis­
tical pooled analysis. The treatment-wise yield 
was ·also recorded separately for two years and 
pooled analysis was ~rried out. The losses. 

~due to pest in various treatment were calcu­
lated by using a formula of Pradhan (1969) and 
Poul (1976). 

Yield in treaiment Yield in any 

wh,ich gave the other trea tment 

highest yield of no treatment 
% l ()SS due to pest. --------- --- --...:_- - - ~ ----= ..:_ _ _ _ 

X 100 

Y ield in treatment, which give the hight!st yit!ld 

The economics and net incremental cost 
benefit ratio (NICBR) of insecticidal treatments 
were also worked-out and conclusion was 
d:-awn. 

RESULTS AND DISCUSSION 

Pod borer Incidence 

From the results (Table 1) of two years on 
overall mean per _ce~t pods damaged by pod 
?orer . ~omplex, it is evident that all the 
msect.1c1dal treatments were found significantly 
superior over control and isolated control 
Treatment sprayed at bl:Jd initiation witl~ 

fenvalerate 0.01 per cent. second spray ·at 50 
per cent ! lowering with monocrotophos 0.04 per 
cent, third spray at 50 per cent pod setting with 
fenval~rate 0.01 per cent and fourth spray at 1o 

days after pod setting with monocrotophos o.o4 

p~r cent and treatment sprayed at bud initiation 
wi_th monoccotophos 0.04 per cent. second and 
th1rd sprayed at 50 per cent flowering and 50 

per cent pod setting with endosulfan 0.07 per 
cen~ and fourth sprayed at 1 o days after pod 
setting with monocrotophos 0.04 per cent were 
found the best in all insecticidal treatments all

d 

they followed by treatment sprayed at so per 
cent flowering with monocrotophos 0.04 per 
cent and second sprayed at 50 per cent pod 



pARSANA & BHALANI : CONTROL OF' POD BORERS IN PIGEONPEA 35 

TABL~ 1 

effect of lnsectlcldal sprayed •chedules on per cent pod• damaged, grain yield and 
avoidable lo1ses due to pod borer complex at harvest · 

Trl!cll r,wn t I n.w:c:tic: icl C!S Spray at Per c.·ent pod Ciruin yielcl Perc:enlal<e Per,:entage 

No. gro~·t/1 clamagttcl Jue in kg//,a increased in avoidable 

stages to pod bm·~r (pooled mean) · yield over loss in 

(pooled mean) isolated control) grain yield 

I Tl Monocrotophos 50% Dowering 18.91 960.00 15.80 22.85 

(10.08) 

T2 Endosulphan 50% Dowering 13.12 1121.67 35.34 Q,Q5 

Monocrotophos 50% pod setting (05.15) 

T3 M onoctot_ophos bud initiation 19.52 1009.17 21.71 !9.02 

Endosulphan 50% flowering (10.10) 

M onocrotophos 50% pod initiation 

T4 M onocrotophos bud initiation 11.33 1192.50 43.90 4.25 

Endosulphan 50% tfowering (03.86) 

Endosulphan 50% pod setting 

Monocrotophos IO day after pod setting 

TS Fenvalerate 50% l1owering 18.54 942.50 13.75 24.31 

(10. 11} 

T6 Dowering 
, . 

14.45 1054.17 27.t4 15.41 Fenvalerate 50% 
~ 

Monocrotophos 50% pod setting (06.21) 

n Monocr:otophos bud initiation 16.75 1067.50 28.82 14.29 

Fenvalernte 50% flowering (08 .29) 

Monocrotophos 50% pod setting 

T8 Fenvalerate bud initiation 8.65 1245.83 50.30 00.00 

Monocrotophos 50% tloweri_ng (02.25) 

Fenvalerate 50% pod setting 

Monocrotophos 10 days after pod setting 

T~ C'ontrol 25.16 836.67 00.70 32.8~ 

( 18.06) 

no IM>lc1 tec1 ( pesticide free area) 25.52 829.17 00.()(1 33.47 

(18.55) 

S.E.m. 1.05 41 .67 

C.D. 111 5% 2.~6 116.67 

C. V. % 17.35 11 .33 

------
Figurl!l:, in parnnlht:sis are ret r1111sformc<.1 valu~ . 
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. cent and better yield than the control. The h' 
setting w~th endosul~an 0.07 per ' aln ield (1245.830 kg/ha) wa : :-::i il~~es1 
treatment sprayed with fenvalerate 0.01 per gr Y . ,_ . s obtaine 
c&nf ~ at. 50 , per , •cant l:'f~OWijrlng: candrt 1eco1nd nu inn l~f:l~~> ~f.lfat~, ~r'~yfld !;. :for_:· : f ~tir h 1Rhi d 

. t I 0 o-4; '8"~ '<f~n1r .,.at• 'lsqne"·) tf), lOlfdK~Ellei'atEJ,llb 2.-" - ~IT0C,5t<j~ s 
sprayed with monocro op 10s . 1

• P • • ·' M ,.,,6s 
50 per cent pod setting, However, treatm1ant • 3.' F_e_nvalerate, 4 • onocrotophos Which w~ 
·sprayed at 50 ,p.er-,-,-eent flow~_rir.19,, )Withq ·11: s1grnf1cantly , 1 ~~tt~?· over all. the , t~eatments 
monocrotophos ,0 .04 , per'\ cent at.Id~ second ,1,\ , ie-xoepti treatmelilt ~prayed for two times i.e. 

d 50 . l. t pod 1,settin~,, with •···'" ''ehdQst11lfan and,:monocrotophos and treatrn ' spraye at per ·\:,en ~ . . . ent 
endosulfan 0.07' 1·per '., c~'nt I was signifi_?.~~~~~f'.'.. ,,,_~e~~~~~--~ -~ ... !?~ .. !I!.n.~~-':_:.:~:-~ ~~~r~tOphos, 
equaliy effective with the treatm.entsp.r'a'.yed for 2. endosulfan. 3. endosulfan, ana· ·-4. 
four times i.e., first .spray with momocrotophos 1mQnocrotop~.9~h-•.,.iJ1~atoo~nts.,Ji2 ~nd . .J4 gave 
0.04%, second with endosulfan 0.07%, third ;_:~l\1.~1.670 and 1192.500 kg/ha yield, 
with endosulfan andlft>urth with mcmo~rotophos iespectivelyi~Wher-easf 'l1he plot,g~-«e ,low yield 
0.04%. The over all per cent damage was 5.12, Uwfilbh have;s·~raye<d: or:tl\>"-:Ts :one· time af 50 per · 

3.86 . -~nd . 2.25 ri>~ri ,- cent in q io~~cticidal ,,q~11t flowering_,,;11;iiin; bud ;,, .pq, _1.r:·!•, • , •. 

treatments T2 (first sprayed at 50 per c,ent e ) : .n : ) :~n i1:iw,i!l :..:·n;:: niffki :1!,'.'•i;:. 

flowering with endosulfan and second spra)/ed Avoidabtt 1i1dsses{{ ~-'l)r. ,,:,[i(i '· L , •;-- 1.~· 

at 5_0 per cent pod s~tfif.\g with mori?-P.f.9!9Phos), rr.. t 1 11u 1i ni1l 11i Lui! >'.or:q,,:,.-.. , .;;-:11, • 

T4 (first sprayed with monocrotophos at bud (dX.tm It is cl~~~riJi.Q/i1il t~~cresul\~:•~~t,lQ,_all the 
initiation, second and third sprayed with treatments ,➔}( i~lP. L~~s -inm-ease~ :f~~lll;: 13_. 75 to 
endosulfan at 50 per cent flowering -and 50 per 50.30 :.P.~L,:~..e~t:•JiGiV~J:, ~&olat~f.:i. :•·CO.filtf~t.:plots. 

cen! : f>:Od setting, ;. ,:r7~pectively t";f P.f:1.i fourth +1~~~tment l } ,i ,tfJrni~ S~ff!Yed w,i~~,-.~-~1-?~u!fan, 
sprayed with monocrotophos at 1 O days after 11"~R 

1
second monocrotophos} was the next best 

pod $etting). anq 1 .-Ja (first i.~Prc~y with ' <Wifh 35.54 ~~,lh.C,e.l;\, high_er yielq,.,q:~~rr.is9lqled 
fenvalerate, second monocrotophos, third . ( ic..ootrol polt ni\Ntlar;~a~'nifl tr~aiooeot:.s.P.rayed 

fenvale~ate and •. ~ourth sp~~Y~?.,: with ~~m monocrR.!~BnRi5 ~np tr:~:f.W?~nt ~~ra~ed 
monocrotophos) , respectively. While in control :_<~ .i~h)fenvale~~f~1J);\n p~_'i)fent inct ~f.s~g.)Q yield 
and isolated control plots per cent pod over contro\>XfJ.~/~OJr \~\@O qqqqi~. 7~:P.~~ cent. 
damaged were rec9r,d,~;:d 18.06 a?~ .1 ~.

1
55 per ~e~pectively. T~us. i~ is ,cleared from the r

1
esult5 

cent, respectively. Results als'o • clearly _tp).,t in all the \'re~i'Hll n •>l,d loss gue 'tct 'a~ bore< 
. d (c.... ~1 ) 11 111":JWrnr ~t~ ?. •H 1(.L: 1:• l :· enl 
m icated that one spray of endosulfan or complex i~~~j,r.~~ L~fs·",t r:¥5 to ~~-!~tPi-~f ec of 
fenvalerate was superior to control plot but it over ;{TIM!~~ft;l,.,fi.Y~~!2·i!' Th~, .. p.~~c~p~RQ ent 
was not equally effective to protect with 1two avoidable los~ in yield was lowest in treatm 
spray or more presemt studies con1irm the .Ja•.::(sprayed for four times i.e. , fenvalerat~ ,~ 
finding of Srivastava (1980), Deware and :,t:nohocrotophos, 3. fenvalerate a~

4
' 

Dhanarkar (1981), T~l~p et al. (198~) ~n~ Babu t h ) f II wed b~ 
et al. (1984) . • . , 11:1.9.~ocro w~,~;PJ~,t ,~?J1B~~lcent O ~.:·. • first 

(i:(spr~yed for four times I.e .. .. 11811 

Grain yield 
·-· • • • monocrotophos, second and third edosu 

11 • ' , er ce1 . 

. ~~suits also revealed that all the 
1nsect1c1d~I treatment were gave significantly 

an~ fourth monocrotophos) ,' 9.95 P 
I 

iots, 
Wt\ereas, In control and··Isolated contro j per 
tt:l~ ;:ivoidable losses was 3.~.83 and 33•

4 

cent, respectively. 
• ·I 
'• 
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TS Fenv<1lernte 50'~- flowering 189.50 

3) PRICE of in!>c«:li ddci. .. I :,nu, 1sul pha II 35 

= M, lllll«:fClll 1pl11 H, 36 

= I ·c 11valcra lc 2(1 

IT 

or~-~ t htl?, <!H'vV 2orlqc1Jo,:;onorn t ,ill, (I :.;\!iH•~lt){ ' 

bst3~o 2BW _r5~r1 s;·.:r i ot!t.ft.1: .,-~ · ~:. ,3.br\ .. ~; 

-r1e4481g;m.c-;n ZHr-tit c-·-11; b8'4~i~-6' l::·:;<:--1·f4:3d .-. • 
?;F.;W 

er!t
4
gj

6
f1f'li}{0(1l 1i~ff .z~,1:i1 ·Jiff':tJ ":.-,:::: ~r(16• - - ; 

3 il3 {RC-':~)l~'l) rntsR litsr:?!S i.s\~!'.3,:ici::.-;-; 1 , • . ·; 

tn8mi,:;01J ni behto:-,;8·1 2 ~-;•1: fl(:.::.::•,? ;2,a 11 C_! ' 

o'-~ ' t.'""i;'Vf\C.-. r \'j :,._, hi:.; \If':""(' .. t-·o•··/·-. ""C1 I~ • .. ' ! ~ ~ . .. , r, c,J ,;:, 1 •. , .• , _, i !·v ;,.:It ·"·l~ .,, . .,,, 11, :::--.,, ✓,,, ( .c .. , .. : 

b3'(£1q2 1r10r11!£c>1) lf-d>ioi1J82f!i s-r !T \;) f .:-: ~' 

3772 

4216 

456 346.5 1:3.16 

1:3.06 

Jct1 1t?l,ibu1~ .1 t1?.~ 6 
;11;c, 1, 1·1· . ·,.;.1~2)> t: .. ,,. 1, 1,~6 • 

• rm ,1~1ln1 1!11 '(f!b'J!J I.Jr ; ,: .-1·1:,a: !J1·c! 'i11 :, , .. !1, •· .• 

. (t~. - ~~: • % 1 -, )\;,., ~ ,· ~ 

4()84 1668 1225.0 1:2.76 
'{ I ;111:lirl') ' /,/ .M ;11;1_i1 1:)i '' ., : . -· . . • / ·., J ,, 

.!i',P! ·n,1.,u / \ .. I .:) Im•, 11Ji!1;, 1 ·, -~ ,-•!• 

.1ni1 :-Y1l·1~ 1,.1r111 ,n:~iq ·1, • 1,l;.· ,r; 1• ,j1.11 1 lt , ·•·•!' \,1;·,.•! 

'\_,\\'"' .\ 11t~,'A \: >t\ \\,,' ..'/\ \\l\\ \\'.-.,n·, ,•nt ·'•-'• !~,.;,, !11 

= 

3348 

3316 

87 

· 32 

" 

Rs/Iii rt· 
H ' = I 8(1 Rs/Iii re 
EC = 350 Ri./1 i In.: 
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Economics 
Economics of the insecticidal sprayed 

schedules applied during 1984 and 1985 are 

t d . Table 2 The data revealed that presen e in - • f 
the net realization was maximum in case o 
treatment sprayed for tour times i.e., 1. fen­
vaterate, 2. monocrotophos, 3. fevalerate and 
4. monocrotophos (1668 Rs/ha). Similarly, 
treatment sprayed four times with the insec­
ticides namely monocrotophos, endosulfan, 
endosulfan and monocrotophos was get 1456 
Rs/ha net realization 1172 As/ha. was obtained · 
by treatment sprayed two times namely en­
dosulfan and monocrotophos which was 
protected only two times. Thus looking to the 
Net Incremental Benefit Ratio (NICBA) the 
highest . NICBA was recorded in treatment 
sprayed two times with insecticides namely en­
dosulfan and monocrotophos (1 :4.30) followed 
by tre~tment sprayed with monocrotophos 
(1 :3.67) and treatment sprayed with fenvalerate 
(1 :3.16). The insecticidal treatment sprayed 
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Effect of Weather Parameters on Brinjal Jassid, 
Amrasca biguttula biguttula Ishida 

H. C. Ratanpara•, A. M. Shekh, J. Ro Patel and N. M. Patel 

Bansilal Amrutlal College of Agriculture, Gujarat Agricultural University, Anand • 388 11 O 

ABSTRACT 

Jassid. Alr£ra.-;co biguttula biguttulo. Ishida, an bnportant regularly occurring insect-pest of brinjal in 
Gujarat is found throughout the year. Among the various weather parameters studied to know their effect 
on population build up of this pest minimum temperature (r = -0.56), average temperatw-e (r = -0.41 ) and 
vapour pressure (r = -0.64) showed significant negative association, whe1·eas sunshine hours (r = 0.45) had 
positive association. However, only vapour pressure contldbuted 41 per cent variation in jassid 
population. 

INTRODUCTION 

(Rec:ei1Jed on 3rd Sept. 1991 ) 

infesting brinjal at the Gujarat Agricultural 
University, Anand during 1983 to 1985. 

MATERIALS AND METHODS 

To make the brinjal crop available 
throughout the year, brinjal 'Doli 5' was raised 
at 90 cm x 90 cm spacing at every two months 
interval in 0.04 hectare area. The agronomic 
practices in vague on the farm were followed. 
The jassid population w~s recorded by counting 
the number of nymphs on five leaves at dif­
ferent height of each of the twenty five plants 
selected at random at weekly interva'f a'tterone 
month of transplanting of each crop to removal 
of the crop. • -·· • 

The life cycle, severity and threshold 
population of insect depend upon the 
prevalence of weather conditions. In semi arid 
tropics, various generations of jassid Amrasca 
biguttu/a big.uttula Ishida overlap each other 
and all stages of jassid could be seen 
throughout the year. The information regarding 
effect of weather parameters on the population 
build up of insect pest is very useful in 
Predicting the pest outbreak. Varma (1975), 
Balasubramanian et al. (1981) and Dubey and 
Ballal (1991) have studied such relationship for 
Myzus persicae Scirpophaga incertulas and 
~Proaerema modicella, respectively but no · 
information is available for jassid, A biguttula 
buguttula. Hence study was carried out on the The meteorological pararheters were 
seasonal incidence of A biguttula biguttula monitored daily in the Agrometeorologi-

'Present address : Senior Research Assistant (Entomology). B. A . College of Agriculture, GAU, Anand. 
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cal observatory which was about 100 m away 
from experimental site. The cause and effect 
analysis and step wise regression analysis 
were carried out for determining the contribu­
tion of weather parameters having significant 
effect on build up of jassid population. 

week of March), whereas minimum pop 1 • . . u ation 
ranged from 0.02 to 0.05 1ass1d per leaf d • unng 
the 24th and 35th standard week (3rd week Of 
June and 1st week of September). Thereaft 

population steadily increased to 2 or 3 jassi:: 
per leaf from the 38th standard week (3rd week 
of September). This increasing trend of jassid 

RESULTS A.Nn,nl~~u~~ON ~ - - -~c . ,a. - l ,J, ·-l l..1.-:W ~.,· ...... y ~Ci.. ._.}?,t'~t':'~ _ i"tW!i " 6 .i.:J , ..;urpopt1ratro'Bl.:.b!.rlifllGI-Ut:U) nltu ... ~ decrease in 

The three years studytJ/1,etfed oi'1'lllillfl:~Y\ ,}.~M'l!J,f11?f~_lll!liE\ il!i</'l' 22 mm of Hg to 10 mm 
parameters on population buildup of jassid, A. of Hg and minimum temperature from 2o•c to 
biguttula biguttula (Fig: .,1} •revealed,"1«tillit;lo~ . ,u;.!!if ., s 1.t .• i,;>cJ.L~ Q!All these two weather 

jassid through9ul, . th<;. ,y~•r: , t:i9".'!1VJ1!.,,·· !Pe,,, , ga; ar:n.~t~•(,Pf~e~,i'];,f?.?-~~~l rg! r)n the building 
maximum 1ass1d population per leaf was up of the 1ass1d population. The influence of 

observed in the range of 1.16 to 2.81 during tp~ f .JI r~caximu~ temperature was not found, however 
10th .and11 th standard week (2nd and 3rd · • • iiiUease rn sunshine hours increased the jassid 

I ' ~,, ,··i . ..• , • ! - • J • I • .. • _.., . l, •. ; ,- '1 ',,, .:,,, ;Jf!iTGJ:s::'C -✓ ·, ,.'Jl;_.'.0 ! •[1Gl"/,.(.11 f:)0J>U3.tior:i . .. '. : \ > ' .,1-:, . ,\, ,\.\•. •'➔ : ,, • ., .... ,•,• •• :,- ·.: 
. ' , .. ., ,,.¥ :,,-;,. .., • ,·, < .,•J _, .11:.. , : JI ;o ••;/. · ·IJ '• .. , , ,• l"• •r''•' C. r: ) • • .. J 

1 '~?~:.., ·;.,· r ,l ;.,. ~J.;., b·J.:• ... ·.., • ., .. er. , • • • .. ~ • ' • •TABLE'-i,, .,, ,.",, ···,• · · , • " . , .. ,. . . · ·,,. , - . ' • :- - '·. . . . ' . ; • ·•· - .... ' •• •• " • ., • • , , "••· , , ,., . . 111;. ,,c. ,. . . :"' · ,-~ 1. 1·,• J11., i•,..,t l'; . 1;,,•1:r :.-'. JJI I '" . , ., j ·,fiJr<I ;,· , ., ,; , •i 

~ •!! C' ,) , •,< ,•;, .C•i •Ji d H U;. •• <• , " ;I-, • ; • s • - • e ) • .' • • • - • • • ·• • •: • • • • • • • • · •• - • i,,,?Ifl>tall9,1J. co-ejtu:t,11t . .lletu':-.i ·? ••.• , cJ. ·· '· · ' · · '" :·' ·"'•'•"• ·'"" .,.,.,,,,,,!. ; .,.r,. " ·;, ., •• w- ,,., , • , •• , 
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TABLE 2 

Path co•efflclent for Jassld population and weather parameters (1983 to 1985 pooled). 

Temperatu,'(! uc Vt1pour Pressure 

mm vf Hg 

Suns/i ine 
/,ours 

pu ro met ~-1·s Mitt Av 

Temperature. C' 

Vapour 

pressure 

I mm of Hg 

Sunshine hours 

Min. 

Av. 

-0.24 0.27 

-0.22 .().29 

-0.22 0.22 

0.11 -0.06 

-0 .61 0.02 -0.56 

-0.49 (1.()1 -0.41 

-0.67 0.03 -0.64 

0.44 -0.04 0.45 

PX2 a 0.58 Residua l = 0.76 

• Tbtal correlatfon between jassid population and weather paramdcrs. 

its indirect negative effect through minimum 
temperature . The average temperature also 
showed moderate negative indirect effect 
through vapour pressure on jassid . 
population. 

The vapour pressure showed maximum 
negative association with jassid population and 
had maximum negative direct effect also in­
dicating that this variable is important one in 
predicting the jassid intensity in brinjal crop. As 
observed with minimum and average tempera­
tures , the indirect influence of vapour pressure 
through minimum as well as average tempera­
tures was evened out. 

The sunshine hours had positive associa­
tion with jassid population, however its direct 
effect was practically negligible. The indirect 

influence of minimum and average tempera­
tures and vapour pressure through sunshine 
hours was practically negligible indicating that 
sunshine hours acts independently. However 
its indirect effect through vapour pressure was 
positive and moderate. 

The step-wise regression analysis was 
performed to spot out most influencial weather 
parameter affecting jassid. As a result ou\ of all 
abiotic factors only vapour pressure contributed 
41 per cent v~riation in jassid population, th8 

equation obtained is as under : 

Jassld 
population = 1.215 - 0.048 (Vapour pressure 
per leaf (R2 = 0.41) mm of Hg) 

This relation Is depicted in Fig. 2 
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Whereas, other significant variables viz., 
minimum temperature and sunshine hour when 
included in ~he step-wise regression analvsis 
they did not improve prediction considerably 
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Biology of Anagyrus punctulatus Agarwal, a Parasitoid 
of Saccharicoccus sacchari (Cockerell) and Residual 

Toxicity of Certain Insecticides to Adult Parasitoids 

M. N. Kapadia* and V. P. Mittal 

Department of Entomology, Gujarat Agricultural University, Junagadh Campus, Junagadh-362 001 

ABSTRACT 

Biology of Am,gyms pnru:tulaiiu:1 Agarwal, a parasitoid of sugm:cane mealybug was studied. The egg to 

adult emergence period was 15.2, 2'9.0_ and 12.6 days during December, January and March. resp_ectively. 
The mean fecw1di ty was 29. 7 eggs per female with an ovi position period of 6.3 days. A female parasitized 
6.6 hosts during its life span of 10.9 days. The female parasitoids survived longer (28.3 days) in December 
and shorter (5.5 days) in March. Population of females -doubled that of males (2.0-3.6:1) during 
October-December wider field conditions. Parasitism of mealybug ranged from 20.8 to 38.8 per cenl 
during the year. Maximwn parasitism was recorded during January and February an~ the activity ceased 
during August• September. 

Studies on residual toxicity of nine insecticides against A pu.nctulatu.s adults revealed that 
fenvalerate, dimethoate, endosulfan and formothion were less toxic on 7th day of application. Fenvale1-ale 
had the shortest residual toxicity among all the tested insecticides. 

INTRODUCTION 

The sugarcane pink mealybug, 
Saccharicoccus sac,;hari (Cockerell) (Homop­
tera : Pseudococcidae) was found associated 
with eight na~ural enemies, five parasitoids and 
three predators, in Sau·rashtra region of Gujarat 
State (Patel and Mittal, 1989). Among them, the 
encyrtid, Anagyrus punctulatus Agarwal was 
found most important in regulating the 
mealybug population. This parasltoid was 
recorded for the first time, whereas Anagyrus 
saccharicola Timberlake was reported from 
Hawaii (Pemberton, 1932), lr,dia (Butani, • 

(Received on 18th Not•. 19921 

1972), Thailand (Napompeth, 1990), Bolivia 
(Pruett and Colque, 1984) and Australia (lnke<· 
man et al., 1986). Patel and Mittal (1989) 
studied about its development. In the present 

investigation, studies were carried out on th8 
.. e<:· 

biology, development and impact of ins 
ticides on A. punctulatus. 

MATERIALS AND METHODS 

rgence 
The period from egg to adult erne 

I 
tvS 

was determined by releasing A. pt.mcfu~icn 
adults in glass tubes (16 x 4 cm) : striP 
contained mealybugs glued to card~ 

Targhadia-360 *Present address : Associate Research Scientist (Entomology), Dry Farming Research Station, 
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10 x 3 cm) : This cardboard strip was replaced 
~very day. "!"he parasitized mealybugs were 
kept separately fo~ recording the adult 
emergence. • Ten pairs of parasitoids were 
confined individually in glass tube containing 1 o 
healthy mealybug glued on small cardboard 
strip for studying the fecundity. The host was 
replaced daily till the death of the female 
parasitoid . The mealybugs parasitized by 
individual female was kept separately for adult 
emergence. Fecundity was calculated on the . 
basis of number of adults emerged out from the 
total exposed mealybugs. 

Periodical collections of mealybug from 
the sugarcane field were made to determine the 
natural parasitism. The collected mealybl:Jgs 
which glued on the cardboard were kept in the 
glass tube for the parasitoid emergence. Afte~ 
one month the mealybugs having the parasitiqd 
emergence holes were counted and thus the 
percentage . parasitism was worked out. 

In order to find out the residual toxicity of 
insecticides to A. punctu/atus adults, one day 
old adults were exposed to the insecticide 
treated sugarcane leaf. The sugarcane leaves 
were sprayed with the insecticide solution at 
recommended concentration, using stomizer, 
air dried for 2 hours and then the middle piece 
of the leaf was held in glass tube (10 x 3.5 cm) . 

TABLE 1 

Test insects were introduced into tube and ex­
posed for a period of 6 hours and then adult 
mortality was recorded. Untreated control was 
maintained using sugarcane leaves sprayed 
with water. Each treatment was replicated three 
time with ten adults (females) in each replica­
tion. The treated leaves were exposed at 1, 3, 
7, 14 and 21 days after treatment. The persist­
ence and relative efficacy of different 
insecticides was determined as per procedure 
followed by Pradhan (1967) . The product (Pl) 
of average residual toxicity (T) and the period 
(P) for which the toxicity persisted, was used as 
an index of persistent toxicity. The value of cor­
rected percentage mortalities at various 
specified periods were added. This sum was 
then divided by the number of observations in 
order to obtain average residual toxicity (T) . 

RESULTS AND DISCUSSION 

Egg to adult emergence period 

The adults of this parasitoid started to 
emerge at 9.00 AM and 82.5 per cent of adults 
emerged out within 12.00 AM, while the 
remaining emergence was completed by 15.00 
PM. The period for egg to adult emergence 
averaged 15.2, 29.0 and 12.6 days in 
December, January and March, respectively 
(Table 1). Chandler et al. (1982) reported the 
development time of A. pseudococci (Girault) to 
be 15.5 days. 

Egg to adult emergence perfod of A. punctulatus. 

l'crioJ 

of 

xtudy 

6-12-()0 Lu 

24-12-4(1 

k-12-QO ti 1 

S-1 . Q l 

Nu. 
vh.~erved 

I I I 

2 17 

Egg to adult emergenc:e 

period (days) 

A veruge Range 

15.2 13- 18 

27.1 21-28 

Temp. 
(0( ') 

• 24.3 ± 2.4 

22.5 ± 2.6 

Rdutive 

humidity 
(~ ) 

58.1 ± 5.0 
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} . 

28- 12-90 to 

29-1-9 I 

28- l-Ql to 

20-2-9 1 

19-2-Q 1 to 

13-3-91 

13-3-91 to 

27-3-Q I 

Fecundity 

') 3. 

210 29.0 

200 2 1.8 

124 18.4 

85 12.6 

The sexes could be distinguished on the 
basis of antenna! and abdominal structures. 
The fem~les allowed the males for multiple 
matings. Th~ females preferred mostly fourth 
instar mealybugs for oviposition and deposited 
their eggs within 30-45 seconds. 

The pre-oviposition, oviposition and post 
oviposition periods averaged 1.7, 6.3 and 3.0 

TABLE 2 

GAU RES . J. 1994 • 19 1i1 

•I. .5. 

26-39 20,l) ± 2.5 62.3 ± k.S 

21-23 25.2 ± 2.6 St>.o :t 14.Q 

18- 1 Q 27.0 ± 2.7 57 .7 :t 6,Q 
I 

I 2-14 29.4 ± 1.8 53.2 ± 11.71 

days·, respectively (Table 2) . The fecundity 
ranged from 11 to 58 with an average of 29.7. 
A female parasitized 4 to 10 mealybugs during 
its life span. 

Longevity 

The longevity varied widely according to 
changes in the temperature (Table 3). The 
females survived longer than males. The lon­
gevity of females was 12.4, 28.3 and 10.9 days 

Fecundity of A. punctulatus at 25. '11 ± 2.3°C and 60.0 ± 12.6 % RH. 

Partic:ulars 

Prc-nviposilion period 

Ovipo~ition period 

Po!>t-Clvi posi Lion pcri od 

Fecu11d ity 

NI). or ho~t k ill cd/t"cmalc 

Longevity remt1lc 

Mak 

Sex ratio (l ·\~m;tle : Male) 

No. 

stuclicJd 

10 

10 

10 

10 

10 

IO 

10 

2 l)7 

Duration in days 

Averagt: 

1.7 I -3 

6.3 5-~ 

3.0 : -5 

29.7 11-5S 

6.o ..J -1 (I 

t(l.') 
1)-1:: 

8 .0 4-I I 

I : 1.~5 __:_-) 
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on an average during December, January .and 
February,. respectively. In March the female 
parasitoids could not survive for more than s 

TABLE 3 

days. Chandler et al. (1982) reported the life 
span of A. pseudococci adults to be 6.2 to 8.2 
days. 

Longevity of A. punctu/atus during dWferent months. 

f'eriod of longevity in days Temp. 
study No. Female No. Mule "(' 

Studied Studied 

5-12-QO to 72 12.4 30 6.5 24.1 ± 2.4 
28-12-90 (7-23) (3-15) 

13-12-QO to 16 28.3 15 15.0 21.6 ± 2.4 
17-1-91 (21 -35) (4-21 ) 

17-2-91 lo JO 10.Q IO 8.0 25.I ± 2.3 
1-3-9) (9- I 2) (4-1 I ) 

6-3-91 lo 420 5.5 (both sexes) 29.4 ± 0.9 
14-3-91 (5-8) 

Figures in parentheses inuic;ilc the ra nge. 

Sex ratio TABLE 4 

In field, the females preponderated to 
males. The female population was more than 
double to males during the months of October,· 
November and December (2.00 • 3.64: 1) and 
afterwards it declined but remained almost con­
stant (1 .12. 1.28:1). However, in laboratory 
bred parasitoid progeny the sex ratio was ob­
served to be 1 female : 1.25 males (Table 2), 

Parasitism by A. punctulatus in 

Extent of parasitism 

A t I t S a gregarious parasitoid, . p~cuau, A 
Parasitized almost late instar mealybugs_- s 
many as 14 adults emerged from a single 
mealybug mummy. However, the number was 
dependent upon the host size. E~ch_ ~clult 
emerged from the host by making an indiv,diual 
hole. 

months 

Monti,· 

March 

April 

May 

.lune 

July 

August 

Sl!pll'mhcr 

(ktnher 

November 

l kccmhcr 

Ja11uary 

!-'l'bruary 

of the year 1990-91. 

'/otul 

mealy/Jugs 

obsc:rvi:tl 

250 

400 

400 

. 2()(1 

250 

100 

1(1(1 

3 (1(1 

450 

800 

45() 

250 

Relative 

humidity 

('~) 

60.0 ± 5.Q 

63.3 ± 7.6 

60.0 ± 12.6 

55.0 :t 10.9 

different 

Parasitism 

(<-k J 

20.8 

20.5 

22.5 

26 .5 

31.2 

(iU.O 

(l(I ,() 

30.0 

17.8 

I 7, l) 

38.2 

3k.X 



TABLE 5 

Relative toxicity of different Insecticides to A. punctulatus adults. 

">!:Corrected pei· cent mortality at different 
Cone. imervals ( days) 

Insecticide ( .. c) 

l 3 7 14 21 

F<:~n,·alcrntc 0.02 46.67 20.00 3.33 0(1.00 00.00 

Di:Ticlhoate 0.03 93.33 76.67 6.67 0(1.00 00.00 

[nd0~ulf.in (1.07 73.33 66.67 30.0Q 00.00 00.00 

F;::1rmothion 0.05 100.00 100.00 6.67 0(1.00 00.00 

1\-fonocrotophos Cl.04 53.33 50.00 23.33 6.67 00.00 

Ph~phamidon 0.03 100.00 100.00 53.33 33.33 . 00.00 

Chlorpyri phos 0.05 1 (KI.OCl 100.00 50.00 43.33 10.00 

Ouiniilphos (J.05 100.00 100.(KI 96.67 73.33 20.00 

Malathion (1.05 100.00 100.00 100.00 70.00 23.33 

y A\'erage of three replications 

p T PT 

7 41.67 291.69 

7 58.89 412.23 

7 67.50 472.50 

7 76.67 536.69 

14 44.00 616.00 

14 77.33 1082.62 

21 67.33 1413.93 

21 81.67 -1715.07 

21 82.22 1726.62 

P = Period 

T = Residual toxici ty 

PT = Production of P X T 

RE = Relative ctli c<1cy 

RE 

1.00 

1.41 

1.62 

1.8-i 

2.11 

3.71 

4.85 

·s.ss 

5.92 I 

A 
Cfj 

0 
> 
C 

,:, 
('11 
(J) 

c.. 

-co 
co 
+:>, 

-r.o 

't3 
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The data presented in Table 4 revealed 
that the . percentage parasitism by A. 
punctulatus r~nged from 20.8 to 38.8 during the 
months of March 1990 to February 1991. The 
level of pa-rasitism increased from March 
(20.8%) to July (31 .2%). The activity of the 
parasitoid cease~ in August and September 
probably due to· heavy rainfall. The activity 
reached 1he peak (38%) in January and 
Fubruary. Parasitism of mealybug was 
observed maximum (35.5%) • on the upper 
portion of the cane as compared to middle • 
(25.5%) and lower (15.3%) poctjons. Barro 
(1990) reported that the abundance of 
A. saccharico/a appeared to be correlated to 
rainfall and accounted for 10.1 - 19.8 per ~ent 
parasitism in dry season. and O - 1.3 per cent 
parasitism in wet season. • 
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Bio-Efficacy of Insecticides Against Mustard Sawfly 
Athalia lugens proxima Klug 

C. C. Patel, J. R. Patel and M. G. Patel 

Department of 'Entomology, B. A. College of Agriculture, Gujarat Agricultural University, Anand Campus, Anand . 3aa 11 : 

ABSTRACT 

Field experiments were conducted "'.Ith various insecticides uiz., monocrotophos 0.036'k, acephate 
0.075%, methyl-o-demeton 0.025%, quinalphos 0.025%, formothion 0.025%, endosulfan 0.035'k, methyl 
parathion 0.05%1. quinajphos l._5 %, dust @25 kg/ha and endosulfan 2% dust ((j 25 kg/ha for three consecutive 
rabi seasons i.e. 1987-88, 1988-89 and 1989-90 to control mustard sawfly, Atlwlio. l ugi:w; pmximn. Klug. Need 
based one application of quinalphos 0:025% emulsion spray as ETL two larvae/900 sq.cm area gave quick, 
effective and economical control of sawfly infesting the mustard crop. 

INTRODUCTION 

Mustard, Brassica juncea Coss is an im­
portant oil seed crop which is generally found 
heavily infested with mustard sawfly, Athalia 
lugens proxima during the early stage. Some­
times in s~vere infestation, farmers have to 
resow the crop. Several workers have reported 
the use of in·secticides as spray or granule or 
seed treatment for the control of sawfly (Rai et 
al. 1978, Patel et al. 1971 and Pareek and 
Gupta 1977). However, for effective and 
economical management of mustard sawfly 
nee9 based application of insecticide is very 
important. Since no information on this strategy 
is available, this study was undertaken to find 
out the effective and economical insecticide for . 
the control of this pest. 

(R eceived on 2nd Nol'. 1993! 

MATERIALS AND METHODS 

Field experiments were conducted in ran­
domized block design at Gujarat Agricultural 
University, Anand Campus, Anand with 4 
replications using mustard var. Varuna during 
rabi seasons of 1987-88 to 1989-90. The plot 

size was 5.0 x 3.6 m. The row to row 30 cm and 
plant to plant 1.5 cm distance was maintained. 
Nine insecticide formulation were tested (Table 
1). All the insecticides were applied on mustard 

crop only once when sawfly larval populatiun 
reached to ETL i.e. two larvae/900 sq. cm area, 

b p/8· 
The pre-treatment and post-treatment o se 
tions were recorded by observing randorn!Y 

rea in 
selected 5 spots each of 900 sq. crn. a d 1 
each plot prior and after 24, 48, 72 h and to 

week of application. The data were sutJlec_te the 

analysis of variance and are presented in 

Table 1. 
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RESlJLTS AND DISCUSSION 

The ·larval populations of mustard sawfly. 
. A. /ugens proxima (Table 1) reveal the effec-

TABLE 1 

tiveness of all the insecticides tested as com­
pared to control. However, among the 
insecticides, application of quinalphos 1.5% 

Bio-efficacy of various insecticides against mustard sawfly A. /ugens proxima Klug infesting 
mustard crop (Pooled 1987-88 to 1989-90). 

A veruge number of lurvue/000 sq. cm. area 
Before spray After 

lnsec:tic:ide Spray 24 h 48 Ir 72 Ii I week 

I. 

2. 

Monocrotnphos• • 

0.036% 

Acephatc 

0.075'lc 

2. 14'" 

( 4. 13) 

2.10 

(3.<17) 

3. Mdhyl-o-Lknidon 2.03 

U.025% (3.72) 

4. Quinalphus 
o.02s11c, 

5. Furmothion 

0.025% 

6. Endnsulfan 

0.035% 

7. Methyl parathion 

U.05111 

8. ()uinalphu~ 1.5'.4 

uu~t (u : 5 k t!/h.i 

() I:m.lu!-.Ult'a11 :y ,;. 

Ull!-.I (u 15 kg/ha 

10. C\intrul 

S. Fm.± 

c·. D. ar5'Yr 

2.09 

(3 .QO) 

l.Q() 

(3.50) 

2.0-l 

(3.73) 

2.00 

( 3.52) 

2.00 

(., .52) 

1.97 

(3A l ) 

2.1-l 

( ➔ .13) 

0.05 

NS 

X.79 

0.72'" 

(0.03) 

(U-2 

(O. I X) 

0.71 

(( 1.(10 ) 

(1 .7~ 

(0.05) 

0.92 0.7: 

(U.37) (CUC) 

0.75 

((1.07) 

l .OQ 

(0.75) 

11-l 

(0.92) , 

0.06 

( 0.28) 

0.71 

( 0.00) 

0.76 

(O.OX) 

2.2-l 

(-l .60) 
(I.OX 

o.25 

0.7 1 

((l.00) 

O.Q7 

(0.50) 

I .OX 

(0.75) 

0.81 

(0.17) 

0.71 

( 0.00) 

0.7 1 

( 0 .00) 

2.11 
(-UC) 
o.ox 

0.2-l 

I O 62 

------- ---- -------

0.71 

(0 .(1(1) 

0. 7 1 

(( l.llO) 

U.71 

(0.00) 

0.7 1 

( 0 .(10) 

( I 7 1 ll.71 

(0.(J(J) (0 .( l(J) 

0.7 I 
(0.fl(I) 

0.% 

(0.47) 

1.06 

(0. 72) 

(J.71 

(li.(1(1) 

0.71 

( 0 .( I( 1) 

0.71 
(O .(KI) 

0.7 I 

(0.(l(l) 

0.72 
(0.(13) 

U.X-l 

(0.23) 

(I, 71 

(0.00) 

U.71 
((1.(1( )) 

0 .7 1 

(0.( Kl) 

2.W 1.63 

(-l . 77) (2.20) 

0.07 0 .06 

0.22 0 .211 

11 .75 7.23 

Total Cost of 

quantity insecticide 

of used 

insecticide (Rs/l,a) 

(g a.i.//11.,) 

108 60 

225 135 

75 50 

75 

47 

105 36 

150 50 

375 260 

200 

J'otul cost 

of plunt 

protection 

(Rs/lta) 

93 

168 

83 

69 

83 

233 
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dust @ 25 kg/ha at ETL two larvae/900 sq. cm. 
area gave cent per cent mortality of mustard 
sawfly larvae within 24 h of application and 
showed significant superiority to formothion 
0.025% and endosulfan 0.035% whereas , after 
48 h endosulfan 2% dust, quinalphos 0.025% 
and monocrotophos 0.036% sprays gave cent 
per cent larval mortality and showed superiority 
to tormothion and endosulfan. The mustard 
crop sprayed with methyl parathion 0.05%. 
acephate 0.075% and methyl-o-demeton 
0.025°/o had cent per cent larval control after 
72 h of application and they showed their 

REFERENCES 

Parcck, B . L. and H. C. L. <,upta ( JQ77). Evaluation of 
some granular insectiduc't against Athalia 
pmxima Klug. infosting mustard. Indian]. Ent. 
39 (4) : 3Q2-3Q4. 

Patel, H . K., A.G. Patel and M .S. C'hari ( IQ71). lnsc~ticiual 
control or mustard sawtly, Athalia lugens 
proxiit,a Klug. Pesticides S (2) : Q. J 0. 

GAU RES . J . 1994 
• 19 12) 

significant superiority to formothion . a 
endosulfan. Formothion and endosulfan t\d 

COlJld 
not give cent per cent larval control even ft 
one week of their application. Howev&r ~ er 
were at par to rest of the insecticides test~d ~ Y 
showed significant superiority to control aft d 

. er 
one week of application. 

Looking to the cost and effectiveness 01 
insecticides spray of quinalphos 0.025% 
emulsion should be made on mustard crop 
infested with sawfly at ETL two larvae/900 sq. 
cm. area. 

Rai , L. , R. K . P.itcl, I>. Sin~h and D. Konar ( IIJ78). 
Laboratory assessment -nf :-;umt! im,~·r tiri,ks 
against tht• larv;u.• of Atlwli" pmrima Klug. 
Indian J . Ent. 40 ( 4) : 450-45 1. 
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Some Physiolom cal St di Tri . . . 
b& u es on choderma Harzianum R1fa1 

S. I. Patel and Ashok Mishra 

Department of Plant Pathology, B. A. Colllege of Agriculture. Gujarat Agricultural University. 

Anand<388 110 (Gujarat) 

AlBSTRACT 

Among eight liquid media Brown's medium and Elliott's medium supported maximum myceliaJ 
growth of T. !i,nrzi<m.um.. A pH range of 4.0 to EI.O was foWld most suitable for the erowth. Maximum 
termination of spores occun-ed at 35°C exposur•~ for 6 min while it failed to ferminate after exposure at 
M"C for 6 min. 

INTRODUCTION 

Trichoderma harzianum Rifai. a common 
soil inhabitant, is well recognized for its 
antagonistic activity against important · 
soil-borne plant pathogens. Information on the 
growth and sporulation of T. harzianum and 
factors affecting it in vitro can be useful in 
developing the technology for large scal1e 
production of the bio-agent. Although some in 
Vitro studies have been taken up on this 
antagonist, more information is requiredl. 
Therefore, studies were undertaken on th•~ 
effect of liquid media and H-ion concentration 
on the mycelial growth and viability of spores of 
T. harzianum at different temperature. 

MATERIALS AND METHODS 

Liquid media : Eight liquid viz. Richard's1 
solution, Czapek's, Elliott's, Asthana . anct 
Hawker's, Brown's medium, sucrose nitrate,. 
Potato dextrose broth and glucose broth were, 

S3 

(Rt>n~i, •ed ou 27tl, Nrw. /992) 

tried. The pH of each medium was adjusted to 
6.0 before autoclaving. Twenty ml of each liquid 
medium was taken separately in 100 ml Erlen­
meyer flasks, sterilized at 15 lbs p.s.i. for 20 min 
and inoculated with mycelial disk (5 mm) from 
7 day old culture of T. harzianum (Anand iso­
late) grown on potato dextrose agar (PDA). 
After 15 days of incubation at 28°C, mycelial 
mat was collected on Whatman filter paper (No. 
44), dried at 60°C and weighed. 

H-lon concentration : Since Brown's 
medium was found best it was used at different 
pH levels viz. 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 
and 8.0. Flasks containing 20 ml of sterilized 
Brown's medium at respective pH values were 
inoculated a.nd incubated as in liquid media 
studies. 

Exposure of conldla to different 
temperature : Five ml spore suspension of 
T. harzianum was taken in sterile test tubes 
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and kept in thermostatically controlled water 
bath cum· shaker at different temperature of 35, 
40, 45, 50 and 55°C for 5, 15, 30, 45 and 60 
min. After exposure to various temperatures 
and time, O!')e ml of spore suspension was 
poured onto 2% agar medium (4 petri plates in 
each treatment). The petri plates were ex­
amined under microscope for germination of 
the spore~ after 36 hrs of incubation at 28°C. 
At least 400 spores were counted in each 
replication. 

RESULTS AND DISCUSSION 

Effect of liquid media on the growth of 
T. harzianum 

Significant differences in d_ry mycelial 
weight of T. harzianum was observed in each 
liquid medium (Table-1). Maximum (183.75 mg) 
mycelial weight was recorded in case of 
_Brown's medium which did not differ with 
Alliott's me~ium (170.00 mg). Sucrose nitrate 
medium was next best but did not differ sig­
nificantly from Asthana and Hawker's medium 
and potato dextrose broth. Richard's solution 
glucose broth and Czapek's solution wer~ 
found poor for the growth of T. harzianum. The 
d~fferenc~s iri dry mycelial weight in various liq­
uid media may be due to differences in the 
composition of the medium. Brown's and 
Elliott's . medium contain L-asparagina and 
~agnes1um sulph~te which might be respon-. 
s1ble_ for supporting better growth of T. 
harz,anum. These results are similar to 
those of Shukla and Mishra (1970) who 
r~~orted _that growth of T. viride was sig­
nificantly increased when magnesium sulphate 
was added to the medium. Sesan (1981) ob­
serve~ . that T. viride grew best on media 
conta1ni~g peptone, mine acids, DL­
asparagine and ammonium salts. 

GAU RES. J . 1994 
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TABLE 1 

Effect of liquid media on the mycelial 
growth of T .. harzianum. . 

Liquid medium Dry mycelial weight in m;('· 

Richard's. solution 

Czapek's solution 

Sucrose nitrate medium 

Elliott's medium 

Asthana and 

Hawker's medium 

Brown 's medium 

Potato dextrose broth 

Glucose broth 

S.Em. 

C.D. (0.05) 

c.v. (%) 

* Average of four replications. 

115.00 

126.25 

158.75 

170.00 

153.75 

183.75 

141 .25 

118.75 

6.89 

20.11 

9.44 

Effect of H-ion concentration on the 
growth of T. harzianum : 

Dry mycelial weight of T. harzianum was 
maximum at pH 4.5 with no significant dif· 
ference at pH 4.0. However with increasing H· . ' . 
ton concent~ations, there was gradual decline tn 
dry mycelial weight except at pH 5.5 and 6•0 

which supported equal growth (190 mg). Brian 
and Hemming (1950) reported that pH 4.0 to 
5.0 was the best for the spore production of r. 
viride. Chet and Baker (1980) concluded th81 

'd • T har· ac1 1c condition enhanced the growth of · 
zianum. 
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TABLE 2 

effect of H-ion concentrations on the 
n,ycelial growth of T. harzianum. 

pl/ 

4.0 

.t.5 
5.0 

5.5 
6.0 

6.5 

7.0 

7.5 
8.0 

S.E.m. 

c.n. (C1.05) 

C.V . (%) 

l>ry myc:elial weight in mg* 

220 
245 
210 
19() 

I 90 

170 

155 
130 

105 
8.69 

25.21 
9.68 

;; Average of four replicc1tion~. 

TABLE 3 

Effect of different temperature on the 
viability of spores of T. harzianum : 

Maximum spore germination was ob­
served at an exposure for 5 min. at 55°C. More 
than 60% spores germinated upto 45° at 30 
min. exposure and thereafter there was decline 
in germination at subsequently higher tempera­
ture and time of exposure. Spores failed to 
germinate when exposed to 55°C for even 5 
min. Hence it can be concluded that T. har­
zianum spores can not survive exposure to 
higher tempertures. Danielson and Davey 
(1973) found that maximum temperature 
favourable for the growth and sporulation of this 
bioagent was in the range of 30-38°C. 

Effect of temperature and time of exposure on the viability of T. harzianum spores. 

Time (minute). 
35" 

5 87. l 

15 86.0 

30 82.4 

45 7 1.7 

60 58.5 

S. Em . 

Temp. (T) 3 .0 

T ime(l l ) 3 .35 

TXll 6.70 

* Average of 4 repl ications. 

40" 

70.5 

66.6 

62.6 

44.0 

32.2 

Sport: germi,uaion (%)* 

Temp. '.'C 

45 " 

66.S 

62.S 

60.3 

40.8 

22.7 

C. D. 

50" 55 ·· 

31.8 (I.() 

2K6 0 .0 

22.3 0 .U 

12.0 (Ul 

l:>.7 0.(1 

(0 .(16) C. V . ("i'c ) 

R.s~r 22.R2 

4.J .Sl> 

NS 
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Selection Criteria for Im11•roving Yield Potential in Okra 

J. N. Patd and K. C. Dalal 

Gujarat Agricultural Univer~;ity, Anand Campus, Anand-388 11 O 

AJBSTRACT 

An experiment comprising seven genotypes of okra and :n diallel crosses was conducted in 
randomiled block design with three replications at the Plant Breeding Reseai-ch Fann, GAU, Anand to 
study the significance of ag>.-omorphological trai1ts in selectio~ progi·anune fot· improving yield potential 
of okra. Pod yi~ld was positively associated witllt all the athibutes bw:·ring days to first flower. The yield 
was influenced directly and/or indh·ectly through pod weight, pod length, pod girth and nwnbe1· of pods 
per plant suggesting that prime emphasis should be given on these traits for evolving high yielding 
genotypes. 

INTRODUCTION 

The primary objective of a plant breeding 
programme is to improve yield and quality iof 
crop by evolving superior varieties. The yield i0f 
green pod of. okra (Abelmoschus escu/entus L. 
Moench) being consumed as vegetable, is an 
economically important quantitative characteir. 
Effective improvement in yield could be 
achieved through improving yield components 
Which show associations among themselvHs 
and with yield. The knowledge about 
associations between characters may also help 
to identify characters that have little or no . 
importance in the selection programme. Very 
limited information on this aspect is available 
for okra under Gujarat conditions (Patel. 198~!). 
The present investigation was undertaken at 
the Plant Breeding Research Farm. Gujarat 
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Agricultural University, Anand with a view to 
find out significance of agro-morphological 
characters of okra in breeding programme 
through correlation and path analysis (Wright, 
1934). 

MATBlUALS AND METHODS 

The experimental material consisted of 
seven parents (genotypes) and 21 diallel 
crosses. The parents were selected at random 
from the germpl8sm maintained by the farm. 
The material was grown at 4!":i cm x 30 cm 
spacing in randomized L>lod, d-:Jsign with 
three replications during klwrdseasc.m of 1982. 
Each plot had two rows of ten plants 
each. End borer rows were provided in each 
replication. Cultural practices in vogue on 
the farm were followed. 
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Three plants were taf1g0cJ at random per 
plot for recording days to first flower(days from 
seeding to the opening of first flowE-H) , plant 
height i'n cm (from ground level to the tip of the 
main stem after last picking) and number of 
branches per plant. The same tagged plants 
were inspected daily in the morning hours. The 
flowers which were fouf')d open on tagged 
plants were labelled with date. The six days old 
green pods developed from labelled flowers 
were harvested separately for recording pod 
weight (g), pod length (cm) and pod girth (cm). 
The number of pods as well as pod yield per 
plant were derived afte~ last picking. The 
average values were used in estimati,o~ of cor• 
relation coefficients (genotypic and phenotypic) 
between pai,rs. ~f attributes and path coeffi­
cients based on genotypic and phenotypic 

correlations. 

RESULTS AND DISCUSSION 

The results (Table 1) revealed that out of 
28 intercharacter associations, 14 genotypic 
and 11 phenotypic correlation coefficients were 
significant. In general, the e~timates of · 
genotypic correlations were higher in mag­
nitude than phenotypic correlations. The ·pod 
yield per plant (pod yield) was significantly in­
fluenced by all the attributes studied barring 
days to· first flower. The latter had positive sig­
nificant genotypic association with -plant height 
as well as number of pods per plant and nega­
tive association with pod girth suggesting that 
selection in favour of late flowering type will in­
duce tall stature and also increase number of 
pods per plant but at the same time it will 
reduce pod girth which is not desirable from 
yield view point. The plant height had significant 
positive genotypic as well as phenotypic as­
sociations with number of pods per plant which 
showed significant correlations with number ot 

branches per plant. The pod weight, pod le 
. d . . . -ngth 

and pod girth showe pos1t1ve high ass . 
0cia. 

tions among themselves. These res 
I t. . f Ults 

sUfJ gested that the se ec ion in avour of Ion 
. . . d . ger 

pods will help in increasing po weight as Well 
as pod girth and thereby pod yield. These 
results are akin to those reported by Singh and 
Singh (1978), Mahajan and Sharma (1979) and 
Murty and Bavaji (1980) . 

The results . (Table 2) revealed that days 

to first flower, plant height and number of 
branches per .plant had very low direct con. 
tribution to pod yield. These attributes had low 
positive indirect · effect on pod yield through 
number of pods per plant. The pod weight had 
maximum dire~t positive influence on pod yield. 
The number of pods per plant · had moderate 
positive effect on pod yield. The pod length had 
moderate negative genotypic direct effect on 
pod yield. It had very high positive (genotypic) 
contribution through pod weight to pod yield. 
The pod girth had low negative direct effect on 
pod yield and very high positive indirect effect 
(genotypic) on pod yield through pod length. 

The results thu_s indicated that pod weight 
and number of pods per plaht were the main at­
tributes in increasing pod yield of okra. From 
indirect effect view point also these traits were 
of prime importance fo1 the improvement of pod 
yield. It is interesting to note that though the 

association (r 
9

) of pod length as well as .p.od 
girth with pod yield was significant and posiuv~ 
they had indirect contribution through po 

h t the 
weight. The results thus suggest 1 8. on 
breeder should give pri111 e emphaSis 

9 f. 10n 
selectin fJ plants havinfJ more nurnber_o kra 

1 ·hntl o heavy tl 11ck pods for l!V~ 1k 11 1~1 l 11~Jl 1 Y11
) t • - with 

I . . 1fl• q 11 ty 
cu t1vars. These results ,11 e in cor ) and 

those reported by Majumdar et al. (1974 

Murty and Bavaji (1980). 



TABLE 1 

The estimates of genotyplc (r9) and phenotyplc (rp) correlation coefficients between all pairs of eight 
characters. 

Plant No. of 

Charader Jie;ght branches 
per plan.I 

Days to first Oower rg o.ss• 0.36 
rp 0.19 -0.02 

Plant height rg 0.21 
rp 0.24 

No. of braoch~ rg 
per plant rp 

No. of pods per plant rg 
rp 

Pod weight rg 
rp 

Pod length rg 
fp 

Pod g irth rg 
rp 

No. of Pt></ 
pods per •-eight 
p lant 

0.41• -0.36 
0.22 -0.18 

0.68•· -0.17 
0.63** -0.12 

• 0.66· · 0.04 
0.38 0.06 

-0.20 
'. 

-0.16 

Pod 
length 

-0.37 
-0.23 

-0.18 
-0.16 

0.08 
0.05 

-0.21 
-0.18 

0.97•• 
.0.96*• 

Legend • and •• indicate significant at 5 and I per oent levels of significance respectively. 

Pod 
girth 

-0.64•· 
-0.29 

-0.26 
-0.19 

0.04 
0.03 

-0.18 
-0.14 

0.83·· 
0:88·· 

o.1s•• 
0.80•• 

Pod yield 
per planl 

0.11 
0.05 

057· 
0.44• 

0.61 .. 
039* 

0.69·· 
0.68·· 

0.68·· 
0.49·· 

0.63·· 
0.47· 

0.54·· 
0.40· 

~ 
~ 
t"" 

~ 

0 
► 

~ 
t"' 

::s 
t?J 
t"' 
0 .,, 
0 
-i 
trJ 
z 
:j 
► r 
-z 
0 

" ~ 

CJl 
co 



TABLE 2 

Direct ·(underlined) and Indirect effects of various characters on pod yleld per plant. 

C haracter • 

Days to first Oower G 
p 

Plant height G 
p 

No. of branches G 
per plant p 

No. of pods G 
per plant p 

Pod weight G 
·p 

Pod length G 
p 

Pod girth G 
p 

Days to 
first 
flower 

-0.179 
-0.007 

-0.099 
-0.001 

-0.065 
0 .001 

-0.073 
-0.001 

0 .065 
0.001 

0.066 
0.002 

0.115 
0.002 

• G = Genotypic, P = Phenotypic 

Plant 
heigltt 

0.091 
0.007 

0.166 
0.038 

. 0 .035 
0.009 

0.113 
0.024 

-0.028 
-0.005 

-0.030 
-0.006 

-0.043 
-0.007 

No. of 
branches 

per p lant 

0.081 
-0.001 

0.047 
0 .015 

0.224 
0.064 

0.148 
0 .024 

0 .009 
0.004 

0 .018 
0.003 

0 .009 
0 .002 

No. of 
pods per 

plant 

0.262 
0.162 

0.433 
0.464 

0.421 
0.280 

0.637 
0.736 

-0.127 
-0.118 

-0.134 
-0.132 

-0. i 15 
-0.103 

Pod 
weiglrt 

-0.658 
-0.083 

-0.311 
·-0.056 

0.073 
0 .028 

-0.366 
-0.075 

t .829 
0.467 

1.774 
0.448 

1.518 
0.411 

Pod 
length 

0.302 
-0.051 

0.147 
-0.035 

-0.065 
0.01 1 

0.171 
-0.040 

-0.791 
0 .211 

-0.81S 
0.220 

-0.611 
0.176 

Pod 
girtl1 

0 .213 
0.023 

0.086 
0.015 

-0.013 
-0.024 

0.060 
0.011 

-0.276 
-0.071 

-0.249 
-0.064 

-0.332 
-0.080 

C orrelution ••.itlt 
pod yield per plant 

0.11 
0.05 

0.47· 
0.44• 

0.61 .. 
0.39· 

0.69 .. 
0.68 .. 

0.68 .. 
0.49 .. 

0.63 .. 
o .. n· 

0.54 .. 
o.-m· j 

0) 

0 

0 
► 
C 

~ 

~ 
c... 

-CD 
CD 

:I>-

<D 

E 
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.ABSTRACT 

In lnterspeclfic cros~s ~etween ;arieties :of ·Asiatic (Oossypiu.m hirsutum L) and Egyptian (G. 

barbadertiw. L)• cotto~ all ~hree kinds of gene effects·_(Additive,-Doininance ·a.nd Epistatic) were involved in 
the inheritance of lint yield per plant, seed index and lint index. Additive and epistatic gene effects w 
important for inheritance-of ginning percentage and number of motes per·boll. ere 

INTRODUCTION . 

Major • break through in quality cotton 
production came with the release of an ·inter­
spe~ific_ hybrids of upland cotton and Egyptian 
cotton. Long staple cotton is produced from· a 
hirsutum type. Superior long staple cottc:>ns are 
~roduced fro_m hirsutum barbadense ·and ·their 
intra and interspecific hybrids; Lint quality is im­
portant f~ctor for long ar:id superior long staple 
cotton. Hence, . this . -study was taken to 
know the genetic architecture of lint com­
~onen~ characters in interspecific hybrid with 
,ts various generations. The information on 
gene ·_effects may help in planning : effective 
breedmg programme. 

MATERIALS AND METHODS 

. The material of the present investigation 
cons,~ted of two interspecific cotton crosses 
(G. h1rsutum L. x G. barbadense l.) (H 5l-3 x 

(Received on 17th ,June, 1992) 

Suvin and • H 51-3 x SI LS-9) . Six generations 
i.e. P1, P2, F1 .(P1 x P2), F2, BC1 (F1 x P1) and 
BC2 (F1 x P2) of each of two crosses were 

• produced anq evaluated in compact Family 
• Block Design with four replications during 
the year 1984-85 at Plant Breeding Farm, 
GAU, Anand. Each parental and F1 generation 
was · represented by two rows, BC generation 
by four rows and F2 by six rows of 6 m row 
length-with 120 x 60 inter-and intra row spacing, 

· ~ata were recorded on five competitive plants 
in. each rqw for five lint component characters 
(Table 1). The data were subjected to statistic~! 
analysis for. six~parameter model (6, 7) to obtain 

estimates of m, (d), (h), (i) , (j) and (I}. 

RESULTS AND DISCUSSION 

The estimates of different parameters ~re 
presented in Table 1. The mean value was sig-

·t· th th8 
ni leant for all the characters studied in bo 
crosses. 



TABLE 1 

Gene action tor the lint component characters In hybrid H 51-3 x Suvln (H1) and H 51-3 x SlLS-9 (H2). 

--
M d I, I ) I 

Charac1ers 

1-1, H 2 HI H 
2 

H 
1 H2 fl 

1 
fl 

2 
11 I 112 11, ''2 

Lint-vicld 36.40** 50.03** -19.61 ** 10.41 242.58** 55.86 130.78** 37.39 -4 1-.69** -23.74** -59.84..,.. 58.59 

per plant 

Ginning 29. l 7** 29.30** 0.38 1.31 * 1.26 -1.68 2. 12 - 1.26 l.18* 2.99** -6.88** 0.50 

percentage 

Number of 1 •◄ ..,• * I 20** f'I 1 ' * n rn f) A ,I {) :::.t:.. JI <;:Q>I< · ~() t:;.'-.. * (I()/;. (l (l'l 1 fl '.:t* ":to l . ~L 1 . .::,7 \,I. J J -v.v~ -v.""t-t' -v.J V -v.J7 -V,.JV v.,..,,., v .v-, .... . -- ___ ., 

motes per 
holl 

Seed index 10.05** 10.59** -0.71 * 0.87** 6.50** 2.38** 5.18** 0.98 -1.05** 0.22 -2.79 1.52 

Lint index 4.17** 4.39** -0.18 0.57** 2.76**. 0.94 2.46** 0.46 -8.13 0.53** -2.56**. 0.01 

• Significant at 5% level ; ** Significant at 1 % level 

M = mean value d = addi tive h = dominance = epistasis ( a x a) 

J = cpistasis ( a x d) = epistasis (d x d) 
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For iint yield per plant mean value was 
higher with cross H 51 -3 x SILS-9. All the three 
types of gene effects viz. , additive, dominance 
and epistasis (additive x additive, additive x • 
dominance and dominance x dominance) were 
involved for this trait in cross H 51-3 x Suvin 9, 
whereas for cross H 51 -3 x SI LS-9 only additive 
x dominance gene interaction was significant. 

Mean value of ginning percentage was 
more or less equal for both the crosses. The im­
portant role of both additive x dominance and 
dominance x dominance digenic interaction 
were observed in cross H 51 -3 x Suvin whereas 
for cross H 51 -3 x SILS-9 additive as well as ad­
ditive x dominance gene effects were important 

.. 
For number of motes per boll mean value 

was more or less equal. In cross H 51-3 x 
Suvin, additive and epistasis viz., , additive-x 
addtive and dominance x dominance gene ac: 
tion were significant, whereas in cross H 5_1-3 x 
SILS-9 only duplic?lte epistatic gene action was 
significant for expression of this trait. 

Mean value of seed index was more or 
less equal. Except dominance x dominance 
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gene effect, all the other gene effects were 
porant in cross H 51-3 x Suvin , whereas'~· 
cross H 51-3 x SI LS-9 only main gene effeiri 
(additive and dominance) showed important 
in inheritance of this character. e 

For lint index mean value was rnore 
or less equal with both the crosses. In cross 
H 51 -3 x Suvin, dominance, additive x addtue 
and dominance x dominance gene effects were 
involed, whereas in cross H 51 -3 x SILS-g 
additive as well as additive x dominance gene 
components were found to be important in 
expression of lint index. 

The findi11gs are in agreement with for lint 
yield per plant (1), for ginning percentage 
(3,5,8,10) for number of motes per boll (2), for 

seed index (1 ,8,9) and for lint index(4,8}. 

In inheritance of above various characters 
magnitude of non-fixable gene effects 
(dominance and epistasis) were high, hence 
inter se crossing as well as reciprocal recurrent 
selection is suggested for improvement of 
above studied traits in desired direction. 
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Genetic Divergence in Pigeonpea * 

A. V. Vlramg~a and S. N. Goyal 

Department of Agril. Botany and Plant Breeding, N. M. College of Agriculture, 
Gujarat Agricultural Univer~ity. Navsari 

ABSTRACT 

The genetic divergence was assessed using Mahalanobls D2 statistic where in 70 genotypes of 
pigeonpea were grouped in as many as 14 clusters. The clustering pattern of the genotypes was 
independent of their geographical origin. The characters grain yield per plant, mw1ber of pods per plant, 
plant height and number of primary branches per plant showed high genetic divergence. Based on the 
inter cluster distance, cluster XIV showed high genetic divergence w1th XIII, XII and X. It was therefore 
concluded that the genotypes belonging to these clusters be included/utilised for improving seed yield in 
pigeon pea. • 

INTRODUCTION 

Now a days pigeonpea is getting 
popularity in rainfed areas. Therefore it is 
essential to develop the genot;pes having high 
productivity under such condition. For 
developing such genotypes, diversity among 
characters contributing towards the yield is a · 
must. The present study was undertaken. to 
identify diversed genotypes for effective 

breeding programme. 

MATERIALS AND METHODS 

Seventy geographically diversed 
genotypes were planted in kharif 1990 on 
Instructional Farm of Agriculture College, 
Navsari. The material was sown in single row 
Plots of 5 m. length at a distance of 90 x 20 cm 

(Received on 12th Octo., 1992) 

in randomised block design with 3 replications. 
Five competitive plants selected at random 
were used for recording observations on 1 o 
characters (Table 1). From estimates of 
variances and covariances, V statistic, which 
utilises Wilk's 'A' criterion, a simultaneous test 
of difference between mean values of a number 
of correlated variables was done. Genetic 
diversity was calculated using Mahalanobis 0 2 

statistic as suggested by Rao{1952). On the 
basis of magnitude of 02 values, varieties were 
grouped in to a number of clusters by Tocher 
method(Rao 1952). The mutual relatioship was 
also determined by using the principal 
component analysis. 

RESUL'l'S AND DISCUSSION 

A high significant difference among 
genotypes revealed the existance of sufficient 

•part of M. Sc, (Agril) thesis submitted by s1:1nior author to Gujarat Agricultural University. 
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TABLE 1 
ANOVA and coefficient of varlablllty fer 70 genotypes of plgeonpea. 

Mean sum of squure ( 'oef/icicnt 
of 

C/,uructer Ueplicurtimt Genotypes Error variability 

(2 Jf) . (6') df) (138 df) (%) 

Grain yield per plant (g) 29.37 1162.17 .. 39.54 8.83 

Number of pods per plant 344:-87 2931~58 .. 226.45 10.65 

Number of seeds per pod · 0.11 . 0.35** b.04 .i.58 

100 seed weight (g) 0 .()4 3.24** 0.1 () 2.QO 

Height of plant (cm) 5.75 1575.16** l '21,66 7.64 

Number of primary branches per plant 0.97 2.65 .. 0.25 7.22 

Length of secondary branch (cm) 24.69 267.72** 43.51 8.68 

.Pod len~th (cm) 0.02 o.su•• ttos 4.21 

Days to tlowcr 44.75 222. L.6•• 17.88 4.44 • .. 

Days to maturity 785.50 438.il•• 37.33 3.73 

** Significant at 1 % probabili ty. 

TABLE 2 

Cluster composition of seventy genotypes of plgeonpea. 

Cluster Number of genotypes 

25 

II 14 

Ill l(J 

IV 3 

Genotypes and origin 

BP 434, HP 84-46, BP 449, BP 8~ 72, BP 433-
BP 84-76, 13P 84-42, BP 84-202, BP 84•Q 1, B"P 84-

. 83, BP 1107, BP 463, BP 2060, BP 471 , HP 84--H, 

T-1 5-15, GAUT 85-18 (Gujarat), I ( PL 7203, !CPL 

86026, I.CP-81 (ICRISA1), Pusa -1 (IARI), Tf 6 
(Trombay) BDN 1, BON 7 (Mahamshtrc1), BAU 1 (Hihllf)· 

BP 86-109, HP 444, BP 1103, HP 84-48, <.iAlJT SS· 

2 1 (Gujarnt), T 21. (U.P.). IC'PL 315 (JCt{ISAT), 

MKU 66, BON 2 (Maharash tra), C 21, J>usa 33 
(IARI), AL 56 (Punjab), COIH, 3 (T1uuiln11du), YR 

3 

(AP.). 

Pl' li 45-2, ICPL 1~.6 (ICRISA'l), BP 450, BP I 1118• 
GAUT 87- HX<Jujarnt), UR 10 (Orissa), MTH CJ. 

MTII 20, BDNA 5 (Maharnshlnt). BKW 23 (1:Jihllf)· 

GAUT 85-22, BP 1809 (Gujarat), HSMR J98 (HihM)· 
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V 

VI 

VII 

Vlll 

IX 

X 

XI 

XII 

XIII 

XIV 

2. 

2 

3 

I 

3 

2 

3 

1 

·1 

. l . 

amount of variability m the material 
studied(Table 1). On the basis of magnitude of 

2 • 
D values, all the seventy genotypes were 
grouped in 14 clusters (Table 2). The cluster I 
was the largest which consisted 25 genotypes 
from Trombay, ICRISAT, IAAI, Bihar, 
Maharashtra and Gujarat. Cluster 11 which was 
the second largest, accommodated 14 
genotypes . from IAAI, Punjab, ICRISAT, 
Gujarat, Mah_arashtra, Andhra Pradesh, Tamil­
nadu and Uttar Pradesh. Cluster Ill had 10 
genotypes whereas clusters IV, VI, VII and IX. 
possessed 3 genotypes from Gujarat, Trom­
bay, ICRISAT, IAAI and Bihar. Cluster V and 
VIII contaln~d 2 genotypes from Gujarat, 
ICRISAT and ~rnataka. The clusters from X to 
XIV were single variety cluster which Included 
Varieties from Uttar Pradesh, Israel, Tamllnadu, 
Gujarat and lCRISAT respectively. Thus the • 
clu~tering pattern of gei:1otypes was not as per 
their geographical origin as the varieties of 

3. 

BP 86-126, BP 84-S l (Gujarat). 

TAT 10 (Trombay), ICP 909 (ICRISAT), Pusa Agcti 
(IA;RI) 

Bl' 47~. GAUT 8i99 (Guj1uat), BSMR ~36 (Bihar) 

SPMA 8(Karnataka), ICP 84060 (ICRJSAT). 

GAUT 82-92, (Gujafdt), ICPL .87, ICPL 83:024 
(ICRISAT) 

UPAS 120 (U.P.) 

Nylop (lsrnel) 

CO S(Tamilnadu) 

Bhadbhoot. (Gujarat) , 

ICPL 89044 (ICRISAT) 

same geographical area were group~d in dif­
ferent clusters and of different are~s in the 
same cluster which is in accordance to Singh et .. 
a/. (1988) and Murty and Dorairaj (1990) .. Such 
clustering pattern may be because of 'genetic 
drift and selection in different erivironments 
resulting in considerable diversity than the 
geographical isolatiQn • (Mu.rtY; . and · 
Arunachal~m, 1966). The . free exchange of 
seed material among ~ifferent regions may 
consequently. also cause character con·stilla­
tions because of human interferance and 
material may loose its Individuality. 

The Inter cluster distance (Table 3) was 
maximum (02 = 1749.66) between clusters XIII 
and XIV followed by clusters XII and XIV 
(02::1513.44) and It was minimum (52.46) 
between I and IX (Fig. 1) indicating relative 
closeness of genotypes of these clusters. The 
intra-cluster distance ranged from 0.0 -to 55.65 



TABLE 3 0) 
0) 

l~r and Intra cluster average values of 0 2 In plgeonpea. 
-

Cluster I • fl Ill IV V VI VII VIII ·,x . X XI Xll Xlll XIV 

I 43.08 7352 68.87 79.91 69.87 98.41 93.48 125.29 52.46 253.35 142.50 333.69 364.86 644.22 
(6.56) (8.57) (8.29) (8.93) (8.35) (9.92) (9.66) (11.19) (7.24) (15.91) (11.93) (18.26) (19.10) (25.38) 

II 44.52 81.67 252.58 137.10 73.37 95.52 64.08 138.02 151.52 272.46 224.66 252.95 1033.31 
(6.67) (9.03) (15.89) ( 11. 70) (8.56) (9.77) (8.00) (11.74) ( 12.30) (16.50) (14.98) (15.90) (32.14) 

Ill 38.87 140.08 79.09 63.18 132.22 95.23 98.56 167.93 208.86 254.04 394.59 739.65 
(6.23) (11.83) (8.89) F :94) (11.49) (9.75) (9.92) (12.95) (14.45) (15.93) (19.83) (27.19) 

IV 37.80 136.14 228.92 186.18 252.03 139.53 477.70 106.17 565.22 540.87 400.41 

(6.14) (11.65) (15.~3) (13.64) (i5.87) (11.~l) (21.85) (10.30) (23.77) (23.25) (20.01) 

V 51-.57 124.95 134.61 98.97 149.4~ 297.55 121.18 399.84 355.87 743.80 
/"'1'21\ /1 1 .1'7\ 11 t ,;o\ /0 OA\ • £1? -~"\ 
\I • .JLJ \&L.& _1) , ..... vv, \"·"'.~) . \'-6<•~7, 

It '7 "M.\ /11 M\ 
\ .a , .... .,. J \ ...... ·"'" J 

{10 00\ , .. ,.,,, f 1 R. RI.\ 1?7 ?7\ ,-------, ,- · - ·, 
VI 55.65 i57.14 123.45 96.00 111.82 166.13 354.44 404.01 • 915.27 

(7.45) (12:53) (ll.11) (9._?8) (10.57) (12.88) (18.82) (20.10) (30.25) 

VII 43.60 117.02 161.99 319.71 250A3 155.18 193.92 919.49 
(6.60) (10.81) (12.72) (17.88) (15.82) (12.45) (13.92) (3032) 

VIII 29.68 223.87 199.43 103.33 285.02 222.62 1054.79 
(5.44) (14.94) (14.12) (10.16) (16.88) (14.92) (3247) 

IX 47.26 • 199.58 -265.76 368.42 498.42 72123 
(6.87) (14.12) (16.30) (19.19) (2232) (26.86) 

X 518.25 485.41 483.67 l~.02 0 - )> 
(22.76) (20.86) (21.99) (36.18) C 

XI 631.55 479.96 897.56 :::0 -
(25.13) (21.90) (29 .95) ~ 

XII 208.41 1513.-W - ( 14.43) (38. QO) I 
c... 

17.J9.66 / -xm - (0 
<:D 
.::. -

X\\/ - I -a:> 

RS 
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Fig. 1 : Inter cluater dlatance between different cluatera (D valuea) 
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TABLE 4 

Cluster mean for different characters in pigeonpea. 

Xuml>er x, X 2 X1 x., X5 X6 X7 Xs X9 X10 

Cluster of Grain, Number Number 100 . Plant No. of Length (cm) Pod Days to Days lo 

fl'o. population yield of pods/ of seed height primary of secondary length flowering maturity 

plant plant seeds/ weight (cm) brancnes branch (cm) 

(g) pod (g) /plant 

25 71.34 143.53 3.717 11.42 154.452 7.036 78.508 5.141 95.919 175.022 

Il 14 76.195 150.059 3.595 10.315 148.375 6.953 75.123 5.255 93.142 169.645 
. 

111 lO 54.500 110.126 3.438 10.173 131.630 6.520 71.366 4 .672 94.460 166.810 

IV 3 67.555 136.400 3.444 12.530 149.150 7.144 78.355 4.858 101.444 184.978 

V 2 71.000 137.600 3.608 10.322 175.917 7.408 78.130 5.490 109.833 181.733 

VI 3 59.444 104.623 3.516 9.768 129.222 5.544 62.955 5.022 79.888 163.666 

\ ·11 3 99.444 194.289 3.427 12.340 161.570 7.888 79.800 5.180 9.8.:222 163.000 

vm 2 87.700 171.200 3.441 10.242 156.866 7.467 80.150 4.639 123.833 191.100 

[X 3 48.444 105.755 4.266 1 1.180 108.577 6.138 60.95 5.295 '86.666 164289 

X I 38.000 79.()67 4.217 8.737 80.467 3.967 60.600 4.200 82.000 164.067 

XI I 84.667 180.400 -3.783 12.200 190.800 5.667 91.400 ,5.440 115.333 222.800 

XII l 155.000 254.500 4.433 12.657 187.800 9.807 95.400 5.560 89.667 16633-0 

xrn 1 152.000 174.800 3.583 12.913 198.133 7 .800 103.200 5.583 110.000 18-l.367 I C) 
► 

XIV l 105.000 191.000 3.617 12.637 135.333 8.000 83.100 4.1'17 106.000 17.i.800 C 

Mean 82.16 152.38 3.720 11.245 150.607 6.957 78.502 5.044 101.172 l75.82Q I 
,, 
~ 

S. Em. ±- 8.576 12.290 0.090 0.354 8.740 0.371 3.332 0.125 -l .9-l99 4 .543 

C. V. 9c 39.055 30.223 Q,057 1.389 21.644 19.973 15.879 9.459 18.306 9 .668 I '-

J -co 
co 
~ 

-a:, 

.E 
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which was t~e highest in clusters VI and the 
lowest in cluster VII I (D

2
=29.68). Clusters x to 

XIV had no· intra-clusters values and such 
clusters are supposed to have maximum 
diversity with the other varieties. 

The · cluster means of various clusters 
presented in table 4 denoted high coefficient of 
variations for the traits like seed yield, pods per 
plant and plant height and low for test weight · 
and number of seeds per pod. Cluster XII had 
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Combining Ability Analysis in Brinjal 
(Solanum melongena L.) 

J. A. Patel, P.R. Godhani* and R. S. F~ugat 

Department of Agricultural Botany, College of Agriculture, 
Gujarat Agricultural University, Sardar Krushinagar 

ABSTRACT 

A set of 7 x 7 diallel crosses excluding recipivcals was studied for combining ability in brinjal. The 
analysis showed that general combining ability variances were $ignificant for all the characters. 111e ratio 
of additive to nonadditive genetic variance indicated prepondarance of non additive type of gene action 
for all the characters. General combining .ability of the parents revealed that the parents K-314, P.B.R.-6 
and Pusa Purple Long were good general combiners for fruit yield per plant and some of the yield 
contributing character& Hybrids K-316 x N.D.B.-25, K-316 x Pusa Purple Long, P.B.R.-6 x K-314 and 
Junagadh Selection-1 x Pusa Purple Long were good specific combinations for fruit yield per plant and 
most of its yield contributing characters. 

INTRODUCTION 

Brinjal· (Solanum melongena L.) also 
known as eggplant, is one of the important 
vegetable crops. It is cultivated throughout the 
tropics and also as a summer annual in warm 
subtropics. Brinjal having 2n=24 chromosomes 
belong to the family solanaceae and is classi­
fied as a self-pollinated crop. However, natural 
out crossi'ng has also been reported which is 
known to vary with the variety and environment, 
the average being about 6 to 7 per cent 
(Choudhary, 1976). According to Vavilov • 
(1928), brinjal had originated in India. 

The average yield of existing varieties of 
brinjal has remained low, despite the fact that 
considerable scope exists for its improvement 

(Rec:eiued OIL 8th Dec., !992) 

by adopting appropriate breeding programmes. 
In crop improvement programme, the breeder 
is often confronted with the difficulty of choos­
ing the parent~! lines which when crossed, will 
result in a higher proportion of desira~le 
segregants. Therefore, in order to develop high 

yielding varieties, f.rstly, it would be _m0st ~~; 
propriate . to identify better combiners . 

1 . f otentIa 
different traits. The evaluation ° P ly 

. . • not on 
parental lines for combining ability 15 

1
.
0
,1 'd·za' , helpful in selecting the parents for hybr~ 1 

but also for developing superior hybricis. 

available 
Amongst different approac~~s , pg56) 

for studying combining ability. Gnffing_s
1
.ty frolfl 

• • g ab11 method of working out cornbinin t widelY 
the diallel crosses is one of the rn~s. n 8nd 

• . prec 1s10 _____,.---
used methods because of its ~ .. ,sitY• 
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versatilrty. The same has been followed in 
present investigation. The method in short 
provides a systematic approach for 
identification of superior parents and crosses, 
which is the basic requirement for successful 
breeding programme. 

MATERIALS AND METHODS 
• 

The seven diverse genotypes used in 
generating the experimental material were, 
Junagadh Selection-1, K-316, Kat-4, Pusa 
Purple Long, N.D.B.-25, P.B.R.-5 and K-314. 
These were crossed during kharif 1988-89, in 
diallel fashion making all possible 
combinations, excluding reciprocals, to obtain 
seeds of 21 F1 'S. The 28 entries comprising 
of seven pa~ents and their 21 hybrids were 
transplanted in a randomized block design with 
three replications at Vegetable Research Farm, 
College of Agriculture, Sardar Krushinagar 
during kharif-1989. Each entry was grown in 

TABLE -1 
' 

one row plot of six meters length keeping inter 
and intra row distance of 90 and 60 cm, 
respectively. Data were recorded on five 
randomly selected plants from each entry in 
each replication for various characters. Then 
the mean values were calculated and used for 
statistical analy~is. The observations • were 
recorded for eight characters viz., day5 to 
flowering, plant height, number of primary 
branches per plant, number of fruits per plant, 
average fruit weight, fruit length, fruit girth and 
fruit yield per plant. 

Mean values of 28 entries comprising of 
seven parents and 21 hybrids were arranged in 
a diallel tabie for combining ability analysis ac­
cording to the procedure described by Griffing 
(1956) for mod.el-I (fixed model) and method-2 
in which parents and one set of F 1 S were in­
cluded without reciprocals. Model-I' assumes 
that the variety and block effects are constant 
(fixed) but environmental effect is variable. 

Analysis of variance for combining ability, estimation of components of genetic variance 
and their ratios for different characters. 

Cl1c1racters M ean squares Genetic variance 1 
En-or }:g.2 1:L· .. 2 cl.f g.c.a 

r~-2 
g.c.a s.c.a. • I 

l l) I .LLs .. 2 

• d.f . s.c.a. I) 

Days Lo lloweri ng 98.498*"' 13.819** 1.021 64.985 268.758 0.846 

Plant height 180.264** 65.319** 7.539 11 5.150 1213.80 0.332 

'umber o f prim11ry 0.412* 0.947** 0.156 0.171 16.61 I (l.036 

br,1 nches per pl" rl t 

Number of frui t~ 50.088 .. 18.957·· 3.008 31.387 334.929 0.3~8 
per plant 

Average fruit weight 224. l l)4• "' 92.0J JU 2.961 147.489 1870.05 0.276 

Fruit length 7.76k .. 3 .32o♦• 0.22 1 5.0J I 65.071; 0.271 • 

Frui t girth 4.778° 1.43(1• • 0.(-"' I 3.131 W . 11 9 0.389 

Fruit yield per plant 2 1314Q .6Uo ♦ • I 8992 7 .61J<)• • 146 l 4.120 132356. 986 3681 583.08 U.126 

· , -· = Significant at 5% and l ~ . level of significance, respectively. 
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RESULTS AND DISCUSSION 

In a systamatic breeding programme, 
selection of parents with desirable 
characteristics, having good general combining 
ability effects for yield as well. as its compo1nent 
characters and cross combinations having lhigh 
estimates of specific combining ability effects 
are obviously the essential features. 

In present study, the analysls of 
combining ability variance (Table-1) indicates 
that general combining ability and speicific 
combining ability variances are' significant for 
all the characters. This suggests that both . 
additive and non additive gene eff~cts ate 
involved in the expression· of fruit yield pet J}lant 
and its components, but later is predominant. 
The ratio of additive to non additive genetic 
variance also shows t~at non additive gHnes 
are predominantly involved in the· expression of 
fruit yield per plant and its components. The 
results are in general agreement with the· 
findings of Gotoh (1954) ·' R_ajendran (1972) , Lal 
et al. (1973), Peter and Singh (1973), SinfJh et 
a/. (1974, 1981) and Parmar (1988). The results 
of present study suggest that, for exploitation of 
both additive and nonadditive geinetic 
variances, population breeding approach in the 
form of biparental crosses followed by modified 
reccurent selection may result in greater 
genetic improvement in the early segregating 
generations. The similar view was held by Dixit 
et al., 1984·. • • 

General combining ability effects of 
parents (Table-2) reveals that none of the 
parents has proved to be good combiner k>r all 
the characters. Parent K-314 was found to be 
good general combiner for days to flowe1ring, 
plant height, number of fruits per plant, ave rage 
fruit weight, fruit length and fruit yie ld per pli:\nt. 

GAU RES . . J . 1994 ' 1912) 

The high yielding parent PBR-5 was founct t b . o e 
good general combiner for days to flowering 
number of primary branches per plant, avera ' 
fruit weight, fruit girth and fruit yield per Pia~; 
The dwarf parent Pusa Purple Long proved t 

. 0 
be good general combiner for ~ays to flowering, 
number t>f fruits per plant, fruit length and fruit 
yield per plant. Parent Jonagadh Selection.1 
was observed to be good general combiner for 
plant height, ~werage fruit weight, fruit length 
and fruit girth~ The late flowering parent 
N.b.B.-25 was found to be good general 
combiner for fruit gifth. 

As faf as specifc combining ability effects 
are concerned, .no cross-combination was 
consistently good for all the characters 
(Table-3) . The third high yielding hybrid K-316 

x N.D.B.-2.5 (average x poor) recorded highest 
significant positive SCA effects for fruit yield per 
plant. This hybrid also recorded significant SCA 
effects in desired direction for remaining all the 
characters except fruit length. The highest 
yielding hybrid PBR-5 x K-314 (good x good) 
manifested significant SCA-effects in desired 
direction for fruit yield per plant, days to 
flowering; plant height, number of fruits ~er 
plant and average fruit weight. Second high 
yielding hybrid K-316 x Pusa Purple Lo~9 
(average x good) had significant SCA effects in 
desired direction for all the characters exce~t 
plant height. The fourth high yielding tiybri<l 

. I ~~ Junagadh Selectlon-1 x Pusa Purp e ts 

(poor x good) exhibited significant SCA e~ec y 
in desired direction for number of P'1111ard 

• ht an 
branches per plant, average fruit weig ad 
fruit yield per plant. Certain hybrids shO~ne 
SCA effects in negative direction as well. tive 
crosses displaying high positive or negad ~ 
SCA effects contained good x good, ;:,:ge, 
average, good x poor, average x. a fhe 

biners­
average x poor and poor x poor corn 



TABLE 2 

Estimates of general combining ability (gca) effects of parents for various characters. 

Days ro Plant Number of Number of Average Fruit Fruit 

Parents flou·ering height pnma,y fruits fruit length girth 

branches per plant .,..·eight 

per plant 

J.S .-1 2. 18** 4.41 ** 0.15 -3.14** 4.04** 0.93** 0.76 .... 

K -31 6 1.59** 5.84** 0.02 -0.99 3.28** -0.77* * 0.20* * 

Kat-4 3.96** -3.44** 0.07 -0.38 -9.54** -0.95** - 1.37·· 

P.P.L. -2.86** I -5.88** -0.12 4.40** -3.13** 1.12-- -OA7'"* 

N.DB.-25 2.59** -3.8?-* -0.41** -l.13* -0.59 - 1.09·· 0.3-4--

P.B .R.-5 -3.93** 0.81 0.25* -0.05 4.30*· 0.18 0.59* • 

K -31 4 ~3.52""" 2.13* 0.05 1.30* • 1.63"'* 0.59 ... -0.0-l 

S.E. (g.) % 0.3 1 0.85 0.12 0.53 0.53 0.14 0.09 

S.E.(~ 1-gj) % 
0.48 1.29 0.19 0.82 0.81 0.22 0.14 

" , '""' = Significant 111 5~ 11nd 1 % level of significance, respectively . 

J.S.-1 = Junag11dh Selection-I and P.P.L. = Pusa Purple Long. 

Fruit yield 
per plan, 

J 
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TABLE 3 --l 
0) 

Estimates of specific combining ability (sea) effects of hybrids for various characters . 

. Dais l o Plan/ Number of Number of . A verage . Fruit Fruit Fruit yield/ 
Hybrids flowering height primal)' fruits/ fruit length girth plant 

branches plant weight 
per plant 

J .S.-1 X K-316 0.93 2.11 -0.36 -2.16 1.15•• -0.53 -0.60• -48.04 

J.S.-1 X K.at-➔ 0.23 2.79 0.32 1.39 7.98** 2.30•• 0.68* 281.85* 

J.S.-1 X P.P.L. 5 .os•• 4.77 0.97** 2.52 s.202•• 0.01 b.31 351.89· · 

J .S.-1 X N.D.B.-25 -6.73•· 10.28** -1.13** -0.19 -3.19* -2.22•• 1,.59•• -1 15.81 

J .S.-1 X P.B.R.-5 3.79** 2.80 0.21 -0.94 11.71** 1.91 •• 0.007 151 .50 

J.S.-1 X K-314 -3.29** -1.91 1.14•• 4_ 13•• -3.18* 2.98·· -0.54* 184.73 

K-3 16 x Kat-4 1.16 -4.24 -0.55 -3.50* 9 .70•.• 3.22•• 0.28 -13.75 

K-316 x P.P.L. -5.69** -11.20•• 0.77* 5.04** 11.61 • • 2.66** 1.13•• 666.11 •• 

K-31 6 x N.D.B.-25 -2.47** 9_45•• o.so•• 9.16** 9.19** -0.08 2.66** 809.97·· 

K-316 x P.B.R.-5 1.38 5.30* 0.20 -2.00 -4.40•• -1.02* 0.11 -251 .59* 

K-316 x K-314 -3.03** 6.72** 1.34** 0.06 0 .35 -0.50 0.13 -18.28 

Kat-4 X P.P.L. -1.06 6.22•· 0.78* 3.93* 3.76** 0.41 -0.07 270.08* 

Kat-4 X N.D.B.-25 -1 .51 -1.26 -0.39 -1.36 -9.40** -1.14** -1.76** -278.41 * 

Kat-4 X P.B.R.-5 1.68 10.12•• 0.75* 1.72 -2.92 -1.37** 0.78** 29.12 

Kat-4 X K-314 • 1.93* 1.48 -0.25 1.62 -5.3 t•• -0.56 0.07 -101.87 

P.P.L. X N.D.B.-25 2.64** 8.11•• -0.07 4.77* -1.23 -0 .91 • -1.20•• 198.26 C) 
)> 

P.P.L. X P.B.R.-5 4.82** -4.71 0.01 -0.40 -0.31 -0.50 ·0 .64* -25.87 C 

P.P.L X K-314 -3.25 8.91 ** 0.14 0.25 1.95 0.79 1.37** 67.11 ;:u 

fh 
N.O.B.-25 x P.B.R.-5 -4.95 1.14 L83** 0.8 1 11. 10** 1.76·· 0.95** 286.63 ·· 

N.O.B.-25 x K-314 1.97* -9.70** 0 .63 0 .87 1.1s ·· 1.38** 0.37 205.89 C. 

P.B.R.-5 x K-314 -2.51 ** 6 .13• -0.42 4.70** 12.00·• 0.28 0.16 673.66 .. 

I <!) 

1.52 0.41 0 .27 106.61 
<!) 

S.E. (Sij) ± 0 .89 2.42 0 .35 1.53 J:,, 

S.F.. (S,j - S~) + • 1 .26 3.42 0.49 2 . 16 2. 15 0 .59 (1.38 150. 77 .,,,,, 
<D 

• , .... "' S,~n,ncant a t 5r:7c a nd \ % le vel o f !.ignitica nce, respecti ve ly . E 
'L S.-\. = lun>\~d h Se\cct.ion-\ a nd P .l' .L . ,.. P u..a P urpl e L o n g . 
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rnarked undesirable SCA effects in hybrids 
between good x good combiners can be 
attributed to the lack of coadoptation between 
favourable alleles of the parents involved. 

On the basis of combining ability analysis, 
the most promising parents were K-314. PBR-5 
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Combining Ability Analysis for Polygenic Traits 
in Greengram 
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ABSTRACT 

In a _6 x 6 diallel cross of greengram, general and specific combining ability variences were found 
significant for all the characters except GCA for plant height and SCA for number of grains per pod. The 
GCA: SCA vlµiences ratio signified the predominant role of additive verience for days to 50 per cent 
flowering, days to maturity, pod length, number of grains per pod amd test weight. The parent ML-69 and 
hybrid ML-69 x Gujarat-1 were foWld to be promising for further exploitation. 

INTRODUCTION 

Greengram is an important food grain 
legume in India, however, very little work has · 
been done to understand the nature of gene ac­
tion of yield and its components. Consequently, 
the progress in the development of new high 
yielding varieties has been quite slow as com­
pared to other crops. The present study was, 
~herefore, undertaken to study the gene action 
involved in the inheritance of yield and its com­
ponents . 

MATERIALS AND METHODS 

Experi_mental material for the present 
study consisted of six varieties viz ML 69 
MJC 72, MJC ~5, Gujarat 1, Gujarat ~•and ~ul~ 
tur~ 1 and their all possible 15 F 1 S (excluding 
reciprocals). The experimental was evaluated 
of Pulse Research Station, Junagadh in ran-

(R eceiued on 9th Fdwu ., I 993) 

domized block design with three replications in 
4 m long single row plot spaced 45 cm between 
rows and 10 cm within a row. Ten plants ex­
cluding border ones were randomly selected in 
each entry in each replication for plant height 
days to 50 per cent flowering, number of effec­
tive branches per plant, number of cluster per 
plant, number of pods per plant. days to 
maturity, pod length, number of grains per pod, 
100 seed weight and yield per plant. Data were 
analysed acc~rding to the procedure described 
by Griffing (1956) using model-1 and method-2• 

RESULTS AND DISCUSSION 

Combining ability analysis furnishes .info~­
mation about fixable and nonfixable genellc 
variances. In the present study, general and 

specific combining abi lity varience were follnd 

to be significant for all the traits except GCA tor 
plant height and SCA for number of grains per 



TABLE 1 
Analysis of variance tor various quantitative trials in diallel analysis in greengram. 

df 

.'•iource 

Days t 11 

50'ic 
Pl,mr 

/reighr 
(cm) flmntrin" , ... 

(i( ./\ 

SCA 

FRROR 

CiC/\ 
S(' \ 

5 

15 

.. 1-(1 

{I _.4(1Q 

Q.6-B"'* 

0.784 

(l.042 

O.Q12•• 

0.873""' 

0.221 

t .()46 

• ~ignilican1 ,11 5'.ic level nr prob,1hili1y. 

• • S1gnir1<:ant al l':/4 level of probability. 

TABLE 2 

No. of 
effective 
hrancl,e:;/ 
pfllnt 

0.151 * 

0.277"'* 

(1.053 

0.545 

No. of 
cluvtersl 
plant 

2.208" 

2.674** 

0.424 

0.863 

.No. Al 
pods/ 
plant 

35.lG4** 

35.89Q** 

(l.(163 

O.QQ8 

General combining ability effects for various quantitative traits. 

Parenfa 

Ml.-6Q 

MJC-72 

MJC-35 

(iuj<1r.11-l 

Gupw11-2 

Culture- I 

S.I· .. : I~) 

S.L : 1g,-g_1J 

Plant 
/reiglrt 

(cm ) 

0.300 

0.461 

..(l.083 

0.385 

0 .229 

-0.682· 

0.286 

0.0-B 

Days to 
50o/r 

fln1n!rin" .... 

0.311"'"' 

-0.566 .. 

0.381'" 

-(1.025 

-0.023 

-0.07Q 

0.152 

ll.235 

• Signifinrnt iii jt-4 lc:,·c:I r,f pmhahility. 
' • Signil k,101 iii JfJ level of proh;ihility. 

No. of 
effective 
hrancl,es/ 
plant 

0.078 

No. of 
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plant 

No. of 
pods/ 
plant 

0.855* * 3.969** 

-0.272* • -0.663 ** -1.460* • 

0.053 

0.036 

O.OQQ 

(l.007 

0.064 

0.100 

0.296 

-0.2Q2 

-0.2Q2 

0.099 

0.210 

0.230 

2.234 

0.5 15 

-0.230.,. 

0.270 

0.651 

1.omi 

Dap- to 
maturity 

2.3Q5** 

l.6 I()** 

0.183 

JA87 

Days to 
maturity 

0.306• * 

-0.81 9** 

-0.36J H 

0.721 

-Cl. 11 I* 

0.264** 

0.0 IQ 

0.046 

Pod 
length 
(cm) 

0.8QQ*"' 

0.326** 

0.059 

2.75Q 

Pod 
length 

(cm) 

No. of 
grains/ 
pod 

l.l67** 

0.335 

0.234 

3.487 
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grains/ 

pod 

,,. 

-0.399* * -0.2Q4 

, e,J 

~eight 
(g) 

O.-H8** 
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0.020 
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weighr 
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-0.351 ... 

-Cl.I 19 -0.503** 0.367 .. 
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-0.24Q** -0.138 

0.434** 0.369* 

0.039 0.088 
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0.12 1 
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ll.1 54*• 
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J.3Q I,.· 

3.932"'* 

0.26Q 

0.354 

Gruin 
yidd/ 
plant 
(g) 

0.507* 

-0.2()5 

-0.453 .. 

0. 148 

-0.325 

0 .-l38" 

0 168 

0.25() 

~ 
> z 
"f, 
C 
;:::: 

> 
~ 
:... ,... 
,..; 
'l, 

" ..... 
.:::: 
~ ,... 

z 

...; 

;::::: 
> 
~ 

z 

z 
;::::: 
> 
:s:: 

-..J 
-c 



TABLE 3 

Specific combining ability effects for ten quantitative traits. 

Plant Duy,; to No. uf No. of Nu. nf Days to Pod Grain/ Te,·t Grain yield 

Cro ,;.w:'i /right 50<:J- effective clu.,;ter/ pods/ maturity length pod weiglrt plant 

(cm) flo\\·er - hrunclres/ plant plant (cm) {g) {g} 

mg plant 

ML-69 x MJC-72 0.736 (l.008 1.159** 4. 130** 12.873*"' 1.200*"' l. 130 0.555 -0.182 2.31 1 '"* ( 12.29) 

ML-69 .x MJt-35 -0.780 ().l .HJ 0.134 0.728 6.206** o ... wr .. ..().200 (1.(145 -0.08 I 2.528'"* ( 12 .35) 

MJ.-6Q x Gujarat-I -0.948 -0.123*• 0.485** 0.715 4.628** -0.010 0.020 .. (1_4 1(1 0 .043 2.267"'* (12.69) 

ML-69 x Gujarnt-2 -0. 728 0.874& ..(1.278 1.425 4.903* 0.492*' -0.502 -0. 7 I 6 0.002 -0 .28Q (9 .66) 

Ml.-6Q x Culture-I -0.051 ..(').399 OA-47 -1.206* 4.096 0.447*., Cl.105 0.435 0.004 O.Q27 ( 11.64) 

MJC-72 x MJC-35 1.6JQ• -0.322 -0.082 . -0.551 0.775 - 1.867· -O.Q50-• 0.054 -u.75Q· • . -0.70Q (8.31 ) 

MJC-72 x Guj,m11-l 0.221 -0.246 0.032 0.276 0.484 -t _555• • .. (1.230 Cl.329 -0.305· -0 .141 (9 .48) 

MJC-72 x Gujiirat-2 0.316 -l.248 0.038 ...(J.864 -0.709 - l.723 -0.542 0 .238 -0.647 -0 .1 I 7 (9 .03) 

MJC-72 x Cullurc-1 - 1.643* 0.478 0.030 J.655"'" -2.029 0.902• 0 .370 -0.226 O.OQ6 1 Jno·· ( 11.78) 

MJC-35 x Gujiiral-1 1.665'" 0.477 0.376" 0.947 1.830 O.Q87"" CUQ(I• • O.Q8Q*• I 0. 186 1 .Q67· • (11.43) 

MJC-35 x Gujiirat-2 . -0.700 0.474 0.047 0.044 .. (J.315 - 1.180 0.00~ 0 .082 0 .004 -0.45Q (8.53) 

MJC'-35 x Culture- I -1.669"' 1.090 .... 0.739 0.653 1.615 -1.2 15•• 0.720° 0.824 0.387· • 0 .343 (9 .41 ) 

GJJjuat-1 x Gujiiral-2 I .2Q3 1.21 (J"'* -0.0Cl3 0.361 3.026 1.467· 0.552· -0.373 0 .128 0 .340 (Q.93) 

Ciuj,mtl-1 x C'ullurc-1 0.434 0.597 -O. l-l4 (1.670 2.056 1.362 .. 0.020 -0 .(161 0.089 0 .104 ( I 0 .25) 

(iuji1 rnt-2 x Culture- I 0.029 0.934· 0.193 -0.0-HI 0.341 0 .865 .. 0 .41 8 -0. 198 -0.040 l .85Q•• ( I 1.74) ,.... 
> 

S. E.± (S .) 0.785 0.417 0.176 0.577 1.676 0 .145 0.2 15 0 .429 0.125 
• IJ 

0.-'60 --
:;:: 

S. E. ± (S,;-Sik) 1.171 0.622 0.263 0.861 2.667 0 .323 0.321 0.6-lO 0.187 o.➔ 11 'l. 

-
S. E. ± ($ -Sik) \ .084 0.576 0.244 0 .7Q7 2.469 0 .277 0.2Q7 

• 'I 
0.593 0 . J 73 0.636 -C 

C. 

• Siinif1Ct\l\\ a\ 5,7, \eve\ of probahi\i\y M ean grain y ield da1<1 arc given in the pcranthc~c~. 
t-

-.c .. -,,..· ... 
• ,~m\,..:an\ a\ \"i, \eve \ o \ prohah,\i\y .!:::! 
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od (Table 1) this suggested the importance of 
~oth additive and ~onadditive genetic. com-
onents. However, higher relative magnitude of 

~CA varience over SCA varience for days to 
flowering, days to maturity, pod length, grain 
per pod and test weight (Table-1) indicated that 
additive type of gene action was primarily in­
volved in the expression of these characters. 
Reddy and _Shreekumar (1982) had shown the 
predominance of additive gene action in the ex­
pression of most of the traits. 

General combining ability effects of .the 
parent (Table 2) revealed that .considering all 
the characters, parent ML: 69 appeared to be 
good general combiner cont~ibuted maximum 
favourable genes for grain yield, pods per paint 
and clusters per plant. Parent MJC-72 was 
found to be good general combiner for days to. 
so per cent flbwering and test weight. Thim­
mappa et al. (1989) , and Saxena and Sharm? 
(1989) also reported the similar results . Parent 
MJC 35 and Gujarat 2 were good general com­
biner for days to maturity, pod length and grains 
per pod. Culture 1 was good combiner for grain 
yield. Bold seeded • varieties MJC 72 -and 
Gujarat 2 exhibited good general combining 
ability for test weight. Jatasra ·(1980)_ ·had 
reported in cowpea tha~ bold seedeg varieties 
were good combiners for higher grain weight. 
It would not be out place to mention here that 
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the commercial variety may not always turn out 
to be best combiner. In this investigation too. 
Gujarat 2 a commercial cultivar did not perform 

well. 

The estimation of specific combining 
ability effects ·(Table 3) indicated that the top 
yielding hybrid ML-79 x Gujarat 1 was a good 
-specific combination for grain yield per plant, 
number of pods per plant, number of effective 
branches per plant and days to 50 per. cent 

_ flowering. Th~s~ results were as that of 
Natarajan et al. • (1989) . Thus there is every 
likelihood of improvement, both by selection 
and hybridization, for most of the characters. 

All the hybrids gave high grain yield their 
best . parent. Significant SCA _.effect for grain 
yield per plant was found for hybrid ML 69 x 
Gujarat 1 which gave highest grain yield 
(Table~3) . The parents involved in this cross 
were good x average combiner for grain yield 
and nuryiber of pods per plant, average x 
average. for number of effective branches per 
plant and poor x average combiner for number 
of days to 50 per cent flowering. 

The genetic information obtained from the 
present study revealed that Parent ML 69 and 
. Hybrid ML 69 x Gujarat 1 were found to be 
promising for further exploitation. 

Reddy, P.R. and Sh~eekumar, C. 1<>82. Combi ning abi lity 
for_ seed y1 ~ld <111d iL<; components i 11 green gram . 
( Vtgna r ed,ata L.). Genet A gr Cl r ia, J6 : 2•-n-307. 
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combining ability in mungbcan. L e~ume 
Researcli . 12 : 165-16l). ' 

'll1im111app11, A S .. Chumlrn1)1)11 11. M t>-11,·1 S s ., 
t "'t C 't ..._ • ..._ • anu 

~,nud, .I . V . 19Xl) . Stu<lil!~ nn 1:nmhi 11ingabil i ty 
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Annnnl nnd SonHonal Effects of Meteorological and 
AHHoclnt.od Parameters on Pan Evaporation 

I>, I), Ruhu, H. rt P,rndyu aud S. K. D1x1t• 

IJ1>p111 tm1111t of Farm Engineering, College of Agriculture, Junagadh-362 001 

ABSTRACT 

Thl11 pupt,1' d.-,111• wll.h 011 1lppro11oh to establish a quantitative relationship between the pan 
"''"flOl'hll,u, 111111 H dlff,wtsnt nu,tNu-olo1tloal pnrameters wdng stepwise multiple regression analysis. The 
, •,-1'11alil.,11 ,•I~. t,v1ap111·11l.h11l 1wwc,1• of the air (En) and solar radiation (Rs) were foWld to be the significan, 
(,-, ,,,,,.,. l11nuf'1111l11i,t 1m11 ,w111,oa·11l.lo11 for 111111ual and seat1onal basis while the weather parameters like air 
1 .. mpt11•1il '"'"• ,•.,J1tl.lvn h.uu1ldlty macl wind velocity showed a siguigicant effect dwing stunn1er season. The 
pr,..1ll11111111 Nflllll.1011• (Hl.c,d for cUrtertmt HeftHOJLS and annual basis expJained more than 91¼ variation in 
1u11, l'Vt1)101·ntlo11, With I.ho lu,lp of the 1·cgre81'Jlon equations developed in this study it may be possible lo 

c,11lhnAlt' 111ua t'V11pol'UU011 In Soulia Snm·IUihtl'~ agroclimatic zone. 

INTH.OUUC1'ION 

Evapor1:1tlon from a tree water surface is • 
a good indication of the climatic condition of a 
region for crop production, It reflects· the 
influence of several meteorological parameters 
like air temperature, sunshine hours, wind 
velocity, relative humidity, solar radiation, 
evaporating power of the air and vapour 
pressure deficit of a locality. It may be pointed 
out that pan evaporation data are mainly used 
for predicting evapotransplratlon and water 
requirement of crops. Since actual measured 
pan evaporation data are not readily available 
In most of the locations, It becomes assertive 
to use formulae which can estimate pan 
evaporation from available climatic data. A 

(R ecei1wd on 30th ,July. /993 ) 

number of empirical methods have therefore 
been proposed by several investigators 
(Penman, 1948; Fitzpatrick, 1963; 
Christiansen, 1968; Linacre, 1977: Singh et al. 
1981; Senapati et al. 1985; Swan and Volum, 
1986; and Cahoon • et al. 1991) in different 
countries and India. The major limitation to the 
use of these formulae is that they can be used 
in the climates, seasons or environments from 
where they were evolved. Therefore, the 
present study. is an attempt to investigate the 
Influence of some meteorological and 
associated parameters on evaporation as 
measured in a class a type pan evaporimater 
at Junagadh under South Saurashtra 
agroclimatic ione on annual as well as 

seasonal basis. 

'Present oddross : Profetsaor and Ho~d. Departrnont of Agrll. Statistics, College of Agriculture, Junagadh. 
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MAT~RIA.LS AND METHODS 

Daily meteorological data for 27 years 
(1965-91) . was collected from the 
agro-meteorological observatory at Junagadh 
campus (21 °30' N lat., 70°30' E long., 61 
m msl). The location represents subtropi1cal 
semi-arid . type of climate with an annual 
average rainfall of 916.7 mm. The associated 
parameters such as (1) Evaporating power of 
the air (Ea), (2) Solar radiation (Rs), (3) vapour 
pressure deficit (VPD) were computed using · 
standard meteorological formulae as described 
in FAO (1983) from the routinely recorded 
meteorological parameters viz., maximum and 
minimum temperature, morning and afternoon 
relative humidity, wind velocity in km/hr and 
bright sunshine hours. Mean air temperature 
(T) and temperature range (TR) wHre 
calculated using maximum and minimum 
temperature, and mean relative humidity 
(AH) by a~eraging morning and afternoon 
r.h. values. Weekly values of all the abo,ve 
variables were compiled and computed toi a 
single estimate for 52 weeks of the years and 
used for further analysis. 

• The analysis of data was carried out in 
two steps.- In the first step, the mean, coefficii~nt 
of variation and correlation coefficients for all 
the variables were estimated and tested for 
significance to 5% level. In the second stir~• · 
stepwise multiple regression analysl~ was 
undertaken to assess quantitatively the relati!~e 
importance/influence of e·ach variable 'on 
evaporation for each • season separately . . A 
software package MICROSTAT was used for 
the above purpose. 

Considering uniformity ir, weather 
conditions the whole year was di'{ided into f<>:ur 
seasons (1) monsoon (June to September), (2) 

post monsoon (October-November) , (3) winter 
(December-February) and (4) summer 
(March-May) t9 study the effect of w~ather 
variables on evaporation during each season. 

RESULTS AND DISCUSSION 

Mean and vartablllty of weather 
variables 

The mean, coefficient of variation (CV%) 
and correlation coefficients (r) between pan 
evaporation and weather variables are given in 
Table 1 indicating the effect of variables during 
different seasons and on annual basis. The 
daily mean evaporation rate is 7.1 mm with 29 
per cent' variability during the whole year. The 
rate of evaporation during monsoon, winter and 
summer seasons were 6.0 mm, 6.3 mm and . 
10.1 mm respectively with the highest variability 
of 29% during monsoon season. This . may be 
attributed to the influence of other variables 
which show very high variability (Table 1). The 
high variability of-weather variables indicates 
their responsib\lity to influence pan evaporation 
du~ing different seasons (Fatzpatrick, 1963). 

Correlation stu~le-s 

From the correlation anatvsis it !;_,as 
. 'J 1 Cl 

obseryed that most i of:t \he ;correl.ajion 
coefficients were highly ~ignitidant ~t 1 % {ivel 
_except for Jhe 2.month p~riod at pa&t mon~on 

'.,:5eass>n, jhe r~latiye h~miQity haa neg~tive 
::~·corr~latio(t du[ing all ,he s~aso;ns e~ ept 
, sumf.Per ~eas~n. A~! t~'e ~e~tr.e~ variables 
•• except evaporating powEtr of thE!f ajr (Ea),?:and 
- vapour pressure defi~it (~p~ ~re ~ound t:g be 
· ·associated with evaporat'on 'significfntly d~'t:ing 

summer season. ·!. .~ :· 

}1 \;' 
. ~- . 

In vi~w of various ~ffect~ of rriete~rol.ogi' :' 
cal paramete~ with e~apo~tion; st~pwisif 
multlple regression analysis was c~'rriedi oot to 



TABLE 1 ()) 
~ 

·Mean, coefficient of variation (CV) · and correlation coefficient (r) of weather variable for different seasons 
at Junagadh. 

A nnual Monsoon Post trionsoon Winter Summer 
Vari.ables 

Mean CV% r MeatJ CV% r Mean ·· CV% r Mean CV% r Mean CV% r 
-. 

EO mm/day 7 .1 29 6.o : 29 6._o 8 6.3 -15 IO.I 7 - - .. 
... 

Ea mm/day 5 .6 36 0.868** 3.7. 49 0.947*';..· 5.5 16- 0.366 5.6 15 0.920** 8.1 6 -0.198 

Rs mm/day 8 .6 14 0.849·· · 8.l . .9 0.551* .. __ : 7.8 8 0.600 7.4 10 0.965** 9.8 5 0.86Z-* 
- · 

.. 
Td•c 15.6 30 0.193 -9.6 19 0 .048 ~--17.4 9 0:470 20.5 3 -0.551 * 17.4 13 -0.757 ... 

-
r e 26.6 14 0.513** 28.5 6 0.939** 26~8 7 0.415 21.3 6 0.649* 293 7 0.88()- • 

RH % 59 25 -0.374** 78 8 -0.667** . 55 -12 -0.016 46 9 -0.834** 51 15 0.781·· 

W, km/hr 7.7 34 0.501** 9.4 32 0.833** 5.0 16 0.190 6.4 10 0.625* 8.8 16 0.8ffi• • 
.. -

BSS hr/day 7 .9 33 · 0.460** 4.7 48 0 .221 8.9 5 0.697* 9.5 S • 0.834 .. 9.8 -l 0.64-

I 
,..., ... 

0.518 10:3 l ~.8 8 -0: 164 > 
VPD mm 10.5 34 0.777** 6 .6 38 0.784** 11.8 10 14 0.912** 

Hg/day 
,, 
[r, 
r./J 

• Significant at 5% and •• at 1 % levels --
-a:-... 
~ 

-:r, 

E 
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r,nd out !he most influensive 

different seasons and 
O 

parameters for 
n annual b • Junagadh. as1s at 

Multiple regression analysis 

In the multiple reg • 
ress1on analysis six 

(1) Annual (52 weeks) 
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variables out f • h 
the o e1g t were found to influence 
s pan evaporation significantly in different 
easons and ann I b . d . ua as,s. The linear models 
enved for different seasons 

below : are given 

Eo = -3. 7629 + o 5983 E 
• a + 0.7218 Rs + 0.1949 W 

(14.95) (9.36) (7.22) 

2 
r = _-0.9561 

(2) Monsoon (June-September) 17 k . . wees 

Eo =: -8.0459 + 1.2750 Ea + 0.1203 RH 

(13.1) (4.55) 

r2 = 0.9585 

(3) Post monso~n (October-November) 9 weeks 

Eo = -0.7654 + 0.6207 Ea + 1.0909 Rs + 0.1178 TD -0.8056 BSS 

(4.12} (5.98) 

r2 = 0.9484 

(4) Winter (December - February) 13 weeks· 

_Eo = -3.2445 + 0.6740 Ea + 1.5569 Rs - 0.5683 VPD 

(3.38) (6.00) 

(S) Summer season (March - May) 13 weeks 

(3. 16) 

2 r = 0.9722 

Eo = 2.5079 - 0.4892 Ea + 0.5190 T-0.1816 RH + 0.6348 W 

(4.32) 

" Numbe~s written in the brackets are 't' 
alues of • • d' t· th . . corresponding parameters ,n Ica mg 
eIr sI9 ·1· • t n, Icant contribution in the equations. 

b~aporating power of the air (Ea) was found to 
lhe most common factor influencing pan 

(3.04) (3.30) 

2 r = 0.9077 

evaporation in · association with either relative 
humidity in monsoon season, or solar radiation 
and vapour pressure deficit in winter season or 
with wind velocity on annual basis at Junagadh 
station. The linear models derived in this study 



:·~howed more than 96 per cent predictability 
ltwith nearly 98% of total variation in evaporation 
-:<>n'annual basis. 

The analysis reveals that the meteorologi­
cal parameters have selective and significant 
influence on pan evaporation seasonally and 
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Use of Information Sources at Different Stages of its 
Adoption by the Cumin Growers 

C. P Desai*, D. N. Pandya. P. P. Patel andArunA. Patel 

Directorate of Extension Education, Gujarat Agricultural University, Ahmedabad 

ABSTRACT 

The present study highlights ihe various sources of information used by cwnin growers for its 
adoption. The study reveals that 'VLW, 'Farmers discussion group' and 'family members' are major 
sources of information used by the cumin growers. 

INTRODUCTION 

Information sources are. pre-requisite for 
the awareness and adoption of innovatiori. It 
provides link between the diffusion of innova­
tion and its final adoption. The sources or 
channels ot' supply of information on new idea 
greatly influence the ado~tion process. 

Supe (1971) stated that the farmers gave 
high credibility to the informal sources like 
personal experience, friends, relatives and 
neighbou~s. Shukla (1972) found that the 
extension workers was the first source. Most of 
the adopters had consulted extension workers 
at the decision stage. Jadon (1973) concluded . 
that 73 per cent of the respon_dents had 
received information from progressive farmers 
about improved practices of potato cultivation 
and 65 per cent adopters had also received the 
same from VLW. Panchal (1975) found that 
radio, progressive farmers and VLW were_ the 
important sources of information at various 

(ll,!c:ei veci on 3rd S ept., 1993) 

stages of adoption process for improved seeds 
and plant protection measures for hybrid-'4 
cotton. While in case of chemical fertilizers, 
printed literatu·re and personal experience were 
also importan_t sources besides VLWs and 
progressive farmers. Patel (1977) concluded 
that source of family members was the most 
important source of information at initial as well 
as decision stages. 

The difference in utilization of information 
sources was studied at initial , detailed informa­
tion seekfng and decision taking stages of 
adoption by cumin growers. 

MATERIALS AND METHODS 

The study was conducted in five talukas 
of Bhavnagar district having maximum area 
under cumin crop. The data were collected by 
arranging personal interview with the 205 
cumin growers. 

*Present address : Technical Officer. Directorate of Extension Education, Guj~rat Agricultural University, Ahmedabad. 
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The sources of information utilised by the 
respondents at various stages of adoption 
process were worked out. Thr ee important 
stages. according to Prasad And Sinha (1 971) 
were used in thrs s tudy. They were (a) first 
informatJ n (b) most information and (c) 
decis, n. These stages were renamed as initial, 
detailed information seeking and decision 
takrng stage respectively. 

Every respondent was asked to indicate 
the source/sources from which they got the first 
idea of introducing cumin ~rop. Such sources 
were considered as sources at initial stage. For 
detailed information seeking and decision 
stages, an open-ended question was asked to 
every respondent. They were asked to indicate 
the sources from which they sought detailed in­
formation regarding the complete cultivation 
practices of the cumin crop. These sources 

TABLE 1 

GAU RES . J. l!:)g4 I 
• 9 !i1 

were considered as sources utilised ad 
. et • 

Information seeking stage. They were f ailee1 
asked to indicate the name of the agenc· l-Jrthe, 

. ies Wh 
were consulted at the time of consider' o 

1ng a<1. 
vantages and disadvantages of cumin c . 

'b 'l't f • t d • Ulhva tion and feasI 1 1 y o In ro ucing crops • 
than cumin. These were considered as so 

0th
er 

. . t k. urces 
utilized at decIsIon a mg stage. Their frequen-
cies were counted and percentages 

WerP 
worked out. • 

RESULTS AND DISCUSSION 

Farmers utilize various sources of inf or. 
mation at .different stages of adoption. In this 
study· three stages namely (1) lnitial/gettin 
idea- (2) Detailed information seeking and (3~ 
Decision taki~g, were considered. The data co~ 
lected on source utilization at these three 
stages have been presented in Table 1. 

Distributio~ of cumin growers according to source of information used b 
three stages of adoption. y them at 

~:==~-------------::.._ __________ ~(:N~=~2~05) 
lnforma1ion '\. 

r 
Famil y mtmben. 

Rd;,ti "'c!> 

I rit.ndi. 

01hcr L·um,ri gnJWcn, 

Vil f;.1gc level Work1:r i. (YI.WJ 

1 Agri I. C:xtcn!>ion 

~ fict:r (ALO) 

lnitial/xet­
ting_ idea 

No. 

7 

57 

() 

13 

" 

Per cent 

3.41 

27.80 

4.39 

3.<)() 

41 .46 

6.34 

0 

-

Stages ' 
Detialed 

information 

seeking 

No. Per cent 

14 6.83 

35 17.07 
l) 

4 .39 

JO 4.88 

130 63Al 

9k 47.NO 

17 ~.29 

Dc:cision 
taking 

No. fa cc/II 

36 

8 

17 

5 

54 

11 
., 

17.56 

_tO(I 

~AJ 

~6JJ 

5,IHI 

---------------~ 



Al E'f AL- : USE O P INPORMATION SO 
of;S URCEs BY t' lJMIN (' 

· d<OW8k S 

I j. 
) 

1 Co<1penttive S<H:iety 0 

Radi(1 0 

printed literatu n.· 0 

farmer disc:ussion b"tf'Oup 0 

re-ricides store 0 

Cumin merchants 11 

Others (self experience) 13 

·r· value 

(1) Sources 3.35 highl y siinificant a l 13 d.f. 

(2) Stages 2.02 non significant at 2 d.f. 

(1) Initial Stage 

3. 

0 

0 

0 

0 

0 

5.37 

6.34 

Data presented in Table 1 • indicate that 
41.46 per ce~t of the.respondents had-got the 
idea of introducing cumin cultivation from·other 
cumin growers (experienced farmers) followed 
by relatives (27.80%) and VLW {6.34%): -While 
top merchants dealing with sales and purchase 
of cumin~ friends, neighbours and family . 
members were sources for gett.ing the idea of 
cumin cultivation initially for 5.37 per cent, 4.39 
per cent, 3. 90 per cent and 3.41. per cent 
respectively. 

In case of 6.34 per cent respondents, the 
idea of cumin cultivation was self-motivated. 
While AEO, radio, farmer discussion group, co­
operative society, printed literature and 
Pesticides store were not the sources of infor­
mation at the initial stage as indicated by the 
cumin growers. on the basis of the above dis­
cussion, it can be concluded that other cumin 
~rowers (experienced farmers) were the most 
important sources at the initial stage. The 
second best. source was relatives. The mass 
rnadia like radio and printed literature were not 

80 -
·I. 5. (,. 7. 

R 3.4() 0 () 

25 12.20 (I () 

23 11.22 (J (J 

8 3.9() 56 27.32 
29 13. 17 0 (I 

0 () 0 () 

17 8.29 59 W.79 

u~ed as sources of information at the first stage 
of adoption. · 

(2) Detailed· ·1ntormation Seeking Stage 

It can be visualised from the T able-1 that 
at the detailed information seeking stage, the 
respondents · had sought detailed information 
from more than one source, other cumin 
growers (experienced farmers) were at the top 
as a so~rce of information at this stage and it 
was utilised by 63.41 per cent of the respon­
dents. Next to other cumin growers, VLW 
(47.80%), relatives (17.07%), pesticides store 
(14.05%), radio (12.20%) and printed literature 
(11.22%) were the other sources in the se­
quence. AEO,.family members,neighbours and 
friends were utilised by 8.29 per cent, 6.83 per 
cent, 4.88 per cent and 4.39 per cent of the 
respondents respectively. While a few i.e. 3.90 
per cent of the respondents had collected 
detailed inform.ation on cumin cultivation· from 
coooperative society and farmers discussion 
group. Self experience was expressed as a 
source of information by 8.29 per cent of the 
cumin growers. It is clear from the above dis-
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cussion that other cumin growers (experienced 
farmers) , VLW and relatives were the mo£t • 
utilised sources of information by the respon­
dents for collecting detailed information 
regarding cumin cultivation. 

(3) Decision taking stage 

The data presented in Table-1 related to 
source utilization at the decision stage revealed 
that out of total respondents, • more than 
one-fourth (27.32% and 26.34%) of the 
responden~ were helped by farmer discussion 
group and other cumin growers (experienced 
farmers} respectively in t~king decision for 
starting cultivation of cumin crop. About 28 per 
cent of the respondents had took decision of 
adoption of • cumin cultivation themselves 
without taking help from any person. Other 
sources like family members, friends and VLW 
were utilised by farmers at the final stage of 
adoption. A few respondents had sought~help 
at decision taking stage from n~ighbours and . 
AEO. • 

The experienced farmers were found ·10 
be the most util ised source at all three stage be­
cause the information based on their · ex­
perience is generally considered • more 
dependable. 

On the whole, it can be concluded that 
other cumin growers (experienced farmers) 
was the most important source of information at 
initial as well as decision taking stage. While 
the other cumin growers, VLW and relatives 
were the most utilised sources of information at 
the detailed information seeking stage. 

The calculated 'F' value (3.35) for sources 
was more than the table value at 1 per cent 
level of significance. It indicates that the dif­
ference in the utilization of various sources is 
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highly significant. Thus, it can be inf 
the utilization of various sources by ;red that 
growers did differ among themselve e cull'li~ 

s. In Oth 
words, all sources were not equally ti . er 

u hsed. 

The calculated 'F' value (2.02) for 
was found to be non-significant showin

st
ages 

the variation In the sources utilization atgt~hat 
stages was not significant. It means so ree 
utilized at various stages did not differ. In ~~es 
words, the source utilization patern at thr;r 
stages were more or less silimar. e 

Implication 

1. Cumin growers relied on informal per­
sonal sources for information about cumin 
cultivation. Information of such persons 
may be incomplete and incorrect. There­
fore, farmers should be motivated and 
trained to use formal sources of informa­
tion to . supplement and verify the 
information obtained from the informal 
sources. 

2. Even when the cumin growers had a 

good educational background, the ·utiliza­
tion of mass medfa like radio, printed 
literature etc. was negligible. Hence, the 
extension service should create 
favourable attitude towards the mass 
media among the farmers by intensifying 
the dissemination of knowledge regularly 
through publications like leaflets, 

• . 1 nd 
pemphlets, circular letters, radio ralhs 8 

news paper release etc. 

3. The most identified information sources a: 
. grower 

initial stage were other cumin . 5 d elat1ve. 
(experienced farmers) an · ~ e i~e 
Thus, while planning to communicat. lling 
farmers for new change~, tt,e couns~rces 
agencies should consider these 

50 

through proper training. 
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Optimum Plot Size for Summer Paddy in the 
Navsarl Zone of Gujarat 

S. M. Upadhyay•, B. H. Prajapati, K. R. V. Raja and V. B. Darjl ' 

Department of Agril. S~atistics, College of Agriculture, Gujarat Agricultural University, Junagadh • •• 

ABSTRACT 

0 timum plot size and shap~ Qf plot-~~ bee~~~~ked_ .«:>ut from uniformity trial on s~mmer paddy 

M
!~- t thod Fair-field Smith's verlance law and the compB1·able variance method crop. l&&UUum curva ure me , . . 

were used for the purpose. A plot of 12 units i.e. 10 rows each of 6.3 meter length (1.e. 2 m. x 6.3 m.) wa, 

found optimum for paddy variety I.R.8 grown at Navsari zone of Gujarat State. 

INTRODUCTION 

One of the important factors which has 
direct impact on the efficiency of the field ex­
perimentation in the size and shape of 
experimental. plot, which varies with the crops. 
The other factors affecting the precision of the 
experimentaf result are experimental material, 
cost of various operations and material in­
volved in conducting the experiment. Several 
workers have worked with the methodology for 
determining optimum plot size from uniformity 
trial data (Smith, 1938; Keller, 1949; Koch and 
Rigney, 1951 ; Federer, 1955; Hatheway and 
Wil!iams, 1958 and Patel and Patel 1968) . . 
While Abraham and Vachhani (1964) and 
~grawaJ an~ Deshpande (1967) reported op­
~1mum plot size for paddy crop. However, there 
is no report on optimum plot size for paddy for 
Sout~ Gujarat, being predominantJy paddy 
gr~w,n~ area. This paper reports the results of 
uniformity trial on paddy conducted at the 

(R ec:ei ued on 4th A11~., J990) 

Agronomy Farm, N. M. College of Agriculture, 
Gujarat Agricultural U.niversity, Navsari Cam• 
pus, Navsari during the .. summer season of the 
year 1982. • 

- MATERIALS AND METHODS 

The popular variety I.A. a was planted in 
a field of 26 m x 23 m size. Three seedling per 
hill was transplanted. The spacing was 20 cm 
between rows and 15 cm between two dibbles 
within row. All the recommended practices in 
vogue were followed. The crop was harvested 
in small units each ~f 35 hills (5 row each 
having 7 hills) , the size of the basic unit bein9 

·dth 1 m x 1.05 m. Border area of one meter wi 
all around was excluded from the trial. ThU

5 

total are~ harvested was 24 m x 21 rn ~aki:~ 
480 basic units under study. Grain yield . 
paddy was recorded separately for each bas;c 
unit. The different sized plots of sizes 1, 2• ' 
5 6 . were 

, , 8, 10, 12, 16, 20, 24 and 30 units 

~•P;re;s;e;;;nt~A~didd~re;;s;s -;-; ~A~s;;si;st;;an;tf R~e;;M;arJ• cclh~ Sdci::en:;tl~st~ (A:g-. ~s =--=tat:-.):-:E:-C=-::F- P_ oj _ ___., _________ _____,,-
' • • •• r ect, GAU, Sardar Krushinagar. 
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formed ~y combining th~ adjacent units both 
iength wise as well as width wise. 

statistical analysls 

Maximum curvature method (Federer 

1955). Smith's variance law (Smith, 1938) and 
comparable variance method (Keller, 1949) 
were employed to investigate the optimum plot 
size and shape for summer paddy (Cv. IA 8). • -- -

Maximum curvature method involves plot­
ting a curve of the C. V. per cent per unit area 
against plot size. Therefore C. V. per cent per 
unit area was estimated for various sized plots. 
These C. V. per cent are termed as unadjusted 
C. V. per cent. 

Soil heterogeneity index 'b' was also es­
timated for ~etermining optimum· plot size with 
the help of an emperical relation between plot 

TABLE 1 

variance and size, developed by Smith (1938) 
as under : 

• 'b' 
Vx = V1 / X 

The estimated 'b' indicates the degree of 
correlation among the adjacent units . It was 
therefore,_ thought worthwhile to work out C. V. 
per cent after adjusting variance per unit area 
for degree of correlation 'b' among adjacent 
units to help workout optimum plot size based 
on uncorrelated estimates. These C. V. per 
cent are termed as adjusted C. V. per cent. 

RESULTS AND DISCUSSION 

The C. V. per cent was worked out and 
comparison were made among different sizes 
and shapes of plots using a~justed and 
unadjusted C. V. per cent. 

Average C. V. per cent per unit size for grain .yield of paddy. 

Size of C. V. per cent Difference in Per unit ( •. V. per 1.·ent 

plot (unadjusted) C. V. per cent decrease in ( adjusted) 

(unadjusted) CV o/c (unadjusted) 

20.69 20.6Q 

2 17.71 2.Q8 2.98 18.23 

4 15.40 2.31 1.16 16.1 0 

5 14.34 1.06 1.06 15.65 

6 14.30 0.04 0.0-l I S.-l2 

8 13.84 0.86 0.43 1-V)O 

I CJ 
I 3.31 0.53 0.27 1-t.2-t 

12 
12.59 0.72 0.36 13. lJ5 

16 
12.5 1 0.08 (l.02 13.6(J 

20 
12.50 0.01 0 ,()(13 13.76 

24 0,1)7 0.24 12.~5 11.53 
3(1 

0.41) (1.1 5 12.38 11 .04 
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Toe average C. V. per cent (unadjusted) 
varied from 20.69 for one unit plot size to 11 .04 
for thirty unit plot size (Table 1), while C. V. per 
cent (adjusted) varied from 20.69 to 12.38 for 
the same range of plot size (Table 1). The 
C. V. per ce~t gradually decreased with the in­
crease in plot size. Decrease in C. V. per cent 
with increase in plot size in case of paddy crop 
was also reported by Abraham and Vachhani 
(1964) and ~grawal and Deshpande (1967) . 

A further look into C. V: per cent 
(unadjusted) revealed that the reduction was 
more in beginni_ng and then decrease become . 
marginal. TI:ie average C. V. per cent 
(unadujsted) , beyond 12 units plot size was not 
proportional to the area added in forming large 
sized plot. The results are in agreement with 
the results reported by Abraham and Vachhani 
(1964) and Agrawal and Deshpande (1967). 

TABLE 2 

GAU RES. J . 1994 
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The difference between C. V. per 
. . . cent at 

the consecutive points (plot size) may h 1 • • • ep ta 
estimate per unit decrease In C. V. PE:!r cent 

• t f . ano thereby the pain o maximum curvature. The 
per unit decrease in C. V. per cent (unadjuste 
decreased with the increase in the plot si! 
upto 10 units (Table 1) . Beyond 10 units pl 

. C at 
size, the decrease in • V. per cent was not 
proportional to the amount of land used in forrn. 
ing large sized plots. The optimum plot size IS 

just beyond the point of maximum curvature 
(Figure 1). Therefore, 12 units plot size was 
considered as an optimum plot size for paddy. 

The correlation among adjacent units ('b' 
= 0.4052) when used in adjustment, increased 
the variance per unit (Vx) . The relation derived 
by Smith ( 1938) to estimate Vx is Vx = V 1 J xh. 
where 'b' .varies from Oto 1. The C. V per cent 
adjusted were high as compared to C. V. per 
cent unadjusted (Table 1). The optimum plot 

Comparable variance and relative Information for different plot size of summer paddy. 

I Si:..e rJf 
plot (X ) 

, 2 

I 4 

5 

6 

~ 

10 

12 

20 

24 

30 

Observed 

variance (V.'t') 

365 1 

5355 

7~N5 

8775 

13070 

13066 

15104 

161 71.) 

2676() 

27229 

34664 

Comparable Relative 
variance (V) informati,:,n (%) 

3651 100 

2677 68 

1q74 64 

1755 .n 
1728 28 

1633 28 

1510 24 

1348 2J 

1338 I -1 

1135 13 

1155 11 
I 

___.--/ I 
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PLOT SIZE IN UNITS 
Fig. 1 : Coefficient of variability of different sized plots 

size worked out on the basis of Smith's formula 
depends on K2 (the co~t proportional to total 
area per treatment) which varies with the nature 
of the experiment. It is rather difficult to arrive.at 
exact value of K2 for each and every experi­
ments. Therefore, K2 imposes limitations in 
defining the exact value of the optimum plot 
size. The Smith's variance law, thus provides 
only guideline in determining the optimum plot 
size. Pearce. (1976) also showed that Smith's 
law lacks theoretical basis. 

The comparable variance (V) and relative 
information (RI) were calculated for different 
sized plot (Table 2) . If the occurrence of plots 
Were completely at random (completely 
heterogeneity) then b= 1 and from the equation 
by Smith (1938), we have XVx = V1 = V. 

Thus under the assumption of random­
ness, the comparable variance is constant and 
any plot size will give 1 oo per cent relative in­
formation. However, such a situation is hardly 

possible due to the correlation among adjacent 
plots. Hence increase in plot.size should results 
in decrease in variance (Vx) and relative infor­
mation. 

The results (Table 2) revealed that the 
variance (Vx) and relative information 
decreased as the .plot size increased. The 
variance (Vx) of basic unit was assumed to con­
tribute 100 per· cent relative information ~hich 
is the greatest relative information (Keller, 
1949) . The decrease in Vx and relative informa­
tion was rapid in the beginning upto 6 units size 
plot (3651 to 1728 and 100 to 28 per cent in Vx 
and relative information respectively) and 
thenafter decrease •. becomes gradual. In 
general Vx and relative information decreased 
as plot size increased (Keller, 1949). Since the 
decrease in Vx and relative information beyond 
12 units plot size, was not proportional to the 
area added, a 12 unit plot size could be con­
sidered as an optimum plot size. 



In order to stimntH tho optirrn ,m plot sl1u 
dlre to plot slmpt , cornpnrnhh vnrlnnco (V) ,:imd 
relntive informntion (RI) woro cnlculntod for two , 
sets of plot size vi , ., X 1 , X2 Ann X 1 < X2 
where , 1 is length of plot nlong the row and X2 
the width across the row (Table 3) . An 
e aminntion of data (Table 3) reveales tha t V 

increased and RI decreased as plot size 

TABLE 3 

<;Al I f< E S . , J. I ~JO 
4. l o ll J 

lnr.roasecJ. The same result was obs 
erved 

Kellor ( 1949) .who developed this meth b'/ 
general, the variance per unit area in b ~d. In 
cases remained more or less stabilized a~ h thc; 

basic units and hence optimum plot size ct 12 

safely fixed at 12 times basic units. Arion bl! 
interesting info.rmation is that the Varian 

th
~r 

Ce IS 
minimum when length of row is increased 

Average variance per basic unit, comparable variance and relative Information for different 
shapes of plot (X1 > X2 and X1 < X2) of summer paddy. 

Si:c· ,>[ ( )h.w.:r vt:,I C ,:,mp11rable Relative Regressinn 
plN (XJ v11n11nn· vunance infr,rmation coef[,ci~n, 
(X l > X2J (V,\') (V) (RI %,) (bJ 

2 l :. x I ) 54 13 2707 67 Cl.43I o 
4 (-4xl ) 7741 l<J35 47 0.457Q 

5 (5 X I ) 8775 1755 42 0.4551 

6 (6xl ) ()760 1627 37 0.45 l 0 

X (8 x I ) 12743 15Q3 ,2Q U.311AA 

10 (5 X 2) 15104 1510 24 0.3R34 

12 (6x 2) ISQ74 133 l 23 0.4060 

l2 (4x 3) 16203 1350 23 0.40W 
20 (5x4) 2676Q 1338 14 ll.3350 
(XI < X2) 

I ( I x I ) 3651 3651 IOO 

2 ( I X 2) 52% 2648 64 OA635 
4 ( 1 X ➔) Xl~Q 2012 45 OA~l,)8 
6 ( Jx 6J 10400 1733 35 0.4 151' 
6 (2 X 3) l()l,)5J lf-25 33 (I J~t,i) 

X ( I x 8) 121137 1617 28 O .. Wl 7 

8 (2 x4) 135 17 I 6l)(I :.7 O.J7l J..I I 
12(3x 4) 1711()1) l ,H 7 '..! I (l.J~(k-; I 
I 2( 2xt>J 17572 l •lh-4 2 1 11 . .36 7H 

2-4 (4 ,)( 6) 2722tJ ins 13 o.Jb76 
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rather than taking more number of rows i.e. 

rectangular plot. 

Among all combinations of 12 units plot, 
a plot of 10 rows each of 6.3 m length (6 x 2) 
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Comparison of Sampling Methods for Estimating Lucern Yield 

C. V. Ra111anl and N. M, Patel 

Department of Agricultural Statistics, B. A. College of Agriculture, Gujarat Agricultural University, 
Anand Campus, Anand 388 1 1 O 

ABSTRACT 

The efficiency of three sampling methods, viz,, stratified random sampling, double sampling and 
component sampling over simple 1·andom saJJlpling was compared fo1· estimating total green forage yield 
of lucern (Cv. Anand 2). The wufornuty triau data of the years 1988-89 and 1989-90 were used for the 
purpose. In all six: cuts were obtained lrt each yea.1·, The results 1·evealed that the stratified random 
sampling and component sampling We1·e 1ilo1-e efQ.~ient than the SRS. The double sampling could not 
prove effective for this pw-pose, 

INTRODUCTION 

Several sampling m~thods have been 
developed for crop survey to estimate total 
production with a view to get maximum informa­
tion at a minimum cost. Generally simple 
random ~am piing {SAS) 1 stratified random 
sampling etc are employed depending upon the 
situation. It beqome easy to collect data of 
crops having single cut. But for crops like lucern 
having multi-cut harvest, it becomes difficult to 
collect the data because of transport and super­
vision difficulties. Such surveys are . time 
consuming and costlier. Goel et al {1978) and 
Kaistha and Goel {1981) showed that it is 
feasible to utilize partial harvest data collected 
through double sampling and component sam­
pling to estimate total production of crops 
having multi-harvest nature. However such In­
formation is lacking for lucern crop. The results 

98 

(lleceined ott 2nd 8epl., 1992) 

pr.esented herein relate to the relative efficiency 
of stratified random sampling. double sampling 
and componen~ sampling in comparison to SAS 
for estimating total green fodder yield of lucern 
variety Anand 21 being the most popular variety 
among farmers. - ... 

MATERIALS AND METH.ODS 

The , data generated through uniformity 
trial conducted at the Forage Research F arrn, 
GAU, Anand during the crop seasons of th8 

years 1988-89 and 1989-90 were utilized tor 
the purpose. The analysis of yield data of 1200 

and 400 basic units each of one sq. ,n. 
area revealed that a sampling plot of 1 O sq. m. . 

8 
t• um SIZ (1 m length x 1 Om width) was the op rm 1 d. cen 

for recording green fodder yield. The a ia h 
basic units were combined to form plots ea~n 
of 10 sq. m. area, making 120 and 40 P1015 



NI & PATEL : SAMPLING METHODS F'OR ESTIMATING LUCERN YIELD 
fl.lJAA 99 

nd second year respectively. Cut-wise 
t• st a 
ir fodder yield data for these plots wete 
green d . . .. 

ated and use In comparing eff1c1ency of 
gener 

. us sampling methods. In all six cuts were vano 
t ·ned in both the years. ob a1 

sampling plans 
In stratified random sampling, the data of 

six cuts were grouped into three strata on the 
t>aSiS of mean yield. The first two cuts formed 
stratum 1: the third and fourth cut formed 
stratum 2 and last two cuts formed str~tum 3. 
Thus each stratum size was. of 240 plots (ob­
servations) in the first year and of• 80 plots in the 
second·year. A random samples of size equiva-

Year 
No. of p !Ols 

per unit 

/ 

l<l88-8Q 120 

l 9R9-QO 40 

The average total yield based on all cuts, 
variance of mean and efficiency of double sam­
pling compared to SAS were estimated follow­
ing methods given by Satyapal and Srivastava 
(1983). • 

The relative efficiency (RE) of double 
8~ Pling estimate y ds as compared to SAS 
estimate Y SAS is estimated by 

R.E. = [ _____ 1-,-___ J2 

V l-r2 + 
2 

V (K-1 

b Where r is the correlation coeffici~nt 
ttween j th cut yield and total yield for n" fields 
v

th 
cut Yield has maximum correlation with total 

,leld) . 

k · 13 the number of cuts (k = 6). 

75 

25 

lent to 1 O and 20 per cent of the total plots were 
selected from each stratum to workout average 
total yield and variance of mean (Cochran, 
1972) and relative efficiency (A E). 

RE = S2/Sw2 where S2 is the overall 
(total) mean square and Sw2 is the within strata 
mean square in analysis of variance. 

In double sampling a small number of 
plots were selected for recording yield data for 
all the cuts (n") whereas large number of plots 
were selected f~r only one cut (n '} which was 
highly correlated with the total yield . The datails 
about samples selected for analysis were as 
under: 

JO% 

12 

4 

n" 

20% 

24 

8 \ 

The procedure for (component sampling 
consists of selecting independent random 
samples of size n1, n2, .... nk plots (but not fixed 
plots) and recording yield data of each cut 1, 2, 
.... , k. Here also 1 O and 20 per cent plots were 
sampled from each cut for recording yield data 
for analysis. An estimate of average yield for 
each cut was obtained first (Y j) and then an es­
timate of average total yield over all cuts was 
obtained by adding the estimates of average 
yields in individual cuts. Y c = I Yi (j = 1, 2, ... , k) 
(Satyapal and Srivastava, 1983). The relative 
efficiency of this plan in relation to SAS was es­
timated by 

K~ 
R.E. = 

k 2 
( r s } 

J : 1 j 
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Where~ is the variance of Y SAS in SAS 

S· is the standard deviation of the I th cut 
I 

0 = 1, 2, . . . ' 6) 

RESULTS AND DISCUSSION 

The estimates are presented in Table l . 

TABLE 1 
The estimate of total average yield (kg/1 O sq. m) • nd relative efficiency of dlfflerent 

sampling methods %. 

Sampling metl,ods Av. tot,1/ yiel,i /k /ativc efficiency 

Year S ize 

JO % 

1988-89 1. Stratified 51.91 

random 

sampling 

• 2. Double sampling 

- Third cut 55.92 

- Fourth cut 53.61 

3. C'.omponent. 56.01 

sampling 

Population 52.93 

1989-90 1. Stratified 64.43 

ra ndom 

sampling 

2. Double Sampling 

"' - Third cut 64.17 

- Fourth cut 64.40 

3. Component 64.35 

sampling 

Population 64.29 

• The reduction in cost was not estimated 

The results revealed that the stratified 
random sampling and component sampling 
were more efficient than the $RS for estimating 

. total yield of lucern. The relative efficiency of 
stratified random sampling over SRS was 191 

/ and 178 per cent during first yeat and 223 and 
168 per cent during second year. The com­
ponent sampling was 128 and 167 per cent 
more efficient than SAS during first year, while . . 

S ize Size Site 

10 % JO % 10 ~ 

52.23 191 178 

52.29 67 • 

53.02 118 * 

52.50 128 167 

64.16 223 168 

64.41 74 • 

65.47 75. 

64.48 192 113 

these estimates were 192 and 113 per can: 
during second year. It is worth noting tha 

during second year the efficiency of these ~; 
sampling methods was higher when sa~Pts 
size taken was 1 O per cent of the total P

O 
, 

20 P8 
than that when sample size taken was on 

• t· n reas 
cent of the total plots (for this dev1a 10 dS 

ethO ' 
could not be resolved) . Of these two m • better 
stratified random sampling appeared 
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component sampling for estimating total 
t~alnd of 1ucern. The latter is better for par-
yIe • 
. 1 harvest data. 

tIa 

The double sampling had lower efficiency · 
than the SAS. The efficiency of former depends 

the correlation between yield of individual on · 
ut and total yield. The yield of a cut having high 

~rrelation with the total yield is given more 
weightage in double sampling. This might be 
the reason for low efficiency of double sam­
pling. The results indicated that the double 
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survey needs to be undertaken for indepth 
study. 
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ABSTRACT 

Research expenditure is public expenditure therefore, it is important for planners and policy 
makers to look for the estimates of returns from such investment. TI1e analysis showed that the investment 
in agricultural research in the State has grown at an annual rate of 11.96 per cent and gave a maximum 
return after a time lag of four years. The average returns to one rupee investment were over Rs. 38. 

INTRODUCTION 

Agricultutal sector constitutes the most 
strategic component of the economy. The 
agricultural research plays an essential role in 
improving production of crops and livestock. 
As the agricultural research system has ex­
panded, research productivity and research · 
resource allocation have becom~ issues of 
prime importance (Bal and Kahlon, 1977). In 
Gujarat State the expenditure on agricultural 
research has increased over time but not much 
is known about the contribution of research to 
agriculture and the State ecdnomy. In this light, 
therefore, an attempt has beeen made here to 
analyse the role of agricultural research in the 
State. Specifically, following are the objectives 
of the study : 

(R eceived on 12th Aug 1993) 

1. to estimate the time lag between a par­
ticular investment in agricultural research 
and its returns in Gujarat. 

2. to estimate the rate of growth of returns 
and investment in agricultural research in 
the State and, 

3. to estimate the returns to the investment 
in agricultural research in Gujarat. 

MATERIALS AND METHODS 
. • tini8 

For the purpose of this investigation 
1 e bee' series data from 1972-73 to 1987-88 haV tiri 

used. To measure the retums to investnien tic 
agricultural research, the gross dorne:ily 
product of Gujarat State from agriculture ~ns, 
(GDP(agri.)) was taken as a proxy to retu 
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the output variable (Yt). Thus GDP (agri) is the 
difference between the GDP (primary sector) 
and the GDP.from forestry, logging, mines, fish­
ing, etc. The expenditure made on agricultural 
research by Gujarat Agricultural University 
(GAU) under the plan schemes, non-plan 
schemes and the schemes financed by ICAR 
and other agencies was taken as input variable 
(It) · These input and output data were then 
deflated by the wholesale price index 
(1970= 100) to eliminate the effect of price 
changes. 

Any investment in research does not yield 
its returns in the same year in which it is made. 
Therefore, the time lag between an investment 
on research and its returns was estimated. For 
working out the time lag the correlation 
coefficients between Yt and lt-k for different 
values of k (k = 0, 1, 2, ..... , 16 years) were 
computed . . The correlation coefficients for 
different values of k were then adjusted for the 
degrees of freedom. 

Adjustment for past investment 

There is need to adjust the Yt for the past 
investment i.e., lt•k·· For this purpose data on 
Yt prior to·the formation of GAU i.e., 1972-73-k 
were also taken and the growth rate of Yt was 
computed for this peroid using exponential 
function of the type Y = abx, were Y = GDP, X · 
= time period . Thus, growth rate in past returns 
i.e., 1972-73=Y O served as the base for the 
study period 1973-74 onwards. Similarly the 
rate of growth in returns from 1973-7 4 onwards 
was also worked out i.e., returns in 1973-7 4-Y 1. 

The adjustment factor "P" for the past invest­
ment was worked out as under -

p = 
v, 

This constant multiplier (P) of the returns 
gives the GDP. value adjusted for the effect of 
past investment (y 1t = P Y J. 

Basic model for allocating returns to 
investment 

~ If k denotes the time lag between an 
investment and its returns then the functional 
relationship of adjusted output (y I J with the 
previous investment can be written as Y 1t = f 

I 
(lt-k, y t-1 . T) · 

Where, lt-k = investment in agricultural 
research for the year t-k, 

Y /t-l = lagged adjusted returns, 

T = time trend. 

Linear, log-linear and quadratic equations 
were fitted to estimate the parameters. • 

RESULTS AND DISCUSSION 

As explained earlier in this study the GDP 
from agriculture was estimated and considered 
as returns or output (Yt) . In T ~ble 1 , the state 
GDP from primary sector, GDP (agric.) both at 
current and constant prices and the investment 
in agricultural research are given. While 
analysing the data it was observed that the 
begining year and the last three years of the 
series, i.e., 1972-73 and 1985-86 through 
1987-88 respectively were unusual years. 
Hence, these years were dropped from the 
further analysis. Thus, the time series from 
1973-74 to 1984-85 only was considered for 
analysis and interpretation of results. 
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TABLE 1 
GDP and Investment on agricultural research-Gujarat Slate. 

l'n ,n 

)ll72-73 

1473-74 

1974-75 

1 <nS-76 

1976-77 

1 <J77-78 

1978-79 

1979-80 

1 QfW-81 

1981 -82 

I 9fQ-83 

I <>83-84 

1984-85 

- - - ----------
(i/)/-'-011/y ugric:ultul"I' 

(ii>/' J'l"i111t11y 

s..:c:tur <JI 

current 

pnc:e 

775 

1473 

I 014 

1518 

1771 

1886 

1897 

2178 

2496 

3305 

3071 

3768 

3990 

Current 

price · 

730.83 

1418.34 

929.49 

1413.14 

1658.49 

1777.91 

l 747.81 

2038.62 

2354.75 

2981.95 

2673.33 

3308.62 

3508.84 

Cons/uni 

pnce 

(1070=100) 

628.<)4 

1015.27 

531.44 

816.84 

939.12 

956.89 

940.69 

936.86 

915.18 

l 060.06 

925.99 

1047.03 

1036.89 

( ;AU l< lO:S .• J . I 'JIJ" 
I . , ' .J IJ f%J 

/11 Vr' V( f//1:11( 

( ·1111 v t11 111 

,,,.i,·1· 

( /1) 7 () .. / (J(JJ 

(IA5% , 

0.1>13<1 

Ul I 'lS 

1.2421 

I .SkJtl 

l .7lJ20 

2.0026 

2.0127 

l.Xkl k 

2.6648 

2.8873 

3.1735 

Compound growth rates 

Compound growth rates (r) of Yt and It 

were worked out to know the behaviour of each 

variable individually. These are presented in 
Table 2. The table reveals that during 1973-74 

to 1984-85 the Yt increased at a rate of 2. 72 

TABLE 2 

Compound growth rates (r) of Vt, It. equation Y = abX. 
/ 

Vuriuh/e 
'--
/ 
Y, ( I <>69-70 lo 1972-73) 

Y1 (1973-74to 1<>84-85) 

11 ( I '->73-74 I;) ) l)84-85) 

...,. = Sig11ific;inl al 10% level of probability. 

+ = Significa nt at 201¼, level of probabil ity. 
/ = < ·wupound growth rate ('¼• per annum). 

- - - -- - -- - ----

Coefficient 
(I 

102332.9 

76769.86 

82.06478 

b 

0.923359+ 

1.02721 () ** 

1.1 19675** 

0.2193 

0.2721 

0.9457 

(r) 

-7.664 

2.121<1 

11.% 75 
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per cent per annum. As against this the invest­
ment in agricultural research gr ew at an annual 
rate of 11 .96 per cent. Tile growth of GDP 
(agri.) for _the period 1969-70 to 1972-73 
showed a negative trend and the rate of decline 
was 7 .66 per cent per year. 

TABLE 3 

Correlation coefficients between Yt 
and lt-k. 

\ 'ariables 

Y1• 11 

I Yt. ll-1 

Yt, 11-2 

Yt, 11-3 

Y I' ½-4 
Yt, ~-s 

Y,, ½-6 

y tt lt-7 

Correlation 

coefficients 

o .. ,;433 .. 

0.6444* 

0.6222** 

0.5321 

0.649% .. 

0.6014 

0.5467 

0.383Q 

Corr coeffi adjusted 

to degree of f reedom 

0.4740 

0.5418 

0.5573 

0.4250 

0.57117 Selected 

0.4837 

0.3516 

0.3698 

• Significant al 5% level of significance. 
1 .. Significant .al 10% level of significance. 

Interrelationship and computation of 
time lag 

Correlation coefficients between return 
and investment, which have been depicted in 
Table 3 tell the degree of association between 
two variables. Direct correlation between Yt and 
11 at 0.5433 was positive and significant. To 
know the full realisation of returns of an 
investment in research the lagged correlation 
coefficients were worked out for different time 
lag i.e., t-1, t- 2, ... t-7. As seen from the table 
1st, 2nd and 4th lags were statistically 
3ignificant. These lagged correlation 
coefficients were then adjusted for the degree 

of freedom. The highest adjusted correlation 
coefficient (0.5711) was observed for fourth 
year and same was selected for the analysis. 
It implied that in the State any investment made 
in agricultural re·search gave maximum returns 
after a time lag of four years . The impact of 
investment was visible in 5th, 6th and 7th years 
too but was insignificant. 

Adjustment of returns for past 
Investment 

In order to estimate the returns to lt.4 , the 
Yt was adjusted for the effects of past invest­
ment and for general trend in the use of factors 
of production. For this purpose the proportion 
(P) of Yt which accounts for lt.4 over the period , 
of study was studied. 

The growth rate of Yt was worked out for 
periods (1) 1969-70 to 1972· 73 and (2) 1973-74 
to 1984-85. The estimated returns for the year 
1972-73 i.e. , _Y0 served as the base for the 
study. Similarly, from the growth rate of returns 
for the second period the returns for 1973-7 4 
were estimated and denoted as Y 1. Using the 
procedure explained in methodology the 
proportion (P=b.05671 ) was worked out. As­
suming that a constant proportion of Yt is due to 
lt-4 the values of returns adjusted to past invest­
ment ff\) were derived (Table 4). 

Relationship between returns and 
Investment In research 

The GDP (agric) of the State which has 
been adjusted for past investment (Y \) still in­
cludes the effects of general trend in the use of 
factors of production on returns. That means 
the return will change even if there is no invest­
ment in research. Therefore, past returns (Yt_1) 

and time trend (T) together with lagged invest­
ment (lt_4) were taken as explanatory variables 
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TABLE 4 
GDP (agrl) adjusted for post Investment. 

L· .v ••• 

(,' /)/' (11,:ri) 

1 ·, ' , Ir (Y,) 111 com·tu11t 

11rice ( l'J70 :ti JOO) 
----

IQ73-7-4 101 527.56 

' I Q7-4 -75 531-44.08 - · 

... 1475-76 8 lh84.39 _, . 

4. I 47b-77 93912.23 

5. l 977-78 95689.45 

6 . 1978-79 94069.43 

7. 1979-80 93686.58 

8. l 980-81 91517.68 

Q_ 1981-82 106006.04 

10. l 982-83 92598.89 

l l. I Q83-84 104703.16 

12. 1984-85 103689.13 

GAU RES. J. 1994 l 
• 9 (2) 

(if ) /' (ugri) udju~ted 

tu p11st investment 

~ 
' 

5757.63 

30 13.XO 

4632 . .32 

5325.76 

5426.55 

5334.68 

5312.1n 

6011.60 

5251.28 

5937.72 

5880.21 

to estimate the effect on Y \. For the regreission 
analysis linear, log linear and quadratic ,equa­
tions were fitted with different combinations of 
explanatory varibles. However, the linear Iequa-

tion with Y 11_ 1 and lt_4 was selected as it ga~e 
the best fit in terms of R2 and the number of sig­
nificant coefficients. The estimated parameters 
of the chosen equation are as follows : 

( • Y /t = 7845.2853 - 0.6010 .... Y 1t .1 + 6.8101* lt.4 
2 

R = 0.6695 

Note : *Significant at 5% levHI of probability 
..., Significant at 20% level of probability _) 

The estimated returns to investm•~nt in 
agricultural research are displayed in Table 5. 
Average returns of Rs. 38.23 to one rup,~e in­
vestment were encouraging. It was also 

• est-
observed that the returns per rupee of inv 
ment have shown a declining trend over the 
period of study. 
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TABLE 5 

Returns to investment on agricultural research. R ( ~- l;1kh:-) 

'( ------

I )',.,,, 

> 
ilJ77-7~ 

I Q7~-7l) 

Jl)79 ... ~o 

1%0-81 

IQSl -82 

JQ82-83 

I Q83-84 

lc.J84-85 

Avl!ragc 

(i/)/ 1 (agri) 

cli /j. {(J / It/Sf 

IIIVt::Sfmt::11{ 

(Y .1) 

5426.55 

5334.68 

·5312.g7 

6011 .60 

525) .28 

5'->37.72 

5XX0.2 1 

5543. 12 

f s1ima1cd 

n ·111tns 

(Y rJ 

524().67 

SIE>O.Qj 

5246 .. 41 

5401.4 1 

5633.83 : 

5775J{Q 

jg I Q.31 

5926. I g · 

5542.i>S 

From the resul~s it is . clear that the 
agricultural research has played. cruci~I role in 
agricultural production ·and at the overall level 
it yielded over 38 times . more returns than the 
investment made in it. Further the trend . . . 
analysis _of the productivity of bajra, cotton and 
groundnut, three most important crops of t~e· 
State, revealed that tht regression coefficients . 
of time variable at 49.25, 7.60 ' and 0.404 • 
respectively were· positive and significant. As .1 

per the growth rate analysis the prc?ductivity _of 
these cr9ps in the State has be~n increasing at 
a simple rate of growth of 6.87, 4.25 and 3.30 
per cent respectively. The higher average 
return due to investment in research also 
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101.93 5 l.50 

· Q3.30 55.63 

101.45 5 I .Joi 

124.21 43A8 

. 158.34 35.58 

179.20 32.23 

. 200.26 2<> .➔➔ 

201 .27 29.44 

144.99 38.23 

indicate that there has been underinvestment in 
research in the State, more so duri')g the earlier 
years. _However, it is advised that the results of 
this analysis rnust be cautiously observed as 
there is. s_cope for further impr~vement in form 
of quality of data on research expenditure, 
specification of- the for~ of variables and 
relationship. While, collecting data on research 
expenditure, many inconsist~ncies and 
inadequacies were observed. The present 
system of classification of expenditure in 
budget is irrelevant from the view point of such 
an investigation. In the allocation of fund to, 

. research there shoul9 be more meaningful 
classification of expenditure. 
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Short ·c:ommunications 

Respon se of Soybean to Dates 
of Sowing and Se_ed Rates 

on Yield and Q~ality 

K. P. Jusani. M. P. Patel and H. S. Pat:el 

·Agronomy Deptt. , N. M. College of Agricu ltU1re, 
GAU, Navsari<396 450 

The $oil of experimental plot was clay . 
. 1n 

texture, low in total nitrogen (0.049 per cent) 
medium i~ avail~ble phospho~us (28.10 kg/he)) 
and high in available potassium (320 kg/ha). 
Treatments involved were four sowing dates 
and four seed rates (Tabel-1). Crop was sown 
at spacing of 45 cm between two rows. 

•Sowing date· and seed rate play an . A ·split plot design wcJ.s adopted with four 
important role in qua,:ititative and qualitative replications . . l_"he seed was sown by applying 
production of Jield crops. • 1.n view of this an . · Rhi'zobiun1 bacterial (Rhizobium japonicum) 
exper~ment ·on soybE;!an was laid. out in • treatment and: was fertilized with 30 kg N and 
kharif season ot 198.9-~0 at the college 60 kg P;05/ha. The · data on yiel~, yield 
farm of N. M. College of Agriculture, Gujarat attributing and quality characters are given in 
Agricultural · U11iversity, Navsari. . Table-1 . ' •• .-

TABLE 1 

Effect of vari~us treatm~nts on yield, yield' a~ributing characters ·and quality of soybean 
(1989-90). • 

Treatmenr 
I 

Date or Sowing 

i) 1 = June, 23 . 

0 2 = .July, 8 

O.~ = .July, 2J 

0 4 = August, 7 

S. Em. ± 

C. D. at 5%, 

Number JOO-Seed 
of weight ( g) 

pods/plant 

39.88 10.48 

38.40 10.42 

33.2Q - 9.48 

23.46 ·s.si 
1.1 2 0.23 

3.60 0.74 

S~e.d yield 
. (q//1a) 

°39.54 

37.00 

29.75 

23.02 

1.21 

3.86 

108 

Protein 

oer cent . yi~ld 
(kg/ha) 

,. 
,4 1.63 7Q9.43 

40.43 757.72 

38.54 569.39 . 

• 37.25 43Q.25 

0.41 23.50 

1.32 75.17 

Oil 
per ccmt yidd 

(kg//111) 

JC>.53 376.16 

19.48 366.21) 

18.00 .267.15 

• I 7.61 207.% 

0.18 1~.65 

0.56 • .w.-P 

I 
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') 

I J. ·I 
-------. 

~ ccd rate <k i<flm l 

'i. r,. 7. 8. 
r---------- -- --·-

'\ 
! I 

I 
' ' I 
I 
j 
i 
j 

:,; , = 4(1 37.54 10. 17 27.40 

S, = 50 34.37 9 .Q4 3 1.73 

~: = (l( l 32. I J 9.57 33.85 

~.! = 70 30.Q6 9.23 36.33 

S. Em. ± 1.08 0. 17 1.05 

C. 0 . at 5%- 3.(N N.S. 3.00 

The data presented showed , that the 
number _of pods per plant and test weight 
decreased remarkably as sowing was dellayed. 
Higher values of yield attributes were niatice'd 
under earlier s·owings. _ Whereas, onl)I test 
weight and 

I 
oil per • cent were not af1fected 

significantly due to various seeding rates: The 
results corroborate with those of Subbaiah e-r al. 

~ 

(1977). 

The seed yield of soybean was 
significanlty ·influenced by sowing date:s and 
seed rates·. The yield of seeds was maximum 
at earlier so~ing with higher seed rates, i.e. 
39.54 and 36.33 q/ha, respectively. Thus 
increase in yield was mainly due to higher 
number of pods/plant and seed weight 
registered under these treatments. It was 
mainly due to • more favourable g1rowth 
conditions received during earlier pla1nting. 
Nurnber ot pods/plant and 100 seed weight 
Were also positively associated with grain yield. 
Deshrnukh et al. ( 19n) and Aamani ( 1988) 
also reported similar results. 

\ 

4'1.16 540.67 lk.6J 253.xa 

3Q.k5 632.05 18.66 2% .(JQ 

39.18 . 696.36 18.7 1 ·332. C/3 

38.66 691 :10 Hs.65 334.70 

0.10 20.86 0.04 I 0.33 

0.29 54.X7 N.S. 29.65 

In respect of protein content and its 
output, the values were higher under earlier 
sowing (23rd June) , the~after it was decreased 

• significantly. Higher protein content recorded in 
earlier planti11g may be due to m_ore 
tran~location _of nitrogen towards grains. In 
case of seed rates, the maximum '(40.16 
per cent) prot~in content was observed 
under the lowest seed rate but yield was . 
statistically higher at higher seed rates (60 
and 70. Kg/ha) . These findings are in 
agreement with those reported by 
Deshmukh et a(. (1917) and Rc;1mani (1988). 

Significant reduction was noticed in oil 
content and its yield as the sowing was 
delayed from 23rd June. It may be due to 
poor utilization of resources under 
unfavourable environmental situations. 
Whereas it was not affected significantly due 
to various seed rates but significanlty 
higher oil yield was noticed under higher 
seed rates (60 and 70 kg/ha) . 



, 

1 10 

• 
Thus, from the view point of yields of 

soybean seed, protein and oil sowing on 23rd . . 
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Correlation and Regression 
Studies in Soybean Yield 

Characteristics 

K. P. Jasani, M. P. Patel and H. S. Patel 
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GAU, Navsari - 396 450 ' 

Knowledge of the interrelationship· among . 
yield determining characters and' • their 
association with seed yield ·is of paramount 
importance in crop improvement programme. In . 
this study the experiment was laidout during_ 
kharif 1989 with four sowing dates.(23rd June, 

TABLE 1 

8th July, 23rd July and 7th August) and four 
seeding rates (40, 50, 60 and 70 kg/ha) in split 
plot design. Randomly selected 5 plants from 
~ach treatment were used for recording the 
dbservations on plant height, number of 
branches, leaves. nodules, pods and grains as 
well as 100 seed weight. Simple correlation 
coefficients was worked out by computer by 
adopting the formula described by Snedecor 
and Cochran (1967). 

It is evident from Table-1 that the grain 
yield of soybean was highly significantty and 
positively ~ssociated with plant height and oil 
content. Whereas, number of nodules/plant, 

Association and simpfe regression equation of grain yield of soybean with . growth, 
yield attributing and quality ,characters. 

l. 

2. 

3. 

4. 

S. 

6. 

7. 

g_ 

q_ 

( '/,aract er 

l;l ,rnt height (t:m) at haryest 
' ' 

Number or branches/p lant at harvest 

Nuntbcr n f lc.-1vcs/planl at hanicst 

Number or nodules/ plant at harvest 

Number of pods/plant 

Number of gra ins/ pod 
• , · 

100 seed weight (g) 

Oil content (per cent) 

Protein content (per 1,;cnt) 

,.., Significant at I per cent level or pro1J.1bilit y. 

• Signil101nt ;1I 5 per cent lcvd of probability . 

Regrc:ssi,>n e,,uutii:m 

)' = 8 .163 + 0.104** X 

Y = 13.76() + !).630 X 

~ = J(l.369 + 0:407 X 

)' = 4.3Q2 "+ 0.468* X 

Y = 16.778 - 0.024 ·x 
" • • 
Y = 2.822 + 6 .. Q34 X 

Y = -6.415 + 2.321 * X 

~ = -4Q.760 + 3.534* X 

~ = -34.752 + 1.2<)(1* X 

111 

.,. . 

0.40➔ 

0.6UQ* 

• -0. I02 

0.57() * 

0.657* 



• i 12 

number of pods/plant. 100 seed weight and 
protein content were positively and significantly 
correlated with final production. The associa­
tion between plant height and grain yield was 
the highest (0.925) closely followed by oil con- . 
tent (0.869) . This result clearly indicated that 
above parameters exhibited direct influence 
on final yield of soybean. Therefore, these 
attributes should be considered at the time of 
sel~cting the variety. Almost similar results 
were also reported by Chaudhari and Sin_~h 
(1974). 

The -simple regression co-efficients were . . 
computed between yield of seed (y) and impor-
tant growth, yield and quality attributes (x), 

REFEREN('ES 

Clwudhary , D. N . and B. B . Si11gl1 ( J 974)_. Correlation and 
pathcne lTicient analysis,nf yield componen ts in 
soybean. lnchan .I. agric. Sci. 44 (7) : 487-490. 

,. 

which were taken for simple correlati~ 
. . . n StLJdi 

The simple linear regression equation b . es. 
" o ta1ned (Table-1) was of the type y = a + b x 

" d' d • Id , Where y = pre 1cte _y1e of seed; a = constant, ' 

b = regr.ession co-efficient. 

x = growth, yield and quality at..ributes. 

In these equations, plant height, n~mber 
of nodules/plant, 100 seed weight, oil and 
protein content e~hibited significant influence 
on_ seed yield. While rest of the parameters 
showed negligible impact on the final produc-. ,,.... 
tion of soybean. 

(R eceived on 15th Dec:. /992) 

Snedccor, (\ W .. and W. G. Cochran ( l 967). S1a1is1ical 
methods (Sixth ed.). Oxford am/ IHH Pub. Co. 
pp. 172-1 <>8. y 
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Influence of Irrigation ai:id NP . 
Fertilization on Yield, 

consumptive l ise of Water; Wate 
Use Efficiency and Nutrient 

Uptake by Summer Pearl Millet in 
South Saurashtra Region · ,. 

S. H. Vyas, J. C. Patel, B. S. Pat~l and 
V. 0. Khanpara 

Department of Agronomy, Gujarat Agricultural 
Univer_s.ity, Junagadh 

A field exper1ment was. conducted d~_ring 
summer 1988-89 at Instructional Farm, Guja_rat 
Agric~ltural University, Junagadh to worko.ut 
the irrigation, nitrogen and • phosphorus . 
requirement of pearl millet in a split plot design -
With three replications. lrrigation,was-scheduled 
at IW/CPE ratios, 0.6, 0.8 and 1 -Cl with irrigation 
depth of 50 mm in main plot and NP levels 
.(NoPo N P N P and N120Pso) in sub 1 40 20• 80 40 . 
Plots. The soi l of experimental plot was medium 
black having pH 8.2 EC 0.27 dsm-1 at 25°C, 
f I ' 

leld capacity on w/w basis 26.8% (O-15 cm), 
Permanent wilting point on w/w basis 14,Oo/o 
l0-15 cm) , bulk density 1.419 g/cµ cm (O- 15 

:rn), total N 0.08% , available P20 5_21.23 kg/ha 
nd available K o 268 kg/ha. The crop was 

Sow h 2 . th 
n on 91 Feb. 1989 and harvested on 16 

Ma • . Y, 1989. The gross and net plot ·size kept 
'Were 6-0 x 4.5 m and 4 .0 x 2.7 rn, resp_ectively. 

The consumptive use of water was 
calculated as. per the procedure suggested 
by Dastan~ (1972). Total number of irrigation 
applied as per treatments during crop season 
were 7, ·9 and 11 for IW/CPE ratios 0.6, 0.8 
and 1.9, respectively. • 

·consumptive use of water by pearl millet 
increased substantially with each increase in 

. IW /CPE ratio frnm O .6 to 1.0 (Table 1). The 
. maximum water use • of 437.92 mm was 

recorded under IW/CPE·· ratio of 1.0. _The 
reason for higher water use under higher ratio 
of 1.0" ~s attributed :to the fact that this -ratio 
received maximum water (550 mm). 

.. . 
• . Similar to consumptive use of water, high 

IW/CPE _ ra~io of 1.0 recorded signif!~anlty 
higher water use efficiency of 11 .37 kg ha mm 
as compared to lower IW/CPE ratio of 
O.6. Remarkably higher frequency of irrigation 
coupled with higher yield under this ratio may 
be· responsible for· higher water use 

efficiency. 

Fertilizing the pearl millet with N120Pso 
stood first by recording significantly the hi~hest 
consumptive use and water use efficiency of 
3B1.11 nun and 12.26 kg ha-1 mrn, respectively 
over rest of the lower levels. The higher water 
use efficiency und~r this level is attributed to 
higher grain yield (Table 1 ). 
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TABLE 1 

Consumptive use of water, water use efficiency, protein 11utrlent uptak~, yield and net return of 
pearl • millet as affected by .irrigation and NP fertilizer. 

Trearment 

IWICPE ratio 

0.6 

0.8 

l.O 

C.O. a t 5% 

Fcrt.ili7...er (N P) 

NoPo 

N4c,P20 

NsoP40 

N 12<JPc,o 

C.O. lll 5~ 

.. 

Yield (q ... 1,a·1) 

Grain Straw 

2<>.48 102.12 

38.86 112.31 

..i9.87 123.15 

5.46, 8.89 

31.30 100.83 

35.74 W ts.'24 

41.57 l 15.83 

4K89 ~ 125.28 

4.35 7.03 . 

Consumptive 
use (mm) 

321.33 

377.33 

437.92 

~.97 

370. 78 

373.44 

380.11 

391. 11 

7.39 

ll'ater use Protein Tmal nutrient uptake 

efficiency I 
./ 

c:ontent (kg u1 J 
(kg grain/ {% ) Nitrogen Plwsp/,oru:, 

l,a mm) 

., 

() .1.5 9.15 91 .72 12.35 

10.06 L0.22 116.97 15.19 

11.37 10.68 151.74 1 ~.37 

1.54 0.37 11 .00 1.29 

8.44 .9.83 9 1.43 11'2.44 

Q.-l6 I0.17 109.05 14.28 

10.61 10.39 126.76 16.60 

12.26 10.88 153.33 19.14 • 

1.35 0.31 9.61 1. 12 

A 

Net return 
R.\ /1,a 

5286 

72.5 1 

Q599 

I 

7062 

7925 

4106 

Cl 
10665 )> 

C 

;:o 
C'11 
(/) 

c.. 

-ca 
(!) 
.;,. 

-
~ 

.i::l 
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TABLI= 2 

Interaction effect of I x NP on nitrogen uptake (k /h g a) by pearl millet 

!rrigati<>n NP levels 
(/H'I( 'f'E r atio) Nol'o N,1o/'20 

ClJ,< 11) 71.38 85. IQ 

0.8(1,) 90.59 l07.18 

J.0 (l;l) l 12.32 134.7Q 
'\ 

C.D. at 5% 13.71 

Scheduling irrigation at IW/CPE ratio of 
1.0 removed significantly higher nitrogen and 
phosphorus by 151 .74 and 19.33 kg ha·1, 
respectively over rest of tower ratios. The 
reason for higher nutrient removal with_ higher 
IW/CPE ratio of 1.0 which received 11 irriga­
tions is owing to reduction in soil temperature 
by frequent_ irrigation. The decline in t~e 
temperature tended to increase specific heat 
and thermal conductivity of the soil with wet­
ness and greater evaporative cooling. This 
favourable condition incr~ased the rate of 
nitrification a·nd resulted in higher nutrient up­
take. Similar observations have also been 
noticed by Lakkad and Patel (1978) and Malik 
and Sharma (1984). 

Nutrient uptake increased substantially 
with each increase in fertilizer level from N0P 0 

to N120p60. Nitrogen and phosphorus removef 
at N, 20P 60 were 153.33 and 19.14 kg ha" , 
respectively, which was slgnlflcantly higher 
over rest of the lower levels of fertilizer. 

Slgniflcantly the highest protein content of 
10.68 and 10.88 per cent were recorded with 
high IW/CPE ratio of 1.0 and N120P60 fertilizer 
level , respectively. The high protein content 

Nso/'.lf, N12ol'~ 

Q2.67 117.64 

124.05 146.07 

163.57 196.30 

under higher frequency of irrigation may be due 
to luxurious growth and bumper production of 
the crop_ . received under this treatment. 
Likewise higher a~ount of NP level had a 
promoting effect on protein content in pearl mil­
let grain. 

. . 
Scheduling of irrigation at IW /CPE ratio of 

1.0 outdid the- rest by recording remari<ably 
higher grain ·yield over rest of lower ratios. A 
marked increase in total uptake of nitrogen and 
phosphorus by crop under this ratio might have 
contributed towards higher grain yield. Maxi­
mum net return of Rs. 9599/ha was received 
under IW/CPE ratio of 1.0. The increase in net 
return with IW/CPE ratio of 1.0 was 81 .58 per 
cent over IW/CPE ratio of 0.6. 

Fertilizing the crop with N120P60 recorded 
significantly higher grain and straw yield over 
rest of the levels. This level also gave maximum 
net return of Rs. 10665/ha which was 51 .02 per 
cent higher over control. 

Interaction Effect 

Interaction effect of I x NP In respect of 
nitrogen uptake was found significant (Table 2). 
Results indicate that Irrespective of NP levels, 
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TABLE 3 
Interaction effect of I x NP on phoaphorua uptake (kg/ha) by pearl millet 

Irrigation 

(IW!CP£ ratio) 

NP /eveLY 

NoPo N4rJl'20 

10.39 11.50 

0.8 (Ii) 12.44 14.0l 

14.51 17.32 

C.D. at5% l.60 

nitrogen uptake increased substantially with in­
crease in ·IW/CPE ratio from 0.6 to 1.0. 
Significantly .higher nitrogen was removed at 
N120P60 over rest of the lower levels under all 
the levels of irrigation. Treatment combination 
comprised of irrigation schedule based on 
IW/CPE ratio 1.0 and fertilizing the crop with 
N120P60 removed significantly the highest 
nitrogen by 196.30 kg/ha over rest of the com-
~n~oM. • 

Interaction I x NP in case of phosphorus · 
removed by pearl millet was found significant. 
Data (Table 3) showed that irrespective of 

REFERENCES 

Dastane. N. G. (1972). "Prnctical manual for water use 
re8earch" Navabharat Prakashan, 702 
Budhwarpath, Poona-2. 

Lakkad, L. V. al)d Patel, A. S. ( 1979). Note on response of 
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NsoP4o N1211PfJIJ 

12.86 14.65 

15.85 18.47 

21.35 24.3 1 

IW/CPE ratio, phosphorus removal increased 
substantially with each increment in ferti lizer 
level from N0P0 to N120P60 and significanltythe . . 
highest phosphorus uptake was noticed with 
N120P60 over rest of the lower levels. Under 
same level of fertilizer doses, phosphorus 
removal increased significantly with increase in 
IW/CPE ratio from 0.6 to 1.0. The best 
treatment combination involving scheduling 
irrigation at IW/CPE ratio of 1.0 and fertilizing 
the crop with N120P 60 removed significanlty the 
highest phosphorus by 24.31 kg ha·1 over rest 
of combinations. 

(Received on 17th Febru. ]993) 

Malik, A. S •. and Sharma, H. C. ( 1Q84). Water use: 
etllciency and N P uptuke of pearl millt:I as 
effecte~ by moisture regimes. N levels and p1anl 
population. fl.A . Cl., R~s .. 14 (3) : 96-303. 
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Salt Tolerance of Gram 
(Cicerarietinum) Genotypes at 

Germination and Seedling Stage • 

A. M. Amin, ff, N. Chhatrola, 
J.P. Yadavendra and G. L Mallwal 

National Agricultural Research Projed, 
Gujarat Agricultural University, Arnej-382 230 

The early stages of plant growth are most 
~ritical as later development and crop produc­
tion depend of germination and seedling 
emergence .. Soluble salts beyond a certain limit 
affect growth adversely depending upon the 
stage of growth, plant species and variety 
(Maliwal and-Paliwal, 1982, Hassonporath et al. 
19&2, Sheoran, 1980). Recently significant in­
formation on the germination capacity of seed 
in graded salinity has been rev.iewed for many 
Varieties of field and vegetable crops (Maliwal 
and PaliwaJ, 1969 and Gupta, 1979). Results of 
experiment conducted to find out the most salt 
tolerant genotypes of gram are presented . 
herein. 

Germination study on 32 genotypes of 
~ram was conducted at four salinity (EC 3, 6, 
th and 12 dsm· 1

) levels alongwith control in 
r
1
ee replications at room temperature. The 

so ur 
n t . ions were prepared in 115 Hoagland 
rn~u~~nt _solution of the following composition In 
'<No quivalents (me) per litre. Ca(NO3)2, 5; 

3

• 

2,S; MgSO
4

, 2; KH
2

PO
4

, 1.5; and 1 me/1 
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of iron as ferric citrate, copper as CuSO4 , zjnc 
as ZnSO4, manganese as MnSO4 and boron as 
H3BO3. _In all these solutions chloride salts of 
sodium, calcium and magnesium in the ratio of 
65: 15:25 were taken and desired conductivity 
was adjusted on solu bridge. The experiment 
was conducted in using blotting paper in 
petredishes. The germination percentage was 
recorded after every 24-hours till the 1 oth day 
of the sowing. Height of seedling from each 
replicate was recorded on the last day of ger­
mination count. Salt tolerance limit of each 
variety was worked out on the basis of critical 
difference over control. Arc sine values were 
used for statistical analysis of data. 

The observation on the germination count 
made after every 24 hours of sowing revealed 
that the ~ermination was initiated in the control 
and lower salinity levels within 48 hours. In the 
higher salinity levels, the initiation of germina­
tion begin on the 3rd day. The maximum 
germination was observed within four days in 
control and in lower salinity levels while in 
higher salinity levels, the period for the maxi­
mum· germination was extended and in some 
varieties it prolonged till the last day of the ob­
servations. In generaJ, the process of 
germination was delayed linearly with the in­
crease of salt concentration (Table 1) with slight 
differences amongst the varieties rt adav et al. 
1989). The adverse effect of salinity on plant 
growth may be due to (a) the osmotic effect of 
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TABLE 1 

Effect of salinity levels on the germination (%) of gram genotypes. 

Sr. 
No. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

l 8. 

)9 . 

20. 

21. 

22. 

Genotype 

JCP-2 

JCP-6 

.JCP-11 

.ICP-I3 

JCP-21 

.ICP-22 

JCP-23 

JCP-27 

JCP-28 

JCP-29 

.ICP-30 

JCP-3I 

jCP-32 

JCP-33 

JCP-34 

JCP-35 

JCP-36 

JCP-37 

JCP-38 

H 'l'-39 

J('f'-40 

.I CP-4I 

Control 3 

99 99 

99 98 

99 l)l) 

l)l) l)l) 

99 Q9 

Ql) Q4 

99 99 

99 98 

QO . 82 

96 99 

90 Q2 

Q6 Q4 

85 91 

77 Q8 

·. 92 84 

96 90 

92 86 

95 92 

85 88 

QI 61 

78 76 

83 Q2 

Mc:un 
{> 0 12 

99 99 • 98 Ql) 

QC) OQ QQ QQ 

99 g9 99 Ql) 

Q9 l)l) l)l) QQ 

99 QQ 99 QQ 

Q8 Q2 QO QS 

98 99 QQ 99 

96 96 96 ()7 

88 86 58 82 

Q() 82 52 87 

QI 70 ? .... _:, 76 

80 38 2 6-4 

70 20 10 56 

52 40 12 58 

85 56 4 64 

82 58 33 75 

72 36 24 6-l 

84 77 55 ~.., 
' -

76 61 32 70 

44 40 12 511 

86 3~ 12 58 

85 58 16 64' 
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., 3. •I. 

23. JCP-42 8~ 68 

2~. JCl'--B 76 86 

25. JCl'-44 QQ 99 

1 26. JCP-45 Q(l 87 

I 
I 27. JCP-46 % 94 

ZR. J < 'P-4 7 82 76 

2Q. JCP-4Q gg 98 

30. JCP-50 98 qg 

31. JCP-52 Q6 92 

32.. JCP-57 98 92 

M e;in 94 93 

s. Cm± C. D. 111 5% 

Genotype ( G) 2.113 5.856 

Solutinn (S) 0.835 2.315 

nxs 4.724 13.()95 

rooting medium (b) the accumulation of 
toxic ions (C1- and Na+) in plant issues 
(Hayward and Wadleigh, 1958, Bernstein, 1962 

and Allison. 1964). 

The germination percentage decreased 
with the increase in salt concentration in all the 
genotypes except JCP-2, 6, 11 , 13, 21, 23, 44 
and 57. The genotypes JCP 2, 6, 11, 13, 21, 
t~ 23, 27, 44 to 46, 49, 50, 52 & 57 Jolera~e 
highest salt . concentration of 12 dsm EC in 

irrigation water while JCP 29, 30, 34, 37, 38, 40, 

I 19 

5. (,, - 8. f 

66 58 22 61 

72 64 3Q 6R 

99 49 98 gq 

86; 86 7b 85 

94 87 &~ Q'> 

70 46 52 66 

99 94 92 97 

gg QQ Q6 Q8 

92 Q2 l}() Q3 

9k 92 gg % 

k9 79 63 

c.v. % 

41 , 43 & 47 tolerate up to EC of 6 dsm·1
. JCP 

28 and 45 tolerate EC of 9 dsm·1
. JCP 39 and 

42 tolerate less than 3 dsm·1 while others are 
tolerate to EC of 3 dsm • 1. 

The height of the seedlings of each 
genotype decreased with the increase in salt 
concentration (Table 2). In general more 
tolerant genotypes showed more height of see­
dlings and the _relative decrease was als9 less 
with the increase in salt concentration while 
reverse was the case for less salt tolerant 
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TABLE 2 

Effect of sallnlty levels on the height (cm) of seedlings of gram genotype,. 

Sr. Cienot)1'<'! EC. ds m 
. / 

No. Solution Mean 
Control 3 6 () 12 

I. JCP-2 5.5 '4.3 3.1 1.9 0.4 3.0 

2. JCP-6 I I.I 8.8 8. 1 6.3 I.I 7.1 

3. JC'P-1 1 11.5 5.6 3.7 J.4 . (J.3 4.6 

4. JCP- 13 6.4 6.1 3.3 2.3 I. I 3.8 

5. JCP-21 5.5 4.5 2.9 2.2 0.7 3.2 

6. JCP-22 6.2 1.8 1.8 1.0 0.2 2.2 

7. JCP-23 7.8 4.Q 2.7 2.6 0.6 3.7 

8. JCl'-27 3.5 2.5 2.1 1.8 0.4 2.1 

9. JCP-28 1(1.3 5.9 5.7 U.4 U.2 4.5 

JO. JCP-2() 12.5 12.2 7.3 0.4 0.2 6.5 

j l. JC'P-30 7.7 9.3 4.3 0.2 0.0 4.3 

12. JCP-31 6.2 9.7 1.5 0.2 0.0 3.5 

J3. JCP-32 2.5 2.4 (J.() 0.CI (I.() 1.0 

14. JCl'-33 2. 1 ).l) 0.2 o.u 0.0 O.Q 

15. J{ 'J'-34 5.0 3.2 0.2 0.0 . u.u 1.7 

I 16. JCf>-35 4.3 1.5 0.7 (I.CJ (I.() u 
17. JCJ>-36 k .CJ 4.6 3.7 (I.() 0.0 J.3 

JK JC'l' -37 57 z_t) 0.4 0.0 0.0 t .8 

j 9. JC'l'-3f< 6.1 I I CIA 0 .0 (1.(1 t.5 

20. JCl'-3<> 6.4 J.O (I.() 
I 

0.0 (J.(I I .5 
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,JAIN,:,,, 

ZI , 

zz. 

Z3. 

24. 

ZS. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

2. 

H.'£>-40 

JCP-41 

JCP-42 

JCP-43 

JCP-44 

JCP-45 

JCP-46 

JCP-47 

JCP-49 

JCP-50 

JCP-52 

JCP-57 

Mean 

Genotype (G) 

- Solution (S) 

G X S 

3. 

1.6 

2.2 

3.2 

3.1 

2.9 

2.7 

2.3 

3.8 

3.6 

5.4 

3.5 

5.3 

4. 

1.4 

1.1 

l.9 

3.4 

4.Q 

3.0 

3.2 

1.7 

3.6 

3.3 

4.2 

4.2 

4.1 

S. Em. : 

0.320 

0.127 

0 .716 

9enotypes. In some cases, the height of see­
dlings seemed to be influenced by the growth 
rate of the genotype and salt, concentration: 

Results obtained clearly show that ger­
lT\lnating capacity of the seeds In adversely 
affected with the increase in salinity In all the 
:;?types of gram. Besides this, increased os-

ic Pressure near the root zone seem to 

5. 

0.2 

1.1 

1.0 

0.5 

2.Q 

2.6 

2.6 

1.3 

2.6 

2.3 

3.0 

2.1 

2.3 

6 . 

0.0 

0.0 . 

0.0 

0.2 

1.4 

1.3 

1.5 

1.0 

1.6 

. 2.0 

2.1 

1.8 

1.1 

C.D at 5%-

0.887 

0.35 1 

J.984 

7. 

().(I 

0.0 

0.0 

0.0 

1.0 

1.1 

0.9 

0.8 

1.1 

1.Q 

1.2 

1.2 

Cl.SCI 

C.V.% 

38.33 

8. 

0.6 

(J ,Q 

I. I 

1.5 

2.6 

2.2 

2.2 

1.4 

2.6 

2.6 

3.2 

2.6 
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adversely affect growth rate and ultimately the 
height of the seedlings. Genotypes show sig­
nlfi~ant differ~nce both in relation to their 
duration of germination, germinating capacity 
and the height of the seedlings. The varietal dif­
ferences have been observed for gram 
varieties by Mallwal and Paliwal (1982). The 
salt tolerant genotypes can be used for breed­
ing programm·e in salt affected soils. 
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A Technique for Mass Collection 
of Cotton Whitefly Parasitoids 

M. N, Kapadia• a11d V. P. Mittal 

Department of Entomology, College of Agriculture, 
Gujarat Agricultural University, Junagadh-362 001 

Two aphelinids, Encarcia transvena 
(Timberlake) and Eretmocerus mundus Mercet 
are important parasitoids of cotton whitefly, 
Bemisia tabaci (Gennadius). (Kapadia and Puri, 
1989). They can be reared only on 8 . tabaci 
nymphs under greenhouse conditions (Butler, 
1986). As they are tiny, it is difficulty to get the 
sufficient amount of these parasitoids required 
at a time for their biological and toxicological 
studies. To overcome this problem, a study 
was, therefore, made to investigate the 
technique for their mass collection. 

For this purpose, the cotton leaves 
infested heavily with .8. tabaci nymphs were 
picked up from the cotton field. Other insects 
like aphids and predator immatures on these 
leaves were removed using brush. These 
leaves were allowed to dry under fan for 24 
hours at laboratory conditions of 24.3 :t; 2.4 °C . 
and 58.1 :t: 5 .0 % RH so that almost of the 
turgidity reduced, that helped in avoiding the 
leaf decaying when to be kept in the jar. Near 
50 dried such leaves containing whitefly 

nymphs were kept loosely in the glass jar (19 
x 15 cm) which was enveloped inside with 
blotting paper. The mouth of the jar was affixed 
with .the . plastic fµnnel (20 cm in diameter) in 
opposite position so that the outlet of the funnel 
remained upperside. The funnel was tighted 
with the jar using cellophane adhesive tape 
strips at four regular places. The outlet (inner 
orifice) was attached with a wire or plastic 
guage (529 holes in 1 sq. cm.) which resisted 

. the adults of whitefly and allow only parasitoid 
adults to go in the tube. A glass tube (19 x 3.50 
cm) was fixed with the funnel in way that the 
outlet of the funnel remained inner side of the 
glass tube. The Juncture of the tube and funnel 
was sealed with cellophane adhesive tape. 

The parasitoid adults emerged out in the 
jar gathered in the glass tube because they are 
having a habit of upward movement.. The 
parasitoid~ generally start emerged out in 
between 1 O to 11 hours but maximum 
parasitoid emergence was recorded in between 
12.00 to 13.00 hours. The tube collected 
parasitolds could be replaced by another tube 
for the purpose of their study. From each set 
about 300-500 parasitoid adults per day can be 
collected, However, these number depend 
upon the Intensity of parasitism in the field. 
During the night time, most of the parasitoid 
adults hindered in the cotton leaves, and again 
they came out in the tube on next day after 1 O 

Pre~ent address : Associate Research Scientist (Entomology), Dry Farming Research Station GAU Targhadia 360 00
3 (RaJkot). ' ' 
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hours. Mating process in the collection was also 
seen. The adult emergence continued up to 
10-15 days. If it is needed to have the pure 
culture of a parasitoid species, the whitefly 
nymphs parasitized by two aphilinids can be 
distinguished easily by the colouration of 
nymphs due to parasitization. The host 
parasitized by Encarsia transvena became 
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black In colour, and chocolate colour due 
Eretmocerus mundus. to 

Number of collection set can be increased 
or decreased as per the requirement of 
parasitoid adul~s. This technique can be u,iHzed 
in mass collection of the parasitoids for their 
laboratorical studies. 

(R eceiued on 17th 8cpt., /9901 
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Relative Toxicity of Some Newer 
Insecticides to the Adults of 

Caliothrips indicus Bagnall 
on Groundnut* 

M. F. Acharya and D. J. Koshiya 

Department of Entomology, College of Agriculture, 
Gujarat Agricultural University, 
Junagadh Campus, Junagadh 

recommended for effective control of this pest 
(Amin, 1984 and Anonymous 1986), but 
information on relative toxicity of different 
insecticides is· very scanty. Therefore, an 
attempt is made to determine the toxicity of 
some selected insecticides against this pest. 

Relative toxicity of six insecticides 
(Table 1) was determined against the adults of 
this pest. Six graded concentrations of each 
insecticide (0.02, 0.01, 0.005, 0.0025, 0.00125 
and 0.0006 per cent for dimethoate and 

The thrip, Caliothrips indicus Bagnall, is phosphamidon; 0.04, 0.02, 0.01, 0.005, 0.0025 
one of the important pests of- kharif groundnut and 0.00125 per cent for monocrotophos, 
crop. It appears in a serious form under drought endosulfan and quinalphos and 0.01 , 0.005, 
which greats hot and dry weather _conditions 0.0025, 0.00125, 0.0006 and 0.0003 per cent 
(Amin, 1984). It appears in moderate to sever,e for fenvalerate) were prepared in distilled water 
form in Andhra Pradesh, Tamil Nadu, Bihar, from the commercial formulations. Individual 
Maharashtra and Kerala (Vavai, 1969). The concentration was applied @ 4 ml per 20 days 
pest causes damage by bleaching off the old potted groundnut plant with the help of 
chlorophyl of the leaves which resembles Potter's spraying tower. A constant pressure of 
stipling. Th~re was frequently discolouration of 1 kg/cm

2 
was maintained during spraying. After 

leaves which may be tinged with red or even treatment, potted plants were kept under 
black colour .• The infested leaf surface can be an electric fan for about 15 minutes to dry 
marked with numerous dark spots of excreta. In the film of insecticides. The plants were 
severe infestation, the plant growth is stunted then covered with glass Chimaney, Ten 
With stipled leaves which ultimately dry up and laboratory reared adults of 24 hours old 
results in heavy yield loss . Upadhyay and Vyas were transferred on the plant with the help 
(1983) reported losses of 21 .97 and 22.54 per of a glass aspirator and the pots were 
cent during kharif and summer seasons, kept at a constant temperature (25 ± 1 °C) . 
r~spectively systemic insecticides such as There were three replications for each 
dtrnethoate 0.03 per cent, monocrotophos 0.05 concentration along with a control (no 
Per cent and phosphamidon 0.03 per cent were treatment). 
A Part of the thesis submitted by the senior author to Guja,at Ayricultural Univt,rsity, Sardar Krushinagar. 
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TABLE 1 

Relative toxicity of different insecticides against adult of C. indicus. 

Sr. 
No. 

1. 

,., ~-

3. 

4. 

5. 

6. 

Insecticides 

Dimethoate 

Endosulfan 

Fenvalerate 

Monocrotophos 

Phosphamidon 

Quinalphos 

/-let.erogeneity Regression equation 

., 
*X'" ( 4) = 1.0949 Y = 1.4510 + 2.4Q80X 

., 
x~ < 4) = o.4526 . 'i = l .5740 + -l .8620X 

., 
x· < 4) = o.3087 Y = 2.3000 + 2.0272X 

., 
X"" (4) = 0.543.3 Y = 0.9532 + 2.2145X 

2 X (4) = 0.8858 ;:_ Y = i.3629 + 1.8828X 

? x- ( 4) = 4.24()C) • Y = 2.6571 + il.. 7028X 

• [n none of tile cases the data were found to be heterogeneous -at p ==. 0.())5 

Y = Probit kill X = Log (concentration X 10~ 

LCso = Concentration calculated to give 50 per -cent mortafity .. 

LCso values 

0.002691 

0 .007762 

0.002344 

0:005880 

0.002661 

0.002600 

Fiducial limits 

+ .0.0 123 
- 0.0038 

+. 0.0416 
- 0.0001 

, ·+ 0.(UOl 
- 0 !0044 

+ f0.0046 
- 0.0014 

-+ 0 .0085 
0.0008 

+ 0.0033 
- 0.0014 

Relative 
toxicity 

0.9887 

0.3427 

1.1351 

0.4581 

1.0000 

1.0233 

-t-.:l 
0) 

C 
> 
C 

,:i 

~ 
c.. 

-co 
co 
+:> 

a:, 

§ 
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For the assessment of toxic effect of tile 
inseticides, mortality counts were taken 48 
hours after the treatment. The per cent mortality 
was corrected by Abbott's formula (Abbott, 

1925) and then subjected to probit analysis 
(Finney, 1978) . The values of relative toxicity of 
different insecticides have been calculated by 
taking the LC50 value of phosphamidon as unity 
and given in Table 1. 

It is evident from (Table 1) that fen­
valerate, a synthetic pyrethroid proved to be 
the most toxic and effective insecticid~ (L.C50 ... 

0.002344) and was 1.135 times as toxic as 
phosphamidon. On the other hand endosulfan 
found to be the least toxic (LC50 = 0.007762). 
On the basis of LC50 values, the order of toxicity 
of these insecticides against the adults of 

Ahboll, 

Amin 
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C. indicus was : fenvalerate > monocrotphos 
> endosulfan. · Among the six insecticides 
fenvalerate and quinalphos were found to be 
more toxic than phosphamidon, being about 
1.135 and 1.023 times as toxic as phos­
phamidon, respectively, whereas dimethoate, 
monocrotophos and endosulfan proved less 
toxic and were respectively about 0.983, 0.452 
and 0.343 times as toxic as phosphamidon. 
..:Gargav ~nd Valshampayan (1981) tested cer­
tc\in organophosphate and chlorinated 
hydrocarbon insecticides against this pest and 
compared their toxicity with DDT. They 
reported that dimethoate was slightly more 
toxic than DDT, but information on relative 
toxicity of newer insecticide and against this 
pest on groundnut is scanty. 

(Ueceitwd cm 5th ,fun<', 1992) 

Finney, D. J .. 1978. Probi t Analysis (3rd edn.), C.11nhricJge 
University Press, O1mbridgc. pp .. : 50t-: . 

G11rg11v, V. P. and S. M . Vaishampayan, 1Q81. Relative 
toxicity or some chlorinated hydrncarbnn anti 
organophnsphatc insecticides against pea thrips, 
Culiotl,rips inclicus Bagnall JNA.'VV Resear ch 
.lournul, 12 (l /4) : 31-34. 

llpadhy11y, V . R. and H. N . Vyas .. 1Qk3. Y ield lnss in 
groundnut due to jassid (/:',np,.,ascu Kerri Prut hi ) 
and thripl> (E·rnnkliniella sc:liultwi Bagnall) at 

Junagadh. (Gujara t Stale) . I ndiun .I. /:'nt .. 

(Spl!cial lssut:}, 2 : 322-326. 

Vcvai, E. J. IQ69. Km1w Your Crop, I ts pt:sl f'nibkm anJ 
Cunlrul. l'i:,·tic:itl.:s, ,:\ (7) : 34-3l) . 



GAU Res. J. I 994. 19 (2) : 12 8- 120 

Record of Three False 
Wireworms Infesting Gro1.J,ndnut 

in Gujarat 

M. N. Kapadia"' 

Main Dry Farming Research Station, Gujarat Agricultural 
University, Targhadia - 360 003 

. . 'The false wireworms from family 
1enebrionidae viz. , Gonocepha/umsp. in Africa 
and Agriotes gurgistanus in Soviet Union have 
previously been reported damaging groundnut 
pogs (Feakin, 1~73; Fenili et al .. 1983; Tarimo 
and . Karel _ 1987) . Three false wireworms, 
Penthicoides • seriatoporus Fair-maire, 
Gonocephalam sp. and Opatroides frater 
(Fairmaire) (Tenebrionidae : Coleoptera) were 
found damaging the groundnut pods (variety 
JL-24) at Main Dry Farming Research Station, 

· '" Gujarat Agricultural University, Targhadia 
-~ujarat) duri11g the monsoon season, 1991. 
Their incidence as pests of groundnut in India 
was not reported earlier. The incidence was 
observed more in mid-September 1991 , 
damaging the pods in 25 per cent of groundnut 
plants . The larvae damaged the immature pods 
by piercing the shell and feeding on the seed . 
Their biology was studied in the laboratory 

Among these wireworms, P. seriatoporUs 
was found important. The larvae were very 
active, smooth with a yellow brown to dclfi 
brown integument. The full grown larva 
measured 30 mm in length and 2.5 mm in 
breadth. The pupation took place in the soil. 
The pupa was pale yellowish. The pupal stage 
lasted for 2 to 6 days with an average of 3.80 
days. The freshly emerged beetle was brown in 
colour, about 15 mm long and 6 mm wide. The 
beetles survived for 20 to 39 days with an 
average of 32 days. 

The larvae of Gonocepha/um were yel­
low in colour, measured 22 mm in length ano 
2 mm in breadth. The larval period was 58 
days. They pupated in the soil. The pupal 
period was 9 days. The beetles were grey 111 

colour found emitting offensive smell on distur· 
bance. The adults were 12 mm long and 5 "'111 

wide. Reddy and Puttaswamy (1985) reported 
this pest damaging Chilli in Karnataka. Tht1 
beetles of 0. frater were observed active in tht1 

soil near the groundnut plants. The larvae 
I weie 

damaged immature pods. The beet es d 
. I . th an 

black in colour, measltred 7 mm in eng rted 

during October - December, 1991. 

2.5 mm in breadth. This wireworm w_as re~
1
~ 1118 

damaging tobacco seedlings 111 ;hilli ifl 
Pradesh (Joshi and Rao, 1968) and 

1985). 
Karnataka (Reddy and PuttaswamY 

--------------::---;:-;;-~ ---------.------. .-- . . • n GAU, Tar9 
Present address : Associate Rest;;arch Sc1ent1st (Entomology), Main Ory Farming Research Sfatio ' 
(Rakjot). 
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During summer season, the adults of these 
wireworms were obse, ved active in the 
decayed organic materif\ls on tile farm bunds. 
The population proportion of Gonocephalum 
adults was. however. found higher (97%) than 
other two wireworms (3%) in May, 1992. 
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Extent of Seed Transmission of 
Urdbean Leaf Crinkle Virus 

in Gujarat 

Ashok Mishra. V. R. Gohel and J. G. Patel 

Department of Plant Pathology, Gujarat Agrlcultural 
University, B. A. College of Agriculture, 

Anand Campus, Anand 388 i 10 

Urdbean leaf crinkle virus (ULCV) disease 
of u!dbean . (Vigna • mungo (L.) Hepper) is 
characterised by an increase in the size and a 
light green colour of leaves followed by the 

• typical crinkling symptoms. Considerable 
malforma~ion of the inflorescence in infected 

.,Plants is also observed. Yield loss of 62 to 
100% (Nene, 1973; Kolte and Nene, 1979) 
under field condition and 71 to 84% in 
glass-house studies have been observed • 
(Beniwal and Chaubey, 1979). ULCV is 
reported to be seed, sap and vector 
transmissible virus in urdbean (Kolte and Nene, 
1972, Narayanaswamy and Jaganathan, 1973, 
1975, Dhingra, 1975, and Beniwal and 
Bharathan, 1980). The primary source of 
infection under field condition is always from 
the seed. Kolte and Nene (1972) observed that 
18.39 per cent of urdbean seeds carried the 
virus (glass:-house study). 

The disease has been observed in recent 
years in • Baroda, Kheda, Mehsana, 
Panchmahal and Sabarkantha districts of 

130 

Gujarat (Anonymous, 1~90, 1991). Therefore, 
to determine the effect of disease on some yield 
contributing characters and rate of seed 
transmis$ion ·under Gujarat conditions a 
prellmlhary study was made. The infected 
plants ih the fi~ld were tagged in kharif season 
of 1989 and pods wete harvested, The pod 
size, no. of seedsipod ahd test weight 
(1000-grain weight) ·from infected as well as 
healthy plaht~ of urdbean cv. T-9' _were 
determined. The seeds were sown in plastic 
pots (1 0 cm) containing autoclaved soil. Two 
plants were maintained in each pots covered 
with insect proof cages. The typical crinkled 
symptoms were observed on some plants and 
the infectious nature of the disease was 
confirmed by mechanical transmission on to 
healthy plants. Seeds from healthy plants 
served as control. 

In the second experiment seeds collected 
from 3 locations viz. Talod, Vijapur and Anand 
from diseased and healthy urdbean plants cv. 
T-9 were sown in field. The seeds were smvn 
in 3 rows of 5 meter each, 45 cm apart. The 
plant to plant distance was adjusted to 20 cm 
after emergence. Typical diseased plants were 
counted weekly. 

· e 
The data (Table 1) revealed that pod siz ' 

no. of seed/pod and test weight were reduced 
du t U 

. . . . yield 
e . o . LCV. S1m1lar reduction in cV 

contributing characters in urdbean due to LJL 
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1ABLE 1 

Effect of urdbean leaf crinkle on pod characters and rate f • d t . 
T 9 

* o see - ransm1sslon In urdbean 
cv. - . 

Source<~{ 

sec·d 

Poe/ size (on) No. of seecls/p ocl Test weight (gm) l<ate of seed 

transmission 

of uu·v 

I ::~::,y•d ::: 4.7 214 80 I 
~ 6.0 38.0 0.0 ) 

--------------------
* A vcragc of 50 pods. 

have been observed by Beniwal and Chaubey 
(1979). However, they did not obseirve 
reduction in test weight. In the pot experiment 
8.00 per cent of plants raised from the se,eds 

TABLE 2 

of diseased plants showed typical leaf crinkle 
symptoms which was later transmitted to 
healthy plants after sap inoculation. Seeds from 
healthy plants did not show any symptoms. 

Rate of seed-transmission of ULCV in urdbean cv. T-9 under field condition in Gujarat. 

Locution of 

seed plut 

Ta lnd (Saharkantha) 

Vijapur (Mch~ana) 
I 

( Anand (Kairn) 

In the field experiment (Table 2) differen­
ces were found in the rate of seed transmission 
from location to location. Seeds collected from 
diseased plants at Talod showed 31.25 per c:ent • 
ULcv infected plants followed by Vijapur 
(4•40%) and Anand (2.0%). Seeds collected 
from healthy plants showed some incidenc13 of 

Healthy source Diseased source 

(ULC'V%) (ULCV%) 

2.2. 31.2 

3.4 4.4 

j 2. l 2.0 

ULCV which might have resulted from 
mechanical/vector transmission as in the initial 
counts there were no diseased plants in the 
plots raised with healthy seeds. These results 
confirm the seed-borne nature of the disease 
Kolte and Nena (1972) and consti tu tes, the first 
record of the disease from Gujarat. 

Ufr<'eiued 011, 5th Aug, /993 ) 
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Correla_tion and Path Analysis 
in Pigeonpea Production Traits 

A. V.Viramgama and S. N. Goyal 

Department of Ag. Botany & Plant Breeding, 
N M. College of Agriculture, Gujarat Agricultural 

University, Navsari-396 450 

For designing any sound breeding 
programme, the critical assessment of nature 
and magnitude of genetic variability is one of 
the pre-requisite for any plant breeder. Yield 
W!'l° h. I . _ 1c is a complex character can be improved 
if _its association and magnitude with yield con­
rnbuting ch stud aracters are known. The present 

Y was therefore conducted to know such 
ass • • oc1at1on in pigeonpea. 

frorn s_eventy pigeonpea genotypes collected 
countff:rent pigeonpea growing areas of the 
Ag. Y itere planted on Instruction farm of 

ncuttur c 1 sowi E: 0 lege Navsari in kharif, 1990. The 
Ieng;\ Was done in single row plot of 5 m 
rando _aving a spacing of 90 x 20 cm following 
Obse~vts~d block design with 3 replications. 

atIons were r on 5 randomly selected plants 
ecorded f . • means or 10 characters and their 

(Al Jibow~re used for computing correlations 
Un et I as Per rn a · 1958). Path analysis was done 

(1 959) _ eth0d described by Dewey ancJ Lu 

. Correlation coefficients presented in· table 
1 were highly significant in most of the cases 
and in general genotypic correlations were 
high~r than their corresponding phenotypic cor­
rela~i_ons. Grain yield was significantly and 
posIt1vely associated with number of pods per 
plant, number of primary branches, plant 
height, length of secondary branch, 100 seed 
weight, days to flower and pod length. The trait 
number of pods per plant was significantly and 
positively correlated with all the traits except 

• pod length and number of seeds per pod at 
genotypic and phenotypic levels. Similar was 
the trend between 100 seed weight and other 
characters. Plant height was having positive 
and significant association with number of 
primary branches, length of secondary branch 
pod length. days to maturity and days to flower­
ing. The correlation between days to flower and 
maturity was substantial and posi tive. Thus 
most of the characters were noted to have in­
fluence on one another and yield, which is in 
accordance of Bainiwal and Jatasra {1983) 
Bhongle and Raut (1987} and Patil et al. { 1989) . 
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Path analysis (Table 2) revealed posi tive 
direct effects of all the trai ts which had sig­
nificant association with seed yh:3ld except of 
days to flower and pod lenfJth, whose direct 
effects were negative. Tt1e highest direct and 
indirect positive effect was of pods per plant, 
where as plant height, number of primary 
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s TABLE 2 ;,::; 
> Direct and indirect effects of nine causal variables on seed yield of pigeonpea. s:: ,...._ _, 
> s:: INDIRECT EFFECTS > 

/Jirecr Correla- ~ 
" ,.... 

e_ffccr Numher Number t JOO ,. Plunf Number " f_ ength Pod Days lo Days lf1 lion ~, Charaders ,.... 
maturity with yield 

...., 
of of seed liei1d11 of of len1-:th flower ,-< 

> pods/ seeds/ weig/rr (cm) pnmary secondary (cm) 
' plant pod (g) brandies/ branch ....... . ., 

plant (cm) 
,.... ...., 
;::::; 
;::::; 

. 
.>: 

Numhcr of 0.5021 - -0.(I026 0.0613 0.1455 O.l028 0.0071 • -0.0078 -0.0414 -0.0384 0.8186° ,.._ ..., 
ptxi:-- 'plant z 
Numhcr l,r 0.0584 -0 .0227 - 0.0181 -0.0309 0.0 l 70 > -OJ,097 -0.0117 -0.0071 -0.0123 0.0 133 z 
~cc<l:-ipod 0 

~ 1(1(1 :-t:c<l 0.1062 0.28Q8 CI.OOQ8 - 0.0839 (1.08(1(1 0.0744 -0.0081 -0.0334 -0.0312 05714*"' , , . 
WCifhl -> l'lant hcigth 0.220Q 0.3307 -0.(l082 (l.0404 - 0.1064 0.1304 -0.0178 -0.0501 -0.0543 0.7020* '$ z I 

> Nurnhcr of 0.1561 0.3306 0.0064 0.0544 0.1504 - O.OQ87 -0.0106 -0.(~06 -0.0(193 0.736P* ' -< prirn,1ry 
✓, 

" bra1ll.:l1c:-- ·plant 'l, 
. · .... 

z Length 01 0. 158Q o 30o<> -CJ.()()36 (1.0497 0.1862 0.0970 - -0.0115 -0.0522 -(l.0334 0.6Q80* * w ~ccr1n<l,1n· ,.... 
hr,1nd1 

_ , 

,.._ ..., 
z l'od length -0 .(141 () (1.0932 0.0163 (1.0206 0.0938 0.03()6 0.0438 - -0.01 (I() -0.0106 0.2-l.JS "' ...., 

Dttv~ 1o -0.0804 0.2584 -(1.0053 0.0441 0.1376 0.0789 O.I032 -0.0053 -0.0593 O . .J7l6"" > -flowering 
. 

hv~ to -0.1206 O. I 5Q~ 0.005() 0.0276 0.0995 0.0120 0.0440 -0.(I037 -0.03Q8 - 0. l ~.J7 mttturitv 

Re~idual cflc:<.:t + 0.4669 •Significant at 59c ** Significant at l <:ii 

w v, 
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branches, length of secondary branch and test 
weight had the indirect effects through number 
of pods per plant which was much higher than 
their individual direct effects. Pod length , days 
to flower and maturity which had negative direct 
impact on yield. influenced it considerably.posi­
tively through pods per plant and plant height. 
The greater importance of pods per plant aJong 
with plant height, test weight and number of 
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branches have also been reported by Sidhu et 

a/. ( 1985), Patel et al. (1988) and Patil et 
1 a . 

(1989). These characters had strong associa. 
tion with yield and have contributed 
considerably ·towards it directly and indirectly. 
Selection for improving yield through these 
traits in positive direction and through days to 
flower and maturity in negative direction will be 
fruitful in pigeonpea. 

(Jleeeiued on 20th Aug, 1992) 
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Desirability of Using Powerloom. 
Cloth Bag for Selfing Isabgul 

(Plantago ovata Forsk) 

D. R. Patel*, S. Sriam and K. C. Dalal 

AICRP on Medicinal and Aromatic Plants 
Gujarat Agricultural University, ' 

Anand Campus, Anand 388 11 O (Gujarat) 

lsabgul (Plantago ovata Forsk) a 
dicotyledonous annual herbcultivated in North 
Gujarat and Rajasthan is one of the crops 
having high export potential. lsabgul has few 
tillers. Each tiller inturn has many spik_es . . 
Bagging of individual spike is time consuming, 
laborious and costly. It was an usual practice of 
selfing isabgul plants over the last several 
years to self the whole plant with selfing bag 
made of powerloom cloth. It was suspected that 
the mesh number (approximately) (5/mm2

) in 
such cloth bag would be sufficiently less, 
providing reasonably large pores through which 
the pollen of isabgul (0.00026 mm diameter) 
can pass through without hindrance. By this 
study an attempt was made to know whether 
the usuage of this kind of cloth is appropriate 
for selfing. 

Two types of powerloorn cloth bags, 
namely starched and unstarched were used to 
cover male sterile plants of variety Gujarat 
lsabgul 1. ·For each treatment and a control (i.e. 

open pollinated) 20 plants were used. Male 
sterile plants were identified immediately after 
anthesis in the first spike. These plants were 
recognised by the presence of small shrivelled 
anthers and male sterility of these plants was 
further confirmed by micro-scopic examination 
of their anthers; which showed no pollen grains. 

The powerloom cloth bags used were of 
45 cm length w ith 30 cm breadth. The 
specifications of fabric used were : threads per 
inch-warp 68, weft 48; count warp 30 and weft 
34. Twenty starch free cloth bags were 
starched by soaking them for 20-30 minutes in 
starch solution prepared by boil ing 150 g starch 
powder in 1.5 litres of water for 1 0 minutes. 

Two or three spikes of each selected male 
sterile plants were covered with tissue paper 
bag either inside the powerloom cloth bag or in 
open, before the stigma in the lower most floret 
became receptive to confirm the male steri lity 
of the selected plants. From every plant. spikes 
which showed one or more mature receptive 
stigma were cut off and then the whole plant 
was bagged and held in place by specially 
constructed iro~ frames. All plants were t~gged 
for identification . The data on seed set were 
collected by observing individual florets of each 
spike of all the plants. Seed set on the spikes 
which were bagged with tissue paper bag 
inside the powerloom cloth bag were also 
studied. 

•Present address : Dept. of Plant B reeding, B. A. College of Agriculture, Anand Camµus, Anand 388 110. 
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Two spikes , bagged with tissue paper bag 
inside the cloth bag did not set seed in any of 
the 60 plants studied, confirming that the plants 
selected for this study were male sterile. Per 
cent seed set in male sterile plants of isabgul 

TABLE 1 • 

covered with either starched or u 
nstarch 

powerloom cloth bags revealed that 
O 

8d 
• Ut Of 

male sterile plants covered with st <O 
arch 

powerloom cloth bag. 11 plants showe ed 

seed set (Table 1) indicating effective ha ~ no 
rner of 

Per cent seed set in male sterile lsabgul plants covered with either starched or unstarched 
powerloom cloth bags. 

Plant No. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9 . 

I CJ. 

I I. 

12. 

13. 

14. 

I 5. 

16. 

17. 

IX. 

I <J. 

20. 

Range 

' ' 

Powerloom cloth bag 

Starc:liecl Unstarc:lwcl 

3.33 10.49 

2.68 15.4 1 

(1.00 22.41 

0.00 20.00 

0.00 l l .8Q 

(1.()(1 12.32 

3.24 13.33 

9.87 13.99 

(J.(1(1 11.14 

4.24 10.06 

(1.00 15.30 

(1.(,0 37.80 

l) . l)5 23.3l) 

2.36 10.54 

(1.00 Q,3l) 

(1.00 7.21 

0 .83 30.22 

0.00 1(1)3 

9.46 14 ,37 

(J,(l(J 6.67 

4 5 .l)() 3ll~.H6 

2.30 15 . 14 

0 to 9.87 6.67 to :n .xu 

( 'ontrol 

open-po// inured 

l)l) . I 5 

llll .no 

()~.85 

ll8.00 

ll7.-t5 

QS.12 

ll8.25 

Q~UO 

47.30 

lllU~ 

ll8.45 

QX.36 

Q7.5ll 

Q8. t1> 

llll . I() 

lJ7 .-H 

11:,: .• Hl 

lJll.llll 

llS.65 

lJ7 _ l)(I 

( lJ66.07 

l)S.(1-l 

1)7.42 Ill l)IJ.l j 
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the cloth for the pollen, While in the remaining 

9 
plants seed set varied from 0.83 to 9.87%. All 

the 20 male sterile plants covered with unstar­
ched powerloom cloth bags set seed. Average 
per cent seed set was 15.14 indicating that pol­
len did pass through the bag and that 
powerloom cloth bag was not reliable for selfing 
isabgul plants. Krishnaswamy . (1962) also 
reported unreliability of muslin cloth bag for 
setting pearlmillet indicating that cotton fabrics 

• did not fully prevent the passage of pollen 

grains. 

From the study it can be concluded that • 
the use of unstarched powerloom c.loth bag for 
selfing is not reliable for isabgul as pollen can_ 
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pass through the cloth. However, evenly star­
ched powerloom cloth bag prepared by using 
cloth with considerable higher mesh number 
than the one used in this study can be used for 
selfing. 
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Genotype x Environment 
Interaction in the Performance 

Traits of Holstein Friesian x 
Sahiwal Crossbreds* 

K. R. Tajane and A. P. Vyas 

Livestock Research Station, Gujarat Agricultural 
University, Navsari 396 450 

Scientific information on the existence of 
genotype x environment (G x E) interaction 
would be of great importance especially for 
selecting the crossbreds. The present attempt 
was, therefore, made to know the relative 
importance of various G x E interactions in 
Holstein-Frie.sian (HF) x Sahiwal crossbreds. 

Data on 1711, 1352 and 726 HF x Sahiwal 
crossbreds of three military dairy farms 
(Bangalore, Pimpri and Secunderabad) , born 
during 1975 to 1983 pertain to economic traits 
viz. birth weight (BW) , age and body weight at 
first calving (AFC, BFC) , first and second · 
lactation traits viz. length (FLL. SLL), yield 
(FLY, SLY), peak yield (FLPY, SLPY) , dry 
period (FOP, SOP) and calving interval (FCI, 
SCI) , respectively. Assuming multifactor linear 
model, analysis of variance was done to detect 
the significance of G x E interactions. The 
relative contribution of each interaction was to 
the total variation in the performance traits was 

* Based on the data from Ph. D. thesis of the author. 

140 

calculated as R2 per cent (Table 1). The genetic 
variant was breed of sire (8), Whi~ 
environmental variants were farm, period 
season, age and body weight at calving. ' 

Perusal of the contributions of various 
nongenetic effects to the total variation in 

all performanc~- traints revealed the farm as 
2· 

major effect (R % =0.02 to 19.83), followed by 
body weight (R2% = 0.02 to 19.83), calving 
(R2% = 0.15 to 3.47) and season (R2

% = 0.01) 
to with period (R2% = 0.15 to 3.47) and season 
(R2% = 0.01 to 5.59) were comparatively less 
important, in most of the traits. Similar results 
were obtained for same traits of these 
crossbreds even when some more data were 
added to the present and analysed separatefy 
for each breed of sire (Tajane et al. , 1988, 

Tajane and Rai, 1989a and 1989b). 

• s B Among the various G x E interaction • 
• portanL x F was found to be the most 1m 

contributing around 1.80 to 6.10 per ~ent _(~d: 
0.01) to the total variability in lactation y,el 

0 
(FLY, FLPY, SLY and SLP~ - _It A~~­
significantly influenced the variability in 051 
SIL and SOP (Table 1), while it was ·al;a/., 
absent in remaining traits. Ganpule 

8 
ation 

(1984) also reported significant sire x 1.0~15 81 

interaction for AFC, ELY and body ~eig I tnis 
·bution o different ages. However, the contn 

3 
oo%) 

interaction reported by them (0.00 to • 
was comparatively less. ~ 



TABLE 1 ~ 
c... 

Relative contributions (R2) ot various nongenetic effects and their Interactions with breed of sire (B) to ► z 
the total variation in performance traits Qf HF x Sahiwal crossbreds. • crl 

R> 

Sources d.f RU' AFC BFC FLL FLY FLPY FDP FCI S/,L SLY S/,PY SDP SCI ~ 
(/) 

B l (l.()l 0.32** 0.(17 6.49** 3.11 ** 6.22** 1.56** 1.09** 0.01 J .00* * 0.03 1.06** 0.33* 
""O 
(I] 

r-<1rm ( Fl "' 0.02 3.29** 0.37** 1.35** 15.76** Q.08** 19.83** 0.69** 0.2 1 13.47* * 8.99** 1.65** i.8 1 ** I "%) .. 0 
:::0 

Period 1P' l ().1 5 3.47** 0.59** 0.42** 0.86** 1.14** 0.06 1.77** 1.04** 0.56** 0.15 0.30 0.82'" I ~ 
Seal-on S' " 0.02 1.31 "'"' 0.01 0.74** 0.20** 0. 16 0.87** 0.80** 0.20 5.59** 0.48** 0.71 0.82* I z 

- () 
(I] 

Age •A• s - - - 0.52** 0.19 0.48* 0.47 0.46 1.36** l.97** l.08** 0.59 0.24•• I ..., 
:::0 

Bcxh· "~ 8,\·) ~ - - - 0.43* 7.39** 11.50** 1.37 1.54** 0.25 4.99** 8.34** 0.34 022 I > 

f3 X F 2 0.05 1.05** 0.23 0.00 
rJ 

1.80** 3.63** 0.00 0.20 0.48** 2.75** 6.10** 1.15° 0.47 

B X p I 0.13 0.00 0.40 0.23 2.24** 2.93** 1.82** 1.20** 0.03 3.69** 6.14** 1.00~* 0.62" 

f3 X $ 2 0.02 0.00 (1.00 0.00 0.00 0.20* 0.12 0.33 0.00 0.00 1.16** 0.00 0.00 

B X A 5 - - - 0.00 0.31 0.00 0.16 0.24 0.00 0.00 0.00 1.23** 0.00 

B >.. B" 4 - - - 0.07 6.41** 4.08** 0.00 0.00 0.38 4.85** 6.71 ** 0.29 0.19 
Error - 99.60 Q0.56 98.33 89.75 61 .73 60.58 73.74 Q 1.68 96.04 61.13 60.82 91.68 93.48 

Error d.f. 1757 1757 1757 1320 1320 1320 913 913 695 695 695 566 566 

• <P < (J.05), 
0

<P < 0.(11). Negative contribut ions were assumed zero. 

,I::> 
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The another important interaction was 
found to be B x BW (R2% = 4.08 to 6.71) for 
lactation yields (FLY. FLPY, SLY and SLPY). 
Contrarily it was ( R2% = 0.00 to 0.38) for 
negligible for lactation length (FLL, SLL) and 
reproduction traits . The interaction between B 
x A (R2% = 0.00 to 0.31) was also for little 
im~ortance .for almost all traits except for SOP 
(R % = 1.23). 

Similarly, B x S interaction was also non 
significant for most of the traits (R2% = 0.00 to 
0.33) except for FLPY and SLPY (R2% = 0.20 
and 1.16, respectively) . Thus, these findings 
were in close accordance with those reported 
by Mao and Burnside 1969) for FLY. In contrast 
to their . findings of · nonsignificant sire x Y-S 
interaction, the present study revealed a . 
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significant B x P interaction for yield 
reproduction traits during first and se arid 

lactations (Table 1). Around 0.62 to 6 14c
0nd 

. • Per 
cent variation In these traits was attributabl 

• t t· H e to s x . P in erac I0n. owever, it w 
nonsignificant'for BW, AFC, BFC ,'· FLL ands~ 
(R2% = 0.00 to 0.40). 

In general, B X F, B x Bw and 8 x-P in. 
teractions appeared to be of more importance 
for affecting significantly the variation in yield 
and reproduction traits of first and second lae­
tation traits. Hence, the selection programme in 
crossbred population must consider the exist­
ence of interactions. The other interactions (8 
x S and B x A) could be ignored for dairy traits 
in HF x Sahiwal crossbreds. 

(/leceiued on 29th Oc:t., 1993) 
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Abstracts of Ph. D. Thesis 

Response of GR. 11 Rice 
(Oryze sativa L.) to Potash 

Under Low Medium and High 
NP Levels and its Residual 

Effect on Mustard 

Name or Sti.uiNLt 
P. N. Upadhyay 

Mqjor Gu.i,J,, 
V. D. Mane 

Department of Agronomy, B. A. College of Awiculture, 
Gujarat Agricu_ltural University, Anand Campus, Anand 

A field experiment was conducted on sandy clay 
loam soil on the farm of main Rice Resea1'Ch Station, 
Gujarat Agricultw·al Unive1-ity, Nawagam to study the 
response of GR. 11 rice to potash under low, medium and 
high NP levels and their residual effect on mustard 
through kharif and rahi season of 1 ~IH:~ and 1 ~lH4. Twenty 
treatments comprising combinations of fow· levels of NP 
namely N0P0(F 1), N50 P 25 (F2), N wo P50 (F3), N 15cif75 
(F4) and five levels of potash comprising of O (Kc,), 25 
(K 1), l>O (K.i), 7:> (K;{) and 100 (K4J kg/ha were employed 
in Factorial Randomised Block Design with four 
replications. Mustard crop was grown in robi season 
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after kluu·if rice on the same site without application of 
any fertilizer to study the residual effect of NP and K. 

The results revealed that potential production and 
profit from Mu,rif" rice can be screened by fertilizing the 
crop with 100 kg N + l>O kg P:Pr/ha (F:3). N lllO P5o 
produced 51.71 and 8G.7(:i q/ha grain and straw 
respectively comparable with that of 5:t51 and l:N.!14 
q/ha under N 150 P.75 (F4). 

Application of any levels of potash was not found 
to be beneficial to lowland rice. 

Crop fertilized with NI :50 P75 resulted in 
significantly higher protein content in 1-ice grain dw-ing 
individual years. Whereas potash did not made any 
significant influence on protein content ofrice g1·ain. Rice 
c1·op fe1tilized with higher levels of NP removed 
significantly higher quantity of N, P and K whereas 
potash did not influence on 1·emoval of N and P. Higher K 
removal was observed with higher K.iO level. 

Different levels of NP fe1tilizers applied t.o khuri/ 
rice clid not found beneficial effect on yield of succeeding 
ral.ii mustard crop. Whereas 50 and 100 kg K.20 /ba 
showed significant residual effect on yield of musta1·d 

Cl'OP.. 

(ll1•1:ei1wd on 22nd 8e1,t., 1993) 

I 
iJ 
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Studies on Wilt of Mustard 
(Brassicajuncea (L) Czern and Coss) 
Caused by Fusariurn oxysporwn F. sp. 
conglutina.ns (Wr.) Snyder and Hansen 

Submitted to Gujru:at Agticultural University 

Name of St1ulnit 

K. S. Prajapati 
MajorGu.ide 

B.G.Desai 

Department of Plant Pathology, 
College of Agriculture, Gujarat Agricultural University, 

Sardar Krushinagar-385 506 

Wilt disease of mustard incited by Ji'. oxy.sporum F. 
sp. C()ll.g/u.titu1.m; (Wr.) Snyder and Hansen was observed 
in severe form near to maturity stage. The pathogen 
produced wilting in cruciferous hosts viz. Bra:ssica 

c:an,/H':'ltri.-; var. Loria, fJ. c:urinutu, H. oln·ac:fm. var. 
botrytu;, ltnu:a saliua. While, /J. 1wi111s and Rit~intt:,; 
c:om1rw ni:; were inm1une. It a lso produced cir•· ~-7 . . · .,.,:, per cent 
mortality on inoculation to mustard p lants. 

Richard's medium supported maximwn growth 
and abundant sporulation . Low C:N ratio (15 :1) in media 

/ I 
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allowed profuse rnicro-conidial fonnation. Hi,,• 
temperature (:~5°C) favoured exclusive devel ;li,;r 

T 
oprnent -r 

chlamydospore. he pH 4 .0 was optimum for growth ,, 
spo1ulation. Cultw·e filtrates of the pathogen : ~ 
inhibitory to germination of seeds and cau"ad a_ 

-= sev"r,, 
wilting of seedlings of 'Varuna' mustard. Mus~~ 
cultivar 'Varuna' was more susceptible at 105 da 5 old 
plants while, inoculation in early stage had no wil; 

The fungicides Carbendazim, Thiophenatemethyl 
and Mancozab completely inhibited the growth. 'Krishna' 
mustard ~as found immune while, 'RSK-7' and 
'CS R-721' were ·tolerant to wilt. The population of 
pathogen dec1-eased gradually 2.5 times in unsterilized 
soil in absence of host tissues, while increased 1.2 times 
in sterilized soil in the presence of host tissues and able 
to swvive up to a nother season. 

None of the rhizosphere fungi or bacteria and 
'f'ric:lwdl'r11La harzianum strains was antagonistic to the 
pathogen. For thermal death of conidia and 
chlamydospores of the pathogen, respective peak 
temperatures were 57•c and 7o•c . At 45°C temperature 
83 per cent chlamydospores were germinated. Spare 
geimination of the pathogen was inhibited by cult~ 
filtrates of Emeric:ella nidulons, E. rngulo~o aud E 
q11adrili1Leata. 
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Crop Weather Relationship in 
Summer Pearl Millet (Pennisetum 

americanum (L) Leeke ) and 
Testing of CERES Millet Model 

for the Middle Gujarat 
Agroclimatic Zone 

Submitted to Gujarat Agricultural University 

NamR of Stude11,t 
V.G.Maniyar 

Major Guide 
A. N. Meh.ta 

Department of Agricultural Meteorology, B. A. Colleg,e of 
/ Agriculture, GAU, Anand 

Field experiment were conducted in pearl millet 
(Cv. GHB. :30) during summer sea.son of 1991 and 1992. 
Treatments comprising of 3 sowing dates (Feb. 5, 15, 25) 
and for irrigation levels (Tc-Ta = 1 to o•c, 0 to - 1 •c, lw/ 
CPE = 1.0 and farmer's method i .e. 8 days interval) were 
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laid out in splitplot design with sowing dates as main 
treatment and replicated tlu-ice. The result of pooled 
data reveals that grain yield was significantly higher in 
13 i.e. lw/C PE = 1.0 whereas dates of sowing did not show 
any significant effect on gnin yield in both year; however 
there was significant difference in pooled data with 
highest yield of 43.43 q/ha in Feb. 5 sowing. 

Path analysis of grain yield and weather observed 
revealed that high relative humidity dw-ing flag leaf to 
dough stage and high thermal interception rate (TIR) 
dw-ing the period from anthesis to dough stage are found 
favou1-able for higher gi-ain yields. 

CERES millet model corrected for genetic 
co-efficients was found to be good .for Middle Gujarat. 
CERES millet model predict the anthisis date and 
maturing date with minimum error. However grain yield 
and total biomass prediction by CERES millet model 
showed la1·ger per cent of en-or compared to that gnin 
yield predicted by model developed with help of stepwise 
regression tecluuque in this study. 

(Received on 28th Sept. , I 993) 
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