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ABSTRACT

g ability analysis using seven lines and four
x tester analysis for fruit yield and
ean squares due to lines x testers

An experiment was under taken to study the combinin
testers and their 28 F_ hybrids of bitter gourd obtained from line
its contributing characters. Analysis of variance indicated that m
were significant for all the characters except fruit girth indicating predominant role of both additive
and non-additive gene effects in the inheritance of all these traits. The estimates of a*gca were
higher than the corresponding a%sca for days to open first female flower, days to open first male
flower, days to first picking, vine length, number of primary branches per vine, number of fruits per
vine, fruit length, fruit girth and fruit yield per vine, while in case of remaining characters viz., number
of nodes bearing first female flower, internodal length and average weight of fruit, the magnitude of
o%sca was higher than o?gca. This indicated the preponderance of additive and non-additive component
of genetic variance. The estimate of gca effects indicated that among the lines, Preethi and Ujjwala
were the good general combiners for fruit yield and some of the yield contributing characters viz,,
internodal length, vine length, number of fruits per vine, average fruit weight and fruit length, while
among testers, HABG-22, CO-4 and HABG-21 were found good general combiners for fruit yield per
vine and number of primary branches per vine. These parents were expected to accumulate additive
genes that can be used as one of the parents for the development of varieties/hybrids in bitter gourd.
The cross combinations viz., Kalyanpur Baramasi x HABG-21, Hirkani x CO-4, Phule Green Gold x
Pant Karela-1, Kalyanpur Sona x CO-4 and Priya x HABG-21 were found to be good specific cross
combinations for fruit yield per vine. These findings can be further utilized to develop and enhance

the best yield potential of bitter gourd cultivars.

Key words :

Bitter gourd is an important crop of India. It is a rich
source of nutrients and ranks firstamong all cucurbits
for its nutritive value and the plant extracts have been
traditionally used to cure diabetic (Dey et al., 2010).
Bitter gourd offers much scope of improvement through
heterosis breeding among genetically diverse
genotypes. Information on combining ability facilitates
the choice of suitable parents for hybridization
programme to develop promising F, hybrids. The line
x tester cross help in determining both general and
specific combining abilities of parents and hybrid

" PG Student. * Research Scientist (Garlic-Onion), Vegetable
Research Station, “Assistant Professor, * Associate Research
Scientist, Vegetable Research Stauon

Line x tester, combining ability, yield, bitter gourd

combinations, respectively. Further, it helps in
formulating the breeding methodology for crop
improvement. The present investigation was thus,
conducted to identify the productive parents and its
component traits in bitter gourd through combining
ability analysis.

MATERIALS AND METHODS

The experimental material comprised of 28 F_ hybrids
developed by crossing of seven lines viz., Phule Green
Gold, Hirkani, Kalyanpur Sona, Ujjwala, Kalyanpur
Baramasi, Priya, Preethi and four testers viz,, CO-4,
PantKarela-1, HABG-21 and HABG-22. Twenty eight
hybrids along with 11 parents and a check variety,
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Priya were evaluated during kharif 2012 in a
randomized block design with three replications at
Instructional farm, Department of Agronomy Junagadh
Agricultural University, Junagadh. Each genotype
consisting a single row of ten plants. The plants were
spaced at a distance of 2.0 m between rows and 1.0
m within a row. Three seeds were dibbled in each hill,
which were kept single plant per hill when the crop
was 20 days old. Thus, the perfect population of ten
plants of each genotype was obtained. All need based
agronomic practices were followed during the crop
growth period to raise a good crop. Observations were
recorded on randomly selected five plants in each entry
for 12 quantitative traits viz., days to open first female
flower, days to open first male flower, number of nodes
bearing first female flower, days to first picking,
internodal length (cm), vine length (cm), number of
primary branches per vine, number of fruits per vine,
average weight of fruit (g), fruit length (cm), fruit girth
(cm) and fruit yield per vine (kg). The mean values
were used for the analysis of variance for experimental
design. The combining ability analysis for different
traits was worked out as per method suggested by
Kempthome (1957).

RESULTS AND DISCUSSION

Analysis of variance (Table 1) indicated that mean
squares due to lines and testers were significant for
all the traits, while mean square due to lines x testers
was also significant for all the characters except fruit
girth indicating predominant role of both additive and
non-additive gene effects in the inheritance of all these
traits. Similar findings in bitter gourd were also
reported by Khattra et al. (2000), Sundharaiya and
Vekatesan (2007), Yadav et al. (2008), Jadhav et al.
(2010), Dey et al. (2010), Kumara et al. (2011),
Laxuman et al. (2012) and Thangamani et al. (2012).

The magnitude of gca and sca variances revealed that
the gca variances were higher than the corresponding
sca variances for days to open first female flower, days
to opening of first male flower, days to first picking,
vine length, number of primary branches per vine,
number of fruits per vine, fruit length, fruit girth and
fruit yield per vine, while in case of remaining
characters viz., number of nodes bearing first female
flower, internodal length and average weight of fruit,
the magnitude of sca variances was higher than gca
variances. This indicated the importance of
non-additive gene action. Similar findings were also
reported by Khattra et al. (2000) and Thangamani et
al. (2012) in this crop.

[GAU Research Journg] 40 (1)

The perusal of the data on general ccnmbining abi
effects of the lines and testers (Table 2) in dicateg tl hlt
among lines, Preethi and Ujjwala were foung o bat
good general combiners for fruit yield per \rinf
internodal length, vine length, number of fruits per .
average fruit weight and fruit length, while amo-ll.dl
testers, HABG-22 was the best general combing,
all the traits studied whereas, CO-4 was good Qeng,—'.h
combiner for fruit yield per vine, vine length numr'-' :1
of primary branches per vine and number of fryjg r
vine. Either good or average general combining T
effect was also depicted by Phule Green Gold for (.
to open first female flower, days to open first .
flower and days to first picking; Hirkani for nump... rf
fruits per vine; Kalyanpur Sona for average WeigF.-
fruit and Kalyanpur Baramasi for vine length anq i, 1
length. This would help in construction of suitaf.f;
selection index for breeding productive geno%;;
High general combining ability effects mox ),
contribute additive gene effects or additive x addiil-;z
interaction effects and represent fixable por?_..;u;
of genetic variation. In view of this, HABG.2,
HABG-21, CO-4, Preethi and Ujjwala offers the beg;
possibilities of the development of improved lines with
enhanced fruit yielding ability in bitter gourd and these
lines turned out to be good general combiners zr 4
can be used as one of the parents in hybridization
programme for fruit yield improvement programme

The estimate of sca effects revealed (Table 3)
none of the crosses was consistently superior ic- 2|
the characters. The crosses Kalyanpur Baram: - x
HABG-21, Hirkani x CO-4, Phule Green Gold x - nt
Karela-1 and Kalyanpur Sona x CO-4 had high ca
for fruit yield per vine involved average x good, pc 7 x
poor and average good general combiner parz s,
respectively. This indicated the presence of episiatic
gene action and such deviation could be attributsc o
the genetic diversity in the form of heterozygous oci.
This could also be an indication of gene dispe sion
and genetic interaction between favorable = :les
contributed by both the parents. Such combir:iion
could be utilized for intermating segregants ir =, or
F.generation and simultaneous selection for desirable
plant type.

In contrast to general combining ability effects, the
specific combining ability effects represent dominancé
and epistatic components of variation which are non
fixable in nature. But if the crosses showing high s¢d
effects involving either both or one good gener!
combiner parents, they could be successfully
exploited for varietal improvement and expected 10



uonoBIaUI S13}s9} X Saull 1suiebe AjaAnoadsal ‘S[9A3)] Juao Jad | pue g e Jueoyiubig +++
Alennoadsal 'sjaas) ueo Jad | pue  1e Jueoyubis .. '

LINE X TESTERANALYSIS FOR COMBINING ABILITY

January 2015]

5.0 220 44" 00'c 190 6%°0 ©06,0 /89S0
w910 « 050 ~28'¢ - om..\.w « G956 + 0870 eob.0
- AN} LLO- = Gc'l « FGPL «06'S « BE0 u—mhu
« 20 590 «05°¢ i Eﬁm - mmum_. wedbh 1.0

500 «£20 1+ BE'E » GL'G1 « 62V S1°0 12

sjuauodwoo souelBA

100 4% 8 o'k 626 e 124" ¥S Jou3
. BE0 8.0 o I8V - V828 V8’81 - 9L 8l S18)s8] X sauln

++. €9V ++,,98'F1 ++,, LL'ES ++.. PB'62L ++,.6L79¢ ++,, L0'S2 o) s10)s9|
++,,690 ++,,66°€ +L LW +.. GE'861 +,.69°CS ++,,. 0E'C 9 saun
«~ 820 190 0BG Svel . G9'S 1z’ 2 suoneoldey
aulased
auinlad unuyy o aulA sod sayoueiqg Aewud
u_m_x 4 yuib unid Yibus| uni4 1yBlem abeseny  sHNJ} O JSQUINN JO JaquinN '} 82In0S

L0 2s'e o0 L't S6°0 0 eob,0 1e0s;0

0L LL01 900 ot’L 820 Sv'L el k B0S;0
« SO VEYL 200 - OV'E w90 «CS'} ~ €GC eob,0
w 0L 1201 » 900 98} « 820 «SP'L «ELL W20
» PL'S291 100 o by 0L'o oA « 0E'L 10
« 86'0011 ¥00 «» 8V'G 920 «66'} « 197 12

sjuauodwoo souelep
885'¢9 ¥00 EEe 650 6S°E £e'e G jo13
« 694428 » €20 ~»o¥'9 Sl «96°L « L9 8l sJa)sa] X saul
++., EE'E0CYE  ++.8E0 ++,.68'8Y ++.4 88C +. CB'6C *ex $L0E € slajse]
. OV vLCEL .. ¥50 ++,. 6089 ++a LLE ++.,. 65L¢ ++.. CV'6S 9 saur
« 8C°0LS «610 980 « EC¥ GL'o /50 2 suoneolday
" oMoy Jamoyj oMoy
ybus| sauip _mmwc:._w_uc_ o g i s o e s
! 1841} 0} sAeq sepou joJaquny  uado 0} shkeq uado o} sheq P 20In0g

pinob 19)J1q Ul S18]0BIBYD JUBIBYIP 10} Sjuauodwod sdueleA pue Aljige mC_C_DEOO 10} @duelleA jo m_wh_m_{_d. | 2|qeL



Fruit
pet
vtk

)

yiald

Fruit
girth
(em)

Fruit
(em)

Average
of fruits  waeighto!  length

fruit ()

Number

of
primary  pervine

branches

Number
per vine

Vine
length
(cm)

length

(cm)

first

Days to Internodal

bearing  picking

Number
of nodes
firstfemale
flower

Days to
open
first
male

flower

sffects of parents for quantitative traits in bitter gourd

LDay s to
open first
flower

female

Parents

Table2 Estin
Lines

':- -
= —o -~
f.ErEﬁ"'m-"“
: . n s s
—_—p NN
Lw—©—©S
’GOP{":'—C‘?Q

TohoownN
RAIBI=EN

S WM~
C\"IO'P.-NF(Q("J
c — C\I(\.II.‘“-
d85-8oa
0PI P

_1 25:!
-0.01
0.55
0.18
0.73
3.87**
-4.07*

- - *
= ¥ =
~mo o
CEN=BR0
835500
- i3z
ﬂfh(ﬂv—gmm
HBNS DB
b T k- et
* %
Ao~
S=5I-RB
~OCorm®

o

[+

v @ §

8 & &

S 3 &

e [ -

¢ 3.3
O-E%—gg - —
D © o o ‘5
= = = [1}]
Eﬁmgﬁﬁ’:‘ﬁ
Ol DOxYoo

-0.65
007
0.46*"

012

038
A9
0.74%"

0.06

023

231
o8
1.26**

0.77
-7.67*
0.20
6.68""

.51
-4.87
-0.06

3.42*

0.39**
-1.59**
0.32*
0.88‘.

25.24*
-54.93**
-5.03**
34.72**

0.06
-0.03

0.14**
-0.16**

0.45
1 ; 95 ol
0.20

-1.70"

0.23
0.30
-0.02
-0.51*

0.51
1-08**
0.08

-1.67**

Poor

0.07
126"
0.31

1,64

Good:; A = Average; P

Pant Karela-1
HABG-21

HABG-22

IG
Y

Testers

Cco4

[ f 9 4 :r_J'F'.'"!""?_‘. Joworns -:_..

ET' Al_ s
srow penEr TEISIESSIE segregantscaryrg ©.
o=e =FacE Tre T of the cross COMDINz

;;m were Sifher diue 10 gooad X DOCr. DOor X 97 =
average x ZVerage crosses besides ext - -
szvourable and high additve effect of parerts oo
manfiest the compiement2ry INeracion e¥ecs ang
shus leads 1o higher sc2 eFeCs.

Wi

in the present study. such Cross combinasons for fr¢
yield per vine were Kalyanpur Baramasi x HABG-21
(average X gm'lk‘ Hirkant x CO-<4 faveraw X Qood)
Phule Green Gold x Pant Karela-1 (poor x poor).
Kar,ws@vaxco-d(avefagexgooc)ampm,‘
HABG-21 (poor x good). This indicated the presence
of both additive and non-additive gene action involved
in the expression of fruit yield per vine. Further. some
parenis with positive and significant generaj
combining ability produced hybrids with negative ang
significant spedific combining ability indicating the role
of complementary gene action. The Combining abity
of parents could not always be judged by the per se
performance accurately. Therefore, both general
combining ability and per sé performance of breeding
lines should be considered together for assessing their
breeding potentiality. In the present investigation, none
of the cross combination showed simultaneous
significant specific combining ability effect tavorably
for all the characters. This may be due to
complementation of favourable genes. The good
combiners when crossed did not produce good hybrid.
These findings are akin to the findings of Singh et al.
(2004), Sundharaiya and Vekatesan (2007), Yadav et
al. (2008), Dey et al. (2010) and Jadhav et al. (2010).

On the basis of general combining ability effects and
specific combining ability effects, a few crosses were
identified. These F, hybrids were Kalyanpur Baramasi
x HABG-21, Hirkani x CO-4, Phule Green Gold x Pant
Karela-1 and Kalyanpur Sona x CO-4. These are the
potential source for the development of F, hybrid
varieties in bitter gourd.

From the present study, it was formed that the parents
viz., Preethi, Ujjwala, HABG-21, HABG-22 and CO_—4
were good general combiners for fruit yield and its
attributing characters and could be utilized in future
breeding programmes. Among hybrids, Kalyanpur
Baramasi x HABG-21, Hirkani x CO-4, Phule Green
Gold x Pant Karela-1 and Kalyanpur Sona X CO-A‘;
were the promising hybrid combinations for most 0

the desirable characters including fruit yield per vin€
in bitter gourd.
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ABSTRACT

ysical (Gamma rays) and chemical mutage,
e and Sodium Azide) on germination per gem, sljoot length and root leng f
nthus Spp. (L.)] cultivated varieties of viz., Gujarat amaranth-1, Gujg ,
amaranth-2 and Suvarna. The seeds were irradiated with different dooses (5,10, 15,20, 25 kR) ¢
gamma rays, and for chemical mutagens EMS (0.1,0.2,0.3,0.4, 0.5 %) and SA (0.01,0.02,0,0:,
0.04, 0.05 %) were used at different concentrations level. The biological parameters_llke germinatio;,
shoot and root length were recorded at 4 days after sowing and at 7 days after Sowing, respective),
The studies indicated that germination, shoot length and root length were decreased with the increa .
of all the mutagen treatments except 15 kR gamma rays. LD-50 value not found for GA-1 zg
GA-2 varieties but found in Suvarna in this study. LD-50 of the gamma rays for germination wag
found between 20 and 25 kR in Suvarna, for EMS and SA it was found between 0.3 to 0.4 per cent
and 0.03 to 0.04, respectively Suvarna has higher sensitivity to mutagens than other two cultivars
and EMS is more effective mutagens than other two mutagens.

An investigation was undertaken to study the effect of ph

(Ethylmethane Sulphonat
in grain amaranth [Amara

Key words : Grain amaranth, mutagens, gamma rays, ethylmethane sulphonate, sodium azide,

germination, shoot length, root length.

Grain amaranthus have been cultivated since ancient
times in several countries of the world and one of oldest
food crops in the new world. Among the three
pseudocereals (Buck wheat : Fagopyrum spp.,
Chenopods : Chenopodium spp. and Amaranth :
Amaranthus spp.) grain amaranth is most important.
Amaranth is a potential cereal crop belonging to family
Amaranthusaceae. The genus Amaranth includes
other species of grain type Amaranth viz., Amaranthus
hypochondriacus L. (2n=32), A. cruentusL. (2n=34),
A. caudatus L. (2n=32 and occasionally 2n=34 also),
A. adulis Spegazzini (2n=32) and A. tricolor (2n=34).
The grain amaranth is thought to be of American origin.
Grain amaranthus (Amaranthus spp.) is one of the
underutilized crop offering lot of potentiality to be
explored as future food crop by virtue of its high quality

! 1 .
Sf: G‘. student, * Associate Professor, * Assistant Research
tentist, Centre for Crop Improvement, * Associate Professor.

of protein rich grain and carotene rich leaves. The crop
is important and widely spread in India. However, itis
mainly grown for grain especially in Uttarakhand,
Maharashtra and in some parts of Gujarat.
Hybridization is difficult in grain amaranth due to smal
flower structure, so mutation breeding is a better way
to create variability. Mutation induced in self-pollinated
crops, is of great value in plant breeding and is
recognized as a potential tool for crop improvement
by way of creating variability in the population (Hagberg
et al.1963). Mutagenesis is as effective &
hybridization in supplying the genetic variabilty
selection (Virupakashappa et al.1980).

MATERIALS AND METHODS
Pure, healthy and mature seeds of the three Vari.eﬁes
of Amaranth viz., Gujarat amaranth-1, G_'”Ja'al
amaranth-2 and Suvarna were exposed 10 difere™

doses of gamma rays at Bhabha Atomic Resé?
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Centre (BARC), Trombay with gamma rays intensity
of 1.8 kR per minute. The doses were given Viz., 0,5,
10, 15, 20, and 25 kR to all the three varieties. For
chemical treatments, the solution of Ethylmethane
sulphonate (EMS) 0.1, 0.2, 0.3, 0.4, 0.5 % and sodium
azide 0.01, 0.02, 0.03, 0.04, 0.05 % concentration
were prepared in phosphate buffer at pH 7.0. About
50 gm dry seeds pre-soaked in distilled water for two
hours before they were treated with chemical
mutagens for each treatment. Pre-soaked seeds were
immersed in freshly prepared solutions of chemical
mutagens ie., Ethyimethane sulphonate (EMS) for four
hours and sodium azide for six hours at room
temperature. Seeds of all the treatments were planted
in germination paper. In each germination papef,
hundred seeds were placed with three replications
under control condition at room temperature.
Germination was recorded on fourth day and seedling
growth was measured on seventh day after sowing.

RESULTS AND DISCUSSION

Effect of physical and chemical mutagen on seed
germination, shoot length and root length are
presented in Table 1, 2 and 3. All the three varieties
exhibited variation due to mutagenic treatments.
Germination percent, shoot and root length decreased
with the increase in levels of all the mutagenic
treatments except 15 kR gamma rays in GA-1 and
GA-2. EMS produced more effect on germination,
shoot length and root length than gamma rays and
SA. LD-50 value not found in GA-1 and GA-2 at these
levels of doses of all three mutagens but in Suvarna
(0.5 % EMS and 0.05 % SA) doses/concentrations

EFFECT OF PHYSICAL AND CHEMICAL MUTAGENS ON SEED

showed LD-50. Higher germination was found with
control in all the varieties. The maximum shoot and
root length was reported with 15 kR gamma rays in
GA-2 and lowest germination, shoot and root length
was found In 0.5 per cent EMS treatment in all the
three varleties. LD-50 of gamma rays for germination
was found at 20 to 25 kR, for EMS 0.3 to 0.4 per cent
and in SA 0.03 to 0.04 per cent levels in Suvarna
(Table 1,2 & 3).

Seed germination is the most important parameter
used to detect the response of the crops to mutagenic
treatments. Physical and chemical mutagens induce
physiological damages, in different biological materials
during M, generation (Gaul, 1970) ] the_increase doses
of mutagens caused a progressive increase in the
biological damages in term of reduction in germination,
shoot and root length in many crops (Kirtane, 2003,
Rao, 1988 and Sharma and Sharma 1986). Similar
trend was observed in the present study with respect
to germination, shoot and root length.

The severe effect of gamma radiation on germination,
shoot and root length observed in the present
investigation is in accordance with the results
observed by Amir and Khavar (2012) in grain amaranth.
They also observed significant reduction in all the three
characters with increase dose of gamma radiations.
Srivastava et al., (2011) reported the effect of sodium
azide on wheat that the increase in doses resulted
into decrease in germination, shoot and root length.
Datir et al., (2007) observed in his study increase the
dose of gamma rays and EMS decrease germination
per cent.

Table 1 Effect of Gamma radiation on per cent germination, shoot length (cm) and root length (cm) in grain
amaranth.
Treatment/ GA-1 GA-2 Suvarna
Cultivar T —
kR Germination Shoot Root  Germination Shoot Root Germination Shoot Root
(%) length  length length  length (%) length  length
(cm)  (cm) (cm)  (cm) (cm)  (cm)
Control 87.33 3.93 4.63 89.33 3.97 4.47 84.67 413 4.70
5 84.33 3.90 4.37 B8.67 3.77 4,33 78.33 4.10 4.60
10 84.00 3.70 4.40 87.67 3.63 4,23 77.67 3.77 4.60
15 87.00 4,07 4.70 89.33 3.60 4.27 65.67 3.43 4.43
20 80.33 3.60 4.23 85.67 4.07 4.57 57.33 3.27 4.50
25 78.33 3.53 4,20 82.33 3.37 4.10 49.00 2.90 3.97




DESAl ET AL [GAU Research Joyyp,y 40

(1)

Table2 Effect of Ethylmethane sulphonate on per cent germination, shoot length (cm) and root length (e, -
grain amaranth. €m) in

Treatment / GA-1 GA-2 SW
Cultivar — PE— P
Germination  Shoot Root Germination Shoot Root Germination Shoot — Ro——
(%) length  length (%) length  length (%) length ter?m
(em)  (cm) (em)  (cm) ©m)  (cmy’
__-‘-‘-___-_"""-—_
Control 87.33 3.93 4,63 89.33 3.97 4.47 84.67 413 4.70
0.1 83.68 3.83 443 82.67 3.37 4.23 75.00 3.73 4.50
0.2 78.33 3.57 417 79.67 3.47 4,37 68.00 3.73 4.03
0.3 75.33 343 427 7733 327 397  57.00 290 a9y
0.4 7133 3.60 4.07 74.67 3.40 3.97 45.67 2.70 3.50
0.5 65.67 3.10 3.83 68.67 3.07 3.83 37.00 2.57 3.47

Table 3 Effect of Sodium azide on per cent germination, shoot length (cm) and root length (cm) in grain amaranth

Tretment / GA-1 GA-2 Suvarna
Cultivar T — e S
Germination  Shoot Root Germination Shoot Root Germination Shoot Root
(%) length  length (%) length  length (%) length  length
(cm) (cm) (cm) (cm) (cm) (cm)
Control 87.33 3.93 4.63 89.33 3.97 4.47 84.67 413 470
0.01 84.67 3.47 4.43 86.67 3.37 427 84.33 3.97 4.63
0.02 81.00 3.47 4.27 84.67 3.43 413 77.67 3.53 4.47
0.03 80.00 353 457  87.33 357 440 5933 317 423
0.04 76.67 3.20 4.07 80.67 3.37 413 47.33 2.77 3.80
0.05 74.33 337 413 7867 320  4.03 4333 277 363

The effect of mutagenic treatments on the initiation of
germination has been attributed to changes in
chromosomal organization (Evans and Sparrow, 1961)
and different biochemical and physiological processes
(Sparrow and Woodwell, 1962). The lowered
respiratory quotient in mutagen treated seeds may
be cause for inhibition of seed germination (Woodstock
and Justice, 1967). The reduction in germination may
be due to the enhanced production of the active free
radicals, causing lethality (Selima et al., 1974).

CONCLUSION

The overall studies confirmed that EMS could be more
useful for inducing the genetic variability in grain
amaranth than other two mutagens viz., gamma rays
and sodium azide. The cultivar Suvarna has higher
sensitivity to mutagens compared to GA-1 and GA-2.
LD-50 of gamma rays for germination was found at 20
to 25 kR, for EMS 0.3 to 0.4 per cent and in SA 0.03

to 0.04 per cent levels in Suvarna, which indicates
tha? below these doses or concentrations are suitable
for induce mutations in Suvarna. The LD-50 value in
respect of germination was not found at any levels of
concentrations or doses for present study for the
cultivar GA-1 and GA-2.
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ABSTRACT

A study on genetic variability and genetic divergence was done with 50 genotypes for 13 quantitative
characters in Indian mustard (Brassica juncea (L.) Czem and Coss).The analysis of variance indicateq
the prevalence of sufficient genetic variation among the geno_types fgr_ all the 13. trz_alts. The wider
phenotypic range, high heritability coupled with high genotypic coefficient _of variation (Gpv) and
high genetic advance as per cent of mean (GA %) were observed for seed ylglq per plant, biological
yield per plant, number of secondary branches per plant, number of 3|I|qu_ae per plant angd
1000-seed weight which, indicated that response 10 selection would be very high for these yield
components ultimately leading to seed yield improvement in mustard crop. Th(_a genotypes grouped
in 9 clusters when grouped using the Tocher's method. Cluster | topped with maximum (33) genotypes
followed by cluster Il (6) and cluster IIl and IV (each of 3). While, cluster VI to IX were solitary
clusters. Maximum genetic distance (D) was found between cluster Il and VI followed by between
cluster Il and IV. Four clusters viz,, Il, Ill, IV and VI were important with respect to construct plant
ideotype including seed yield per plant, which could be utilized for breeding p rogramme. Three
traits viz., days to 50% flowering, days to maturity and 1000-seed weight also contributed more
than 55% towards total genetic divergence.

Key words : Variability, heritability, genetic divergence, multivariate analysis.

Indian mustard [Brassica juncea (L.) Czern and Coss,
2n = 36, Brassicaceae)] popularly known as rai, raya
or laha, is one of the most important edible oilseed
crops of the country and it occupies considerably large
acreage among the Brassica group of oilseed crops.
India stands first both in acreage and production of
rapeseed and mustard in Asia. Globally, India account
for 19.29 % and 11.127% of the total acreage and
production. In India area, production and productivity
of rapeseed-mustard are 6.5 million hectares, 8.79
million tonnes and 1850 kg/ha, respectively during
1912-13 (Anonymous, 2010). Mustard and rapeseed
are being grown largely in states like Rajasthan, Uttar
Pradesh, Haryana, Gujarat, Punjab, Assam, West
Bengal and Madhya Pradesh.

The momphological characterization of germplasm is
used to understand the genetic variation since, a wide

'**Ph.D. Students, *Associate Professor, * Professor and Head

range of genetic variation among parents is essential
for hybridization programmes. Nature and magnitude
of genetic variability and heritability in a population
as genetic and non-genetic factors are pre-requisites
in any successful hybridization programme to get
desirable segregants. Arunachalam (1981) stated that
multivariate analysis using Mahalanobis’ D? statistic
is a powerful tool to know the clustering pattern to
establish the relationship between genetic and
geographical divergence and to determine the role of
different quantitative characters towards total genetic
divergence. Hence, the present experiment was
planned on variability analysis along with genetic
divergence using 50 genotypes of mustard.

MATERIALS AND METHODS
Fifty genotypes of Indian mustard procured from the

Research Scientist (Castor-Mustard), Castor-M}lSla
Research Station, Sardarkrushinagar Datiwad?
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Agricultural University, Sardarkrushinagar were grown
in R.B.D. with three replications during rabj 2011-12
at Instructional Farm, Junagadh Agricultural
University, Junagadh, (Gujarat). Each replication
consisted of a single row of 3m length for each entry
with row to row and plant to plant spacing being 60
cm and 10 cm, respectively. Hepommended
agronomic practices and plant protection measures
were followed to raise a healthy crop.

Five competitive plants were randomly selectedin e.ach
entry for recording the observations on plant height
(cm), number of primary branches per plant, number
of secondary branches per plant, number of siliquae
per plant, number of seeds per siliquae, length of
siliquae(cm), 1000-seed weight (g), biological yield
per plant, harvest index (%) and oil content (%), while,
days to 50% flowering and days to maturity were
recorded on plot basis. The genotypic and phenotypic
coefficient of variations were estimated as per Burton
(1952), while heritability in broad sense and expected
genetic advance were estimated as per Allard (1960).
Genetic diversity was calculated using Mahalanobis
(1936) D2 statistic and genotypes were grouped into
clusters by Tocher’'s method as described by Rao
(1952).

RESULTS AND DISCUSSION

Analysis of variance (Table 1) revealed that variance
due to genotypes was highly significant for all the 13
characters indicated the presence of sufficient
variability in the genotypes under the study. The
experimental materials showed wide range of
phenotypic variation for seed yield per plant, number
of secondary branches per plant, number of siliquae
per plant, biological yield per plant, number of primary
branches per plant, harvest index and 1000-seed
weight as revealed high values of coefficient of range.

Variability Analysis

The values of phenotypic coefficient of variation (PCV)
were higher than genotypic coefficient of variation
(GCV), in most of the cases, indicated more influence
of environmental factors (Table 2). However, low
differences were also observed between PCV and GCV
for days to 50% flowering, days to maturity, plant
height, number of seeds per siliquae and length of
siliquae which revealed. that these five traits were
comparatively less influenced by the environments.
High PCV and GCV were observed for seed yield per
plant followed by number of secondary branches per
plant, biological yleld per plant, number of siliquae

Table 1 Analysis of variance for 13 characters in 50 genotypés of mustard

Mean squares

Harvest Qil

Seed Biological

1000

seed

No.of Length

No. of

No. of
primary secondary siliquae

branches branches

No. of

Daysto Daysto Plant
50% maturity height

flowering

Source df.

index content

yield yield per

of
siliqua weight

seeds

(%)

(%)

plant (g)

per

plant

per

siliqua

per

(cm)

(@

(cm)

per plant plant

per plant

VARIABILITY STUDIES AND MULTIVARIATE ANALYSIS

(©)

0.334

2133142 139.249"

0.308™ 0.091 36.806"
59.866™
10.130

0.020

6512.903*
35.085" 12790.855™

0.097 13313

146.060*
254.691**
35.647

1.040

13.547*
45.641*

2

Replications

Genotypes

Error

49,077 16.303"

273511

0.327* 0.940™
0.044

3914

0.562

1477

0.257

49 37.500™
B 2492

5.665

17.144

128.356

0.092

4632  1621.463

1.809

Significant at 5 and 1 % levels, respectively

* ok
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(as per cent of mean) for various characters in mustard

Table2 Phenotypic range, coefficient of ran

Genetic

Coefficient Mean

Phenotypic

Characters

Phenotypic Genotypic Heritability Genetic

advance advance

in broad
sense
(%)

coefficient

coefficient

of range

range

of variation
(%)

(percent
of mean)

S.Em of variation
(%)

(%)

31.89
13.24
7.34
8.62
17.20
32.36

6.61
6.39
7.53
14.43
1.03
5.44

104.91

62.1
82.4
89.3

19.65
7.08
3.82
511

7.80
4.05
6.23
13.63

24.94
22.88

20.73 x= 1.838
48.23 x 0.912
101.22 = 0777
167.30 = 3.447

39.73
21.13

6.99
16.45
28.96

38.27

57.33

33.01
-109.67

14.24 -

37.33 -

95.33
134.40 - 187.33

Days to 50% flowering

Seed yield/plant
Days to maturity

67.2

Plant height (cm)

61.2
68.7

10.67
18.96
14.85

598 x 0.293

16.80 + 1.243
410.94 =+ 23.245

7.87
25,53

4.33 -
11.40 -
262.80 - 581.27

No. of secondary branches/plant

No. of siliquae/plant
No. of seeds/siliqua
Length of siliqua (cm)
1000 seed weight (g)
Biological yield/plant
Harvest index (%)

No. of primary branches/plant
Qil content (%)

25.53
13.45

1.78
0.52
0.95
7.50

69.7
66.5

8.00
6.04
12.80
10.18
10.68
5.10

17.79
9.81
7.33

14.74

19.46

17.25
8.22

+ 0.433

5.07 = 0.122
415 %= 0.175
68.32 + 6.541
30.55 = 2.391

13.21

21.36
14.56

37.73
26.02

10.80 -

10.26
22.91

68.0
75.5

5.90
5.32

16.67
97.79

3.13 -

4.40 -
48.30 -
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10.97
13.62
6.52

4.16
2.41

27.4
38.3
38.5

36.92 = 1.374

33.88
28.04
16.03

37.62

29.88 - 41.30

21.15 -
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per plant, harvestindex, 1000-Seed weighy g pri
branches per plant indicated the presencq Of wi
variation for these traits to allow selection, for indiyi
traits.Similar findings pertaining to presgnce o hyal
genetic variability were reported by Kumar ¢ ' ,h
(2000) and Choudhary e al. (2003), o, 2~
estimates of GCV and PCV were observeq for numet; ;
of seeds per siliqua, oil cont_enl, days to 509, ﬂoweﬂ-,.(,a 4
and length of siliquae, while low estimates of GCV
and PCV were observed for days to maturity ang lant
height indicated narrow genetic variability for both
characters.

The efficacy of selection not only depends on
magnitude of variability present in a trait, put also on
the extent of heritability of desirable character. To
obtain heritable portion of variability, it was essential
to know the heritability estimates for different trajts
(Burton, 1952). Johnson et al., (1955) suggested that
the heritability estimate alongwith genetic advance is
more useful than the heritability alone in predicting
the resultant effect of selection. In the present study,
estimates of high heritability coupled with high genetic
advance as per cent of mean was observed for days
to 50% flowering, number of primary branches per
plant, number of secondary branches per plant,
number of siliquae per plant, 1000-seed weight and
seed yield per plant indicated preponderance of
additive gene action and selection pressure could
profitably be applied on these characters forimproving
the seed yield (Panse, 1957). On the other hand,
moderate to high heritability along with low GCV and
low genetic gain were observed for days to maturity,
plant height and length of siliqua could be due to
preponderance of non-additive (dominant and epistatic)
gene actions and/or less genetic variability for these
three traits in the materials. For the remaining trajts
viz., number of seeds per siliquae, biological yield
per plant, harvest index and oil content, major variation
was environmental, leading to low heritability and jow
expected genetic advance. Hence, little gain is
expected through straight selection.

Muiltivariate Analysis

Multivariate analysis using Wilk's ‘A’ criterion was
carried out to test the differences among 50 genotypes
for aggregate of 13 characters. The value of V-statistic
(3796.890) which follows x2 distribution for 637 degrees
of freedom showed highly significant differences
among the genotypes for aggregate of 13 characters.
Thus, one can proceed for further diversity analysis.
The D?values computed for 1125 pairs ranged from
4.89 (between GDM 4 and PAB 9337) to 309.94
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Table3 Groups of 50 genotypes of mustard in various clusters on the basis of D? statistic

Cluster  No. of Name of genotypes Place of origin
genotypes —

| 33 GDM-4, 614-4-4, SKM-9825, GM-3, SKM-9824, SDAU, Sardarkrushinagar
SKM-9813, RSK-86, AA-66, 508-4, 5422-2, GM-2, (Gujarat)
Bharkawada-2
PSR-48, BIO-902, PBN-9501, DIR-437, PusaJaganath, - IARI (New Delhi)
BIO-341-92, PAB-9337, NM-919
UP-11-90, NRCM-8-1, NRCM-421, NRCM-141, NRCRM (Rajasthan)
JMG-416
RK.-9501, PRKS-28 CSAUA&T (UP)
HUM-9901, HUJM-9720 JINKVV (MP)
™1 BARC (Maharashtra)
DHR-9405 HAU (Haryana)
B-1328 PORS (West Bengal)
SAL-6 CSSRI (Haryana)

[ 6 B-351, RW-B-94 PORS (West Bengal)
C-111, SAL-3 CSSRI (Haryana)
NUDH-YJ-1 Dhara Vegetable Oil and Foods

Co. Ltd. (Gujarat)

PCR-7 NRCRM (Rajasthan)

I 3 DLM-52 PAU (Punjab)
Aravali (RN 893) RAU (Rajasthan)
Ranasan-2 SDAU (Gujarat)

\Y 3 NPJ-91, NPJ-95 IARI (New Delhi)
SKM-9916 SDAU (Gujarat)

v 1 SKM-0287 SDAU (Gujarat)

Vi 1 PYM-7 GBPUA & T (Uttarakhand)

Vil 1 SKM-9142 SDAU (Gujarat)

Vil 1 SKM-0110 SDAU (Guijarat)

IX 1 IC-355327 NBPGR (New Delhi)




J/b?) values in mustard

Table 4 Average inter and intra-cluster distance (D

Characters

Vil

Vil

9.57

1.7

911
11.74

8.56
1092
11.40

9.42

33.15

9.22
12,53

10.9
12.74

15.35

9.72
11.66

7.18

8.99

8.58

727

9.98
1264

995
1325

10.10
13.70

9.86

12.35

n

7.52

v

949
1227

6.1
10.94

8.96

9.03

0.00

9.64
0.00

0.00

9.08

8.31

9.97

0.00

Vil

Vill
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d Ranasan 2) indj

etween NPJ 91 and : —
::bresence of high genetic diversity among gel_"ott:lyn .
LN

for all the traits.

Allf enotypes were grouped into nine ciy ——
the ‘tlt'gc?‘ler's method, in such away that genotype vl:?t;] .
the cluster had smaller D values among themse. ;2

than those belonging toldrlfera 03)
| was the largest having 33 genotypes from d?':?&

raphical regions comprising 12 ge
g%cfu.%ardarkrushinagar (Gujarat); 8 from |AR, (:'om
Delhi); 5 from NRCRM, Sewar, Bharatpur (Rajasth a*:v
2 from CSAUA&T, Kanpur (Uttar Pradesh); » by );
JNKVV (Madhya Pradesh) and one each from g Ar:?g
Trombay (Maharashtra); CSSRI, Karnal (|r-|é.,.yana '
PORS, Behrampore (West Bengal) and HAy, Hissg'
(Haryana). Likewise, clusterll sompﬁsed of 6 gen r
from different locations of India. While cluster ||| apq VI
both possessed three genotypes each. The C'USters
from V to IX had only single genotype in each clygt,
The clustering pattern of genotypes showed that geneiic
origin was totally independent of their geographica| origin,
Murty and Arunachalam (1966) also stated that genetjc
drift and selection in varied environments could be causeq
for greater diversity than geographic distance. Further
free exchange of seed materials among the differep
regions consequently causes characters constellationg
because of the human interference and material may
lose its individuality. Singh et al. (2007), Singh et a
(2009) and Sutariya et al., (2011) also reported that there
was no parallelism between geographic distribution and
genetic diversity in mustard.

In general, intra- cluster distances were lower than
the inter cluster distances (Table 4). Thus, the
genotypes included within a cluster tended to
diverse less from one another.Intra cluster distance
(D) ranged from 7.18 in cluster Il to 8.58 in cluster
I1.The analysis of data revealed that the maximum
inter cluster distance (D=33.15) was observed
between clusters Il and VI followed by that between
cluster 1l and IV (D=15.35) and minimum inter
cluster distance (D=6.11) was observed between
cluster V and VIIl. The genotypes belonging to the
clusters separated by high statistical distance qould
be used in hybridization programme for obtainingd
wide spectrum of variation among the segregates.
In this context, genotypes from cluster Il (B 354"
NUDH-YJ 1, C 111, SAL 3, PCR 7, RW-B 92’-
cluster Il (DLM 52, Aravali (RN 893), Ranasan 2)
cluster IV (NPJ 91, NPJ 95, SKM 9
VI (PYM 7) could be selected as pa
hybridization programme.

rents in

916) and clustef
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Table 5 Cluster means for different characters in mustard

Qil

index content

1000 Biological Harvest
yield/

Length
of seed

No. of
seeds/
siliqgua

No. of

No. of
primary secondary siliquae/

branches branches/

No. of

Plant
height
(cm)

to

Days
flowering maturity

Seed Daysto
50%

yield/

Clusters

(%) (%)

plant

siliqua weight

plant

plant
@

19.71

(cm)
5.09
4.76
5.58
5.05
4.94
4.40

plant

/plant

36.69

29.65

67.02

77.70

428
3.63
3.70
4.44
4.44
3.13
4.00
4.89
3.68
4.15
0.175

12.97
12.61
13.62
13.96
14.00
15.07
16.67
13.20
14.87

13.21

400.46

17.07

20.11

5.85
6.33
6.58
5.18
5.20
5.53

168.07

101.01

48.40
2434 4844
18.43

19.52
24.32

VARIABILITY STUDIES AND MULTIVARIATE ANALYSIS

39.42

35.39

3254 35.77
35.56

38.86

38.05
3765
3055 36.92
1.374

37.45

3753 35.02

31.84
33.80

27.70
43.63
2.391

24.98

66.43
60.26
65.88
59.80
60.23
97.79
7472
68.32
6.541

517
5.20
5.86
5.07

0.433 0.122

493.02
466.60
353.04
364.47
398.93
419.80
388.27
343.67
410.94
23.245

13.36
13.87
13.33
16.53
13.33
18.73
12.27
16.80

1.243

6.07 .
7.07
5.53
5.98
0.293

172.03
179.40
149.78
152.93
163.27
157.00
158.07
167.53
167.30

3.447

99.33

108.00

96.44
107.67
99.67
106.00
101.67
101.22
0.777

103.33

53.33
38.22
50.33
53.33
45.33
49.67
48.23
0.912

14.58
2217
32.41
32.35 50.33
20.73
1.838

i

v

\'

Vi

Vil

Vil

IX
Mean
S.Em+

Per cent Contribution towards total genetic divergence

0.08 5.88

32.73 2.69 2.94 4.98 6.69 7.59 718 10.29 0.16

12.16

6.61

The clustering pattern could be utilized in selection
of parents for crossing and deciding the best cross
combinations, which may generate the highest
possible variability for various traits. In the present
study, the cluster VIl differed from other clusters (Table
5) in respect of seed yield per plant, number of primary
branches per plant, 1000-seed weight and biological
yield per plant, while, cluster Il was the best for number
of secondary branches per plant, number of siliquae
per plant and oil content. The cluster IV had desirable
rating for days to 50% flowering, days to maturity and
plant height. The clusters VII, VI and IX were the best
for number of seeds per siliquae, length of siliquae
and harvest index, respectively.

Contribution of different characters towards total
genetic divergence (Table 5) revealed the highest
contribution of days to maturity (32.73 %). Three traits
contributed more than 55 % of diversity viz.days to
maturity (32.73 %), days to 50% flowering (12.16 %)
and 1000-seed weight (10.29 %).Hence, selection of
divergent parents based on these 3 traits would be
useful for hybridization programme followed by
isolation of desirable transgressive segregants in
mustard. Similar findings were also reported by Arha
et al. (2006) and Budhanwar et al. (2010).

Overall, it can be concluded that high heritability
along with high GCV and high genetic gain were
observed for seed yield per plant, days to 50%
flowering, number of primary branches per plant,
number of secondary branches per plant, number of
siliquae per plant and 1000-seed weight which might
be attributed to additive gene action in their
inheritance and phenotypic selection could be
effective. Maximum contribution of days to maturity,
followed by days to 50% flowering and 1000-seed
weight were observed on total genetic divergence.
Hence due consideration should be given to these
traits, while imposing selection for amenability in
seed yield per plant in mustard.
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ABSTRACT

The present investigation was undertaken to study the combining
crossed in half diallel fashion in okra [Abelmoschus esculentus (L)
important traits. Combining ability analysis showed that general and s
variances were highly significant for all the characters for the expression 0

ability analysis using eight genotypes
Moench] for fruit yield and other
pecific combining ability
f fruit yield (g) and its

component traits. The parent JOL-09-7 and Arka Anamika were good general combiners for fruit
yield and it's components traits. Out of 28 hybrids, 14 showed significant positive sca effects for
fruit yield and it's components traits. The crosses GO-2 x GJO-5, GJO-3 X GJO-5 and GO-2 x
HRB-108-2 were identified as promising hybrids for their exploitation in breeding programme.

Key words : General combining ability, specific combining ability, okra

Okra [Abelmoschus esculentus (L.) Moench], also
called as “Lady’s finger” is one of the important
vegetable crops grown extensively for its green
tender fruits in tropical and sub-tropical regions. An
improvement in yield of vegetable crops like okra is
effected mainly through selection of genotypes with
desirable characters from the variation through
recombination followed by selection. Heterosis in
F, generation is of great importance in vegetable
crop. Important steps for exploitation of heterosis
in any crop are to study the general combining
ability of the parents and specific combining ability
of hybrids. Combining ability analysis helps to
choose suitable parents for hybridization and
provides valuable information regarding F, crosses
to be exploited commercially. Information on the
combining abilities of the genotypes will be helpful
in the analysis and interpretation of the genetic
basis of important traits. Although, some
information on gene effects associated with fruit yield
and its attributing traits in okra is available but that

' P.G. Student, ? Research Scientist (Garlic-Onion), Vegetable
Research Station, *Assistant Professor, * Associate Research
Scientist, Vegetable Research Station.

is scanty. Therefore. the present investigation was
carried out to obtain information regarding general
and specific combining ability effects for fruit yield
and yield attributing traits in okra following a half
diallel mating design.

MATERIALS AND METHODS

A set of 28 hybrids were developed using 8
parents (GO-2, GJO-3, GJO-5, Arka Anamika,
VRO-6, JOL-09-7, JOL-04-08 and HRB-108-2) of okra
through diallel mating design (excluding reciprocals)
during Kharif-2011. The trial consisting of 28 hybrids
and their 8 parents were raised in randomized block
design with three replications at Instructional Farm,
Junagadh Agricultural University, Junagadh during
summer-2012. Each entry was sown in 3.0 m long
single row plot at 60 x 30 cm spacing. Observations
on five randomly selected plants were recorded for
days to 50% flowering, days to first picking, plant
height, number of branches per plant, number of
nodes per plant, internodal length, number of fruits
per plant, fruit length, fruit girth, 10-fruit weight and
fruit yield per plant. The data generated were utilized
to estimate the combining ability by the method II
under model | as suggested by Griffing (1956).
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RESULTS AND DISCUSSION

The analysis of variance for combining ability (Table
1) revealed that general combining ability variances
were highly significant for all the characters
indicating the involvement of additive type of gene
action in the inheritance of all the traits under study.
Specific combining ability variances were
significant for all the characters indicating the
involvement of non-additive gene action in the
inheritance of these characters. The significance
of variance due to gca and sca fof all the characters
studied indicated the role of both additive and
non-additive gene action. These reflect much
scope of improvement in yield through heterosis
breeding and recurrent selection.

Consequently it is suggested that these traits could
be improved through heterosis breeding rather than
selection. Similar results of importance of both
additive and non-additive genetic component in the
inheritance of various traits were reported by Pal
and Sabesan (2009) and Kachhadia et al., (2011)
in okra.

The o?gca/c?sca variance ratio being less than unity
(1.0) for all the traits which suggested non additive
type of gene action was predominantly involved in
the expression of all traits. Thus, it the use of
heterosis breeding approach will be fruitful for rapid
improvement in the fruit yield governed by
non-additive gene action. Role of non additive gene
effects was also reported by Bhalekar et al., (2004)
and Kumar et al., (2005).

The perusal of data on general combining ability
effects of parents (Table 2) revealed that the parents
JOL-09-7 and Arka Anamika were the good general
combiner for fruit yield, days to 50 % flowering, days
to first picking, fruit girth and 10-fruit weight where
as, The parent GO-2 was good general combiners
for earliness (days to 50 % flowering and days to
first picking), number of branches per plant,
internodal length and fruit length.For plant height
and number of fruits per plant, HR8-108-2 was good
general combiner for plant height whereas, GJO-3
was the good general combiner fo fruit girth. On
the basis of fruit yield and yield attributing trait
JOL-09-7, Arka Anamika, GO-2 and JOL-04-8
appeared desirable parents which could be used in
hybridization programme.

Table 1 Analysis of variance for combining ability for various characters in okra

Fruit
length

10-fruit  Fruit yield

weight

“Fruit

No. of

Intemodal

No. of

No.of

Plant
height
(cm)

df. Daysto Daysto

Source

girth

(cm)

fruits

length

nodes

first

flowering picking

50 %

per plant

@

@

per (cm) per (cm)
plant

plant

per

variation

plant
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795.02*

1994.63*

162.77™

0.39™

0.37*

3.30**

3.77

0.70
0.26
3.07

0.23**

3.65*

0.31*

119.28*"

28.22** 27.94"
235.56™"

F

GCA
SCA

318.27*
25.68

13.71

292.58

017"
0.03
0.04

0.14

0.91*
0.14

0.37"
0.03
0.02

0.34

5.38*"
0.78
0.29
4.60

0'331*
0.063

0.025

8.69"
2.40
255
6.28

7.87™
0.88
2.73
6.99

28

175.64

9.90
10.94

225.66

Error

61.94
1818.99

0.02
0.76

c*GCA

0.27

0®SCA

GPR.=

3

0.05

0.26

0.08 0.03

0.06

0.06

0.05 0.09

0.40

0.39

o? GCA/ 6°SCA

significant at 5% and 1% levels, respectively.
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Fruit
yield per

10-fruit

weight

Fruit
girth
(cm)

Fruit
length
(cm)

No.of

No. of Intermodal

No.of
branches

Plant

height

Days to

Days to

Table 2 Estimates of general combining ability effects of parents for different characters in okra

Parents

fruits

length
(cm)

nodes
per plant

first

picking

50 %

flowering

plant

{(s)]

per
plant

per plant

(cm)

(9)
-7.65
-3.28

-10.69**

2.46
-2.36

-0.91

o11*
0.02

-0.28**

0.31™

0.20
-0.16
-0.16

-0.13

-0.60*
-0.54*

-0.58*

-0.11*
-0.19*
-0.08
-0.02
-0.05
0.01

_0.?711
-0.35
-0.06

-0.48
-0.10

0.25**

0.004

_3.66*ﬁ
-2.34*
-0.11

-1.74

-1.20*
0.20
0.13

-2.50*"

_1 lmit
0.37
-0.20

GJO-3
GJO-5

GO-2

12.15*

5.68™
-2.48

022

0‘30-w

-0.07

0.34
-0.11

0.32

-0.14
-0.01

-2.47*

Arka Anamika

VRO-6
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4.86
-5.69
392
5.93

1277

487
-4.49*
-5.03"

1.49
2.27

0.20**
-0.19*
-0.09

0.07

0.04

-0.05
-017
0.16
0.1
0.17

1.03**
0.14
0.25
0.37

0-1 9**
0.26**
0.05
0.08

0.07
0.60*
1.1
0.26
0.39

017*
-0.07
-0.31*

0.07

0.11

0.11

-2.14*

-0.15
3.39*
6.74*
0.93
1.41

2.67*
-1.47*
0.77

1.40
0.46

0.70

2.64**
-1.60"*
0.67*
1.60**

0.28
0.33

JOL-09-7
JOL-04-8
HRB-108-2

SE(gi)
SE(gi-gj)

significant at 5% and 1% levels, respectively.

* ww

H
e

In the present study, the parents exhibiting high mean,
performance also had high general combining ability
offects. A close relationship between the mean
performance and general combining ability effects was
noted by Kumar et al., (2005). Such parallel behavior
indicated that selection for good combiners for different
characters could also be made on the basis of mean

performance.

The estimates of sca effects revealed that 14 out of
36 hybrids showed significant positive sca effects
for fruit yield per plant. Ten best specific combiners
with mean performance, gca status and their
significant response of sca effects to other traits
are presented in Table 3. Eight crosses showed
significant positive response to ten fruits weight,
four crosses for fruit girth and fruit length indicating
its direct effect for increasing fruit yield. However,
five crosses showed significant response to plant
height and number of nodes per plant, six crosses
for number of branches per plant and three crosses
for internodal length. This may be because of very
complex nature of fruit yield and its dependence
on its components. Out of ten crosses showing
high mean and significant positive sca effects for
fruit yield, three crosses (GO-2 x GJO-5, GJO-3
x JOL-04-8 and GJO-3 x GJO-5) involved average
x poor gca parents, two crosses (GO-2 x
HRB-108-2 and GO-2 x JOL-09-7) with average x
good, two crosses (JOL-04-8 x HRB-108-2 and
GJO-5 x HRB-108-2 ) with poor x good, one cross
(JOL-09-7 x JOL-04-8) with good x poor, one cross
(Arka Anamika x JOL-09-7) with good x good, one
cross (Arka Anamika x VRO-6) good x average
gca parents. Better performance of hybrids
involving poor x poor or average x poor general
combiners indicated dominance x dominance
(epitasis) type of gene action (Jinks, 1955). The
crosses showing high sca effects involving one
good general combiner indicated additive x
dominance type of gene interaction which could
produce desirable transgressive segregants in
subsequent generations. In a situation where
predominance of additive and non-additive gene
effect has been observed for most of the traits, it
is better to advocate the biparental mating and
diallel selective mating to exploit both additive
and non-additive type of gene effects.
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Ten best specific combiners for fruit yield/plant

and their performance for other traits in okra I
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Table 3 .
— — ean  GCA  Signiicant response in other traits i
,S,f; ki ;:tjgf fruit yleld/ ~ status effects forSCA |
plant(g) plant (@) '
1 GO-2xGJO-5 6201 2427 (AxP)  DF.NBPNFPFL TFW
2 GJO-3xGJO-5 61.42 23806 (AxP) PH, NBP, NNP, NFP, FLFG, TFW
3 GO-2xHRB-108-2 5152 22877 (AxG) PH, NNPNFPFL, FG, TFW
4 JOLO48XHRB-108:2 5061  240.38 (PxG)  DF, NFP, TFW
5 GO-2xJOL-09-7 1062 24534 (AxG) PHNNPIL, TFW
6 JOL09-7xJOL-048 4321 251 44 (GxP) NFP FG TFW,DF, DFP, PH, NNP, |
7 ArkaAnamikaxJOL-09-7 3867 25419 (GxG)  NFPNBP
g ArkaAnamikax VRO-6  37.34 23762 (GxA)  NBPNFP
9 GJO-5xHRB-108-2 %78 21100 (PxG) TFWFGNNRNFRIL, PH, NBP
10 GJO-3xJOL-04-8 33.19 22537 (AxP) TFW, FL, NBP
"G = Good; A = Average; P = Poor general combining ability, respectively.
Figure in the parenthesis indicates per se performance for fruit yield per plant
+ * Significant at 5 % and 1 % levels, respectively
DF = Days to50 % flowering NNP = Number of nodes per plant
PH = Plantheight L = Internodllength
TFW = Ten fruit weight NFP = Number of fruits per plant
NBP = Number of branches per plant DFP = Days to first picking
FL = fruitlength FG = fruitgirth
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ABSTRACT

G X E interaction and stability analysis was carriedout in four envi_ronmems comprised of two
different dates of sowing with two different locations for 24 diverse lines of carrot obtained from
different sources. The analysis of variance for stability analysis revealed that variance for genotype

x environment interactions was significant for weight of root per

plant, length of root, plant top

height, root laterals and total soluble sugar. The genotypes JDNCT-8, JDNCT-18, JDNCT-36,
JDNCT-39, JDNCT-40 and Mehsana local-3 were identified as stable for weight of root per plant. The
genotypes JDNCT-24, JDNCT-34 and JDNCT-35 were found better for favorable environments, among
these three genotypes JDNCT-34 have the highest average weight of root.

Key words : Carrot, G x E interaction and stability.

Carrot (Daucus carota L.), is an important root
vegetable root crop worldwide, both economically
and as a source of provitamine ‘A’ carotenes. Carrot
is cultivated in India, China, Malaysia, Indonesia,
Philippines, European countries, West Africa and
north-south America. In India the major carrot
growing states are Uttar Pradesh, Assam,
Kamataka, Andhra Pradesh, Punjab and Haryana.
This plant species originated in Afghanistan
(Matskevitzh, 1929) and spread to the Mediterranean
region by the tenth to twelfth century and to Europe
and China in the fourteenth century. Orange carrots
were first known in the seventeenth century in
northern Europe. Before that only yellow and purple
root carrot types were cultivated. The cultivated
types of this species can be readily crossed with
wild Daucus carota L., which is distributed
worldwide. Approximately 80 Daucus species have
been identified. Almost all species, including carrot,
are diploid, where n = 7 to 11. The only reported
interspecific cross with carrot is with Daucus

! Ex. Junior Research Fellow, Main Potato Researh Station,
2Associate professor, *Assistant Professor, ¢ Research Scientist,
Center of Excellence for Research on Pulses, *Associate
professor (Biochemistry), Aspee College of Home Science &
Nutrition.

capillifolius, where n = 9 for both species (Simon,
1993).

As environment is not static, each organism
attempts to cope-up with environmental fluctuations
through individual and population buffering (Cook
and Johnson, 1968). The stability in productivity
of a root crop like carrot over the years and
locations is necessary as it is highly sensitive to
adaphic factors and environmental fluctuations.
Therefore, it is important to isolate genotypes
manifesting low genotype x environment interaction
in respect to carrot root yield and other important
characters.

MATERIALS AND METHODS

The present research was conducted in four
environments comprised two different dates of
sowing with two different locations viz., at Botanical
Garden, Department of Genetics and Plant Breeding,
C.P.College of Agriculture, S.D.Agricultural
University, Sardarkrushinagar and Main Potato
Research Station, S.D.Agricultural University,
Sardarkrushinagar Deesa,. during rabi.2011-2012.
Diverse 24 genotypes were selected from different
sources for exprementation. Each genotype was
planted with a spacing of 30 cm between rows and
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10 cm within row. The experiment was Ialq ou? ina
Randomized Block Design with three rephf:atror"ns.
Observations were recorded for the traits Viz.,
number of leaves per plant, petiole length (cm), length
of root (cm), root diameter (cm), weight of root _(g.-*
plant), plant top height (cm), root laterals, core size
(mm), harvest index (%), root index, total biomass,
a-carotene contents (ug/g) and total soluble sugar.
Analysis of variance was performed as per method
suggested by Snedecor and Cocharan (1937) and
review by Panse and Sukhatme, (1 978). The
statistical analysis for G x E interaction and stability
parameters were carried out according to the
Eberhart and Russell (1966).

RESULTS AND DISCUSSION:

The pooled analysis over environments revealed
the variance due to was significant for nine
characters out of 13 studied., which include number
of leaves per plant, petiole length, length of root,
weight of root, plant top height, core size, harvest
index, B-carotene and total soluble sugar (Table 1.)
The value of environmental variance were significant
for 11 characters. The value of variance due to
G x E interaction was also significant for seven
characters (Table 2). These indicated that studied
genotypes responded differently to array of
environments and environments also showed
variation. The mean squares due to G x E
interactions were significant for length of root, weight
of root, plant top height, root laterals and total
soluble sugar while the interactions were
non-significant for rest of the traits viz., number of
leaves per plant, petiole length, root diameter,
core size, harvest index, root index, total biomass
and B-carotene. Therefore, stability parameters
were estimated for the characters which
had significant estimates of G x E interaction.

On the basis of which stability parameters
estimates those two genotypes viz., JONCT-8 and
JDNCT-35 registered higher mean length of root,
non-significant value of S%d and value of
regression coefficient was less than one, there
by both were found better for poor environment.
One genotype (Pusa Ashita) registered higher
length of root, non significant deviation from
regression and b>1. Thus.it could be the most
adapted for favorable environments only.

The pemsél of stability parameters for weight of
root per plant revealed that six genotypes

Table 1 Pooled analysis of variance (mean square) over environment for different characters in carrot

B- Total
Biomass Carotene Soluble

Total

Root
index

Harvest

Root Core
laterals

Plant
top
height

Weight

df Number Petiole Length Root

Sources

index

size

(mm)

of root
(g/plant)

of root diameter

length

of
leaves
per plant

of

variation

contents sugar

(%)

(cm) (cm)

(cm)

(cm)

(ug/g)

[GAU Research Journa 49 (

284133 160.0* 7.64*

0‘64I'

0.63" 1897  186.48*

141.96**

292 5269™ 741" 023" 912.51*

4]

Gen'otype
Environment

272"

259"

520982.3*

122517  37.69*

651.75**

14.65"

49.66* 140744.25** 10998.4™

67.22*

6.39" 200.84*

3

0.84“

242435 327

0.49**

143.44"

2221

0.75*

60.78™*

13.00" 550 028" 866.50*"

187

GxE

6.64™ 2.34* 80.56™ 0.53" 644.11™ 0.16" 0.02*

30.09*

0.24" 162.05**

3.85

10.93"

1.63*

184

Pooled error

Significant at 5 and 1 per cent levels, respectively.

Al
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were stable over range of environments. These
genotypes registered higher mean weight of
root, regression coefficient approaching unity and
non-significant deviation from regression
(Table 3) and the genotypes were JDNCT-8,
JDNCT-18, JDNCT-36, JONCT-38, JDNCT-.do
and Mehsana local-3. Based on unit regression
coefficient and least deviation from regression,
twelve genotypes viz., JONCT-11, JDNCT-13,
JDNCT-18, JDNCT-27, JDNCT-34, JDNCT-38,
JDNCT-39, JDNCT-41, JDNCT-42, Mehsana
local-1, Mehsana local-2 and Mehsana local-3 were
found stable over wide range of environments for
plant top height (Table 3) and also registered higher
mean, regression coefficient close to unity and
non- significant deviation from regression. The
stability parameters showed be marked out for the
characters, which had significant value of only G
x E (L), otherwise, when both Gx E (L) and G X E
(NL) are significant. These magnitude should be
considered GxE (L) > G x E (NL). In this regards
stability parameters should be estimated for the
characters length for roots, weight of root, plant
top height and total soluble sugars.There is no
stand for linear and non linear components of G x
E interaction.

For total soluble sugar based on unit regression
and least deviation from regression coefficient,
three genotypes JDNCT-22, JDNCT-32 and
JDNCT-34 were found to be ideally stable over
large spectrum of environment for total soluble
sugar. Genotypes viz., JONCT-11, JDNCT-13,
JDNCT-14 and JDNCT-18 registered higher mean
of total soluble sugar, non-significant S?d,and b,
> 1 (Table 3), Therefore, these genotypes could
be considered as well adopted to favorable
environments. The genotype Mehsana local-1 had
higher mean, non-significant S?d, and regression
coefficient less than one, which revealed that the
said genotype would be well adapted to poor
environments.

An overall basis of stability parameters
(Table 4) revealed that none of the genotypes
was stable for all the characters. For weight of
root and other component characters, the
genotypes JDNCT-8, JDNCT-18, JDNCT-36,
JDNCT-39, JDNCT-40 and Mehsana local-3 were
stable across environments. The genotypes
JDNCT-24, JDNCT-34 and JDNCT-35 were found
better for favorable environments. -

Table 2 Analysis of Variance (mean squares) for stability for various traits in carrot

(o8]
wn

Total
Soluble

13-
Carotene

Harvest Root Total
index Biomass

index

size

(mm)

Core
laterals

height

Plant top  Root
(cm)

Weight
of root

(g/plant)

Root

of root diameter

length

of
leaves

Number Petiole Length
per plant

df

Sources

sugar

contents

(%)

(cm)  (cm)

(cm)

variation

(Mg/g)

938818.87™
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2.56"
0.91
0.28"
0.31**
2.72

907562.85*"
10597.57
10534.15

27226.942

947.12
808.13
8010.32**
520982.53"

173660.80*"

0.21
12.56™

0.16

0.68**
37.69"

47.82
62.84
1225.18

62.16
408.34

6.32
16.15**
651.75

217.25*
7.402

1.7

2.35*

2.53
19.97

6.66

499.17*

5900.79*
498.73™
723.82*
17702.95**

304.158"*
46914.67"
288.84"
2231.58""
140744.37*

0.079
16.56**
0.92
0.78**

49.67 *

2.6"
2517
1.74%
2.71*
75.52

17.56**
669.47**
4.34

32.05*

2008.47"

0.97
213
0.62
0.69
6.40

23
3
69
72
1

Genotype
Environment
GxE
E+(GxE)
Environment
(Linear)

0.56**

31325.927

0.20 563.12

254 2.67" 0.07 418.85" 948.94** 1.84 5.42 39.39

0.72

23

Genotype x

Environment
(Linear)

Pooled

deviation

891.85 22366.11 0.13

055 502 122 0.09 11450 26222 249 8.04** 4986  0.14

48

0.02

31252.774

2006.13

0.53

80.56

6.64 2.34

34.95

10.9 3.85 0.24 162.05

1.63

84

1

*, ™ Significant against pooled deviation mean square at 5 and 1 per cent level of significance, respectively.

Pooled error
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Table4 Stable genotypes identified on the basis of
high mean for weight of root per plant and
stability parameters

Genotypes Weight of Stable for
root per other
plant traits

JDNCT-8 94.35 E

JDNCT-18 99.55 3, 4+

JDNCT-24+ 99.25 s

JDNCT-34+ 125.92 3+

JDNCT-35+ 98.03 -

JDNCT-36 94.50 3

JDNCt-39 101.83 1,2, 3+

JDNCT-0 99.77 1, 3+

Mehsana local-3 98.52 3

Where,

+ = Betterfor favorable environments

1 = Length of root

2 = Plant top height

3 = Root laterals

4 = Total soluble sugar

G X E INTERACTION AND STABILITY ANALYSIS IN CARROT
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ABSTRACT

In bread wheat ten genotypes were crossedinh
the inheritance ofgrain yield and its component
that additive-dominance model was adequate
effective tillers per plant, number of spike
main spike, grain weight per main spike,
plant, harvest index and protein con
were significant for all for all the abovi
of effective tillers per plant, lengt
plant, harvest index, total soluble sugarand ch
(H,/D)'? was greater than unity for all the trai

alleles. Asymmetrical distribution of positive and negati

from the estimate, H,/4H, for all the characters except
on was evidenced. N ) Noreab ity :
(except grain weight per main spike) indicating major role of

spike for which symmetrical distributi
less than 50 per cent for all the traits

dominance gene effect in the expression of grain yie

Key words : Wheat, gene action, genetic parameters, heritability,

Wheat ( Triticun spp.) is the second most important
staple food crop next to rice, consumed by nearly
35% of the world population and providing 20% of the
total food calories. Wheat breeding, in its fundamental
form had many priorities, of which grain yield potential
gain has been given a lot of attention. Progress in
this endeavour is dependent on the understanding of
the structure of genetic components in the wheat gene
pool, and the understanding of the relationship
between genotypic and phenotypic variation. Alarge
number of new genetic combinations are, therefore,
essential for the construction of high-resolution genetic
maps, for implementation of efficient breeding
methods and rapid development of superior varieties.
The diallel analysis advocated by Hayman (1954)
provides reliable method particularly in autogamous
crops like wheat to work out the genetic system and
gene action involved in the expression of matricate
attributes. To understand the mode of expression of
genes those are presentin the experimental material,
geneaction studies is helpful as it aids in selection of

'ASSiSlant Prorcssor. K.K. Wagh College of Agriculture,
Panchvati, Nasik (Maharashtra), 2Associate Professor.

lets per mal
100 grain weig
tent. Additive (D) an
e said characters exc
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lorophyll con
ts indicating ove

on to estimate gene action involved jn
traits The non-significance of ' va!ues suggested
for days 10 50% flowering, lplant height, number of

in spike, days 10 maturity, nurpber _of grains per
ht, grain yield per plant, biological yield per
d both the dominance components (H,, Hz)
ept ‘D’ for days to 50% flowering, number
le length of main spike, grain yield per
tent. The average degree of dominance
r dominance behavior of interacting
ve genes in the parental lines was revealed
days to maturity and grain weight per main
arrow sense heritability estimates were

alf dialle! fashi

dunc

Id and its component characters.
grain yield.

parents to be used in hybridization as well as
appropriatebreeding procedures for genetic
improvement of various polygenic characters.
Therefore, this study was undertaken to generate
information about nature and magnitude of gene action
involved in various characters. Information derived may
be effectively exploited in developing and formulatjng
an efficient breeding program for the evaluation of

better quality and high yielding varieties.
MATERIALS AND METHODS

The_ experimental material consisted of ten genotypes/
varieties of bread wheat viz., GW-496, GW-322,
LOK-1, GW-173, KYZ-300, RAJ-4136, HW-5018,
K-604, UAS-281, HI-1544 and GW-366; these
genotypes were crossed in all possible combinations
using diallel mating design excluding reciprocal during
Ra!?r 2010-11 at Wheat Research Station, Junagadh
Agricultural University, Junagadh, Gujarat. A set of
56 entries, including 10 parents, their 45 crosses and
one standard check (GW-366) were sown in
randomized block design with three replications during |
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Rabi 2011-12. Each entry was sown in a single
row plot of 2.5 m length keeping row-to-row and
plant-to-plant distance of 22.5 cm and 10 cm,
respectively. Five competitive plants of each parents
and hybrids were selected randomly for recording
observations for sixteen characters viz., days to 50%
flowering, plant height, number of effective tillers per
plant, length of main spike, number of spikelets per
main spike, peduncle length of main spike, days to
maturity, number of grains per main spike, grain weight
per main spike, 100-grain weight, grain yield per plant,
biological yield per plant, harvest index, total soluble
sugar, protein content and chlorophyll content. The
genetic components and related parameters were
computed according to Hayman (1954). Heritability
in narrow sense was worked out following Mather and
Jinks (1982).

RESULTS AND DISCUSSION

Knowledge about the magnitude and nature of genetic
variation in a specific population is of prime importance
for the prediction of the most effective breeding
programme (Debnath, 1988). The t? test (Hayman,
1954) was employed to test the assumptions of diallel
analysis for all the 16 characters. The non-significance
of ‘t?values suggested the fulfillment of basic
assumptions underlying diallel analysis for all
the characters except length of main spike, peduncle
length of main spike, total soluble sugar and
chlorophyll content which revealed that
additive-dominance model was adequate and thereby
components analysis was performed for all the
characters except stated above.

Both additive (D) and dominance (H,, H,) components
were significant for all for all the characters except
additive gene effect for days to 50% flowering, number
of effective tillers per plant, length of main spike,
peduncle length of main spike, grain yield per plant,
harvest index, total soluble sugar and chlorophyll
content (Table 1), for these characters only dominance
gene effect was importance, while for the rest of the
characters, both additive and dominance components
were important in the inheritance of grain yield and
its components traits. However, additive component
was lower in magnitude than that of dominance
components for all the characters which revealed over
dominance effect in the expression of all the traits.
Similar findings were also reported by Alam et al.,
(1990), Kathiria and Sharma (1996b) and Khan et al.
(2010).

GENETIC ANALYSIS IN WHEAT

The estimates of average degree of dominance
(H,/D)"” were greater than unity for all the traits (Table
1) indicating over dominance behavior of interacting
alleles which suggested that heterosis breeding might
be advantageous to get higher gain in bread wheat,
however, the flower morphology of the crop and lack
of working male sterility would not permit heterosis
breeding, therefore segregating generations need to
be followed for dilution of dominance and then
selection may be applied for development of high
yielding varieties. Similar finding was also reported
by Sami et al., (2010). The non-significant estimate
of ‘E'for all the traits except grain weightper main
spike, grain yield per plant and biological yield per
plant suggested that there was no considerable
environment influence likely to modify the ability of
genes to express respective characters.

The close to 0.25 H,/4H, for days to 50 % flowering,
length of main spike, days to maturity and grain weight
per main spike and chlorophyll content revealed
symmetrical distribution of increasing and decreasing
alleles among the parental genotypes, while rest of
the characters, an asymmetrical distribution was
evidenced. The present findings are in parity with report
of Kathiria and Sharma (1996b).

The positive sign of ‘F’ and more than one ration of
Ky/K, ratio for days to 50% flowering, plant height,
number of effective tillers per plant, length of main
spike, number of spikelets per main spike, peduncle
length of main spike, number of grains per main spike,
100 grain weight, grain yield per plant, biological yield
per plant, harvestindex, total soluble sugar and protein
content suggested an excess of dominant gene in
the parents, while negative sign of ‘F' and around unity
ratio of K/K,, for days to maturity and grain weight
per main spike indicated an equal proportion of
recessive genes and dominant genes with the parents.
The number of genes or group of genes exhibiting
dominance for a particular character is important for
the extent of genetic progress through selection. In
the present investigation, the value of h%/H, was very
low for most of the characters, which suggested at
least one dominant group of genes group could be
involved in the inheritance of the studied characters.

High estimates of heritability in narrow sense was
observed only for grain weight per main spike, while
moderate values were observed for days to 50 %
flowering, peduncle length of main spike, days to
maturity, number of grains per main spike, 100 grain

4 '
'
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weight, total soluble sugar and protein content. On
the other hand, plant height, number of effective tillers,
grain yield per plant, biological yield per plant, harvest
index per plant, chlorophyll content displayed low
heritability. Very low heritability was observed in case
of length of main spike and number of spikelets per
main spike.In general, narrow sense heritability was
found to be less than 50 per cent for all the traits
except grain weight per main spike, indicating prime
role of dominance gene effect in the expression of
grain yield and its attributes. High narrow sense
heritability for grain weight per main spike indicated
that the major part of phenotypic variability was due
to additive component, and possibility of fixing this
character by pedigree method of selection.
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ABSTRACT

The combining ability analysis for yield and its
genotypes of fieldpea including ten parents and th
mating design. Among the parents, DF-1, IPFD 10-1

contributing traits was performed in fifty five
eir forty five F,'s developed through half diallel
3 and GCO-703 were good general combiners

for grain yield and important yield contributing traits which can be utilized in hybridization programme.
Three crosses DF-1 x HFP-4, HUDP 954 x LFP 477 and LFP 477 x IPFD 10-13 were found to_be
most promising for grain yield with respect to high and significant sca effects to through transgressive

segregants in fieldpea.

Key words : Diallel, combining ability, GCA, SCA, fieldpea

Fieldpea [ Pisum sativum (L.) var arvense ] is a highly
nutritive rabi season legume with high yield levels. It
provides protein-rich food for humans. It also aids to
soil health and provides quality forage for animals. It
belongs to family Papilionaceae and is grown all over
India and Indian subcontinent. Fieldpea is consumed
as green vegetable, chat (spicy-dish), chhola (whole
grain), dhal (pulses) and flour and thus contributing
significantly to market economy. Combining ability
analysis on the basis of diallel mating system is one
of the most appropriate methods to identify the best
combiners, which can be utilized for hybridization
programme. It gives information about nature of gene
action and the relative magnitudes of fixable (additive)
and non-fixable (non-additive/dominance) genetic
variations. The present investigation was, thereforg,
undertaken to get information on the combining ability
of ten cultivars of fieldpea and their forty five hybrids
in respect of yield and yield components.

MATERIALS AND METHODS

The experimental material comprised of fifty five
fieldpea genotypes including ten parents viz., DF-1,
HFP-4, HUDP 954, KPMR 400, HFP 715, Pant P

1 PG. Student, N. M. College of Agriculture, NAU, Navsari
2 Research Scientist, * Assistant Research Scientist, * Junior

Research Fellow

167, IPFD-1-10, LFP 477,IPFD 10-13, and GCO-703
and their forty five F,’s developed through half dialle!
mating design. The experimental material was grown
in randomized block design with three replications
with 45 x 10 cm row to row and plant to plant spacing,
respectively during rabi, 2012 at Centre of Excellence
for Research on Pulses, Sardarkrushinagar Dantiwada
Agricultural University, Sardarkrushinagar. All the
management practices were followed as per
recommendations to raise the normal crop. The
observations were recorded on five randomly taken
plants from each genotype in each replication for grain
yield and its contributing characters viz., number of
pods per plant, number of seeds per pod, number of
primary branches, test weight and harvest index in
fieldpea. The data were analyzed for combining ability
by using Model | and Method Il of Griffing (1956).

RESULTS AND DISCUSSION

The analysis of variance for combining ability exhibited
that mean squares due to general combining ability
and specific combining ability were found significant
for all the traits except gca for number of primary
branches. This indicated that additive and non-additive
genetic component of variation involved in the
expression of these attributes. However, the ratio of
gca/ sca genetic variance indicated that non-additive
type of genetic variation was more important in the
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o : t charac
; ; inin ability for differen
Table1 Analysis of variance for combining Mean Squares
Harvest >
d.f Number of Test _ Grain
weight (9) index (%) vield pg,

Source of

General combining

ability(gca) -
Specific combining 45 52.87 ;
ability (sca)
Eror 108 0.77 0.20
6.88 0.07
a’gca
52.10 0.44

a’sca

~ p=0.001 level

haracters under study (Table1).
On the basis of mean performance of the parents,
DF-1, HFP 715 and IPFD 10-13 showed high per sé
performance for grain yield per plant and all the
characters. In addition to that IPFD 10-13 also
emerged as excellent as it exhibited highest
performance for rest of yield contributing characters
under study viz., number of seeds per pod, grain yield
per plant, test weight and harvest index.

The parental line DF-1 was also found to be good
general combiner for grain yield per plant and harvest
index. On the other hand, HFP 715 was also found
good general combiner for number of primary
branches, test weight, and harvest index, whereas,
the parent KPMR 400 had good general combining
ability effect for number of pods per plant and number
of primary branches (Table-2). Three hybrids viz.,
DF-1 x HFP -4, HFP-4 x IPFD 10-13 and LFP 477 X
IPFD 10-13 were found best performing based on their
per se performance for grain yield per plant. Moreover,
these hybrids were also superior in per se performance
for one and more yield contributing traits studied
(Table-2). Similar findings have been reported for one
Ezﬂzrorggre characters in fieldpea by Sofi Parvez et al.
(2008;’ ghar?a et al., (2007), Ercan Ceyhan et al.,
, Borah (2009), Singh et al., (2010), Punia et

al., (2011) and Abbas (2012). ’

expression of all the ¢

The best cross combinati
ations namely; DF-1 x
|1-|OFI:'9:4, HFP-4 x lPF_D 10-13 and LFP 477 x IPFD
-13 expressed maximum sca effects along with per
se performance for grain yield per plant. Further, these

variation ds per
po;::r?ter seepodp branches
R 0.07 9.00 43312 104ge
9 # '
176.35**

A
o?gcalc’sca 0.13 0.16

primary
Plant (q)

0.1 2** 2'87** 1 0,49-‘
0.06 0.49 9.53 027
0.001 0.70 35.29 0.8
0.057 2.38 166.8 10.21
0.01 0.29 0.21 008
T —

so exhibited significantly higher sca effects

hybrids al "
more yield contributing characters.

for one or
A comparative study of most of the crosses showing
high sca effects for different characters which |
produced maximum yield, had at least one parentas |
good combiner for grain yield and its contributing traits.
An overview of the results suggested that parental
lines DF-1, KPMR 400 and IPFD 10-13 were foundto
be common good general combiners for grain yield
and its component traits. These lines can be utilized
in future for fieldpea hybrid breeding programmes.
Besides this, the parents showing good general
combining ability for particular components may be
utilized in component breeding for effective
improvement in particular components, resulting in
the improvement of seed yield itself.

The F, hybrids, such as DF-1 x HFP-4, HFP-4 x IPFD
10-13 and LFP 477 x IPFD 10-13 showed potential 10
produce transgressive segregants in further segregatid
generation. The non additive gene action was
predominately responsible for the inheritance of allthe
traits; heterosis breeding could be the best breedind
method forimprovement of grain yield in fieldpe2 s'"‘?e'r
non-availability of male sterility system at commerc
level both additive and non-additive genetic variances
are important in fieldpea. To take advantad® of
types of gene action, reciprocal recu rrent selec o
blpargntal mating followed by modifie rec“"‘fof
f’,f'e‘f‘""" has been suggested for the improve™®
theyield and yieldrelated rats forthe develop™®

Igh yielding stable genotypes of fieldped- -

of
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Table2 Best performing parents and hybrids with SCA effects in fieldpea

COMBINING ABILITY FOR YIELD RELATED CHARACTERS

o M ____—-""-'--——
Character Best Best Best Performing hybrids Hybrids with SCA
Performing combiners  ( per se performance) SCA effects effects
Parents
(perse
performance)
Number of DF-1 DF-1 HFP-4 x HFP715 HFP-4 x HFP 715 21 57*
pods per KPMR 400 HFP-4 x IPFD 10-13 IPFD-1-10xIPFD 10-13 1037+
plant HUDP 954 HFP-4 x KPMR 400 HFP-4 x IPFD 10-13 9.39**
Number of GCO-703 HFP 715 x IPFD-1-10 HFP 715 x IPFD-1-10 1.75%
seeds per HFP 715 DF-1 x GCO-703 DF-1x GCO-703 1.40**
pod IPFD-1-10 IPFD-1-10  IPFD-1-10x GCO-703 Pant P 167 x LFP 477 117
Number of GCO-703 KPMR 400 DF-1 x Pant P 167 DF-1 x PantP 167 0.76"*
primary KPMR 400 KPMR 400 x LFP 477 KPMR 400 x LFP 477 0.49*
branches LFP477 HFP 715 x IPFD-1-10 HFP-4 x Pant P 167 0.48**
Testweight PantP 167 HFP715 HUDP 954 x KPMR 400  KPMR 400 x LFP 477 5.36"
@ HFP 715 HFP 715 x GCO-703 HFP 715 x GCO-703 3.26™
IPFD 10-13 PantP 167 x IPFD-1-10  DF-1x LFP 477 266"
Harvest DF-1 DF-1 HFP 715 x IPFD 10-13 HFP 715x IPFD 10-13  48.39*
index (%) HFP 715 HFP715  DF-1xIPFD-1-10 LFP 477 xIPFD 10-13  20.85™
HUDP 954 HFP-4 x IPFD 10-13 HUDP 954xGCO-703  19.34*
Grainyield  DF-1 DF-1 DF-1 x HFP-4 DF-1 x HFP-4 6.21*
perplant(g) HFP715 HFP 715 HFP-4 x IPFD 10-13 HUDP 954 x LFP 477 5.68**
IPFD 10-13 LFP 477 x IPFD 10-13 LFP 477 x IPFD 10-13 5.34*

** Significant at 1% level.
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ABSTRACT

i i ite in wheat, an experiment was carri
i ow the effect of organic amendments on termite In Wi Mg
i sy ; i season of 2010-11. Among the tested eleven

nd Agricultural University, Anand during rab
pl s . f castor cake, vermicompost and neem cake @ 1 tonne/ha

anic amendments, the soil application 0 o :
:ﬁhe time of land preparationpgefore sowing were fouqd to be more eﬂech:e in suppregsmg the
termite population and produced 3516 to 4223 kg/ha grain and 4247 t.o 5659 kg/ha straw y|e'|d, The
NICBR of these amendments were 1:1.35, 1:2.53and 1:1 38, respectively. There was no detrimenta|
effect of evaluated insecticides on the seed germination and number of tillers per plantin wheat.

Key words : Termite, organic amendments, wheat

rmite infestation

The successful story of green revolution in India is
mainly attributed to increase in wheat production.
Among the insect pests which cause damage to wheat
crop in field, termite acts as a major insect pest of
the crop in India and particularly under rainfed situation.
Considerable losses to the extent of T 280/- million
in grain crops including wheat were reported by
Fletcher and Ghosh (1912). Mehta and Veerma (1968)
calculated the loss due to termite up to T 230/~ million
for the Agricultural crops.

The most common species of termites attacking the
wheat crop are Microtermes obesi Holm) and
Odontotermes obesus (Rambur). These two species
probably account for about 80 per cent of the total
loss (Roonwal, 1979). Wheat is second important
staple food crop after rice. Its value in human diet,
both as a source of carbohydrates and protein, and
its baking qualities make it relatively more important
crop than other cereal grains. Wheat crop is attacked
by 24 species of insect pests (Singh, 1998). Among
Fhese_, termite is rank first as a pest of wheat not only
in India but South Asia too (Geddes and lles, 1991)
About 16 species of termite were found to damagé
the wheat crop in India, of these two species
Odontotermes obesus (Rambur) and Mf‘crorermes’

'%3 PG. Scholer, ? Professor & Head

i
obesi (Holm) were found dominant (Chhillar et al,
2006). The yield losses were recorded 43 to 80 per
cent in wheat due to termite damage (Sattar and |
Salihah, 2001 and Chhillar et al,, 2006). Considering |
the importance of termite, a study was carried out to |
know the effect of organic amendments on termite |
infesting wheat crop at Anand Agricultural University -'
Anand during rabi season of 2010-11. '}

MATERIALS AND METHODS

Afield experiment was laid out at Anand Agricultural |
Unl_versity, Anand during December, 2010. Wheaté
vgnety GW 496 was used. The gross and net plot |
size were 5 x 4 m and 4 x 3 m, respectively with a |
row distance of 30 cm. There were 12 treatments
including control. The details of respective soil
amendments are given in Table 1. Each treatment |
was applied at the time of land preparation and then |
the seeds were sown. To know the effect of soil |
amendments on germination, 2 m area from each
treatr_nenl were selected 10 days after sowing and
germination count were recorded. To see the effect of
soil amendments on tillering, 10 plants from each plot
;‘::2: ::;tgnted after 28 days of germination. The termite |
randomllon was recorded from three, one meter
oo wee):( re{!laled rows at' weekly interval starting from |
ol yielda er germination till harvest. The grainan®
of wheat were also recorded.

e
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RESULTS AND DISCUSSION

Germination

No significant effect on seed germination was observed
due to organic amendments. In all the treatments
germination ranged between 83 to 9‘1 per cent
(Table 1). The lowest (83 %) seed germination was
recorded in the plots treated with cotton cake and
orgo natural organic manure. The highest (80.97 %)
germination was recorded in the treatment of poultry
manure followed by Calotropis gigantea leaf powder.

Tillering

No adverse effect of organic amendments was
observed on tillering of wheat (Table 1). The maximum
tillering was recorded in FYM (3.57) while minimum
was noticed in cotton cake plots (2.97).

Termite damage

The data revealed that the application of castor cake
(2.32%) significantly superior in reducing the termite
infestation in wheat crop than all other organic
amendments except vermicompost (Table 1). The plots
treated with neem cake (3.38%) were equally effective

as vermicompost and found at par with C. gigantea
leaf powder (4.11%). In past, Singh and Singh (2003)
reported that application of neem cake @ 2 kg/ tree
was very effective against termite. Furrow application
of neem cake at 700 kg/ha was next to the endosulfan
in their effectiveness (Patel et al., 2008). Singh et al,
(2010) reported that use of dry powder of immature
neem kernels and leaves effectively control the termite
and increase the yield of wheat with economic return.
Jatropha cake, poultry manure and tobacco dust noted
5.18, 5.41 and 5.91 per cent damaged plants,
respectively and they were at par with each other but
significantly more effective than remaining amendments.
Of the evaluated organic amendments, the maximum
damaged plants (8.76%) were observed in plots treated
with mahua cake and it was at par with FYM (8.29%)
and cotton cake (8.68%).

Grain yield

The significantly higher grain yield was obtained from
the plots treated with castor cake (4222.22 kg/ha)
and it was statistically at par with vermicompost
(3833.33 kg/ha) and neem cake (3516.67 kg/ha).
Application of neem cake at sowing and 40 days after

Table 1 Effect of organic amendments on termite damage and yield of wheat

Organic amendments Germination  No. of Termite Yield (kg/ha) NICBR

%, tillers/ dal d .

e plant p!anmtig{:é,) Grain Sy
FYM @ 10 ton/ha 88.33 357 16.73(8.29) 1916.67 2206.67 0.45
Vermicompost @ 1 ton/ha 87.00 3.30 10.10(3.08) 3833.33 4547.22 253
Neem cake @ 1 ton/ha 86.67 3.24 10.59(3.38) 3516.67 4247.22 1.38
Castor cake @ 1 ton/ha 88.00 317 8.77(2.32) 422222 5658.33 1.35
Mahua cake @ 1 ton/ha 87.00 3.00 17.22(8.76) 1802.78 208889 -025
Cotton cake @ 1 ton/ha 83.00 297 17.13(8.68) 1869.44 2185.00 -0.86
Tobacco dust @ 1 ton/ha 86.33 317 14.07(5.91) 2080.56 2611.11 1.44
Jatropha cake @ 1 ton/ha 85.33 3.30 13.15(5.18) 3013.89 3505.56 1.19
Poultry manure @ 1 ton/ha 90.97 3.27 13.45(5.41) 2875.00 329889 30.42
Calotropis gigantea leaf 89.00 3.17 11.69(4.11) 3061.11 3622.22 6.97
powder @ 1 ton/ha
Orgo natural organic manure 83.00 3.33 14.74(6.47) '1955.56 243056 -0.81
@ 1 ton/ha
Control 88.00 3.13 23.29(15.63) 1033.33 1156.67 -
S.Em. = 5.18 0.25 0.53 252.91 217.28
C.D. at5% NS NS 1.48 741.81 637.30
C.V.% 10.33 13.41 9.51 16.86 12.02

Figures in parentheses are retransformed values; those outside are arcsine value.



GADHIYA ETAL
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emergence
4 was harvesteé

1991). The grain yield
and 3061.11 kg/ha fro ' g
gigantea leaf powder, jalroP2 B2 oo organio

slehirion plot treated with M
obtained from the ploiS
it was at par with cotton cake (1869.44 kg/ha), FYM

i re .
16.67 kg/ha), 0rgo natural organic manu
e e dust (2080.56 kg/ha).

kg/ha) and tobacco

Straw yield ‘ _
The siﬁﬁcanﬂy highest straw yield was obtained ILoan;
the plots treated with castor cake (5658.33 kg/h;a) e
all the evaluated i (Table 1). b
plots treated with vermicompost and neem ¢a

produced 4547.22 and 4247.22 kg}ha‘ straw,
ively. Calotropis gigantealeaf powder, jatropha
ure applied plots harvested

d 3298 kg/ha straw yield,

respectively and they were significantly more thaln
remaining amendments. Among the tested organic
amendments, minimum straw yield was recorded in

plots treated with mahua cake (2088.89 kg/ha) and it
was statistically at par with tobacco dust (2611.11 kg/
ha), orgo natural organic manure (2430.56 kg/ha), FYM

(2206.67 kg/ha) and cotton cake (2185.00 kg/ha).

cake and poultry man
3622.22, 3505.56 an

Economics
Looking to the NICBR, the highest return was obtained

with the treatment of poultry manure (30.42). The
NICBR of C. gigantea leaf powder and vermicompost
was 6.97 and 2.53, respectively (Table 1). The
treatments of tobacco dust, neem cake, castor cake
and jatropha cake gave 1.19 to 1.44 NICBR. The
NICBR was poor (-0.81 to 0.45) in the treatment of
FYM, orgo natural organic manure, cotton cake and

mahua cake.
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India is the largest food producer in the world. It
produces 150 million tones fruits and vegetable every

Study on the cropping pattern followed by s_ummer cabbage
growers in Sabarkantha district of Gujarat state
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ABSTRACT

About 60.00 Per cent of population in the country depends on agriculture for their primary livelihood.
A farmer who is a good manager should be able to make as much profit, the aim of the most'of the
farmer should be to earn profits. Crop should be grown only to earn profit. Thus, market oriented
agriculture in the mixed economy of the India need to promote farmers that produce products that
local people need. Itis managed by the farmers through following various cropping pattern. Among
the cole crops only cabbage (Brassica oleracea L. var capitata) and cauliflower (Brassica oleracea
L. var botrytis) are grown in winter within India and produce good yield between 5°C to 30° C day
temperature. The highest price during the summer season is the driving force within the farmers of
the Sabarkantha district and they are motivated to cultivate the cabbage as a summer crop. Thisis
the transformation of farmer from the traditional to the modern farming method. Considering the
highest area & production of cabbage crop Sabarkantha district, was purposively selected for the
study. Prantij taluka was also purposively selected, because this taluka have highest cabbage
growing area as compared to other talukas. Twelve villages form taluka were selected purposively.
Using random sampling techniques, equal number of respondents /.., Ten from each village were
selected. Thus, total 120 respondents were selected. Cropping pattern in this study was defined as
a sequence of crops sown by the respondents on a given area. The information about cropping
pattern followed by the cabbage growers was collected. Based on the frequency and percentage of
the farmers adopting different cropping pattern, each cropping pattern has been assigned rank.
Major cropping pattern of Chilli - Chilli- Cabbage (49.17 per cent), Okra—Okra - Cabbage (33.34
per cent), Cauliflower — Cabbage (29.16 per cent), Cotton — Wheat — Pearl millet (27.5 per cent),
Bottle guard — Bottle guard — Cabbage (25.00 per cent), Brinjal —Brinjal —Brinjal (24.16 per cent),
Cabbage — Cabbage (22.50 per cent) and Tomato — Tomato — Tomato (22.50 per cent) were adopted
by the respondents with the first to seventh rank, respectively.

Key words : Cropping pattern, cabbage growers, summer

conditions under which farming is carried on are
changing fast. To be efficient, farmers must be

year (MFPI, 2011). About 60 per cent of population
depends on agriculture for their primary livelihood. A
farmer who is a good manager should be able to make
as much profit from farming as from any other
business, if he determine the objectives. In deciding
how to use his productive resources, a farmer must
be guided by certain objectives. However, the

| PG. student, 2 Associate Director of Extension Education,
Directorate of Extension Education, * Research Scientist

(Agronomy), CWMPR & RE.

prepared to learn and use new methods of production
and true subsistence farming methods (Upton and
Anthonio, 1975). In the present era, the aim of the
most of the farmer should be to earn profits. Crop
should be grown only to earn profit and therefore,
farming as a business means farming for profit, not
just some profit but as much profit as a possible. This is
the transformation of farmer from the traditional to the
modern farming method. Thus, market oriented
agriculture in the mixed economy of the India need to
promote farmers that produce products that local people
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tropic and from sea level to snow line. Owing to this, .

the harvesting season of cabbage has varies in various Cropping pattern means a sequence of crops Sown

states of India. Cabbage crop is harvesting during by the respondents on a specific givenarea. It engyrgg

December, January and February as a traditionally in the greatest efficiency to land, fertilizer, irrigation Water

Gujarat. Due to the seasonality of the cabbage and other inputs. It also offers some alternative plang

production, supply is not uniform through the year, for the farmers to maximize production and as Much

but the user needs are vital in marketing. Considering profit as possible per unit area and time. The Cropping
pattern was thus studied. Data with respect to

this facts, the average wholesale price of cabbage
was recorded from 9477 Rs/qtl to 12681 Rs/qtl during
the period of April to August-2011 at Ahmedabad and
in other cities of country (Indian Horticulture Database,

cropping pattern followed by the respondents ar
presented below in Table 1.

2011). The highest price during the summer season i
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STUDY ON THE CROPPING PATTERN FOLLOWED BY SUMMER

Table 1 Distribution of the respondents according to various cropping pattemns adopted by them anq rank order

of the cropping patterns.

(n=129)
Sr. Cropping pattern Number Per cent Rank
No. of respondents
1. Chilli - Chilli — Cabbage 59 49.17 oy
2. Okra - Okra — Cabbage 40 33.34 I
3 Cauli-flower —Cabbage 35 29.16 "
4. Cotton — Wheat — Pearl millet 33 2750 N
5. Bottle guard — Bottle guard — Cabbage 30 25.00 v
6. Brinjal — Brinjal — Brinjal 29 24,16 Vi
7 Cabbage —Cabbage 27 22,50 Vil
8. Tomato — Tomato — Tomato 27 22,50 Vil
9. Cluster bean — Wheat — Sorghum 24 20.00 X
10. Castor — Castor — Pearl millet 2 16.66 X
1. Bitter guard — Bitter guard - Bitter guard 16 13.34 X
12, Cotton — Cotton — Cabbage 14 11.66 i |
13. Cluster bean — Mustard — Sorghum 13 10.84 X
14. Cluster bean — Wheat — Fodder pearl millet 09 07.50 XV
15. Cotton — Wheat — Sorghum 05 04.16 xv

The probable reason behind this might be the mega
cities like, Ahmedabad, Gandhinagar and
Himmatnagar are nearest to the study area therefore,
the farmers of study area are selecting more vegetable
crops for cultivation, secondly the farming community
give priorities for food and fodder security for their family
members and live-stock, respectively. Majority of the
farmers are adopted agriculture and animal husbandry
as main occupations and earned their family income.
They also had given prioritization to cash crops to
earn monetary requirement for maintaining social
occasions and entertainment and there by overall
development.

CONCLUSION

Major cropping pattern of Chilli - Chilli - Cabbage (49.17
per cent), Okra - Okra - Cabbage (33.34 per cent),
Cauliflower - Cabbage (29.16 per cent), Cotton - Wheat
- Pearl millet (27.5 per cent), Bottle guard - Bottle
guard - Cabbage (25.00 per cent), Brinjal - Brinjal
-Brinjal (24.16 per cent), Cabbage - Cabbage (22.50
per cent) and Tomato - Tomato - Tomato (22.50 per
cent) were adopted by the respondents with the first

to seventh rank, respectively. From this, it can be
concluded that majority of the farmers are cultivated
vegetable crops during the whole year and they are
preferred mono cropping system. However, some of
them are emphasized to cash crops with rotation of
cereal, oil seeds and fodder crops.
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ABSTRACT

Farm credit is a strategic input. Kisan Credit Card (KCC) aims at providing timely and adequate
credit to the farmers in a cost effective and flexible manner. In addition to credit for crop production,
the scheme provides credit for ancillary activities. The scheme is being implemented in the country
by all the banks from the year 1998-99. The present study was unde rtaken with an objective to
analyse the resource use efficiency in production of Sugarcane. The study used primary data on all
variables like labour, seeds, fertilizer, irrigation ,bullock, machinery and insecticide from randomly
selected 60 KCC and 60 non-KCC sample farmers. The data pertained to the crop year 2010-11.
The return to scale for KCC and non KCC are 0.941953 and 0.938838, respectively.

Key words : Resources, marginal value product, resource use efficiency, return to scale.

Kisan Credit Card scheme is a landmark in the history
of rural credit in India. The mechanism of credit cards
has been one of the key products developed to expand
the outreach of banks and simplify the credit delivery
system. The announcement relating to the introduction
of Kisan Credit Card scheme was made by the Union
Finance Minister during the budget speech for the
year 1998-99. NABARD formulated a Kisan Credit Card
scheme for uniform adoption by the banks so that the
farmers may use the card to readily purchase
agriculture inputs such as seeds, fertilizers, pesticides
etc. and draw cash for their production needs. The
model scheme was circulated to Commercial Banks,
Co-operative Banks and Regional Rural Banks in
August 1998. Now, about ten years are over since
the introduction of this innovative scheme. It gives the
adequate and timely credit for purchasing the all
resources needed for the cultivation. The proper use
of resources results in the better production of crop
which can be studied by resource use efficiency
(Anjanikumar et al., 2007). So present study is
conducted on the objective of resource use efficiency
in production of Sugarcane in study area.

'P.G. Student, ? Assistant Research Scientist (Agril. Economics),
AICRP on OFR, Jagudan.

MATERIALS AND METHODS

The Kolhapur district of Maharashtra was purposively
selected as the number of KCCs issued in this district
was high. The primary data on all costs incurred on
labour, seeds, fertilizer, irrigation, bullock, machinery
and insecticide. For selection of sample farmers, two
branches in Kolhapur district which has made a good
progress in implementing Kisan Credit Card scheme
was selected. From each branch 10 small farmers
(less than 2 ha), 10 medium farmers (2.01 ha to 4 ha)
and 10 large farmers (above 4 ha) were randomly
selected. The corresponding numbers of farmer
borrowers in each of these categories who are not
KCC holders were also selected for comparison
purpose. Thus, study was based on the information
obtained from 60 KCC and 60 non-KCC borrowers
spread across one district in Maharashtra. Primary
data relating to cost incurred on labour, seeds (cane
gets), fertilizer, irrigation, bullock, machinery and
insecticide is taken into account for calculating
resource use efficiency. Similar type of methodologies
was used by Sajane (2011).

Production function analysis
The Cobb-Douglas (CD) production function was used
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to study the influence of inputs on yield in the study
area. The production function of the following type was
specified in the present study.
Y = A x1h1 xzbz Xab'} X‘M el
Where,
: Gross income (¥/ha)
. Expenditure on Seeds (3/ha)
: Expenditure on Fertilizers and Manures (¥/ha)
: Expenditure on [rrigation (T/ha)
- Expenditure on Labour (3/ha)
: Constant
: Production elasicities
: Random error.

P XRX XXX

c o

The above function was converted into the linear form
through logarithmic transformation of all variables and
is written as

log Y =log A +b,logX, +b, log X, +b, log X, +b, logX,
+log u.

The marginal value products for each input was
calculated at the geometric mean levels of the
respective resources by using formula,

Marginal value productof X =b, Y

i Xi
Where,
= geometric mean of gross income
= geometric mean of i" resource
production elasticity of i resource

o X<
I

1

The marginal value product was compared with the
respective marginal factor cost to arrive at resource
use efficiency.

RESULTS AND DISCUSSION

It is difficult to estimate efficiency of farms without
knowledge of the condition under which the production
is performed. Comparison of output in relation to level
of input used will reveal the true picture of efficiency.
The studies on efficiency have shown that it is possible
to raise the productivity of crop without actually raising
the input application. The corrective steps undertaken
to mitigate the reasons for low efficiency of the farmers
will help in long run to achieve higher productivity. As
such the production function approach was used to
find out the productivity of resources used for
Sugarcane production. For this purpose, the
cob-Douglas form of production was estimated taking
gross income as dependent variable. Whereas, labour,
bullock labour, machinery, cost of fertilizers, manures,

RESOURCE USE EFFICIENCY FOR SUGARCANE PRODUCTION

seed (cane sets) , irrigation, and insecticide/pesticiges
as independent variables. The productivity of
resources used for Sugarcane production obtaineq
by the production (intercept, co-efficient of multiple
determination and returns to scale) for sample farms
are depicted in Table 1 and Table 2

It is seen from the Table 1 that in case of KCC holder

the elasticity of the production was positive as well as

negative. It is inferred that among the explanatory

variables labour and seed was positive and significant

at 5% level of significance. while in case of irrigation,

and machinery charges elasticity were negative with

5% level of significance and bullock charges was highly

significant at 1% level of significance with negative

elasticity. This negative elasticity at 5% level of

significance shows negative impact on gross income

of Sugarcane. The value of elasticity ranges from -
0.10909 (Bullock labour) to 9.1322 (fertilizer and
manure). The cost of labour, seed, fertilizer and manure

and insecticide were 0.06042, 0.04820, 9.1322 and
1.9852 adding to the level of gross income by2.01248
per cent ,respectively. The cost of irmgation (X,)
(-8.4702), bullock (X,)(-0.1 0909) and nja'chlnery (X))
(-1.70482) shows negative elasticity. It was
statistically non significant. The elasticity ofirrigation,
bullock and machinery did not contribute to gross
income as they are statistically non significant,
indicating that at the current level they were applied
at optimum level. The value of coefficient of
determination (R?) was 0.9051 indicating that 90 per
cent of total variations in the gross income from
Sugarcane cultivation was explained by independent
variables in the function. The sum of regression
coefficient (Zbi's) was 0.9419 indicating increasing
return to scale. Similar observation was also made
by Rangrajan (1994). Looking to the elasticity,
coefficient of multiple determination and retum to scale
it can be concluded that gross income from
Sugarcane crop increased proportionality with an
increase in variables factors. Similar findings were
reoported by Bista (2012).

In case of non KCC it can be seen from the Table 2
that elasticity of production was positive as well as
negative. It is inferred that among the explanatory
variables, labour, fertilizer and manure were positive
elasticity of production and highly significant at 1 %
level of significance while, in case of labour charges
was positive and 5 % level of significance while
showing positive impact on gross income of
Sugarcane. The cost of bullock, insecticide shows
negative impact on gross income. The value of
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Table1 Cobb-Douglas production function estimates for Sugarcane for with KCC e

With KCC S =
Variables oo P o
Elasticity value Enor
* 0.0483 0 T
X, Costof Labour (%) 0.06042':" s 04?1941
X, Costof Seeds(¥) 0.04820 o s . ; 577742
X, Costof Fertilizer and manure (%) 9.1322’ : S 1.209271
X, Costof Irigation (%) -8-47023" 0.' . 1. 7399
X, Costof Bullock (%) -0.10909 0 46000877941 2 66058
X, Costof Machinery ) -1_.70482 0- . 29922
X. Costof Insecticide (%) 1.985246 -3363551 s 663588
Ir;teroept 2.012481 0.72 5.622702
R2 Coeff. of multiple determination 0.905121
Multiple R 0.951378
Adjusted R 0.892348
Zbi Return to scale 0.941953
*denotes significance at 5% , ** denotes significance at1%
elasticity ranges from -0.00501(bullock) to 3.5127 indicating that at the current level they were _appfied
9(irrigation). The cost of labour, seeds, fertilizer, at optimum level. The value of coefficient of

irrigation, bullock, machinery and insecticide are . determination (Fiz_’ was 0.‘9586 indicatin_g that 95 per
0.0123, 0.003785, 0.1042,3.5175, -0.00501,0.8145 cent of total variations in the gross income from

and -3.5037, respectively. The cost of bullock (X,) sugarcane cultivation were explained by the
(0.00501) and cost of insecticide(X, )(-3.50378) shows independent variable included in the function. The sum
negative elasticity. It was statistically non significant of regression coefficient ( bi's) was 0.9388 indicating

Table2 Cobb-Douglas production function estimates for Sugarcane for without KCC farmers

) Without KCC
Variables ,
Production P Standard
Elasticity value Ermor
X, Costof Labour (3) 0.012312* 0.04644 0.639268
X, Costof Seeds (%) 0.003785 0.951875 0.062408
X, Cost of Fertilizer and manure (%) 0.104218** 0.00434 0.332407
X, Costof Irrigation () 3.512753 0.610121 6.847409
X, Cost of Bullock (%) -0.00501 0.695332 0.012732
X, Cost of Machinery (3) 0.814561** 0.00531 6.15076
X, Cost of Insecticide (3) -3.50378 0.401459 4141847
Intercept 0.26598 0.950969 4.304712
R? Coeff. of multiple determination 0.958616
Multiple R 0.979089
Adjusted R 0.953045
Zbi Return to scale 0.938838
*denotes significance at 5%, ** denotes significance at1% D —
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Table3 Marginal value produ

RESOURCE USE EFFICIENCY FOR SUGARCANE PRODUCTION

ct, factor cost and their ratio of KCC holder

Variables Marginal value Factor Ratio W
Product(MVP) cost to Factor Cost

X, Cost of Labour (%) 0.007793 1 1:0.007793

X, Cost of Seeds () 0.03599 1 1:0.03599

X, Cost of Fertilizer/Manure ) 9.55598 1 1:9.55508

X, Cost of Irrigation (3) 8.1931 1 1:8.1931

X, Cost of Bullock Labour ) -0.23442 1 1:-0.23442

X, Cost of Machinery (%) 249183 1 1:2.49183
3.968 1 1:3.968

X, Cost of Insecticide/ pesticide (%)

increasing retumn to scale. Similar observation was
also made by Rangrajan (1994). Itcan be concluded
that gross income from Sugarcane crop increased
proportionately with an increase in the variable factor.
The result of the study of is in colloboration with the

earlier findings of Sajane (2011).

Marginal value product for KCC

The marginal value product (MVP) of particular
resource represents the expected addition of one unit
of resource, while other inputs are held constant. For
evaluating the efficiency of resources use, the ratio of
marginal value products for different factors to their
respective factors costs was estimated for Sugarcane.
Allocative efficiency (MVP/FC ratio) more than 1 (one)
indicates under utilization of particular resource and
scope to increase its application till the ratio reaches
to one. The estimated marginal value products (MVP),
factor costs and their ratio for Sugarcane in case of
KCC holder were computed and the results are given

in the Table 3.

The data furnished in Table 3 reveal that the MVP/FC
ratio was more than one and it was highest in case of
fertilizer and manure (9.55598), irrigation (8.1931) and

insecticide and pesticide (3.968).This indicates that
an addition of one rupee in fertilizer and manure wouid
yield return of ¥ 9.55598 through the elasticity of
fertilizer was very low and non significant; the Myp
- factor Cost Ratio was high. This was due to the lack
of knowledge and importance about application of
these inputs among Sugarcane cultivators. The cost
of irrigation has an MVP-factor cost ratio of
8.1931indicates that farmers would get net gain of
¥ 8.193 if they apply additional unit of irrigation worth
¥.1. The production function analysis gave statistically
non-significant and negative value to the cost of bullock
labour. But the MVP- factor Cost ratio indicated that
additional expenditure of one rupee on bullock labour
would reduce revenue from Sugarcane by ¥ 0.234.
Hence, to be economically efficient farmers have to
reduce the expenditure on bullock labour.

The data furnished in Table 4 reveal that the MVP/FC
ratio was more than one and it was highest in case of
fertilizer and manure (3.0049), irrigation (9.7523) and
machinery (3.304).This indicates that an addition of
one rupee in fertilizer and manure would yield return
of T 3.0049 through the elasticity of fertilizer and
manure was very low and non significant; the MVP

Table4 Marginal value product, factor cost and their ratio of non KCC holder

Variables Marginal value Factor Ratio of MVP to
Product(MVP) cost Factor Cost
X, Cost of Labour (%) 0.02217 1 1:02217
X, Cost of Seeds () 0.02418 1 1:0.02418
X, Cost of Fertilizer/Manure (%) 3.0049 1 1:3.0049
X, Cost of Irrigation (%) 9.7523 1 1:9.7523
X, Cost of Bullock Labour (%) -0.000823 1 1:-0.000823
X, Cost of Machinery () 3.304 1 1:3.304
X, Cost of Insecticide/ pesticide () -6.21867 1 1:-6.21867
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- factor Cost Ratio was high. This was due to the
knowledge and importance about application of these
inputs among Sugarcane cultivators. The cost of
irrigation has an MVP- factor cost ratio of
9.7523indicates that farmers would get net gain of
1 9.7523 if they apply additional unit of irrigation worth
7 1. The production function analysis gave statistically
non- significant and negative value to the cost of
bullock labour and insecticide. But the MVP- factor
Cost ratio indicated that additional expenditure of one
rupee on bullock labour and insecticide and pesticide
would reduce revenue from Sugarcane by -0.000823
and-6.21867.Hence, to be economically efficient
farmers have to reduce the expenditure on bullock
labour and insecticide and pesticide.

The negative ratio of bullock labour (X ) and insecticide
and pesticide(X.) indicates excessive use of this
resource. Sugarcane growers can increase gross
retums by reducing bullock labour cost. The ratio of
inputs such as irrigation and machinery explained
utilization of inputs. As such gross returns from
Sugarcane cultivation can be increased using more
of these inputs.

CONCLUSION

In case of KCC insecticide, fertilizers and manures
were having positive elasticity co-efficient in the
sugarcane but in case of bullock labour the co-efficient
were negative. In non KCC category, elasticity
co-efficient of irrigation, Machinery, fertilizers
and manures were positive but for insecticide it

[GAURMJOIM% (1

was negative. From Table 1 & 2t can pe ‘
that the return to scale is maximum for KCC  hoyger
farmers than non KCC farmers. Means the resg

were efficiently used by KCC holder farmer thar

Non KCC farmers The results were more accordeg %

the resum of work done by Patel (1999).

Marginal value product to marginal factor cost

In case of KCC the labour and seeds were used begom
optimum level and bullock labour used above opt;

level. In case of non KCC the seeds and laboyr _
below optimum level and bullock labour used at a
optimum level.
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ABSTRACT

In India, women’s involvement in livestock managementis a long standing tradition and livestock
rearing has been as integral part of homestead farming system. Animal husbandry practices is
an important tasks in animal husbandry activities and performed by dairy farm women besides
fulfilling their responsibilities as home makers. Moreover, the knowledge and skill of the dairy
farm women and their participation in decision-making certainly affects effectively in their work.
The study was conducted in Vijapur and Mehsana talukas of Mehsana district, where production
of milk was highest as compared to other talukas. Ten villages having the larger number of
female in milk producer’ co- operative societies were selected purposively. The dairy farm women
were selected by multistage sampling method. Thus, the sample consisted of 120 respondents
for the study. A large majority that (63.33 per cent) of the dairy farm women had medium level of
knowledge regarding recommended practices of animal husbandry. The participation of dairy
farm women was observed more in aspects of milking and preparing milk product (rank 1),
followed by feeding of milch animals (rank 1), health care and management of milch animals
(rank 111) and breeding of milch animal (rank IV). The less participation of dairy farm women was
observed in general aspects of animal husbandry practices (rank V). A great majority (88.33 per
cent) of the dairy farm women had medium to high level of participation in decision-making

about animal husbandry practices.

Key words : Feeding, breeding, management, knowledge level

Women’s contribution to national development is
crucial. Emancipation of women is in essentl_al
pre-requisite for economic development and social
progress of the action. Women play an important and
vital role in animal husbandry practices as manager,
decision makers and skilled workers. The contribution
of dairy farm women in terms of time and effortis not
low or less than men. In India, women'’s involvement
in livestock management is a long standing tradition
and livestock rearing has been as integral part of
homestead farming system. Animal husbandry
practices is important tasks in animal husbandry
activities are performed by dairy farm women besides
fulfilling their responsibilities as home makers.
Moreover, the knowledge and skill of the dairy farm
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women and their participation in decision-making
certainly affects effectively in their work. Looking to
these facts, the present investigation was planned
with following objectives.

[1] To measure the knowledge level of dairy farm
women regarding recommended animal
husbandry practices.

[2] To study the participation of dairy farm women in
decision-making about animal husbandry
practices.

METHODOLOGY

The present investigation was purposively carried out
in Vijapur and Mehsana talukas of Mehsana district,
where production of milk was highest as compared
to other talukas. Ten villages having the larger
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the males are mostly engaged in the field oriented/
outside work. Hence, the women are responsible for
the care and management of animals.This finding are
supported by the findings of Toppo (2005), Narmatha
et al., (2009).

Participation of dairy farm women in decision- making
about animal husbandry practices

In order to know the level of participation of dairy farm
women in decision-making about animal husbandry
practices, they were grouped on the basis of mean
and standard deviation. The data in this regard are
presented in Table 3. It can be concluded that a
vast majority (88.33 per cent) of the dairy farm women
had medium to high level of participation in
decision-making about animal husbandry. This might
be due to the reason that in the study area dairy farm
women might be involved in management of livestock
sector dominantly and guidance provided by
Dudhsagar dairy and village milk producer's dairy
co-operative societies. might have encouraged them
for better participation in decision-making about animal
husbandry practices. The finding is in the line with
the findings reported by Chauhan et al., (2005), Toppo
(2005), Upadhyay (2010) and Ram et al., (2013).

Table 3 Distribution of dairy farm women according to
their level of participating in decision-making

n=120
Sr. Category Frequency Percent
No.
1. Low(Lessthan 14 11.66
54.68 score)
2.  Medium (in between 85 70.83
54.68 to 76.81 score)
3. High(above 76.81 21 17.50
score)
Total 120 100.00
Mean = 65.741  S.D.=11.072
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CONCLUSION

A large majority that (63.33 per cent) of the dairy farm
women had medium level of knowledge regarding
recommended practices of animal husbandry. The
participation of dairy farm women was observed more
in aspects of milking and preparing milk product (rank
1), followed by feeding of milch animals (rank Il), health
care and management of milch animals (rank 1) and
breeding of milch animal (rank 1V). The less
participation of dairy farm women was observed in
general aspects of animal husbandry practices (rank
V). A great majority (88.33 per cent) of the dairy farm
women had medium to high level of participation in
decision-making about animal husbandry practices.
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ABSTRACT

Micro irrigation technologies are aggressively promoted in India by the central government, state

governments and many Nongovernmental Organizations (NGOS). both local and International, by
providing different kinds of financial, institutional and technical support systems. GGRC (Guijarat
Green Revolution Company LTD) is the only one of its type of company or we can say, service
provider, which disburse government subsidy to farmers, for easy adoption and installation of Mis
throughout Guijarat state. While studying the level of adoption of Micro Irrlgatlon_ System by the
farmers of Patan district, we came to know about the constraints faced by users while adopting and
operating the system. With suggestions to overcome those constraints. Every technology has its
own positive and negative points, hence, there are few constraints or problems occurred with the
use of MIS. Majority of respondents, complained about the clogging of drippers due to saline
substances and water quality, breaking of online small length drippers and improper and irregular
services provided by the company dealers. Few respondents mentioned about the problems such
as, difficult to make equal distribution of water, and difficulty in interculturing. These constrains
directly affect the adoption level of MIS by the farmers. Owners or adopters of these technologies
were asked to express their problems which they frequently face during adoption or operation or
maintaining the system. Few suggestions were given by the farmers or system owners themselves.
Owners and adopters were asked to freely mention their suggestions to overcome these problems
or constraints. Majority of farmers suggested proper and required water analysis before installation,
to disburse Knowledge about suitable acid treatment for clogging, and local cooperative banks
should provide facility for loan of entire system installation. Suggestions or the ways to solve these
problems also play important role in extent of adoption of MIS.

Key words : Micro irrigation, socio-economic, adoption, constraints

Guijarat state receives annual rainfall of 828 mm in 35
rainy days with coefficient of variation of 50 %. There
is large spatial and temporal variation in rainfall of the
state. The low rainfall areas receiving less than 500
mm rainfall are comprised of Kutch district and
western parts of Banaskantha and Patan district and
parts of Jamnagar, Rajkot and Surendranagar districts.
These are also characterized by arid climate. State
has achieved agricultural growth rate at 9.6% and have
carved a niche in the field of agricultural development
in India. Many villages in Gujarat have adopted 100%
drip and sprinkler irrigation systems to water crops.

'PG. Sfudcnl. ? Assistant Professor, Department of Agril.
Economics, C. P. College of Agriculture

In June 2009, more than 93,000 farmers have adopted
drip irrigation for their total 1.51 lakh hectare land.
Drip Irrigation system and inter-linking of 21 rivers of
the state for conservation of water has made it possible
for record sugarcane cultivation in the state.

Patan district from north region of Gujarat state was
selected purposively for the study, due to considerable
t':lmo_unt of adoption of micro irrigation systems found
in this area. Three talukas, namely Patan, Sami and
Sidhpur were selected to carry out the research work.
From the study it is known that majority of farmers in
!’a_tan district, about 61% have opted for sprinkler
irrfigation system, followed by drip irrigation system




rmers and mini sprinkler system

i stands on first place fo.r highest area with
samitawkfi‘and under MIS adopl!on‘in the district,
7722 M oatan taluka and Harij with second and
w;pwe b with area, 146.04 ha and 100.31 ha
third plao® outofthe adopters of MIS Dnlyf few cases
1e5pec ed ;.ohe’e’ |oan was taken for lhe_lnstallatlon
were 10U7C o of application: through which channel
KIS, SO 0 4 GGRC is also studied, out of

farmegents 65 percent applications were
res ﬁrough‘suppliers. 17 percent through
ed thence 17 cases of FPA(Four Party
me‘nt) 1ook place, and 30 percent of applications
eached through GWRDC [Gujarat Water Resource

Development Corporation].

METHODOLOGY

A systernaiic plan or programme adopted to carry
out the research work or to pr_ocoed \_mth the
investigation as perthe decided objectnfes, is knoyvn
as research methodology. An appropriate samplm‘g
design s0 @8 to focus the importance of objective is
also necessary. ltwas proposed at the outset to study
the area under micro irrigation in primary stage. For
this purpose the secondary source data from internet
and other publications was used. Amultistage random
sampling was adopted as appropriate sampling
procedure for the study.

Afterthe selection of area for study, that is Patan district
further it is proposed to select three talukas of Patan
district having good records of such tri party agreements.
Hence Patan, Sami and Sidhpur talukas selected as
per the convenience for the survey. In the third stage,
six villages from each taluka were randomly selected,
where different numbers of farmers were randomly
selected to obtain information on different aspects of
the study. Keeping in view the objectives of the study,
relevant variables for the study were selected on the
basis of reviewed literature on the subject by consulting
the experts and extension personnel.

gﬂgrem variables of the study which include personal
angnugﬂi oducauon), -soci'o-economic (land holding,
(extensi OCOme and irrigation facility) communication
(econ on:l_contaco) and psychological characteristics
i"novanvelc motivation, scientific orientation,
T f— and knowledge level) their problems

uggestions to solve those problems also have

been studied.

CONSTRAINTS FACED AND SUGGESTED SOLUTIONS

The schedule was prepared for the adaptors of
micro irrigalio_n system to know their personal
socio- economtc. communication and psychologica‘l.
characteristics. By the personal interviews schedule
were filled and analyzed for different parameters using
Excel programme.

RESULTS AND DISCUSSION

Very often, it is observed that all farmers residing in

the same community do not adoptimproved or modem

agricultural technologies to the same extent. This

happens due to the influence of specific characteristics
which may be personal, socio-economic
characteristics of the farmers. Other than personal
characteristics, constraints and problems faced by
tarmers who adopted the micro irrigation system in
their fields were also studied to check out the reason
behind moderate adoption of micro irrigation system
in the study area. Further the farmers were asked for
suggestions, where we came to know about their
knowledge level regarding the solution of those

problems.

Farmers face the problem of clogging of pipes due to
saline substances, with higher percentage. This is
found to be quite common problem as Timbadia (2001)
observed the major constraints were frequent clogging
of dripper due to saline substances and other reasons.
During the research work we came to know that saline
substances are found in this area, hence farmers
demand for the proper testing and water analysis
before the installation of irrigation system.

They further seek for appropriate treatment of water
whenever required. Problem regarding breakage of
online dripper leads to the choice of inline drippers for
the system installation. Improper services and
assistance of irrigation company dealers is also
another major problem faced by the farmers, as they
lack some technical aspects of the system. Hence
they suggested for proper and timely monitoring of
company dealers.

Farmers find that the maintenance cost was quite
higher if compared to the traditional irrigation systems,
agronomic tests also take quite longer time, which is
previously studied by Desai et al., (1 999) who revealed
that the most important constraint faced by the mango
orchard growers in adoption of drip irrigation set was
high cost of spare parts, neavy installation expenses,
lack of capital for covering entire area under drip
irrigation system, he also referred to major

e —— T
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technological constraints which were frequent clogging
and lack of technical knowhow.

Process for getting subsidy is also lengthy as per their
requirement and another problem is initial investment,
which is also higher. Thus it was suggested that local
cooperative banks should provide facility for loan of
entire system installation, so that such cost burden
could be lightened. Further they want that appropriate
training should be provided to farmers. Live
demonstrations should be arranged at the field of the
farmesr so the dependence for maintenance be reduce.

Kalsariya at al., (2003) reported that the higher initial
cost of installation of drip irrigation set, uneven
distribution of water due to insufficient pressure, drip
irmigation is not suitable for all the crops, difficulties in
interculturing, maintenance of drip irrigation sets were
the major constraints faced by the farmers. Design
should be developed for equal distribution of water,
according to crop, so that the problem to make equal
distribution of water could be solved. It could also be
help in interculturing, which is also one of the

constraints faced by the farmers who go for micro
irrigation systems. Hence the concerned efficiencies
should take the note of the same and policy/programme
should be modified accordingly, so that the farmers
will be motivated towards to adoption further,
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ABSTRACT
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were recorded and analyzed to work oyut Ig C:?la
rfield Smith’s, maximum chr)vI;:um
Ure

units sized plot. The graphical Presentatiy
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idered as a measure of correlation betweg
n

obtained was, Y = 11.08 X ©%#_The coefficient of determination ( R?) between plot size and C v ¢

was computed as 0.36. The results revealed that the smaller plots with fairly large numb' =
replications were observed to achieve 5 per cent accuracy in any of the block size. The increaer 4
plot size from 0.90 m?to 10.80 m? resulted in reduction of 14to 2 or 3 to 2 replications, res ect'Se :
to_ o_btain the same precision. For controlling soil variation, a block of 3 x 3 plots waslreql,?ir c;ve.ly’
minimum 2 replications to a chive 5 per cent accuracy for field experiments in wheat crop in Sau?as!:tlfg

region.

Key words :

Each experimental material has inherent variation,
wh_ich could be accessed through uniformity trial.
Uniformity trial helps in proper selection in size, shape
and ngmber of replications for field experiments. Field
experimentation is one of the powerful tools in
research for agricultural science. The experiments
were conducted on various crops in irrigation condition
:: ()sau;a;hﬂa re:gion. Wﬂeat is a major cereal growing
- ﬂ[:i; . Or:'reglon, relatively high variability (>50 %)

MATERIALS AND METHODS
;Jvr:]lgtmﬁity trial was conducted during Rabi - 2012 at
i sowisgarch Station, JAU, Junagadh. The crop
b of"; east to west direction with inter row
9 01 22.5 cm. The crop was harvested in

! Assistant Professor

Optimum plot size, replication, wheat.

conti‘nu_ous basic unit, each of 0.90 m x 1.00n
con_s:stlng of a four rows of 1.00 m length. Faire
Smith’s (1938) variance law and maximum curvalie
Fed_erer (1955) methods were used for determinin
optimum plot size and shape on the basis?
uniformity trial. Smith's law is as follows,

Vi
e

xh
Where :
V, = the variance of mean per plotof X units,
X = the number of basic unitsinaplol
V, = the variance of mean per plotofone’"
b = theregression coefficient.

This equation can be written as,

log V, =logV, -blogX




. Curvature method Federer (1955). Acurve
Maxnml;d by taking the plot size (in terms of basic
is ploﬂon ihe X-axis and the C. V. values on the
units) of a graph (Fig 1) The point at which the
Y- axls‘aken a turn, that is the point of maximum
cuweture The value corresponding to the point of
:J;; um‘ curvature will be the optimum plot size,

Coefficient of variation (C.V.%) per unit area was

estimated for various sized plots as under.

Standard deviation per unit
C.V.% = s=roomre— x 100
h General mean

Janu

The number of replications required varies with the
aumber of treatments, variation of the character
measured, the confidence probability of significant
difference and assurance of detecting the difference.
The Statisticians Hatheway, Cochran & Cox (1957)
equation for estimating the minimum detectable
difference between two treatments as a per cent of
the mean can be estimated using following relation.

2(t+t ) (C. V.Y

rx°

Where,

d = true difference which can be detected at a
specified level of significance

significant value of tin the test of significance.
table value of t corresponding to 2(1-p), where
p is the probability of obtaining a significant
result.

required replications number

coefficient of variation per basic unit area,
expressed as a percent of the mean, for the
plot size and shape used _
number of basic units in the combined plot size
soil heterogeneity index (linear regression
coefficient)

t

1

L

o
=
nwn

>
nn

RESULTS AND DISCUSSION

The comparisons were made among different sizes
and shape of plots using coefficient of variation per
units area, C. V. % estimated from Wheat yield.The
results are presented in Table-1 indicate that
maximum C.V.% (24.42) was observed in the smallest
sized plot i.e., one unit (0.90 sq.m.). C.V. % decreased
with the increase in plot size upto 72 units size
(5.07%). The decrease in C.V.% was not proportional
when the plot size is increased beyond 9 units plot.

OPTIMUMPLOT SIZE, SHAPE ANp
UMBER oF
REPLICATIONS

Therefore 9 units size
Maximum curvature (Fi
decreasein C. V. % was
of land used. The optim

could be taken as point of
9. 1). Beyond this point, the
not pt;oportional to the amount
: um plot size is one ju

the point of maximum Curvature. Therefcjtr:t 1?{;?12
sized plot was considered as optimum plot size
Fairfield Smith's (1938) and Federer (1955). The
graphical presentation of C.V. % against plot size
(Fig.1) also revealed similar trend, The rate of reduction
In C.V.% was more with the increase in length of the
plot than that with the increase in width (i.e., number
of rows ) of plot (Table 1),

The per unit decrease in C.V.% ( Table 1 )for different
plot sizes estimated from the differences between
C.V.% of consecutive points indicated that the
effective decrease in C.V.% due to increase in plot
size was up to 12 units sized plot. The graphical
presentation of C.V.% (Fig. 1) also revealed similar
trend, therefore, 12 units size i.e., 10.80 sq. m. size
could be considered as optimum plot size, These
results are in agreement with those reported by
Khokhar et al., (1997) in brinjal, Naliyadara et al.,
(2010) in tomato, Prajapati et al., in mustard (2013)
and Naliyadara et al., in groundnut (2013)

Among all combinations of 12 units plot(6x2), a
plot of 6 m. x 1.8 m. had minimum C.V. % per units
area (8.06 % ) therefore, itcan be concluded that
a plot of 6 m. x 2.0 m. ( 8 rows each of 6.00 meter
length ) could be taken as optimum plot size.

Keeping in view the above results as well as practical
difficulties for caring out the agricultural operations,
the plot of4 x 3 having dimensions 4.0m.x2.7
m. i.e., 12 rows each of 4.0 meter length could be
used instead of plot having dimension of 6.0 m x 2.0
m. This shape has little higher C.V.% (8.16) as
compare to 12 units plot (6 x 2) a plot of 6.0 m X 1.80
m had C.V.% per unit area (8.06).

The Smith's Law was considered as a measure of
correlation between adjacent units with ‘b” =0 indicate
perfect correlation and “b” = 1 indicate heterogeneity
between adjacent plots. The range of ‘b” 0.860 10 0.724
was obtained in this study, It was indicated the use
of smaller plots in field experiments. The equation
obtained was as under.

Y = 11.08X °**

The coefficient of determination (R? ) between plot size
and C.V.% was computed as 0.40. The trend of C.
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rcentage, Different in ¢V and Soil heterogeneity index for differen

- ation (c.V.) in PETCEt 5 ,
Table 1 Coefficient of vanaiflo Io(ts lo)r Wheat yield, rabi-2012-13.
sizes and shapes 01 P V. % Difference Per unit 8ol
i i Variance per i in decrease het
Plot Shapelin Variance . . erogeneit,
Size Basic Unit Between the unitarea Siot Mean C.V.% in C.V. % ) Ty
LxW) Plot V() VX el T
65 04.42 24.42 0.00 0.00 0.00
1 1x1 12048.65 12048, / i
2 o1 2411264  6028.16 17.27
2 2899067 724767 18.93 18.10 6.32 6.32 —
3 s 3818800 424311 1449 15.51 2.59 3.73 o
1x3 4968412 552046 16.52 -
12.49
4 4x1 50451.36 315321
> 5761245 360078 1334 13.76 1.78 0.84 0.821
1x4 77118.22 4819.89 15.44
6 6x1 80264.00 2229.56 10.50
32 9151868  2542.19 11.21 11.75 2.01 -0.26 0.811
ox3  101067.10  2807.42 11.78
ix6 13274400  3687.33 13.50
8 4x2 121142.5 1892.85 9.67 10.32 1.43 058 608
2x4 1554734  2429.27 10.96
9 9x1 132539.0 1636.28 8.99
3x3 161349.0 1991.96 9.92 10.30 0.02 1.41 0.779
1x9 2351590 290320 11.98
12 12x1 158641.8 1101.68 7.38
6x2 189285.3 1314.48 8.06
4x3 194199.1 134861 8.16 9.08 1.22 -1.20 0.787
3x4 259139.6 1799.58 9.43
2x6 279836.5 1943.31 9.80
1x12 392231.1 2723.83 11.60
16 4x4 336352.4 1313.88 8.06 8.06 1.02 0.20 0.799
18 18x1 271516.0 838.01 6.43
a2 321104.0 991.06 7.00
6x3 323144.0 997.36 7.02 7.95 0.11 0.91 0.765
3x6 480136.0 1481.90 8.56
2x9 496412.0 1532.14 8.70
1x18 650324.0 2007.17 9.96
24 122 368931.6 640.51 5.62
6x4 540174.3 937.80 6.81
g . : 7.05 5
46 6270578  1088.64 7.33 0.90 78 g8
2x12  827000.9 1435.77 8.42
& 93 5369400 73654 6.03 - ,
3x9 843876.0 1157.58 7.56 * 025 0.65 0.77.
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i SAO1920 41681 454
¥ g 715360 54902 52
i3 5791360 44686 4.70
o4 9301280 71769 5.95
66 10257920 79151 6.25 6.32 048 023
o 11895200 91784 673 0.743
i 15471840 119382 7.68
oxig 14856320  1146.32 7.53
36 17838720 137645 8.25
1ox4 9909191 430,09 4.61 .
B g2 27730 9291 683 080 012 g7
5 g3 10787760 36995 427
gx6 18996480  651.46 5.67 558 0.14 0.46 0734
69 20821320 71404 5.94 ‘
18 24455880 83868 644
3@ 12154880 23447 340
18x4 19930240  384.46 4.36
12x6 20004480 38589 4.36 5.07 0.51 0.37 0.724
6x12 35389440 68267 5.81
418 36912000 712,04 5.93
236 44827520 86473 6.54
Fig. 1 : Average Coefficient of variation for different sized plot in Wheat
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4x4
1.80
3.60
5.40
7.20
10.80
3.60
7.20
10.80
14.40
21.60

2.70
5.40
8.10
7.20
10.80
5.40
7.20
10.80
14.40

3x4

3x3
2.70
5.40
8.10
10.80
5.40
7.20
10.80
14.40

Block Shape
10.80

4.50
5.40
8.10
10.80
10.80
5.40
7.20
10.80
14.40

2x4

Total area required per treatment (m?)
1x6
5.40
5.40
8.10

10.80

10.80
5.40
7.20

10.80
14.40

NALIYADARA [GAU Researcy,

V.% was expressed in equation fo

\ T
derived to show the relation betwgg & he .

quired per treatment with different plot sizes.

1x4
7.20
9.00
8.10
10.80
16.20
9.00
10.80
10.80
14.40

9.00
10.80

8.10
10.80
16.20
10.80
10.80
16.20
21.60

1x3

1x2
12.60
14.40
16.20
18.00
16.20
14.40
18.00
16.20
21.60

2
2
2
2
2
2
2
2
2

size, X using original data as weg|| aslg \; % an
data are as under. g ran% rrﬁlm
%
2 1) Original data :
N a
o TETL
xb
o
b C.V. = 11.08-0.0384X . .
N (R %0‘%]
e 2) Log transformed data
=
Log C.V.=Loga+b Log X
o Y=1352-0202 X . ,
o i .
The reduction in experimentg| error for
o comparison can be achieved by (j) in creas; Salme,
e of replications and (ji) taking large plot (4 N,
N al., 1967). Two criteria are Complememaryfc,rm?' q
experimental area. Hence, the effective o afiygg
g replication and total area requireq Per treatme e
8 worked out for various plot sizes, The resu“Smwe’*
2) revealed that the smaller plots with faily |
s number of replications were obseryeg to ac:iearge
< Per cent accuracy in any of the block sjze Vﬁ,a
& increase in plot size from 0.90 mz21g 10.80 mereq .
in reduction of 14 to 2 of 3to2 l‘ephcaﬁonesd
N {

respectively, to obtain the same Precision, y

3
3
2
2

% standard error and total area re
3

Block Shape

Number of replications
8

X2 1x3 1x4 1x6 2x4 3x3 3x4 4x4
10

14

(m?)
0.90
1.80
2.70

3.60
5.40
1.80
3.60
5.40
7.20

Plot size
(Unit)

Table 2. Effective number of replications for 5

Length Width Area

(Unit)

controlling soil variation, block of 3 x 3 plots was
N required with minimum 2 replications to a chive 5pa

W Saurashtra region. Similar results were reported
N Saxena et al.,l(1 872) in oat grown for fodder, Thomas
et al.,(1985) in brinjal, Patil et al.,(1987) in Indian
o mustard and Prajapati et al.,(2013) in mustard.
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Potato (Solanum tuberosum L.) plays a vital role in
food security for ever increasing world population
(Scott and Sourez, 201 2). Itis highly capital and labour
intensive crop (Khushwahand Singh, 2011). Presently
India is the second largest potato producer in the
world, which has got an unlimited potentiality of its
cultivation in Gujarat State. For achieving higher
productivity, balance fertilization of utmostimportant.
In potato cultivation, some elements like Zn, B, S
and Mg can help in increasing the foliage coverage at
initial growth stages and in the later stages, the
translocation of assimilate which is responsible for
higher yield (Trehan and Grewal,1981). Many workers
are of the opinion that application of minor nutrientin
addition to major elements can play a good role in
increasing the yield of potato (Mahmood et al., 1985;
Tiwari, 1995; Rybost etal.,, 1993; Taya et al., 1994).

Sulphur is one of the 16 essential plant nutrients. Itis
now considered as the fourth major nutrient in fertilizer
management after N, P and K. It is absorbed by
plants in amounts comparable to P. It plays major
role in increasing protein and oil content . Therefore it
is a key component of balanced nutrient application
for top yields and superior quality produce. Its
deficiencies are spreading in more and more areas
due to intensive cropping with high yielding hybrids
varieties, scare use of organic manure, use of high
analysis S free fertilizers, depletion of soil sulphur
due to less sulphur added to soil as compared to
crop removals, which ultimately results in negative
sulphur balances. Distinct possibility of sulphur losses
through leaching and runoff with the spread of flood
irigation to large areas. Keeping this in view, the
present investigation was undertaken to study the
effect of sulphur application on growth, yield and

eopnomics of potato production under loamy sand
soils of North Gujarat.
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MATERIALS AND METHODS

A field experiment was conducted during rabj seaso
of 2011-12 and 2012-13 at Main Potato Rﬁsearzﬁ
Station, Sardarkrushinagar Dantiwada Agricultyral
University, Deesa (Gujarat) on loamy sand soil hayin
pH 8.2, organic carbon(0.32 %) low in availabje Ng
available P (31.2 kg/ha) and K (282.5 kg/ha). The
four treatments i.e., T, : control (No Sulphur), T. - 25
k'S (Bensulf)/ha , T,:37.5kg'S (Bensuif) ha and T
50 kg S (Bensulf) were laid outin randomized block
design with six replications. Seed tubers were planted
on 18" November in both the years at the spaci ng of
50 x 20 cm. Recommended dose of N:P:K j e
275:140:275 kg/ha were applied. Half dose ofnitrogeH
and full dose of P,O, and K,O were applied as a basal
at the time of planting. Remaining half dose of nitrogen
was applied at 30 days after planting. Other cultural
operations and plant protection measures were
followed as per package of practices recommended
for potato crop in the region. Haulm was removed at
100 days after planting and crop was harvested next
t?Iay. The tubers were graded into three categories
i.e., A grade(>125g), B grade (25-125g) and C
grade(<25g) and weighed. Stastical analysis was
carried out by following standard analysis of variance

as described by Gomez and Gomez(1984).

RESULTS AND DISCUSSION

The results a presented in Table 1 revea - that
different levels of sulphur failed to exert sic ficant
effects on a A grade tuber yield of potatc  uring
2012-2013 and in pooled results. However jrade
tuberyield increased significantly withincreac  level
of sulphurin year2011-12. Significantly higt ~ (uber

sation

yield (301.94 g/ha) was recorded with the ap.
of 50 kg S /ha as compared to rest of the tre' ments.
The pooled result showed non significant differences
inAgrade tuber yilg. Simiary, B grade tuber yield

s also in pooled not affected significantly dve




Effect of levels of sulphur on grade wise tuber yield ( g/ha) of potato

Table 1

C grade tuber yield Total tuber yield
201112 201213 Pooled

B grade tuber yield

A grade tuber yield
2011-12  2012-13

Treatments

Pooled

2011-12 2012-13

Pooled

201112 2011-12

Pooled

Sulphur levels (kg/ha)

00.0

34452 386.48

33.58 2890 428.43

2419

81.60

88.20
89.20

34.04

129.24

276.90 276.00

286.05 285.70

275.00

350.17 400.37

22.78 30.27 26.50 450.56
348.14 403.73
348.31

22.64
21.94

33.85

142.50

285.28

25.0

EFFECT OF SULPHUR ON YIELD AND QUALITY OF POTATO

31.30 459.31

27.10

39.94
32.28
3.43

36.17

142.22

27202 28320
279.41

294.44

375

404.99

461.67

87.20

36.63

137.78

290.70

301.94

50.0

5.64 11.67 6.72
16.66

3.04

2.96 2.78

2.11

5.64

NS

13.12 6.88

1.57

4.62

SEm + (ForT)
CD(0.05)

[}
Z

NS

NS

NS NS NS
2.00 2.58

6.03
5.05

NS

NS
9.33

NS

8.99

SEm = (For Y X T)

CD(0.05

w
=

NS
11.53

NS

4.03

8.22 276

2.76

24.66

6.52

17.0

9.04

11.67

1.22

C.V.%

S treatments during both the years as well as in
pooled results. However, numerically treatment
receiving 37.5 kg S/ha produced higher B grade tuber
yield. This also ture for yield of C grade potato.

In the case of total tuber yield, it was aftected
significantly due to treatment only during first year.
Among the treatments, significantly higher total tuber
yield (461.67 g/ha) was recorded with the application
of 50 kg S/ha was at par with treatments receiving
37.5 and 25 kg S/ha. Treatment receiving no S
recorded significantly the lowest total tuber yield.
During 2012-2013 and in pooled analysis, total tuber
yield did not very significantly due to S treatments. In
contract, the results of Sud and Sharma (2002) showed
that these was increase in tuber yield with increasing
levels of S application. This was attributed to its role
in better partitioning of the photosynthates in the
shoot and tubers. Similarly , Lalitha et al., (2002) have
also reported significant effect on grade wise tuber
yield and increase in bulking rate with sulphur
application. Absence of significant response to S
application by potato grown on loamy sand soil seems
to be due to medium status of available S in soil and
Dia ammonium phosphate used as source of P
fertilizer in control.

There was an appreciable increase in net realization
due to sulphur application up to 25 kg S/ha as shown
in Table 2. The highest net return of 115120 /ha was
obtained with treatment T, (50 kg S/ ha) followed by
¥ 114672 /ha) with T,(37.5 kg S/ ha). The lowest
returns of ¥108240/ha was accured under treatment
T,(O kg S/ha).

Thus, it is concluded that application of sulphur in
addition to recommended dose of nitrogen, phosphorus
and potash were more effective for higher net returns
of potato
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Table 2 Effect of sulphuron emM
Total Gross Net

Treatments Tuber Cost of
yield cultivation
(gha) /ha)

Sulphur levels (kg/ha)

00.0 386.48 85000
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Control V/S Treatment

Selling price of potato 3 500/q
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Fenugreek ( Tngonella foenum-graecumL.) commonly
known as methiis an important seed spices grown in
arid and semiarid region of india during rabi season
and cultivated in an area of 82,900 hectors with
production of 1.25 lakh tonnes of seed in the country
(Anonymous, 2012). In India, it is mainly grown in
Rajasthan, Gujarat, Madhya Pradesh, Maharashtra,
Haryana, Punjab and Kamataka. Water is a major
factor for every metabolic activity of plant and limited
quantity of water is available for irrigation, which calls
for scheduling of irrigation to improve water productivity
of fenugreek. Recently irrigation is being scheduled
on the basis of climatological approach which is now
considered as most scientific, since it indicate all
whether parameters in a given climate, plant continuum
giving them natural weightage (Pariher et. al, 1976).
Maintenance of optimum plant population is essential
for interception of solar radiation without exerting
competition for nutrient and water in plants.

Precise information regarding appropriate scheduling
of irrigation based on IW/CPE ratio and method of
sowing for fenugreek is meagre. Keeping in view the
above considerations this research programme was
planned to study the judicious use of irrigation water
which may provide information not only on water use
by crop but also when to irrigate and to find suitable
method of sowing for fenugreek. Hence there is an
urgent need to generate precise information on
irrigation requirement and method of sowing.
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A field experiment was conducted at Instructional
Farm, College of Agricutture. JAU, Junagadh (Guarat)
during rabi season of 2011-12. The soil of the
experimental field was clayey in texture having field
capacity moisture of 28.88 % and PWP of 12.86 %
and soil moisture before sowing was 22.15 %, pH7.9
Ec 0.33 dS m"'. The soil in experimental site was
medium in available nitrogen (267.0kgha), P 0, (38.3
kgha"), high in available K. (232.0 kg ha") and rich
in organic carbon (0.83 %). The experiment was laid
out in split plot design with four replications. Keeping
four levels of imigation [0.4, 0.6, 0.8 and 1.0 irrigation
water (IW) cumulative pan evaporation (CPE) ratio] in
main plot and two sowing method [M,= line sowing at
30 cm and M, = broadcasting] in sub plots. Fenugreek
(GM-2) was sown in first week of November-2011 as
per treatments using a seed rate of 15 kg ha'. A full
dose of 20 kg nitrogen and 40 kg phosphorus per
hectare was drilled manually through DAP and urea
as a basal at sowing. Two comman irrigations each
of 50 mm depth were applied, firstimmediately after
sowing and second at 5 DAS for better germination
and establishment of seedlings. Rest of the irrigations
were applied as per treatments. A total of 1400 mm
water was measured by parshall flume, installed in
the field channel and total of 5, 6, 8 and 9 irrigations
of 5.0 cm each at IW/CPE ratio of 0.4, 0.6, 0.8 and
1.0, respectively were provided. Cumulative pan
evaporation was taken as the sum of the daily pan
evaporation from USWB class-A evaporimeter. The
soil samples collected from five different depths viz.,
0-15, 15-30, 30-45, 45-60 and 60-75 cm before
irrigation and 48 hours atter irrigation and sample were
used for estimation of moisture content. Other
packages of practises were followed as per
recommendation made for the crop in the region. The
crop was harvested on 5"March, 2012,
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T higher plant height, dry matter
S'gmf:j:;;g nu?nber of branches per plant, pods
accUTm pod length, number of seeds per pod, test
per P ¢ s’eed and straw yields were recorded at IW/
welg tio of 1.0 than rest of the treatments but it
GPE -rae:j at par with [W/CPE ratio of 0.8 (Table 1).
ren'!alrjn case of water use efficiency it was maximum
Wils Ik ha'mm) at 0.4 |W/CPE ratio (Table 2).
(§'4§f gnuy higher seed and straw yields (2031 an_d
Slgn1l ;f ha'') were produced at higher IW/CPE ratio
353) it?night be due to frequent irrigation at shorter
-:.{erval under this treatment which mlamtaln optlmgrn
I isture level in the soil during the entire growth period
i ited in better translocation of photosynthates from
f_ef:i:urce to sink which in turn resulted hjgh_er yield
attributes and yield of fenugreek. These findings are
in close agreement with studies of Dutta and

Chatterjee (2006).

The higher values of growth and yield attributes; seed
and straw yields were observed when crop was sown
at 30cm row spacing (Table 1). Significantly the
maximum seed yield (1996 kg ha™) was produced
under line sown crop at 30 cm row spacing which
was 18.2% higher than broadcast method of sowing.
The probable reason for higher yield under line sowing
might be due to intra-space competition and
competitive interactions among the plant can be
avoided by providing suitable stand geometry by which
all the strata of leaves can get copious sunlight and
carry out effective photosynthesis and consequently
higher dry matter and yield (Duncan, 1977). Yadav et
al., (2000) also reported higher seed yield of fenugreek
under 30 cm row spacing.

Data of one year revealed the presence of significant
interaction of irrigation (1) and sowing method (M).
Significantly for the higher no. of branches per plant,
seeds per pod, test weight, seed and straw yields
were recorded when crop was irrigated at 1.0 IW/
CPE ratio along with 30cm row spacing (Table 3).
Treatment combination IM, recorded significantly
higher seed yield than rest of the combinations, but
itremained at par with I,M, combinations (irrigation
at ‘0.8 IW/CPE ratio along with 30cm row spacing).
Irrigating the crop at an IW/CPE ratio 1.0 and sowing
the crop at 30cm row spacing significantly increased
yields which might be due to the contribution of more
Pods, pod length and seeds per pod as evidenced
by test weight and grain yield per plant resulting from
more nutrition to plants. These findings are

corroborating with the reports of Davut Karaaslan
(2007) in sesame.

Table 3 Interaction effects of irrigation and sowing method on growth, yield attributes, seed and straw yield

Straw yield(kgha™)

Seeds/pod Test weight(g) Seed yield(kgha')

Branches/plant

Treatments

RESPONSE OF FENUGREEK (TRIGONEL | A FOENUM-GRAECUML)

o108 2354 2013 2933 3583 3896

1729 1792

154 159

28

84 11 10 134 140 124 1

76

6.5

6.1

1708 2642 2850 3450 3206

1854

1500 1688

14.7

5.1

71 107 14 122 127 123 127 1

6.7

69

57

C.D.at5%

329.2

260.3

0.57

0.88

0.83




PRAJAPATI ET AL

The maximum amount of moisture was extractet‘:l from
0-15 cm soil depth irrespective of irrigation anditwas
decreased with soil depth (Fig. 1). About 60.91% soil
mois-ture was extracted from the top 30 cm of soil
depth under 0.4 IW/CPE ratio but in case of 1.0 IW/
CPE ratio more than 65.57% soil mois-ture was
extracted at the same depth. This indicated that
irmigation levels had promi-nent effect on soil moisture

extraction pat-tem.

WO13 w150 B A6 BEDTS
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Fig. 1 Moisture extraction pattern of fenugreek under
different IW/CPE ratio and sowing method

Soil moisture extraction increased from 15 cm soil
depth with increasing irrigation level. The higher
amount of moisture extraction from surface layer under
different irrigation levels might be due to increased
surface evaporation, shallow root density and higher
water uptake due to availability of irrigation water.
These findings are also cor-roborate with the findings
of Dutta and Chatarjee (2006). In lower level of irrigation
treat-ments, moisture extraction was higher from
deeper (30-60 cm) soil layer. In this condi-tion
moisture stress compelled the roots to go into deeper
soil layer for utilization of water for their proper growth
and develop-ment. In case of sowing method
maximum moisture extraction of 63.97% was noted
in line sowing followed by broadcast method of sowing
with 62.24%, respectively.

The results presented in Table 2 on economics of
different irrigation levels indicated that an application

[GAU Research Journa] 40 (D

of irrigation water at 1.0 IW/CPE ratio recorded highest
gross and net realization of Rs. 53566 and Rs. 2489y,
ha, respectively, due to moré yield followed by 0.8
IW/CPE ratio. In case of sowing method highest grosg
and net realization recorded under line sowing methog_

It was concluded that for getting higher yield ang
maximum economics of fenugreek should be irrigateq
at an IW/CPE ratio of 1.0 with sown at 30cm row
spacing along with other recommended package of
practices.
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Fenugreek (Trigonella foenum graecumL.) is an
important spice crop and occupies a prime position
among different seed spices. Fenugreek suffers from
number of diseases caused by various pathogens.
Among them, powdery mildew of fenugreek caused
by Erysiphe polygoni DC. is considered as the most
destructive as it damages to all parts(Chattopadhyay
and Maiti, 1990). The disease has been observed to
occur at flowering and pod formation stages (Dhruj et
al., 2000). Change in sowing period may be an
important cultural practice followed to minimize the
extent of damage due to powdery mildew disease as
it avoids coincidence with susceptible stage of the
crop. The direction of sowing may also influence the
disease incidence because disease severity
increases if crop is sown such that lower canopy of
plants has less exposure to sunlight.With that
assumption, the present studies were carried out to
observe their influence on powdery mildew.

A field experiment with three treatments ofdifferent
sowing dates viz., 20" October (D,), 10" November
(D,) and 30" November (D,), was conducted in
Randomized Block Design with Factorial concept
during rabi season of 2012 at Agronomy Instructional
farm, Sardarkrushinagar Dantiwada Agricultural
University, Sardarkrushinagar. The recommended
fenugreek variety GM 2 was sown maintaining 30 cm
distance between rows in a gross plot size of 4.5 m X
1.5 m as well as two directions of sowing viz.,
North-South and East-West. The recommended
agronomical practices were followed.

The observations on intensity of powdery mildew was
recorded from 25 randomly tagged plants in each plot
at three crop growth stages viz., vegetative stage (45
days after sowing), pod formation stage (70 days after

' P.G. Student, ? Associate Research Scientist, Centre of Excelence
for Research on Wheat, Vijapur, * Professor, Department of
Plant Pathology, N. M. College of Agriculture, NAU, Navsari

sowing), and maturity stage (85 days after sowing)
using 0-5 scale as described follows :

Healthy plant/No incidence

Less than 50 per cent leaves covered with whitish
growth

> Fifty per cent leaves covered with whitish growth
> Fifty per cent leaves, stem/branches covered
with whitish growth

> Fifty per cent leaves, stem/branches and pods
covered with whitish growth

5 = Plant completely covered with whitish growth

0
1

2
3

4

The per cent disease intensity was worked out by
using following formula (Mckinney, 1923).

Sum of all numerical rating

Percent Disease Intensity = X100
(PDI) Total number of Maximum

plants examined rating

For assessing the losses due to powdery mildew
disease in fenugreek, 100 matured pods for each of
the categories as mentioned below were harvested
from diseased as well as healthy plants from the
experimental plots.

1. Few whitish specks on pods

Fifty per cent area of the pods covered with
whitish specks

Pods completely covered with whitish growth
Healthy pods

&~ w

From the pods of above different categories, observations
viz., number of seeds per pod, weight of seeds per pod
and 1000-seed weight were recorded and losses (%)
were worked out as per Krishna et al. (1988).

The effects of different dates as well as direction of
sowing on the development of powdery mildew disease
are presented in Table 1. The data revealed significant
differences in per cent intensity of powdery mildew
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disease at pod formation (70 days after sowing) and
physiological maturity stage (95 days after sowing).
The disease was not initiated at vegetative stage (45
days after sowing) of the crop. At pod formation and
physiological maturity stages, significantly lowest
powdery mildew intensity of 21.67 and 44.01 per cent
was recorded when the crop was sown on 10"
November (D), while it was highest (39.41 and 62.48
per cent, respectively) at delayed sown crop i.e. 3o
November (D,). Among two direction of sowing, the
disease intensity was non-significant. Thus, it can
fairty be concluded that late sown crop suffered more
because of ready availability of inoculums build up in
early sown crop and resultin higher percent disease
intensity. Kumari and Prasad (1998) reported minimum
intensity of powdery mildew of pea caused by E.
polygoni in early sown crop compared to late sown
crop. Tripathi and Rathi (2000) revealed no effect of
row direction on severity of Botrytis gray mold of chick
pea. Singh and Sirohi (2003) reported increased
intensity of powdery mildew in late sowing of black
gram.The average powdery mildew severity was
significantly lower in early and mid-sown green gram
crop (Thakar et al., 2004).The results obtained in
present study are in agreement with earlier reports.

[GAU Research Journal 40 (1

The data (Table 2) on number of seeds per pod, weight
of seeds per pod and 1000-seed weight revealed that
maximum reduction of 14.45, 30.24 and 12.68 per
cent in number of seeds per pod, weight of seeds per
pod and 1000-seed weight, respectively was observeq
when pods were completely covered with whitish
growth as compared to healthy pods. When fifty per
cent area of the pod covered with whitish growth, there
was corresponding reduction of 6.62, 18.53 and 7.43
per centin number of seeds per pod, weight of seedg
per pod and 1000-seed weight, respectively, while,
these parameters were reduced to nearly half when
only few whitish specks were observed on pod. Thu s,
it can be concluded that powdery mildew causeq
considerable reduction in agronomic characters like
number of seeds per pods, weight of seeds per pods
and 1000 seed weight which in turn causeg
considerable reduction in seed yield of fenugreek_
Reduction of 22.8-25.6, 16.3-18.8 and 14.3-17.2 per
centin pods per plant, seeds per pod and test weight
respectively was recorded when powdery mildey
intensity in fenugreek was more than 80 per cent
(Rathi et al., 2002). Dakshayani and Mummigattj
(2004) also reported that the number of pods per plant
was reduced by 29 % , number of seeds per pod by

Table1 Effect of sowing date and sowing direction on powdery mildew intensity in fenugreek

Treatments Percent Disease Intensity (PDI)
Vegetative Pod formation Physiological
stage stage maturity stage
Date of sowing (A)
D,- 20" Oct. 0.00 32.89* (29.48) 47.03 (53.54)
D,- 10" Nov. 0.00 27.75 (21.67) 41.56 (44.01)
D,- 30" Nov. 0.00 38.89 (39.41) 52.17 (62.38)
S.Em. + 0.93 1.16
CD.at5% 2.80 351
Sowing directions (B)
:Oﬂh-South 0.00 33.31 (30.15) 47.50 (54.35)
ast-West 0.00 33.04 (29.72) 46.35 (52.35)
5. Bt 0.76 095
C.D. at 5% '
Interaction (A X B) o e
CV. % 7.94 W NS
7.03

*Figures are Arc s
sin transformed valu i
es and in parentheses retransformeq vajyesg
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es due to powdery mildew in fenugreek

9 Assessment of loss

s Vegetative Pod  Physiological Vegetative Pod Physiological
Treatm stage formation ~ maturity stage  formation maturity
stage stage stage stage
whitish specks on pod 16.10 3.01 0.19 6.82 11.92 3.7
Few
y per centarea of the 15.50 6.62 0.16 18.53 11.46 743
:;d covered with whitish
gom 1 0.14 30.24 08
o completely covered 14.20 4.45 . : 10.81 12.68
P
yith whitish growth
Healthy pod 16.60 - 0.20 . 12.38 .
il IR
57%and test weight by 13 % due to powdery mildew sowing on the incidence and severity of powdery
ni) of green gram.Thus, the results obtained mildew of pea. Journal of Applied Biology 8(1):
in bresem study are more or less in conformity with 78-79.
the resutts reported earler. Mckinney 1923. Influence of soil temperature and
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