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CHAPTER -1

INTRODUCTION

A plant must be capable of exploiting both its physical and
biological environments and be able to remain productive even under
various biotic and abiotic stresses. Evaluation of such a property is now
gaining importance. It is now an established fact that for a less favoured
farmer, stability of yield is of more value as compared to the high
production obtained through high investment. This necessitates to
evaluate the varietal performance and varietal adaptation under various
micro and macro environments for which the interaction between the
genotypes and environments needs to be worked out. Such a study will
help in identifying a genotype with a high production potential possessing
stability performance over a wide range of environments, which is location

in the referred case.

Niger (Guizotia abyssinica Cass) is extensively grown as a rainfed
crop in marginal and sub marginal sloppy lands by tribal farmers. In
Madhya Pradesh niger is grown in an area of 126 thousand ha with the
production and productivity of 28.7 thousand tonnes and 228 kg/ha
respectively (Hegde et al., 2000). The fluctuating yields in different parts of
india require the development of stable genotypes of niger across the
environment. Some genotypes perform well over a wide range
environment while others require specific environmental conditions to
express their full genetic potential.

Keeping the above facts in view, this investigation has been
planned to gather the information or consistency in performance of

genotypes over locations with the following objectives:

1 To determine the genotype x environment interaction over locations
viz., Indore, Dhar, Jhabua.

2 To know the adaptability of genotypes for yield and its attributes
over all three locations.

3 To find out the stability of traits over varying environmental

conditions.



CHAPTER -2

REVIEW OF LITERATURE

Genotypes x environment interactions are of major importance to
the plant breeders in the process of evolution of improved varieties. When
varieties are grown at several locations for testing their performance, their
relative rankings usually differ. Genotype x environment interaction is
always realized, whether the varieties are pure lines, single crosses,
double crosses, top crosses, single lines or any other material with which

breeder is working (Eberhart and Russell, 1966).

Johanson (1809) explained the meaning of phenotype, which he
described as the appearance or form arising as a result of interaction of
genotype and environment. He was well ahead of others in realizing the
importance of environment in developing processes. However, the
existence of genotypes x environment interaction was first reported by
Fisher and Mackenzie (1923) from the results of a varietal trial on
potatoes. The break through came when Fisher (1926) presented the
analysis of variance for factorial designs in field experimentation. This was

used by Immer et al. (1934) to analyse the yield data obtained from a

barley trial.

Sprague and Federer (1951) expiained how variance components
could be compartmented into effects of genotypes, environments and their
Interaction in equating the observed mean squares in ANOVA to their

expectations on random model.

Allard (1961) pointed out that there is a relationship between
genetic diversity and consistency in performance in different environments.
According to him mixed populations were more stable than pure lines,

owing to higher buffering.

Comstock and Moll (1963) demonstrated the significant effect of
genotype x environment interactions in slowing the progress from

selection.
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Finlay and Wilkinson (1963) used regression as a quantitative
measure of phenotypic stability to describe the varietal adaptability over a
range of environments. According to them, absolute phenotypic stability
could be expressed by b = 0 and the ideal variety in respect of adaptation
would be the one having maximum vyield potential in most favourable

environment and maximum phenotypic stability.

Allard and Bradshaw (1964) suggested selection of stable genotype
that interacts less with the environments in which they are to be grown
with a view to reduce the genotype x environmental interaction to a

considerable extent.

According to Eberhart and Russell (1966) in addition to mean and
regression, deviation from regression should be given importance. Perkins
and Jinks (1968) proposed that a regression of genotype x environmental
interaction on environmental index had to be obtained rather than
regression of mean, performance as done in the Eberhart and Russeli's

model.

Paroda et al. (1973) were of the opinion that minimum of three
contrasting environments would be quite sufficient in order to select most

stable genotypes as well as to predict their mean performance.

Luthra and Singh {1974) concluded after comparing some stability
models and parameters that the relative rankings of the genotypes in

Eberhart and Russell’'s and Perkin and Jink's model would be same.

The limited literature available on stability analysis in niger has

been presented below:

Joshi and Patil (1982) studied four promising introductions of niger
at three locations in Maharashtra for seed yield. They observed significant
G x E interaction for seed yield. The genotype IGP-76 had the highest
seed yield, though its regression value was little more but its deviations
were the least, indicating its adaptability to different environments and as

ideal genotype in the present study.

Verulkar and Upadhyay (1989) evaluated nine varieties of niger for

stability parameters with respect to seed yield, days to flower, days to

»d



maturity, plant height, branches per plant, capsules per plant and 1000
seed weight in nine environments. The linear component of G x E
interaction was larger in magnitude than non linear component for all the
traits. CHH-1 was the only genotype found to be stable for seed yield per
plant, plant height and 1000 seed weight. However, Gaudaguda-1 and N-

71 have yielded significantly higher than other cultivars.

Misra et al. (1991) studied eighteen improved niger varieties during
rainy season for two years. The varieties showed differential adaptation to
different seasons. The varieties suitable for rainy season were: ONS-7,
ONS-5, ONS-2, GA-10 and CHH-1 and for winter season were: ONS-4,
GA-1, ONS-2, ONS-8 and GA-5.

Upadhyay (1993) evaluated ten genotypes of niger over four years
for stability parameters with respect to seed yield, days to flower, days to
maturity, plant height, branches per plant, capsules per plant and 1000
seed weight. CHH-1 was found to be stable genotype for all traits studied.
Varieties like CHH-1, CHH-2 and Ootacamund with high seed yield were

also stable for most of the characters including seed yield.

Kumar et al. (1993 and 1994) studied twenty niger selections for
their stability of yield, days to flower, days to maturity, plant height,
capsules per plant, 1000 seed weight, seed yield per plant. They identified
few stable selections viz., Phule-1 and GA-10 for seed yield per plant, N-5
and ONS-8 for 1000 seed weight and Gaudaguda for days to maturity.

Kumar et al. (1998) studied twenty niger genotypes under four
micro-environments for yield per plant, days to flower, days to maturity,
plant height, 1000 seed weight and harvest index. The genotypes Phule-1
and GA-10 were found stable for yield per plant and NBC-2 and KEC-7

were reported to be stable for oil content.

Borole et al. (1998) evaluated eight genotypes of niger at seven
locations in Maharashtra for selection of stable variety of niger. They
observed significant G x E interaction. The genotype IGP-76 was found

with average stability for yield and yield components.



Kumar et al. (1998) studied twenty genotypes for stability. G x E
interactions were found to be significant for several characters. They
concluded that the cultivars Phule-1, Gaudaguda, GA-1, GA-10, N-5,
NBC-2 and RCR-140 were stable.

Patil et al. (1999) studied adaptability analysis for seed yield, 1000
seed weight, capitula per plant, days to maturity and plant height for twelve
genotypes of niger over six environments. G x E interaction was observed
significant for all traits studied. The genotypes viz., IGP-76 and IGPN-9628
were found responsive and adaptable to all environments for all the traits,
while IGPN-9610 was responsive and stable for seed yield (g/ha), days to

flower, days to maturity and branches per plant.

Hegde et al. (1999) studied thirteen genotypes of niger over seven
locations for seed yield, days to maturity, days to flower, capsules per pant
and branches per pilant. The genotypes viz., JNS-1, JNC-3, GA-10 and
IGP-76 were responsive and stable across the environments for all traits
studied. They further evaluated six niger composites along with three
check varieties at seven locations. They reported presence of G x E
interaction for days to maturity, branches per plant, capsules per plant and
seed yield. It is concluded that the composite JNC-11 and variety IGP-76
possess average stability for all the characters. In an other experiment
they evaluated eight genotypes of niger over seven locations with respect
to seed yield. A significant G‘ x E interaction was observed. The
genotypes viz., JNS-7, GA-10, BNS-9, SNS-8 and No.71 were observed to
be well adapted over environments. A positive and significant correlation
was also observed, indicating that the stability parameters were governed

by independent genetic system in niger.

Goswami et al. (2000) studied the performance of eight strains of
niger under All India Co-ordinated Programme at six locations during kharif
1998 for grain yield, days to maturity and branches per plant. The G x E
linear was significant for grain yield (g/ha), suggesting the differential
responses under different locations. The strain JNC-11 was found to be

stable for all characters studied.
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Tabile 1 List of genctypes studied
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Table 2 Meteorological data during crop season under Indore
condition
Location | Month Av. Temp (°C) Av. I Total No. of
Relative | rainfall rainy
Min. Max. humidity | (mm) days
(%)
Indore Sept., 03 216 295 86.3 3384 10
Oct,, 03 16.6 31.4 88.5 NIL NIL
Nov., 03 13.7 30.3 90.6 NIL NIL
Dec., 03 10.7 276 81.8 NIL NIL
Jan., 04 8.3 255 82.5 NIL NIL
Dhar Sept., 03 227 316 85.3 218.7 9
Oct., 03 18.3 297 75.2 76.0 4
Nov., 03 14.6 28.4 73.8 NIL NIL
Dec., 03 1.7 27.4 85.9 NIL NIL
Jan., 04 9.3 26.2 83.5 NIL NIL
Jhabua | Sept, 03 237 30.5 83.6 301.6 12
Oct., 03 17.5 31.5 73.5 97 5
Nov., 03 13.5 30.7 76.0 NIL NIL
Dec,, 03 11.5 28.5 82.1 NIL NIL
Jan., 04 10.4 26.5 87.5 NIL NIL




Fig. 2 Meteorologlcal data during crop season under Indore condition
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Fig. 3 Meteorological data during crop season under Dhar condition
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Fig. 4 Meteorological data during crop season under Jhabua condition
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3.4 CULTURAL PRACTICES FOLLOWED
(a) Field preparation
The fields are ploughed thoroughly twice followed by 2 harrowings

and planking to obtain optimum soil tiith for even depth of seed placement

and subsequent emergence.
(b) Seedrate

Five kg per ha is the recommended seed rate for the line sowing

based on this 50 g of seed per plot per variety (9.6 m?) was used.
(c) Time of sowing

The sowing time has great impact on growth and development of
the crop, which directly influences the yield. The correct sowing date for
the Madhya Pradesh is between 2™ week of July to the second week of

August hence the crop was sown in the second week of July.

(d) Plant geometry

To obtain an optimum plant population of 3.3 lakh per ha the crop

was sown with a spacing of 30 x 10 cm.
(e) Manures and fertilizers

To improve the physical condition of the soil and for obtaining good
yields well-decomposed farmyard manure (FYM) @ 5 tha was
incorporated at the time of preparatory tillage. The recommended dose of
chemical fertilizer for Madhya Pradesh is 10 kg N + 20 kg P,0s/ha at the
time of sowing and 10 kg N/ha at 35 days after sowing. Based on these
recommendations each plot was applied with 24 g urea + 120 g single
superphosphate at sowing and second dose of 24 g urea was top dressed

35 days after sowing.
(f) Irrigation

Since the crop is totally raised as rainfed during the kharif season

the irrigation was not given to the crop.

10



(g) Weeding and interculture

First weeding followed by thinning was done after 20 days and

second weeding was done 35 days after sowing.
(h) Harvesting

The crop was harvested when the leaves dried-up and head turmed
blackish in colour. After drying in sun for about a week by stacking at the

threshing floor the crop was threshed by beating with stick.
Observations recorded

In order to record the observations. five competitive plants were
selected from each plot in each repiication in each location. The following
observations were recorded on each selected plant. except for days to
50% flawering and days to maturity, which were recorded on. plot basis.

(i) Days to 50 per cent flowering

The period from the date of ptanting to the date when 50 per cent of
the plants in a plot were in bloom was recorded and expressed in number

of days.
(1) Days to matunty

The period from the date of sowing to the date of ripening was

recorded and expressed in number of days.
(iii) Plant height (cm)

The height of the piant was recorded in cm from the ground level to

the tip of the main stem at the time of maturty.
(iv) Number of primary branches per plant

The number of primary branches bome on the main stem was

recorded at maturty.
{v) Number of capitulums per piant

The effective number of capitulums (head) per pitant was counted at

the time of harvest.

11



(vi) Seed yield per plant

Total seeds per plant were weighed in gram.
(vii) Seed yield per plot (g)

The seed yield per plot was weighed in gram.
(viii) 1000 seed weight {(g)

One hundred seeds drawn randomly were weighed in gram and the

seed w eight was recorded.
(ix) Biological yield per plant

The total dry weight (seed yield + weight of straw) per plant was

recorded in g.
(x) Harvest index
The harvest index was calculated by using the following formula:

Harvest Index = Economic yield x 100
Biological yield

Statistical analysis

The data obtained from five plants were averaged to get mean per
plant. These means were subjected to location wise analysis of variance
followed by pooled analysis. The data were analysed for the design of
experiment following the standard procedure given by Panse and
Sukhatme (1967).

Analysis of variance

The mean values for each character of individual variety were
based on competitively selected five plants from each replication for
computation of environment analysis. The format of ANOVA is presented

below:

SN | Source of variation df | Mean squares Expectation of
mean squares

1. | Replications 2
2. | Genotypes 9 M, e’ + log°
3 | Error 18 M: Ge’




Pooled analysis of data

One of the requirements before we pool the data to perform pooled
analysis over locations was testing homogeneity of error variances. For

testing homogeneity Barlett's test was used as follows:

Let there be n mean squares. S:2 S22 _............... S.? based on
Ky, Ka ............... Kr degree of freedom. From these values a pooled

estimate of variance (S°) was calculated.

Next the quantity x° was calculated

/ a N - -
xzz EZKr“ogesz—SKIIOg,S.Z

y
i

1l / i

For convenience. the loganthm was taken to the base 10 and the
result was multiplied by log.10 that is 2.3026 to get the quantity x°. The X°
is distnbuted approximately as )(2 with (n-1) degrees of freedom. but is
shightly biased upwards. This was corrected by dividing the X2 correction
factor. The comection factor is computed as:

C=1+N+1
: 3nk

The quantity x*/C was then referred to the x° table with (n-1) degree
of freedom. Significance of x° suggested that the error mean squares were

heterogeneous and vice versa.

The data from the three locations were then pooiad to estimate the
genotype x environment interaction. The ANOVA for combined analysis of

vanance is given betow:

SN Source of df . MSS | Expected MSS
variation | |
1 Environment (&) (e-1)=2 |
|2 | Genotypes (g) (a1)=9 Mu o +fox" ~recy
'3 GxE (-1 e-1)=18 | My Ga~ + TCpe-
!4 | Pooled error 'M =60 Mz g2




The mean sum of squares due to genotypes and environments
were tested against mean sum of squares due to genotypes x
environments. The mean sum of squares due to genolypes x

environments was tested against pooled error.
Estimation of pooled error

The mean sum of squares due to error obtained in each individual

environment were utilized and pooled error was calculated as follows:

Pooled error = (ny-1) (error MS E;) + — (n.-1) (error MS E,)

(M-1) + (n2-1) + (Ne-1)
Where,
M -1 = error degree of freedom in first environment.
Ne - 1 = error degree of freedom in e” environment,
error MS E; = MSS due to error for 1* environment, and
error MS E. = MSS due to error for e™ environment

Further, the error mean square is calculated using pooled error as below:

Error mean square = Pooled error
No. of replications

Now, the error mean square was used to test the significance of
vanance due to genotypes x environments In case the mean sum of
squares due to genotypes x environment was found significant; the

analysis was further proceeded for the estimation of stability parameters.
Analysis for stability parameters

Stability analysis was done for those characters, which manifested
significant genotype x location interaction For this purpose following

model proposed by Eberhat and Russell (1966) was used’

Y = M+ DIy + 8y
Where,
Y, = The mean of i variety in [ location
(1=1,2......vandj=1, 2. .n)
™ = The mean of i™ variety overall the locations

14



- . . th
b, = Regression coefficient that measures the response of the i
variety in varying environments.

Environmental index for ™ location, which is defined as the

deviation of the mean of all the varieties for given

environment from the overall mean i.e.

py (22N
|j = (S‘_" Y LA S v I =0
T ge -
and,
8y = The deviation from regression of the i variety in |

environment.
Stability parameters

The parameters of stability were calculated as below:

(a) The regression coefficient which is the regression of the
performance of each variety under different environments on the
environmental means overall the genotypes. This was estimated as

follows:

where,

ZY,J , = The sum of product between variety and environmental index,
]

and

Z!f = The sum of squares of all the entire environmental index.
1

To obtain bi values for all varieties foliowing matrix as suggested by

Singh and Chaudhary (1977) was used.

(X1 =[¥ 1] =[S]
where,

[.i'] = Matrix of means

{1} = Vector for environmental index

15



[S] = Vector for sum of productsie. > Y J,
F)

(b) The other parameter to estimate stability of the vaneties was 2z

function of squared deviations form regressicn (Sa%) which was

estimated as follows:
Zé‘m: Te2™
2 | Sc
Sdf I ~ _[ |
N  a r J
L
Where.
/ N
SY-FESEL
T‘S:y 1.2 _( 7 7
T " A
I
and S.°=  The estimate of pooled error (or the variance of the vamety

mean of i location)

Skeleton for appropriate analysis of variance propesed by Eberhart
and Russell (1966) presented in Tabie 3.

Significance for the environment (hinear) indicates significant
differences among the locabons. Significance of genotype x emvironment
(lvear) suggests that the b, values of differert genotypes are significantty
different from each other. Significance of pooled deviastions indicates that
the vanetes deviated from their b, values at different environments.

16



Table 3 Skeleton of analysis of variance for stability analysis as
per the Eberhart and Russell’s stability model (1966)
SN Source [ df SS MS
1 Genotypes (g-1)=9 l‘?‘y': _CF MS-
e
2 Environment | (e-1) +(g-1) ,\-—TYZ—,VY_:
+ (vaneties x | (e-1) =18 ——y
environment) ! -
3 Env. (linear) i1 2
(1)
| —
g NIf i
¥
4 Vanety xEnv. | (g-1)=9 =2 MS: §
(linear) [Z),J, J
< 7 _ - :
- Vl; Emviron (linear )SS
T
5 | Pookd 9oe2)=10 [Ty4° [ Ms.
deviations s
Genotype 1 (e-2)=1 TJ:
’ !
Genotype 2 (e-2)=1 | ... :
g |
Genotype g {(e-2) | ... |
I
8 Pooled error ' e (r-1) (g-1) l MS. !
| 60
7 |Total Ge-1=85 EZ;;:_CF |
f ¥ i l
According to Eberhart and Russeil (1956 & vanety can be

consygered as stabie if t meets followang requarements

()  Hsgh mean yeld (x)
@& B=1and
(W) S.’ approachng zero

17
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The pooled analysis of vanance was carried out to get the
information about the genotypes x environment interactions for each
character. The differences among varieties were highly significant for all
the characters studied (Table 5). The locations under study showed highly
significant difference for days to 50 per cent flowering (7.314), days to
maturity (11.24). number of capsules per plant (63.20). biologtcal yield per
plant (9.67) and harvest index (82.8). while number of branches per plant
(1.40), 1000 seed weight (0.23) and yield per plot (1204.39) were
significant at 5 per cent probability level. however. the remaining two traits
viz . plant height (103.08) and seed yield per plant (0.26) were non
significant. The mean sum of square due to genotype x environment

interaction was highly significant for all he traits under study.

4.3 Analysis of variance for stability parameters as per the

Eberhart and Russell’s phenotypic stability model (1966)

The vanation due to environment (linear) was highly significant for
all the traits except for plant height (128 48) and seed yield per plant
(2408.78), which showed significant difference at 5 per cent probability
level. The mean sum of squares due to genotypes x environments (linear)
were highly significant for all the characters except for harvest index
(34.11). The pooled deviations were highly significant for all the traits
except for days to 50 per cent flawenng (0.463) and sesd yield per plot
(965.G73). It was non significant for seed yield per plant (0.178) (Tablzs 8).

4.4 Estimation of stability parameters

To determine the regression coefficents and to find out the
favourable environment for the expression of any trait. the environmenial
index 1s needed to be estimated. The data in Table 7 indicatad that the
values of environmental index under Jhabua were negative for days to 50
per cent fiowenng (-0.722) days to matunty (-0 544). plant height (-3.685).
number of branches per plant (-0.112). number of capsuies per plant
(-1.798). 1000 seed weight (-0.108), se=c yield per plant (-0.013' seec



¥4

Table 5 Pooled analysis of variance for various characters in niger
Mean sum of squares
Source of d.f. | Daysto Days to Plant No. of No. of 1000 Seed Seed yield/ Bio- Harvest
variation 50 % maturity height branches/ | Capsules/ | Seed yield plot (g) logical index
flowering (cm) plant plant weight per yield/ (%)
(2) plant plant
(8) (g)

Environments | 2 | 7.314** | 11.248** | 103,019 1.402* 63.209 0.230* | 0.260 1204.394* | 9.677** | 82.86**
Varieties 9 [7.909** |26.691** | 15]1.886** [ 3.351** {42.590** | 1.955%* | 1.409** | 1513.747** | 5.209** | 86.37**
Var. x Env. 18 | 0.537** | 1.276** | 148.309** | 1.002** |43.318%* [ 0.393** | 0.330** | 1485.349** | 7.751** | 7} 09**
Pooled error | 60 | 0.181 0.196 37.727 0.357 11.517 0.055 0.092 382.632 1.671 16.95

't

Significance at 5 per cent
Significance at 1 per cent
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Tuble 6 Annlyals of varinnee for stubility paesmeters as per the Eberhurt and Russell's stabliity model (1900)
Nource of | 0f, | Dy to | Days (o Plant No, of No. of T Seedd | Seed Bio- | Harvest
variation 0% | matuelty | helght | branehed/ | Capaules/ | Seed yield yleld/ loglenl Indes
flowering (¢m) i plat welght per plot (g) yleld/ ("o}
(g) plind plint (g)
I I S DU VA SRR I 1 (@ B
Vatisties 9| 7.000%* [ 26601%* [ 151 HH6** | 1A51%* [ 42.500%% [ 1 955%*% | | 400 | 1§13 TA7+% | §.200%% | Ko 174
Frvitonments T304%*% | 11 24K** | 103 019 I 402+ 63.200**% [ 0.230% | 0 260 1204 394% | 0.677+* | N2 Ri**
L - . L - — I o 7_}_7 . .
Vat % Bnv IHL 0837+ 1 1.270%% | 14R309%* 110024+ LA TN [0 3030 [0 330%¢ | LIKS 1704+ | 77814+ | 91 (use
Bov. (linear) | | 14 629%% [ 22 496** | 206.039* | 2 Ho4*+ 26 ALH** L OAGI*Y [0 85204 | 2408 THR* | 19.1§6%* | 168 not*
Var x Env. O 1O S4H** | OHINRY | 12N 495%* | 0 T30 20314 L0347 L 04614 | IKOT A55** | K778 | 34 |
(linveat)
IPooled 1 10463t FSAAR® IS 101%% | ) 11K+ A0 08A** |1 049§+ 1 0 1K 968 u73* (r.00§2+* "'7,2(:”7
teviation
Pouled ertor [ 60 | 0 1K) 0196 7727 (1187 1517 058 (10932 142 642 l—rm 7 TORL
. _— . S




yield per plot (6.103) and biological yield per plant (-1.133) but it was
positive for harvest index (2.454). At Dhar most of the yield attnbuting
characters viz.. days to 50 per cent flowering (-0.222). days to maturity
(-0.677), number of tranches per plant (-0.305), number of capsules per
plant (-1.074), seed yield per plant (-0 154), seed yield per piot (-6.585)
and harvest index (-3.186) showed negative values. However. plant height
(1.504), 1000 seed weight (0.173) and biological yield per plant (0.500)

possessed positive values for environmental index.

At Indore. days to 50 per cent flowering (-0.944) and 1000 sesd
weight per piant {(-0.065) exhibited negative environmental index. but rest
of the characters viz., days to maturity (1.222), plant height (2.181).
number of branches per plant (0.417), number of capsules per pilant
(2.872), seed yield per plant (0.167). seed yield per plot (12.689),
biclogical yield per plant (0.633) and harvest index (0.712) possessed

positive value for environmental index (Tzble 7).

The Eberhart and Russell's phenctypic stability modsi (1568) was
applied to determine the stability parameters for characters possessing

significant genotype x environment interaction.

The stability parameters for all charzcters have been given in
Teble 8 The stabilty parameters viz., (i) mezan (i) regressicn coefficient
and (jii) deviation from regression (S*d) for all the ten characers for ezch
genotype were estimated and findings are presented in the following
pages.

It was observed that the deviations from linearity wers of different
magnitude for most of the characters. The disinbution of the genctypes in

the quadrants has teen depicted through Fig. S to 14
4.4.1 Days to 50 per cent flowering
The grand mean value for this trait was 4 52

The vaneties BN-% and Qatacamund had regressicn ceefficient less
than unity r.e. 0.81 and 0.75. with lower mean 53.88 and 52 686.



REGRESSIUNCUOULREFFICIENTS

Fig.5

30

20

10

0.00

Stability performance of genotypes for days to 50% flowering

OVERALL MEAN =54.52

P

&l_

®
9
® 2
10 l@ 3
N ®s
8
7 @
®
F b1 17 1 11
2 3 2 35 %

MEAN OF ALL ENVIRONMENTS



Table 7 Environmental indices for various characters in niger
SN Characters Jhabua Dhar | Indore
| | f
1. | Days to 50% flowering 0.722 0222 | 094
!
| s‘
2. | Days to maturity -0.544 0677 . 1222
3. | Plant height (cm) -3.685 1.504 2.181 i
]
4. | No of branches / plant -0.112 -0.305 0417 |
|
5. | No. of capsules per plant -1.798 -1.074 2872
6. | 1000 seed weight (g) -0.108 0.175 -0.065
| i‘
7. i Seed yield per plant (g) -0.013 -0.154 0.167
8. | Seed yield /plot (g) -6.103 -6.565 12.669
9. ! Biological vield /plant (g) -1.133 0.500 0.633
|
"
10. | Harvest index (%) 2.454 -3.186 0.712 |
]

’:'



respectively. than the grand mean and exhibded low vaiue of Jevialion
from regression (-0.17 and 0 35 respectively)

*

3

The genotypes BNS-7 and NRS $5-3 had regression
above unity and were found associated with early flowenng Le S
51.22 respectively (Table 8).

Four vaneties viz. BNS-1 (0.31). BNS-20 (0.48). IGP-78 (2 75: ang
BNS-G (55 44) exhibted above average stability ang wer2 found 10 De
asseciated with late fiowenng

Vanetes BNS-S (1.12) anc JNC-1 (1.24) showeg Delow avorage
stabihty but had deiayed flowenng.

55 ama

G}

4.4.2 Days to matunty

The grand mean value for this trait was 87.74.

Vaneties JNC-1 (0.30). BNS< (0.38) and BNS-1 (0. 33) cossessec
above average staddty with eaxrly matunty 12 58 T 38 ang 3038
respectively. and wers aisQ associaed with low magmit.de of deviauen

Vanetes BNS-7 (1.08) and NRS 36-3 (2 03) snowed ko mean with
regrassion more tham unly. but the vanety NRS 36-3 oossessec hgh
vaiue of deviation from regression e, 582

The stability parameters presencee in Tadie 3 anc Fig § reneaeg
tha: vanetes BNS-22 (0.74) and Octacamurma (0.74) ccssessec ow
regression coefficient. They also assocaag wh ate matuny.

A set of twee vanetes viz IGP-7E (1.05). BN-5 (1.4) anc BNS-&)
(1.85 exinibite regression coefficent more nam unly anc 3SR aiin
ow deviation from regress.on aiong wigh (ae matumdy .

4.4.3 Plant height (cm)

The gramd mean va.we form s rak was 159 1%

Vanety BNS-G (082 aas found 10 DOSS2SS atth e Fierage statvinty
alomg wiEn mean value (179.01) mgrer than the gerera meam amgd
3ssociated widh o value of Jeviaton from regression (-34 431

25
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Table 8 Stability parameters for various characters in niger

SN Varieties Days to 50% flowering Days to maturity Plant height (cm) No. of branches/plant

% b S’ X b Sa X b S’ ¥ b Sa’
I BN-9 53 8% 0.81 -0.17 101.00 1.40 0.35 170.04 2.24 62.61 9.66 3.92 0.02
2 BNS-8 56.11 1.12 0.03 100.11 1.85 0.09 179.01 0.82 -34.43 11.64 294 0.05
3 BNS-6 55.44 (.86 -0.17 95.88 0.38 -0.101 177.67 2.83 -24 92 1118 0.44 -0.17
4 BNS-7 53.55 2.55 0.62 96.66 1.08 -0.19 164 .27 -3.26 -20.07 1017 -0.49 2.15
5 IGP-76 55.66 0.75 -0.15 99.00 1.06 -0.03 172.00 4.98 -31.96 11.00 0.45 -0.29
6. NRS 96-3 51.22 1.03 0.17 92.66 2.03 5.92 156.94 2.90 -34.68 11.25 -0.24 1.25
7. BNS-1 55.22 0.31 0.004 95 88 0.38 -0.101 160.11 -0.42 150.48 9.42 -0.69 -0.15
8. BNS-20 55.66 0.49 -0.02 99.11 0.74 011 172.65 1.83 140.18 8.24 0.30 -0.23
9. IJNC-1 55.77 1.24 -0.15 95.00 0.30 0.03 167.40 0.26 -33.86 10.17 285 -0.34
10. | Ootacamund 52.66 0.79 0.35 102.11 0.74 -0.11 171.80 -2.19 20594 11.14 0.49 0. 10

Mean 54.52 97.74 1691 10.39
contd....

X =Mecan, b= Regression coefficient, $°d = Deviation from regression
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Table 8

Stability parameters for various characters in niger (contd....)

Varieties

S«lz

0.22
«0.0%
-0.03

RSP -

0.001

-0.00

008

007

0.207

-(.06

-0.04

SN No. of capsules/plant 1000 Seed weight (g) Seed yield per plant (g)
X b S’ X h Sa’ X b

L | BN 4411 1.42 7,06 3.6) 22,68 0.17 430 | s |

2. | BNS- 51.60 2.27 -11.47 3,85 1.94 0.004 4.24 045

3 | BNS-6 4536 .68 78.41 4.72 5,59 1,132 5.35 043 |

4 | BNS-7 52,66 429 915 3,74 -3.35 0.13 3.65 037

5 |1GP-76 44 84 0.37 -11.50 4.16 2.22 0.18 4.05 30k

6 | NRS96-3 47.01 0.105 1100 5,40 1 80 20.04 271 035

7. | BNS-I 44.74 0.88 -11.20 3.07 2.3 20,023 I8 | 599

b | BNS-20 4291 .1 51 68 44 5,55 0.59 20,048 355 0.26

9 | INC-I $3.16 0.95 1,09 4.05 ).48 20,025 381 | o0s0

10, Ootacamund 46 .42 -0.106 10.77 5.75 2.71 -0.054 446 1T AS‘ZH -

Mean 4132 425 w0 |

X =Mean, b= Regression coefficient, $2d = Deviation from regression

contd....



Table 8

Stability parameters for various characters in niger (contd....)

o=

SN Varicties Sced yield/plot (g) Biological yield/plant (g) Harvest Index (%)
¥ b Sa’ X b S.? % b Su’
1. BN-9 538.00 -0.69 412.21 14.77 5.35 -1.39 31.56 1.70 67.09
2. BNS-8 566.89 1.36 -355.69 15.11 334 -1.65 29.08 1.74 28.96
3. BNS-6 562.63 2.85 -309.47 13.4 1.80 -1.37 41.70 0.54 -4.37
4. BNS-7 520.22 -2.30 397.35 14.22 -0.16 9.56 27.66 -0.87 14 88
5. IGP-76 544 33 2.58 1017.92 13.11 -1.71 -1.15 32.39 -0.02 56.94
6. NRS 96-3 496.90 2.40 -203.49 1133 - -0.13 2.31 25.47 0.42 0.10
7. BNS-1 507.52 345 898.59 12.66 -0.65 -0.75 31.21 2.17 63.03
PR, BNS-20 547.12 4.61 -96.13 12.66 1.05 4.26 29.66 -0.25 12.01
9. INC-1 530.01 0.13 -375.89 14,55 1.69 -1.52 27.03 053 -14.35
10. Ootacamund 543.59 -4.40 -381.85 11.55 -0.57 5.26 40.1 4.03 92 44
Mean 535.72 13.33 31.59

X =Mean, b =Regression cocfficicnt, S’d = Deviation from regression




Data depicted through Fig. 4 and Table 8 revealed that the set of
five varieties viz., BNS-20 (1.83), Ootacamund (-2.19), BN-9 (2.24),
BNS-6 (2.83) and IUP-76 (4.98) possessed higher mean values showing
below average stability alongwith high vaiues of deviations from regression
except BNS-6 (-24.92) and IGP-76 (-31.96).

Varieties viz., JNC-1 (0.26) and BNS-1 (-0.42) showed above
average stability alongwith low mean values for plant height than grand
mean and in which BNS-1 was found associated with high magnitude of

deviation from regression (150.48).

Two varieties viz., NRS 96-3 (2.9) and BNS-7 (-3.26) exhibited

below average stability with low mean values.
4.4.4 Number of branches per plant
The grand mean value for this character was 10.39.

A very narrow range of regression coefficients was recorded for all

the varieties, which have been presented in Fig. 8 and Table 8.

Varieties NRS 96-3 (-0.24), BNS-6 (0.44), IGP-76 (0.45) and
Ootacamund (0.49) showed above average stability with high mean values
for number of branches per plant (11.25, 11.18, 11 and 11.14,

respectively).
It is obvious from Fig 8 and Table 8 that the variety BNS-8 (2.94)

showed below average stability, which exhibited regression coefficient

more than one with higher mean values than the general mean.

Varieties BNS-20 (0.30), BNS-7 (-0.49) and BNS-1 (-0.69) were
observed to possess low mean values (8.24, 10.17 and 9.42, respectively)

alongwith low magnitude of deviation from regression except BNS-7
(2.15).

Varieties exhibited below average stability with low mean values

were JNC-1 (2.85) and BN-9 (3.92).
4.4.5 Number of capsules per plant

The grand mean value for this character was 47.32.
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The variety JNC-1 (0.95) was found to exhibit above average
stability with high mean value (53.16) and high magnitude of deviation
from regression (-11.09).

Varieties BNS-8 (2.27) and BNS-7 (4.29) had higher mean values

(51.60 and 52.66, respectively) than the overall mean and below average

stability. BNS-7 was found to have low value of deviation from regression
(-9.15).

A set of five varieties viz., NRS 96-3 (0.105), Ootacamund (-0.106),
IGP-76 (0.37), BNS-6 (-0.68) and BNS-1 (0.88) were found to possess
lower mean values than the grand mean and exhibited above average
stability. Among them, BNS-6 was associated with high value of deviation

from regression (78.41).

Varieties BNS-20 (-1.51) and BN-9 (3.42) possessed lower mean
values than the population mean and exhibited below average stability.
4.4.6 1000 seed weight (g)

The grand mean value for this character was 4.25.

Varieties JNC-1 (-0.48) and BNS-20 (0.59) exhibited above average
stability for 1000 seed weight 4.65 and 5.55, respectively and were

associated low value of deviation from regression (Fig. 10 and Table 8).

Two varieties viz.,, NRS 96-3 (1.8) and BNS-6 (5.59) had higher
mean values than grand mean, regression coefficient greater than one and

showed below average stability.

A group of six varieties viz., BNS-8 (1.94), IGP-76 (2.22), BN-9
(-2.68), Ootacamund (2.71), BNS-1 (2.83) and BNS-7 (-3.35) exhibited
below average stability and possessed lower mean values than the grand

mean.
4.4.7 Seed yield per plant (g)
The grand mean value for the character was 4.00.

Varieties BNS-6 (-0.43) and BNS-8 (-0.85) exhibited above average
stability with higher mean values (5.35 and 4.24, respectively) than the
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general mean. Both of them were found associated with low value of
deviation form regression (-0.03 and -0.08, respectively), on the other
hand IGP-76 (3.08), BN-9 (-3.86) and Ootacamund (5.28) showed below
average stability associated with higher mean and larger deviation from
regression (except IGP-76).

Varieties BNS-20 (0.26), NRS 96-3 (-0.35), BNS-7 (0.37) and
JNC-1 (0.50} exhibited above average stability with low mean and low

deviations from regression.

The variety BNS-1 (0.26) had below average stability coupled with
low mean (Fig 11 and Table 8).
4.4.8 Seed yield per plot (g)

The grand mean value for this character was 535.72.

Variety BN-S (-0.69) possessed regression coefficient less than one
and exhibited above average stability with high mean value {538.00) and

possessed high magnitude of deviation from regression (412.21).

A set of five varieties viz., BNS-8 (1.36), IGP-76 (2.58), BNS-6
(2.85), Ootacamund (4.40) and BNS-20 (4.61) showed below average
stability with high mean values than the grand mean. They all exhibited

high value of deviation from regression (except BNS-20).

Variety JNC-1 (0.13) possessed above average stability and low

mean value but high value of deviation from regression.

Three varieties viz., BNS-7 (-2.30), NRS 96-3 (2.40) and BNS-1
(3.45) showed below average stability and low mean values (Fig 12 and

Table 8).
4.4.9 Biological yield per plant (g)
The grand mean value for this character was 13.33.

The variety BNS-7 (-0.16) was found to exhibit above average
stability with higher mean value (14.22) and high magnitude of deviation

from regression (9.59).
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A set of four varieties JNC-1 (1.69), BNS-6 (1.8), BNS-8 (3.34) and
BN-9 (5.35) had higher mean values than the overall mean and below
average stability. All these varieties possessed low values of deviation

from regression (Fig. 13 and Table 8).

Varieties NRS 96-3 (-0.13), Ootacamund (-0.57) and BNS-1 (-0.65)
were found to possess lower mean values than general mean and
exhibited above average stability and were found associated with high

value of deviation from regression except BNS-2 (-0.75).

Varieties BNS-20 (1.05) and IGP 76 (-1.71) possessed lower mean

values than the population mean and exhibited below average stability.
4.4.10 Harvest index
The grand mean value for this character was 31.59.

Varieties IGP-76 (-0.02) and BNS-6 (0.54) exhibited above average
stability with higher mean values (32.39 and 41.70, respectively) than the
general mean. The later one was found associated with high value of
deviation from regression (-4.37). On the other hand, variety Ootacamund
(4.03) showed below average stability associated with higher mean and
large deviation from regression. Varieties BNS-20 (-0.25), NRS 96-3
(0.42), JNC-1 (0.53) and BNS-7 (-0.87) exhibited above average stability

with low mean and high magnitude of deviation from regression.

A group of three varieties i.e. BN-9 (1.70), BNS-8 (1.74) and BNS-1
(2.17) had below average stability coupled with low mean (Fig 14 and
Table 8).

4.5 Stability of traits

A perusal of data in Table 9 indicated that the traits namely days to
maturity, number of branches per plant, 1000 seed weight and seed yield
per plant showed least variation over locations (on the basis of mean
performance). The mean values for days to maturity were 97.2, 97.06 and
98.96; for number of branches per plant, 10.28, 10.08 and 10.81; for 1000
seed weight, 4.14, 4.42 and 4.19. Seed yield per plant were 3.98, 3.84 and

4.16 respectively under Jhabua, Dhar and Indore conditions.
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Table 9 Mean value of traits in each location

SN | Characters Jhabua Dhar Indore }.
1. | Days to 50% flowering 538 543 5546 |
2. | Days to maturity 97.2 97.06 98.96

3. | Plant height (cm) 165.50 170.69 171.37

4. | No of branches / plant 10.28 10.08 10.81

5. | No. of capsules per plant 4552 46.25 50.19

6. | 1000 seed weight (g) 414 4.42 418

7. | Seed yield per plant (qQ) 3.98 3.84 416

8. | Seed yield /plot (g) 529.62 529.16 543.39

9. | Biological yield /plant (g) 12.20 13.83 13.96

10. { Harvest index (%) 34.04 28.42 32.30




CHAPTER -5

DISCUSSION

When genotypes are compared over environments, the relative
ranking usually differs. Such change in order. ranking and relative values
among genotypes over several environments are due to the phenomenon
of genotype x environment (GxE) interaction. The GxE interaction is a
limitation in most plant breeding programmes engaged in improvement of
qualitative attributes like seed yield. The occurrence of GxE interaction has
provided a challenge to better understanding of genetic control of
variability and thus, to rationalization of procedures for breeding improved
genotypes in crop plants (Breese, 1969). These interactions are usually
present under all genetic status of a genotype including pure lines, single
cross or double cross hybrids top crosses, or any other matenal used for
breeding (Eberhart and Russell, 1966). In this context, it is necessary to
pay attention in reducing and characterizing the G x E interaction and in
controlling it, so as to develop genotypes with desired response at varying

environmental conditions.

Varietal adaptability to environmental fluctuations i1s important for
stabilization of crop production both over regions and years. Adaptability is
the ability of a genotype to give relatively narrow range of phenotypes in
different environments. However. stability reflects the suitability of a variety
for general cuitivation over wide range of environments. In the evolutionary
terms, the breeders’ objective is to develop variety/population that are
better adapted in a given environment (Simmonds, 1962). In view of this.
the present investigation entitled “Adaptation analysis for yield and its
attributes in niger (Guizotia abussinica Cass)” was conducted over three
locations viz., Indore, Dhar and Jhabua to evaluate the stabiiity
parameters using Eberhart and Russell's phenotypic stability model
(1966), for ten characters viz., days to 50 per cent flowering. days to
maturity, plant height (cm), number of branches per plant, number of
capsules per plant, 1000 seed weight (g), yield per plant (g), yield per plot
(), biological yield per plant (g) and harvest index (%).
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The discussion regarding different aspects of the present

experiment has been furnished under the following heads:
5.1 Analysis of variance
5.2 Pooled analysis of variance

5.3 Analysis of variance for stability parameters as per Eberhart

and Russell's phenotypic stability model (1966).
5.4  Estimation of stability parameters
5.5  Stability of traits
5.1  Analysis of variance

At Indore none of the genotype showed non significant difference
for any of the trait studied, however at Dhar the mean sum of squares due
to genotypes were highly significant for all the traits except for number of
capsules per plant and seed yield per plant. In Jhabua days to 50 per cent
flowering, days to maturity, 1000 seed weight, seed yield per plant,
biological yield per plant and harvest index registered marked genotypic
differences indicating the presence of notable genetic variability among the

experimental material under study.
5.2 Pooled analysis of variance

Prior to carry out the pooled analysis of variance, the test of
homogeneity of error variance of three locations was applied for each
character by utilizing the Bartlett's method (1937) appeared in Dabholkar
(1992) and the error mean squares at different locations were found
homogeneous from findings. The pooled analysis of variance revealed that
the differences among varieties were highly significant, it indicated that the
experiment was conducted under variable environments, which has been
further confirmed by the highly significant differences for all the characters
under different locations (barring plant height and seed yield per plant).
The mean sum of squares due to genotype x environment interaction were
highly significant for all the characters under study suggesting the
occurrence of prominent genotype x environment interaction indicating

differential performance of varieties under different environments.

)
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5.3 Analysis of variance for stability parameters as per the

Eberhart and Russell’s stability model {1966)

Both linear and non linear components of G x E interaction were
significant for all the traits except for harvest index. However, in most of
the characters linear component was of higher magnitude, suggesting the
differential yield potential of genotypes in different environments and
feasibility of stabilized production of niger genotypes across the
environments. The significant pooled deviation was observed for all the
characters barring days to 50 per cent flowering and seed yield per plot
suggesting that the genotypes differ considerably with respect to their

stability for different characters.
5.4 Estimation of stability parameters

The environmental index is needed to be estimated for determining
the regression coefficient. The environmental index under Jhabua were
found to be negative for all the characters except harvest index. Hence
Jhabua can be considered unfavourable for the expression of all the traits
under study. Similarly, Dhar also exhibited negative values for most of the
characters except for plant height, 1000 seed weight and biological yield
per plant which possessed positive values for environmental index. In
Indore only two characters viz., 50 per cent flowering and 1000 seed
weight exhibited negative value for environmental index and rest of the

traits possessed positive values for the environmental index.

The positive values of environmental index suggested that the
environment is favourable for the expression of those traits however the
negative indices indicated a negative role of the environment in the
expression of that traits. An overall observation of the environmental index
for each location suggested that Indore location could be regarded as the
most favourable one as it is showing positive values of environmental

index for most of the yield contributing characters.

The Eberhart and Russell's (1966) phenotypic stability model was
applied to compute the stability parameters viz., mean, regression

coefficient and deviation from regression for all the ten characters of each

36



genotypes. The stable genotype is one having high mean, unit regression
coefficient and smallest deviation from regression. The stability

parameters for each character have been discussed character wise here

betow:
5.4.1 Days to 50 per cent flowering

The varieties BN-9 and Qotacamund exhibited above average
stability and high mean value with low value of deviation from regression.
Hence, they were considered the most desirable for general environment
for this trait under favourable environment, BNS-7 and NRS 96-3 varieties

were found suitable and stable.

A group of four genotypes viz., BNS-1, BNS-20, IGP-76 and BNS-6
were found to be more desirable for poor environment which showed iate
flowering. Varieties JNC-1 and BNS-8 observed to be highly unstabie as
they exhibited below average stability and possessed high mean vaiues.

In case of days to 50 per cent flowering the GxE interaction was
found significant. On partitioning of it, into linear and non linear
components, both components were found equally responsible for
expression of this traits. However, linear component was higher in
magnitude than non linear component, suggesting prediction can be
possible across the environment. Verulkar and Upadhyay (1989) have
reported preponderance of linear ¢omponent of G x E interaction.
However, Upadhyay (1993), Kumar ef a/. (1993, 1997 and 1998) and Patil

(2001) reported major role of non linear component of G x E interaction.

5.4.2 Days to maturity

For any set of environment, the genotypes JNC-1, BNS-6 and BNS-
1 performed better and proved to be stable with low mean value for days
to maturity. For favourable environment, NRS 96-3 and BNS-7 were
considered as the most desirable genotypes because of poor environment.
Genotypes viz., BNS-20 and ootacamund were considered as the most
suitable because of their high mean value for days to maturity with below
average stability. Varieties IGP-76, BN-9 and BNS-8 observed to be



unsuitable to any specific environment as they exiubited below average

stability with low mean value.

GxE interaction was non linear in nature. suggasting that prediction
for days to maturity acress the environment is not possible. Vanance dus
to GxE non linear was higher than linear GxE interaction vanance. Similar
results were reported by Upadhyay (1993) and Goswami ! a/. (2000).
however. Verulkar and Upadhyay (1989). Kumar ef a/ (1983 1584 ang
1998) Hegde et a/. (1933. 2000). Patil ¢ al. (2000) and Patil (2001) have
reported maxamum role of linear component of G x E interaction In the
expression of days to matunity in niger.

5.4.3 Piant height {cm)

Genotype BNS-8 was considered to be the most siabie vanety as it
had regression coefficient near to unity with low deviation from regression

and was measured having tall statured plant.

Vaneties BNS-20. Ootacamund. BN-8 BNS-¢ and IGP-7€& were
found to be better under speciiic environment with taller plant. JNC-1 ana
BNS-1 were found to te stable in poor environment. Two vaneties viz.
NRS 96-3 and BNS-7 exhibited below average stability. Hence. these
were not desirable and stable under any speciic environment.

Further, it was found that the non linear component G x E
interaction was having higher magnitﬁde value than linear component
showing the non predictability of the trait across the environments. The
above findings were contradictocy to the findings of eariier workers viz..
Verulkar and Upadhyay (1983). Upadhyay (1983), Kumar et &l (1855
1934 and 1998), Patil et al. (1999 and 2000) and Patil (2001) who reported
the possibility of prediction with higher value of linear component.

5.4.4 Number of branches per pilant

Vaneties NRS 96-3. BNS-&8. IGP-76 and ootacamund showed

above average stability wath high mean values for number of branches per

plant. Hence. these were considered to be the most destrable under
general environment. On the other hand. BNS-8 possessed regression
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coefficient near unity with low magnitude of deviation from regression.

Hence, they were found suitable for favourable environments.

Varieties BNS-20, BNS-7 and BNS-1 performed better in poor
environment because it possessed above average stability with high mean
value and low deviation from regression. Two varieties viz, JNC-1 and
BN-S were found to be unstable and undesirable for any set of

environments because the varieties exhibited below average stability and

low mean values.

The information obtained from pooled analysis of variance
suggested that the nomdinear component was more than the linsar
component of GxE vanance. This suggests the impossibility of prediction
of branches per plant across the locations. Almost the same results were
reported by Goswami et al. (2000). However, the findings of Verulkar and
Upadhyay (1989), Upadhyay (19S53), Hegde et al. (1999), Hegde et al.
(2000) and Patil {2001) do not agree with the findings of the present
investigation.

5.4.5 Number of capsules per plant

For number of capsules per plant. genotype JNC-1 was found
stabie under general environment On the other hand. varieties BNS-8 and
BNS-7 were observed to be siable and desirable for favourable

environments.

A set of five varieties viz. NRS 95-3. Ootacamund. iIGP-76. BNS-6
and BNS-1 were found to be suitable and desirable under poor
environment with low mean value Varieties BNS-20 and BEN-S possessed
below average stability with low mean vaiues and hence proved

ungesirable.

The vanance due to non-linear GxE was more than the variance
due to GxE linear and thus, suggesting that the prediction cannot be
possible for this trait. The similar results were also reported earlier by
Kumar et al. (1993) and Goswami et al. (2000). However, in contrast to the
present findings Verulkar and Upadhyay (1888), Upadhyay (1993), Kumar
et al. (1954), Hegde ef al. (1999), Patif et a/. (1999), Hegde et al. (2000),
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Patil et al. (2000) and Patil (2000) reported linear component to be of

higher magnitude.
5.4.6 1000 seed weight (g)

Genotypes JNC-1 and BNS-20 were considered to be the most
desirable as they exhibited above average stability alongwith low vatue of
deviation from regression. Two varieties viz., NRS 96-3 and BNS-6 had
regression coefficient nearer to unity alongwith larger value of deviation

from regression and were suitable for poor environments.

Varieties BNS-8, IGP-76, BN-9, Ootacamund, BNS-1 and BNS-7
exhibited below average stability with lower test weight. Hence, these were

not desirable and stable under any specific environment.

The information obtained from pooled analysis of variance suggests
that the non-linear component was more than the linear component of G x
E variance. This suggests that the prediction of the performance for this
trait cannot be possible. The findings of Verulkar and Upadhyay (1989)
and Upadhyay (1993) also confirm the above facts. However, the results
of Kumar et al. (1993, 1994 and 1998) and Patil et al. (1999) are

contradictory to the present resulits.
5.4.7 Seed yield per plant (g)

For this trait, varieties BNS-6 and BNS-8 exhibited above average
stability with higher mean values. Hénce, these can be considered as
stable varieties for the general environment. Under specific environment
genotypes IGP-76, BN-9 and Ootacamund were desirabie and stable
possessing high yield. Four genotypes viz.,, BNS-20, NRS 96-3, BNS-7
and JNC-1 performed better under unfavourable environment. Variety
BNS-1 exhibited below average stability with regression coefficient more
than unity and low mean values. Hence, this variety was not suitable for

any specific environment.

The variance due to linear GxE interaction was higher than the non-
linear variance. Hence, suggesting the prediction of seed yield is possible

across the environment. Present findings pertaining to seed yield per plant
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was also found in conformity with the findings of Verulkar and Upadhyay
(1989), Upadhyay (1993). Kumar et a/ (1993 and 1994).

5.4.8 Seed yield per plot (g)

Variety BN-9 was the most desirable under a range of environments
because it possessed high mean value showing above average stability. A
set of five varieties viz., BNS-8, IGP-76, BNS-6, Ootacamund and BNS-20

were found suitable for favourable environments.

Variety JNC-1 performed better in poor environment because it
possessed above average stability and was low yielding. A group of three
varieties viz., BNS-7, NRS 96-3 and BNS-1 were found to be undesirable

and unstable since they exhibited below average stability with low mean

values.

In case of seed yield per plot the linear component of GxE
interaction was higher in magnitude than non-linear component, which
suggested prediction could be possible across the environment. Kumar et
al. (1998), Hegde et al. (1999), Patil et al. (1999), Hegde et al. (2000). Patil
et al. (2000), Patil and Purkar (2000), Goswami et al. (2000), Patil (2001)
and Patil et al. (2002) have reported preponderance of linear component
of GxE interaction. However Joshi and Patil (1982) reported major role of

non-linear component of GxE interaction.
5.4.9 Biological yield per plant (g)

For any set of environment, the genotype BNS-7 performed and

proved to be stable with high mean value.

For favourable environment, JNC-1, BNS-6. BNS-8 and BN-9 were
considered as the most desirable genotype because of its higher mean

value and below average stability.

For poor environment, NRS 96-3, BNS-1 and Ootacamund were
considered as the most suitable and stable genotypes because of their
lower mean values and low yield. Varieties BNS-20 and IGP-76 observed
to be unsuitable to nay specific environment and they exhibited below

average stability with low mean values.
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In the present study, it can be concluded that the prediction of the
performance is possible as the linear component of G x E was higher in
magnitude as compared to that of non-linear component of G x E

interaction.

5.4.10 Harvest index (%)

Genotypes IGP-76 and BNS-6 were considered to be the most
stable variety as they had regression coefficient near to unity with high

mean value.

Variety ootacamund was found to be better under specific

environment with higher harvest index. Varieties BNS-20, NRS 96-3,

JNC-1 and BNS-7 were found to be stable in poor environment.

Varieties BN-9, BNS-8 and BNS-1 exhibited below average stability
with lower harvest index. Hence, these were not desirable and stable

under any specific environment.

The above said results of stability parameters could be summarized

as given in the following table.

SN | Character Varieties for Varieties for specific Stable
low yielding environment varieties
environment

1 Days to BNS-6 BNS-7 (Jhabua) Ootacamund
50% IGP-76 NRS 96-3 (Jhabua) BN-9
flowering BNS-1

BNS-20

2 | Daysto BNS-20 NRS 96-3 (Jhabua, BNS-6

maturity Ootacamund | Dhar) BNS-1
BNS-7 (Jhabua) JNC-1

3 Plant height | BNS-1 BN-9 (Dhar) BNS-8

(cm) JNC-1 BNS-6 (Indore)
IGP-76 (Dhar)
BNS-20 (Indore)
Ootacamund (Dhar)

4 Number of | BNS-20 BNS-8 (Dhar) BNS-6
branches BNS-1 NRS 96-3
per plant BNS-7 IGP-76

Ootacamund




5 | Number of [ BNS-6 BNS-7 (Indore) JNC-17»
capsules IGP-76 BNS-8 (Jhabua) e
per plant NRS 96-3 \%

BNS-1 o4
Ootacamund g

6 | 1000 seed BNS-6 (Indore) JNC-1
weight per NRS 96-3 (Dhar) BNS-20
plant

7 | Seedyield | BNS-7 BN-9 (Dhar) BNS-8
per plant NRS 96-3 IGP-76 (Indore) BNS-6

BNS-20 Ootacamund (Indore)
JNC-1

8 | Seedyield | JNC-1 BNS-8 (Indore) BN-9

per plot (g) BNS-6 (Indore)
IGP-76 (Indore)
BNS-20 (Indore)
Ootacamund (Dhar)

9 | Biological NRS 96-3 BN-9 (Dhar) BNS-7
yield per BNS-1 BNS-8 (Indore)
plant (g) Ootacamund | BNS-6 (indore)

JNC-1 (Indore)
10 | Harvest BNS-7 Ootacamund (Indore) | BNS-6
index NRS 96-3 IGP-76
BNS-20
JNC-1
5.5 Stability of traits

Almost all the characters showed unstability over these three

locations except days to maturity, number of branches per plant, 1000

seed weight and seed yield per plant, which possessed least variations in

their performance along with low values of G x E interaction over three

locations viz., Indore, Dhar and Jhabua.



CHAPTER -6

SUMMARY, CONCLUSION AND SUGGESTIONS
FOR FURTHER WORK

6.1 Summary
The present investigation was conducted at Experimental Farm,

College of Agriculture, Indore (M.P.), Krishi Vigyan Kendra, Dhar (M.P.)
and Krishi Vigyan Kendra, Jhabua (M.P.) to carryout “Adaptation analysis
for yield and its attributes in niger (Guizotia abyssinica Cass)”. This
experiment comprised 10 genotypes of niger grown in three replications in
a Randomized Block Design during kharif, 2003 at each location.

The data were collected for ten traits viz., days to 50 per cent
flowering, days to maturity, plant height (cm), number of branches per
plant, number of capsules per plant, 1000 seed weight (g), seed yield per
plant (g), seed yield per plot (g), biological yield per plant (g) and harvest
index (%). The data were subjected to analysis of stability as per the
method outlined by Eberhart and Russell {(1966) to study the genotype x
environment interaction over locations, to know the adaptability of
genotypes for yield and its attributes over three locations and to find out

the stability of traits over varying environmental conditions.

Analysis of variance for all ten characters in different iocations
revealed the significant differences for all the characters in Indore, for all
the characters except for number of capsules in Dhar and for days to
maturity, 1000 seed weight, seed yield per plant, biological yield per plant

and harvest index in Jhabua.

The pooled analysis of variance indicated highly significant
differences among different varieties for days to 50 per cent flowering,
days to maturity, number of capsules per plant and biological yield per
plant. Harvest index, number of branches per plant, 1000 seed weight, and

yield per plot were significant at S per cent probability level, genotype x
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environment interaction was also found to be significant for all the

characters under study.

The environment (linear) effect was significant for all the characters.
The mean sum of squares due to genotype x environment (linear) were
highly significant for all the traits except number of branches per plant and
harvest index. The pooled deviations were highly significant for all the

characters except for seed yield per plant.

At Jhabua, all the characters showed negative environmental index
except harvest index. At Dhar, most of the yield contributing characters
showed negative environmental index except plant height, 1000 seed
weight and biological yield per plant, whereas under Indore conditions,
almost all other traits viz., days to maturity, plant height, number of
branches per plant, number of capsules per plant, seed yield per plant,
seed yield per plot, biological yield per plant and harvest index possessed
positive values of environmental index. An overall observation of the
environmental index for each location indicated that Indore was the most
favourable location for the expression of almost all the characters under

study.

Under low yielding environment, variety BNS-1 found desirable for
days to 50 per cent flowering, plant height, number of branches per plant,
number of capsules per plant and biological yield per plant. Variety JNC-1
for plant height, seed yield per plant, seed yield per plot and harvest index;
variety Ootacamund for days to maturity, number of capsules per plant,
biological yield per plant; variety BNS-20 for days to 50 per cent flowering,
days to maturity, number of branches per plant, seed yield per plant and
harvest index; however, under specific environment, the varieties found to
be desirable for various characters were: BNS-8 (number of branches per
plant at Dhar, number of capsules per plant at Jhabua, seed yield per plot
and biological yield per plant at Indore), BNS-6 (plant height, seed yield
per plot, biological yield per plant at Indore and 1000 seed weight at
Jhabua), NRS 96-3 (days to 50 per cent flowering, days to maturity at
Jhabua and 1000 seed weight at Dhar), BN-9 (plant height, seed yield per
plant and biological yield per plant at Dhar), BNS-7 (days to 50 per cent
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flowering, days to maturity at Jhabua and number of capsules per plant at
Indore), IGP-76 (seed yield per plant and seed yield per plot at Indore and
plant height at Dhar), BNS-20 (plant height and seed yield per plot at

Indore).

Variety BNS-6 proved the most suitable and stable for days to
maturity, number of branches per plant, seed yield per plant and harvest
index; variety JNC-1 for days to maturity, number of capsules per plant
and 1000 seed weight, variety BN-9 for days to 50 per cent flowering and
seed yield per plot; variety BNS-8 for plant height and seed yield per plant;
Ootacamund for days to 50 per cent flowering and number of branches per
plant; IGP-76 for number of branches per plant and harvest index;
NRS 96-3 for number of branches per plant; BNS-20 for 1000 seed weight;
BNS-7 for biological yield per plot.

On the basis of per se performance traits namely days to maturity,
number of branches per plant, 1000 seed weight and seed yield per plant
were found to be most stable attributes over varying environmental

conditions.
6.2 Conclusions

On the basis of the present investigation it can be concluded that
there was sufficient and marked influence of environment on expression of

characters as evident by the significance of genotype x environment

interaction.

The varieties BNS-20, JNC-1 and BNS-1 were suitable for low
yielding environment and BNS-8, Ootacamund and BNS-6 performed well
under high yielding environments, but varieties BNS-6 and JNC-1 were
found most suitable and desirable under a range of environment. On the
basis of per se performance of the variety it could be concluded that
BNS-20 was suitable at Indore and Ootacamund had superior

performance at Jhabua and Dhar.

The traits viz., days to maturity, number of branches per plant, 1000
seed weight and seed yield per plant were most stable traits over varying

environmental conditions.
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6.3  Suggestions for further work

1. The genotypes with high stability for grain yield should be

evaluated for stability of oil content.

2. A large number of genotypes should be included in this type of
study in order to detect the genotypes suitable for different agro-

climatic regions of the state.

3. The experiment should be conducted over years and under

more number of locations to draw more valid conclusions.
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Appendix - |

Mean values for yield and its components at Jhabua

SN

Variceties

Days to Days to Plant No. of No. of 1000 Seed Seed Bio- Harvest
50 % maturity | height | branches/ | Capsules/ | Seed yield yield/ logical index
flowering (cm) plant plant weight per plot yield/ (%)
(g) plant (g) (g) plant (g)
| | BN-9 5333 | 101.00 | 160.53 | 987 3987 | 347 | 371 |s13.71| 867 42.92
2 | BNS-8 5567 | 99.67 | 17620 | 10.60 47.33 387 | 437 |563.840 1133 | 3883
3 | BNS-6 5500 | 96.00 | 167.67 | 1067 5520 | 3.13 507 153653 1133 | 4580
4 | BNS-7 51.00 | 9600 | 17580 | 12.00 4633 | 450 | 401 [56256| 1467 | 2991
5 | 1GP-16 55.00 98.00 | 153.33 | 10.67 4427 | 437 383 49067 | 1500 | 2585
6 | NRS 96-3 5000 | 89.00 | 14647 | 987 4747 | 513 | 262 [46869| 1133 | 2329
7 | BNS-I 5533 | 9600 | 16333 | 1000 | 43.67 | 293 | 395 |52267] 1333 | 29.5
8 | BNS-20 5500 | 99.00 | 16753 | 8.60 37.53 5,70 370 [s36.01) 11.67 | 33.22
9 | INCi 5500 | 9533 | 16620 | 1000 | 5087 | 487 | 357 |531.84| 1267 | 29.80
10 | Ootacamund 5267 | 102.00 | 178.00 | 10.53 4273 | 350 | 502 |[56960| 1200 | 4186
Mean 5380 | 9720 [ 16550 [ 1028 | 4552 | 414 | 398 [529.62] 1220 | 34.04




Appendix - 11

Mean values for yield and its components at Dhar

SN Varieties Days to Days to Plant No. of No. of 1000 Seed Seed Bio- Harvest
50 % maturity | height | branches/ | Capsules/ | Seed yield yield/ logical index
flowering (cm) plant plant weight per plot (g) yield/ (%)

(g) | plant (g) plant (g)

] BN-9 53.67 99.33 184.00 8.00 38.17 3.07 5.27 570.4 18.00 29.38
2 BNS-8 55.33 98.33 178.33 11.27 49.37 4.23 4.32 552.83 16.67 25.83
3 BNS-6 55.00 95.33 178.17 11.40 35.93 5.52 5.58 552.32 13.67 41.23
4 BNS-7 54.00 96.00 163.80 9.03 46.40 3.23 3.40 507.78 10.67 32.40
5 IGP-76 55.67 98.67 182.03 11.07 44 33 4.63 3.67 564.30 13.00 29.45
6 | NRS 96-3 51.67 93.67 159.47 12.37 46.13 5.70 2.82 494 35 13.33 22.70
7 | BNS-I 54.67 95.33 145.00 9.27 43.20 3.60 2.82 449 .50 13.33 21.20
8 BNS-20 56.00 98.33 161.33 7.87 54.13 5.47 343 500.13 10.67 32.37
9 | INC-] 55.33 94.33 169.87 9.20 52.83 4.60 3.87 526.59 15.00 25.92
10 | Ootacamund 51.67 101.33 184.97 11.40 52.00 4.23 3.29 573.40 14.00 23.67
Mean 54.30 97.06 170.69 10.08 46.25 4.42 3.84 529.16 13.83 28.42




Appendix - 111

Mean values for yield and its components at Indore

SN Varieties Days to Days to Plant No. of No. of 1000 Seed Seed Bio- Harvest
50 % maturity | height | branches/ | Capsules/ | Seed yield yield/ logical index
flowering (cm) plant plant weight per plot yield/ (%)

(8) \(plant(g)| (g) | plant(g)

1 BN-9 54.67 102.67 165.50 11.13 54.30 4.3 3.94 529.92 17.67 22.47
2 | BNS-8 57.33 102.33 182.5 13.07 58.11 3.47 4.06 584.00 17.33 2288
3 BNS-6 56.33 96.33 187.2 11.50 44 .97 5.53 5.40 599.04 15.00 38.09
4 | BNS-7 55.67 98.00 153.23 9.50 65.27 3.50 3.57 490.35 17.33 20.68
5 |IGP-76 56.33 100.33 180.63 11.27 45.93 3.50 4.64 578.03 11.33 42.07
6 | NRS 96-3 52.00 95.33 164.9 11.53 47.43 5.37 2.69 | 527.68 9.33 30.43
7 1 BNS-I 55.67 96.33 | 172.00 9.00 47.37 2.70 4.77 55040 11.33 42.85
8 | BNS-20 56.00 100.00 189.10 8.27 37.07 5.5 3.53 605.12 15.67 23.41
9 | INC-i 57.00 95.33 166.13 11.33 55.80 4.5 4.01 531.63 16.00 25.80
10 | Ootacamund 53.67 103.00 152.43 11.50 45.73 3.53 5.07 487.79 8.67 54.77
Mean 55.46 98.96 171.37 10.81 50.19 4.19 4.16 160.71 40.00 32.30
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