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SUMMARY

The use of drought-tolerant cultivars is the most effective approach to cope with
the drought stress in chili pepper production. The objectives of the present research
were to assess the tolerance indices, and to identify the drought tolerance in 55
curly pepper genotypes. The performance of 55 chili pepper genotypes was
screened and compared under drought stressed and non-stress environments using
randomized complete blocks design (RCBD) with four replications during 2016 at
Sultan Syarif Kasim State Islamic University, Riau, Indonesia. Based on the yield
under stress (Ys) and non-stress environment (Yys), fourteen indices of the drought
tolerance were formulated. Correlation analysis revealed that yield under stress
condition had no significant correlation with the yield under non-stress environment
indicating high stress intensity. Therefore, the STI (Stress Tolerance Index), GMP
(Geometric Mean Productivity), HM (Harmonic Mean), and MP (Mean productivity)
indices could not be used as indicator to screen the drought tolerance in curly
pepper genotypes. The principal component analysis showed that SSI and SDI
indices were found more reliable as tolerance indicators for selection of drought-
tolerant genotypes in chili pepper genotypes. Subsequently, bi-plot and cluster
analyses separated the 55 chili pepper genotypes into three groups, the first cluster
(tolerant group) consisted of the three genotypes i.e. UIN-RFC010, UIN-GM107,
and UIN-RFC006, second cluster (semi-tolerant or semi-sensitive genotypes)
comprising 11 genotypes i.e. UIN-RFCO011, UIN-RFCO15, UIN-GKO65M, UIN-
RFC002, UIN-GM102, UIN-GKO073, UIN-GKO071, UIN-RFC019, UIN-RFCO014, UIN-
GKO072, and UIN-GKO098, while the rest of the genotypes were classified into the
third cluster (susceptible group). Results further revealed that SSI and SDI indices
could be used as selection indicators in curly pepper if the stress conditions are
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severe. The drought tolerant genotypes identified in this research could be utilized
in future breeding program for further improvement in curly pepper.

Key words: Drought tolerance indices, biplot analysis, cluster analysis, drought
tolerant chili pepper, Capsicum annuum L.

Key findings: Drought tolerance

indices are

important for screening and

identification of drought tolerant chili pepper genotypes. The two indices i.e. SSI
and SDI were found as best tolerance indicators for selection of curly pepper
genotypes when stress conditions are severe. Based on both indices, three chili
peppers accessions (UIN-RFC010, UIN-GM107, and UIN-RFC006) were identified as

drought tolerent genotypes.
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INTRODUCTION
Global warming has become
international issues in several last

decades because it caused changes in
climate factors such as temperature,
precipitation, drought, floods, and
wind storms and provided significant
impact on many sectors, including
agriculture. Nowadays, drought
occurred in many parts of the world
due to decline in rainfall which effect
the plant growth and productivity.
Drought caused disturbance in the
normal process of metabolism of cells
and tissues of the plant, restricted the
plant growth, and finally reduced the
crop production (Wadhwa et al., 2010;
Chutia and Borah, 2012; Razak et al.,
2013).

Chilli pepper (Capsicum annuum
L.) is the most pivotal horticulture
crop in the world, and it has been
cultivated in many regions. Chilli
pepper crop is one of the most
sensitive crops to drought (Gonzalez-
Dugo et al., 2007; Ahmed et al.,
2014; Mardaninejad et al., 2017;
Rosmaina et al., 2018). However, crop
response to drought stress s
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influenced by stages of plant growth,
stress intensity, duration of drought,
the frequency of drought, and crop
cultivar. Therefore, the development
and tailoring of cultivars that resistant
to drought stress will be the important
steps to adapt the challenges we face
nowadays and in future. The plant
breeding program for  drought
tolerance is relatively difficult because
drought tolerance is not a simple
response but controlled by many
genes and their simultaneous selection
is also difficult (Richards, 1996). The
traits that linked to yield usually are
inherited quantitatively and influenced
by environmental factors; therefore,

the quantitative approaches are
required as important tools for
selection.

Effective breeding for

development and identification of
drought tolerant chilli pepper, good
selection criteria are needed to
distinguish the drought tolerant
genotypes. Numerous selection indices

based on mathematical relationship
between stress and non-stress
conditions has been established

(Fischer and Maurer, 1978; Rosielle



and Hamblin, 1981; Fisher and Wood,
1981; Bouslama and Schapaugh,
1984; Fernandez, 1992; Schneider et
al., 1997; Gavuzzi et al., 1997; Lan,
1998; Farshadfar and Sutka, 2002;
Moosavi et al., 2008; Farshadfar and

Javadinia, 2011). These indices are
based on vulnerability and tolerance of
genotype to drought. Drought
tolerance is defined as the ability of
plants to grow and reproduce
optimally and then provide
satisfactory = yields when  water

availability is limited (Fleury et al.,
2010). Drought vulnerability genotype
is often measured as a function of
yield reduction under drought
pressure (Blaum, 1988). Fischer and
Maurer (1978) suggested the stress
susceptibility index (SSI) for
measurement of yield stability that
understands the changes in both
potential and actual yields in variable
environments. Rosielle and Hamblin
(1981) defined stress tolerance (TOL)
as the differences in yield between
stress and normal conditions and
mean productivity (MP) as the average
yield of genotypes under stress and
non-stress conditions.

The geometric mean
productivity (GMP) is often used by
breeders interested in relative
performance, since drought stress can
vary in severity in field environments
over years (Fernandez, 1992). Stress
tolerance index (STI) is a useful tool
for determining high yield and stress
tolerance potential of the genotypes
(Fernandez, 1992). The vyield index
(YI) suggested by Gavuzzi et al.
(1997), vyield stability index (YSI)
suggested by Bouslama and
Schapaugh (1984), and harmonic
mean (HM) suggested by Schneider et
al. (1997) in order to differentiate the
stability of the genotypes in stress and
non-stress conditions. Lan (1988)
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defined the new indices of drought
resistance index (DI), which is
commonly accepted to identify the
genotypes producing high yield under
both stress and non-stress conditions.
Moosavi et al. (2008) proposed stress
susceptibility percentage index (SSPI)
for  screening drought  tolerant
genotypes in stress and non-stress
conditions. Farshadfar and Sutka
(2002) introduced modified stress
tolerance index (MSTI) in which STI is
multiplied with a correction coefficient
(Ki) specific for each stress and non-
stress conditions. As a result, K1STI
and K2STI were the selection criteria
for stress and non-stress conditions,
respectively.

Plant breeders have been
utilized many biometrical procedures
to evaluate the effectiveness of
several drought tolerance indices for
screening and identification of drought
tolerant genotypes. Correlation
analysis can be implemented to
observe relationship between indices
and to identify the level of stress
severity. The best indices are those
which have highest correlation with
yield under both stress conditions and
would be able to distinguish potential
higher yielding and drought tolerant
genotypes (Fernandez, 1992; Mitra,
2001). Some past researchers have
also applied principal component
analysis (PCA) to determine the
combination of indices as selection
criteria (Golabadi et al., 2006; Akura
et al., 2011; Amiri et al., 2014). The
PCA is one of the most successful
techniques for reducing the multiple
dimensions of the observed variables
to a smaller intrinsic dimensionality of
independent variables (Johnson and
Wichern, 2007). Biplot analysis have
been used for screening drought
tolerant cultivars (Nazari and
Pakniyat, 2010; Bonea and Urechean,
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Table 1. Chili pepper genotypes tested under non-stressed and stressed conditions.

No. Genotypes No. Genotypes No Genotypes

1 UIN-RFC008* 20 UIN-GR106M** 39 UIN-GM101**
2 UIN-RFC009* 21 UIN-RFC001* 40 UIN-GM102**
3 UIN-RFC010%* 22 UIN-RFC002* 41 UIN-GM103**
4 UIN-RFCO11%* 23 UIN-RFC003* 42 UIN-KG041*
5 UIN-RFC015%* 24 UIN-KG096* 43 UIN-KG048*
6 UIN-RFC016%* 25 UIN-FRCOO5* 44 UIN-KGO55*
7 UIN-RFC017%* 26 UIN-RFC006* 45 UIN-KO57*

8 UIN-RFC018%* 27 UIN-GK097* 46 UIN-KO058%*

9 UIN-RFC019* 28 UIN-RFC012* 47 UIN-GK059*
10 UIN-RFC020* 29 UIN-RFC013* 48 UIN-K064*
11 UIN-GKO59M** 30 UIN-RFC014* 49 UIN-GKO065*
12 UIN-GK061* 31 UIN-KG035* 50 UIN-GK066*
13 UIN-GKO65M** 32 UIN-KGO036* 51 UIN-GK067*
14 UIN-GKO71M** 33 UIN-KG037* 52 UIN-GKO070*
15 UIN-GKO072M** 34 UIN-GK38* 53 UIN-GKO71*
16 UIN-GKO73M** 35 UIN-GK39* 54 UIN-GK072*
17 UIN-GK074%* 36 UIN-GK098* 55 UIN-GK073*
18 UIN-GM107** 37 UIN-GK099*

19 UIN-GR105* 38 UIN-GM100**

Notes: * landrace; and ** Mutations from landrace

2011; Aliakbari et al., 2014). The
objective of this research was to
assess tolerance indices in 55 chili
pepper genotypes, and to identify the
drought tolerant genotypes.

MATERIALS AND METHODS
Genetic material

Germplasm used in this study was a
collection of curly pepper (Capsicum
annuum L.) genotypes from the gene
bank of Genetic and Breeding
Laboratory, Faculty of Agricultural and
Animal Science, Universitas Islam
Negeri Sultan Syarif Kasim, Riau,
Indonesia (Table 1).

Experimental design
The present research was conducted

during 2016 in the greenhouse (which
day temperature average was 32-
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33°C, and average of relative humidity
was 80-90%), Laboratory of Genetic
and Breeding, Faculty of Agricultural
and Animal Science, Sultan Syarif
Kasim State Islamic University, Riau,
Indonesia. The experiment was laid
out following randomized complete
block design (RCBD) with 55
genotypes as treatments with four
replications. The seeds of each curly
pepper genotype was sown in small
polybags and then maintained at
optimum conditions for germination.
When the seedlings become four
weeks old; then were transplanted
into large polybags containing mixed
media of soil and compost with ratio of
3:1, respectively. Field water capacity
was determined by following the
methods of Rosmaina et al. (2018).
After one week of transplantion, non-
stress plants were irrigated normally,
while stressed plants growing up in
50% of the water field capacity. All
the weeds were manually controlled.



Data recorded and statistical

analyses

At harvest time, the number of fruit
and vyield were recorded for each
genotype in both environments (non-
stress and stressed) and subjected to
calculate the drought tolerance
indices. The criteria of harvesting of
the fruit of curly pepper was fruit red
colored.

Fourteen drought tolerance indices
were calculated using the following
formulas:

1. Stress susceptibility index (SSI) =

1= (%)

Y.
~(h,)
}:".l'_‘.'

(Fischer and Maurer, 1978).
2. Tolerance (TOL) = Yuys — ¥
(Rosielle and Hamblin, 1981).
3. Stress Tolerance Index (STI) =
Yo x Vys
Vs
(Fernandez, 1992).
4. Drought Tolerance Efficiency (DTE)
=(Yg/Yye)x 100
(Fischer and Wood, 1981).
Yo + Yyg
5. Mean productivity (MP) = 2
(Rosielle and Hamblin, 1981).
6. Geometric Mean Productivity (GMP)
= Y5 x ¥y
(Fernandez, 1992).
7. Harmonic Mean (HM) = > 5*'s)

Yo+ Vysg
(Schneider et al., 1997).

8. Sensitivity Drought Index (SDI)
= |: Tt; c YS :| .1;."." <
(Farshadfar and Javadinia, 2011).

9. Drought Resistance Index (DI) =
. ¥ /NS
115 X [_—]

T3

(Lan, 1998).
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10.Relative drought index (RDI) =
[(Ys/ Yus)/ (¥s / Fys)]
(Fisher and Maurer, 1978).
11.Stress Susceptibility percentag
Index (SSPI) =
[(Yys — ¥5)/(2 x¥5)] x 100
(Moosavi et al., 2008).
Ys
12.Yield Stability Index (YSI) = {Yus
(Bouslama and Schapaugh, 1984).

Yg/_

13.Yield index (YI) = /¥s
(Gavuzzi et al., 1997).

14.Modified stress tolerance index =
MSTI =KiSTI,

K\?ﬁ/__
K= Y¥s and

Y:
K, = 3/}_"53 ,

where ki is the correction
coefficient (Farshadfar and Sutka,
2002).

Whereas, the ¥s. ¥us, and

Ys.¥us. denoted the mean yield under
stressed and non-stress conditions for
each genotype, and yield mean in
under stressed and non-stress
condition for all genotypes,
respectively. Analysis of variance was
calculated according Steel et al.
(1997) by using SAS Software version
9.1. Correlations analysis, principal
component analysis (PCA), biplot and
cluster analyses were carried out
using MVSP software, version 3.22
(www.kovcomp.com)

RESULTS AND DISCUSSION

Assessment of drought tolerance
genotypes

The variation among the genotypes for
curly pepper yield under stressed and
non-stress conditions are provided in
Table 2. In non-stress condition, chili
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pepper genotypes i.e. UIN-GKO066,
UIN-KGO059, UIN-RFC020, UIN-
RFCO011, and UIN-RFC017 had the
highest yield and the genotype of UIN-
GKO055, UIN-GK058, UIN-GK048, UIN-
GM101, and UIN-GM103 showed the
lowest yield. In stressed condition, the
chili pepper genotypes UIN-RFCO010,
UIN-GM107, UIN-GK072, UIN-RFCO11,
and UIN-RFC014 had the maximum
yield while the genotypes i.e. UIN-
RFC009, UIN-RFC018, UIN-GKO059,
UIN-GKO73M, UIN-GKO074, UIN-
GR105, UIN-GR106M, UIN-RFC012,
UIN-RFC013, UIN-K38, UIN-K39, UIN-
GM100, UIN-GM101, UIN-GKO55, and
UIN-GKO070 exhibited the lowest yield,
and confirmed that these genotypes
were highly vulnerable to drought
stress. The genotypes having lowest
yield under stressed/drought condition
did not produce the fruit because all of
their flowers suffered abortion (data
not shown). Flowers abortion resulted
in reduced pollen fertility which impact
and disturbed the meiosis process
during pollen development (Jager et
al., 2008).

Results further revealed that
drought stress declined yield in all the
genotypes, except three chili pepper
genotypes viz., UIN-RFC010, UIN-
GM107, and UIN-RFCO006 (Table 2).
These genotypes showed increased
yield even under stressed conditions
with values of 92.44%, 36.92% and
40.34%, respectively, however, the
yield reduction was ranged between
30-100%. Genotypes revealed
significant variation for reduction in
yield under stressed condition, and it
may be linked to stress intensity.
Stress intensity (SI) during
experiment was 0.8. The standard of
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stress intensity value ranged between
0 and 1. Dejen et al. (2008) explained
that the larger values of stress
intensity indicating more severe stress
conditions.

Analysis of variance displayed
highly significant differences for all the
tolerance indices used in the
genotypes (Table 3). The average
value of tolerance indices for each
genotypes was exhibited in Table 4.
Stress susceptibility index (SSI) was
used to assess the reduction in yield
by comparing the non-stress to
stressed conditions. The lower SSI
values indicated the lower differences
in yield between non-stress and
stressed conditions, however, in other
words, the lower SSI is categorized as
more tolerance to drought (Prakash,
2007; Raman et al., 2012). The chili
pepper genotype UIN-RFC010 was
recorded with lowest SSI value of -
1.20, followed by two other genotypes
i.e. UIN-RFC006 (-0.50) and UIN-
GM107(-0.46). Whereas the
genotypes i.e. UIN-RFC018, UIN-
GK059, UIN-GK073M, UIN-GKO074,
UIN-GR105, UIN-GR106, UIN-RFC012,
UIN-RFC013, UIN-K38, UIN-K39, UIN-
GM100, UIN-GM101, UIN-GKO055, and
UIN-GKO70 showed higher SSI value
(1.25). According to Kumar et al.
(2014), the SSI value can be
categorized as highly drought tolerant
(SSI < 0.50), drought tolerant (SSI =
0.51-0.75), moderately drought
tolerant (SSI = 0.76-1.00) and
drought susceptible (SSI > 1.00).
Based on the SSI index, the chili
pepper denotypes viz., UIN-RFCO10,
UIN-GM107, UIN-RFC006, UIN-GKO098,
and UIN-RFC019 were categorized as
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Table 2. Average yield per curly pepper genotype (g) tested under non-stressed
(Yns) and stressed (Ys) conditions and yield reductions (YR).

No. Genotypes Yns Ys YR (%)
1 UIN-RFC008 232.79 26.52 -88.60bcde
2 UIN-RFC009 236.48 0.00 -100.00a
3 UIN-RFC010 123.96 238.55 92.44n
4 UIN-RFCO011 267.90 107.68 -59.81hij
5 UIN-RFC015 87.65 37.00 -57.79ij
6 UIN-RFCO016 229.35 8.69 -96.21ab
7 UIN-RFC017 238.44 1.36 -99.43a
8 UIN-RFC018 41.83 0.00 -100.00a
9 UIN-RFC019 73.09 46.26 -36.70lk
10 UIN-RFCO020 279.01 56.89 -79.61fe
11 UIN-GKO059 182.56 0.00 -100.00a
12 UIN-GK061 211.64 52.49 -75.20fg
13 UIN-GK065M 169.75 76.57 -54.89j
14 UIN-GK071M 197.48 29.98 -84.82cde
15 UIN-GK072M 131.86 13.48 -89.78abcd
16 UIN-GK073M 107.20 0.00 -100.00a
17 UIN-GK074 189.54 0.00 -100.00a
18 UIN-GM107 123.98 169.75 36.92m
19 UIN-GR105 113.32 0.00 -100.00a
20 UIN-GR106 73.40 0.00 -100.00a
21 UIN-RFC001 146.15 2.59 -98.2ab
22 UIN-RFC002 57.11 18.33 -67.90hg
23 UIN-RFC003 86.35 7.29 -91.56abc
24 UIN-GK096 85.67 7.29 -91.49abc
25 UIN-FRCO0O05 159.83 4.85 -96.97ab
26 UIN-RFC006 56.57 79.39 40.34m
27 UIN-GK097 96.19 9.70 -89.92abcd
28 UIN-RFC012 106.09 0.00 -100.00a
29 UIN-RFCO013 164.53 0.00 -100.00a
30 UIN-RFC014 165.69 95.65 -42.27k
31 UIN-GKO035 65.35 1.40 -97.86ab
32 UIN-GKO036 71.51 4.37 -93.89abc
33 UIN-GK37 116.76 21.01 -82.01def
34 UIN-GK38 95.93 0.00 -100.00a
35 UIN-GK39 49.24 0.00 -100.00a
36 UIN-GK098 39.27 27.43 -30.15I
37 UIN-GK099 132.78 8.15 -93.86abc
38 UIN-GM100 145.06 0.00 -100.00a
39 UIN-GM101 37.73 0.00 -100.00a
40 UIN-GM102 108.72 37.65 -65.37hi
41 UIN-GM103 38.58 1.63 -95.78ab
42 UIN-GK041 101.80 5.41 -94.69ab
43 UIN-GKO048 36.18 3.15 -91.29abc
44 UIN-GKO055 8.70 0.00 -100.00a
45 UIN-GK057 204.38 7.38 -96.39ab
46 UIN-GKO058 20.00 0.95 -95.25ab
47 UIN-GKO059 296.95 16.62 -94.40abc
48 UIN-GK064 72.45 3.00 -95.86ab
49 UIN-GK065 181.29 27.34 -84.92cde
50 UIN-GK066 352.76 24.10 -93.17abc
51 UIN-GK067 106.78 2.37 -97.78ab
52 UIN-GKO070 74.58 0.00 -100.00a
53 UIN-GKO071 71.80 26.93 -62.49hij
54 UIN-GKO072 189.37 108.83 -42.53k
55 UIN-GK073 47.12 16.89 -64.16hi

Means followed by same letter(s) in each column are not significantly different (P < 0.05)
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Table 3. Analysis of variance for yield under non-stressed (Yys), stressed (Ys) environments and other tolerance indices in
chilli pepper genotypes.

Mean Square

sov  df. 1o

Yis Ye TOL SSI STI DTE GMP HM  SDI DI Mp ssr RDI vst vi KIS osTr
Geno 23905. 8164. 26912. 0.9 0.7 5792. 8949. 7683. 0.58 29.5 9307.0 4014. 14.1 0.5 11.8 8.50 2078.
Error 164 241.50 66.12 227.17 oio oéo 32.76  62.001 57.96 0.00 0.59 97.01 33.89 0.08 060 0.10 1.03 143'2
oV 9.8 55. 94.8 261 26. 31.0 166. 216.8
o) 1200 31.03 1460 °° 3 2613 1853 2331 733 °%% 1266 1460 °§1 25 31O 166 ¢

SOV: Source of variation; CV: Coefficient of variation; d.f. : degree of freedom; Yys: Yield under non-stressed; Ys: Yield under stressed; TOL: Tolerance;
SSI: Stress susceptibility index; STI: Stress tolerance index; DTE: Drought tolerance efficiency; GMP: Geometric mean productivity; HM: Harmonic
mean; SDI: Sensitivity drought index; DI: Drought resistance index; MP: Mean productivity; SSPI: Stress susceptibility percentage index; RDI: Relative
drought index; YSI: Yield stability index; YI: Yield index; K1STI: Modified stress tolerance index for favorable condition; K2STI: Modified stress tolerance
index for stress condition. *, **: significant difference at the 5% and 1% levels of probability, respectively.
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Table 4. Mean values of drought indices in chilli pepper genotypes.

Genotypes  TOL SSI STI DTE GMP HM SDI DI MP SSPI RDI YSI YI K1STI K2STI
UIN-RFC008 206.27 1.11 0.37 11.39 78.57 47.62 0.89 0.11 129.6680.31 0.56 0.11 1.01 1.20 0.38
UIN-RFC009 236.48 1.25 0.00 0.00 0.00 0.00 1.00 0.00 118.2492.07 0.00 0.00 0.00 0.00 0.00
UIN-RFC010 -114.59 -1.16 1.79 192.45171.96 163.14-0.92 17.46 181.25-44.62 9.40 1.92 9.07 1.65 149.65
UIN-RFCO11 160.23 0.75 1.75 40.19 169.84 153.610.60 1.65 187.7962.38 1.96 0.40 4.10 7.54 29.81
UIN-RFC015 50.65 0.72 0.20 42.21 56.95 52.03 0.58 0.59 62.32 19.72 2.06 0.42 1.41 0.09 0.40
UIN-RFC016 220.65 1.20 0.12 3.79 44.65 16.75 0.96 0.01 119.0285.91 0.19 0.04 0.33 0.38 0.01
UIN-RFC017 237.08 1.24 0.02 0.57 18.01 2.70 0.99 0.00 119.9092.31 0.03 0.01 0.05 0.07 0.00
UIN-RFC018 41.83 1.25 0.00 0.00 0.00 0.00 1.00 0.00 20.91 16.28 0.00 0.00 0.00 0.00 0.00
UIN-RFC019 26.83 0.46 0.21 63.30 58.15 56.66 0.37 1.11 59.67 10.44 3.09 0.63 1.76 0.07 0.66
10 UIN-RFC020 222.12 1.00 0.96 20.39 125.9894.51 0.80 0.44 167.9586.48 1.00 0.20 2.16 4.48 4.56
11 UIN-GKO59 182.56 1.25 0.00 0.00 0.00 0.00 1.00 0.00 91.28 71.08 0.00 0.00 0.00 0.00 0.00
12 UIN-GKO061 159.15 0.94 0.67 24.80 105.4084.12 0.75 0.50 132.0761.96 1.21 0.25 2.00 1.80 2.71
13 UIN-GKO065M 93.19 0.69 0.79 45.11 114.01 105.530.55 1.31 123.1636.28 2.20 0.45 2.91 1.37 6.80
14 UIN-GKO71M 167.50 1.06 0.36 15.18 76.94 52.05 0.85 0.17 113.7365.22 0.74 0.15 1.14 0.84 0.48
15 UIN-GKO72M 118.38 1.12 0.11 10.22 42.16 24.46 0.90 0.05 72.67 46.09 0.50 0.10 0.51 0.11 0.03
16 UIN-GKO73M 107.20 1.25 0.00 0.00 0.00 0.00 1.00 0.00 53.60 41.74 0.00 0.00 0.00 0.00 0.00
17 UIN-GKO074 189.54 1.25 0.00 0.00 0.00 0.00 1.00 0.00 94.77 73.80 0.00 0.00 0.00 0.00 0.00
18 UIN-GM107 -45.77 -0.46 1.28 136.92 145.07 143.30-0.37 8.84 146.86-17.82 6.69 1.37 6.46 1.18 54.19
19 UIN-GR105 113.32 1.25 0.00 0.00 0.00 0.00 1.00 0.00 56.66 44.12 0.00 0.00 0.00 0.00 0.00
20 UIN-GR106 73.40 1.25 0.00 0.00 0.00 0.00 1.00 0.00 36.70 28.58 0.00 0.00 0.00 0.00 0.00
21 UIN-RFC001 143.56 1.23 0.02 1.77 19.46 5.09 0.98 0.00 74.37 55.89 0.09 0.02 0.10 0.03 0.00
22 UIN-RFC002 38.78 0.85 0.06 32.10 32.35 27.75 0.68 0.22 37.72 15.10 1.57 0.32 0.70 0.01 0.03
23 UIN-RFC0O03 79.06 1.14 0.04 8.44 25.09 13.44 0.92 0.02 46.82 30.78 0.41 0.08 0.28 0.02 0.00
24 UIN-GK096 78.38 1.14 0.04 8.51 24.99 13.44 0.91 0.02 46.48 30.52 0.42 0.09 0.28 0.02 0.00
25 UIN-FRCOO5 154.98 1.21 0.05 3.03 27.84 9.41 0.97 0.01 82.34 60.34 0.15 0.03 0.18 0.08 0.00
26 UIN-RFC0O06 -22.82 -0.50 0.27 140.3467.02 66.07 -0.40 4.24 67.98 -8.89 6.86 1.40 3.02 0.05 2.50
27 UIN-GK097 86.50 1.12 0.06 10.08 30.54 17.61 0.90 0.04 52.94 33.68 0.49 0.10 0.37 0.03 0.01
28 UIN-RFC012 106.09 1.25 0.00 0.00 0.00 0.00 1.00 0.00 53.05 41.31 0.00 0.00 0.00 0.00 0.00
29 UIN-RFCO13 164.53 1.25 0.00 0.00 0.00 0.00 1.00 0.00 82.27 64.06 0.00 0.00 0.00 0.00 0.00
30 UIN-RFC014 70.04 0.53 0.96 57.73 125.89121.280.42 2.10 130.6727.27 2.82 0.58 3.64 1.58 12.90
31 UIN-GKO035 63.95 1.22 0.01 2.14 9.56 2.74 0.98 0.00 33.37 24.90 0.10 0.02 0.05 0.00 0.00
32 UIN-GKO036 67.14 1.17 0.02 6.11 17.67 8.23 0.94 0.01 37.94 26.14 0.30 0.06 0.17 0.01 0.00
33 UIN-GK37  95.75 1.03 0.15 17.99 49.53 35.61 0.82 0.14 68.88 37.28 0.88 0.18 0.80 0.12 0.10
34 UIN-GK38  95.93 1.25 0.00 0.00 0.00 0.00 1.00 0.00 47.97 37.35 0.00 0.00 0.00 0.00 0.00
35 UIN-GK39  49.24 1.25 0.00 0.00 0.00 0.00 1.00 0.00 24.62 19.17 0.00 0.00 0.00 0.00 0.00
36 UIN-GK098 11.84 0.38 0.07 69.85 32.82 32.30 0.30 0.73 33.35 4.61 3.41 0.70 1.04 0.01 0.08
37 UIN-GK099 124.63 1.17 0.07 6.14 32,90 15.36 0.94 0.02 70.47 48.52 0.30 0.06 0.31 0.07 0.01
38 UIN-GM100 145.06 1.25 0.00 0.00 0.00 0.00 1.00 0.00 72.53 56.48 0.00 0.00 0.00 0.00 0.00
39 UIN-GM101 37.73 1.25 0.00 0.00 0.00 0.00 1.00 0.00 18.86 14.69 0.00 0.00 0.00 0.00 0.00
40 UIN-GM102 71.07 0.82 0.25 34.63 63.98 55.93 0.65 0.50 73.18 27.67 1.69 0.35 1.43 0.18 0.52
41 UIN-GM103 36.95 1.20 0.00 4.23 7.93 3.13 0.96 0.00 20.10 14.38 0.21 0.04 0.06 0.00 0.00
42 UIN-GKO041 96.39 1.18 0.03 5.31 23.47 10.27 0.95 0.01 53.61 37.53 0.26 0.05 0.21 0.02 0.00
43 UIN-GK048 33.03 1.14 0.01 8.71 10.68 580 0.91 0.01 19.67 12.86 0.43 0.09 0.12 0.00 0.00
44 UIN-GKO55 8.70 1.25 0.00 0.00 0.00 0.00 1.00 0.00 4.35 3.39 0.00 0.00 0.00 0.00 0.00
45 UIN-GKO57 197.00 1.20 0.09 3.61 38.84 14.25 0.96 0.01 105.8876.70 0.18 0.04 0.28 0.23 0.01
46 UIN-GKO58 19.05 1.19 0.00 4.75 4.36 1.81 0.95 0.00 10.48 7.42 0.23 0.05 0.04 0.00 0.00
47 UIN-GKO59 280.33 1.18 0.30 5.60 70.25 31.48 0.94 0.04 156.79109.15 0.27 0.06 0.63 1.59 0.12
48 UIN-GK064 69.45 1.20 0.01 4.14 14.74 5.76 0.96 0.00 37.73 27.04 0.20 0.04 0.11 0.00 0.00
49 UIN-GKO65 153.95 1.06 0.30 15.08 70.40 47.51 0.85 0.16 104.3259.94 0.74 0.15 1.04 0.59 0.33
50 UIN-GKO66 328.66 1.16 0.52 6.83 92.20 45.12 0.93 0.06 188.43127.96 0.33 0.07 0.92 3.88 0.44
51 UIN-GKO067 104.41 1.22 0.02 2.22 15.91 4.64 0.98 0.00 54.58 40.65 0.11 0.02 0.09 0.01 0.00
52 UIN-GKO070 74.58 1.25 0.00 0.00 0.00 0.00 1.00 0.00 37.29 29.04 0.00 0.00 0.00 0.00 0.00
53 UIN-GKO071 44.87 0.78 0.12 37.51 43.97 39.17 0.62 0.38 49.37 17.47 1.83 0.38 1.02 0.04 0.13
54 UIN-GK072 80.54 0.53 1.25 57.47 143.56 138.220.43 2.38 149.1031.36 2.81 0.57 4.14 2.69 21.75
55 UIN-GKO073 30.23 0.80 0.05 35.84 28.21 24.87 0.64 0.23 32.01 11.77 1.75 0.36 0.64 0.01 0.02

CONOUEWN |

TOL: Tolerance; SSI: Stress susceptibility index; STI: Stress tolerance index; DTE: Drought tolerance
efficiency; GMP: Geometric mean productivity; HM: Harmonic mean; SDI: Sensitivity drought index;
DI: Drought resistance index; MP: Mean productivity; SSPI: Stress susceptibility percentage index;
RDI: Relative drought index; YSI: Yield stability index; YI: Yield index; K1STI: Modified stress
tolerance index for favorable condition; and K2STI: Modified stress tolerance index for stress
condition.
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highly drought tolerant (SSI < 0.50),
genotypes UIN-GKO072, UIN-RFCO014,
UIN-GK0O65M, UIN-RFC015, and UIN-
RFCO011 were classified as drought

tolerant (SSI = 0.51-0.75), and
genotypes UIN-GKO061, UIN-RFC002,
UIN-GM102, UIN-071, UIN-GKO073,

and UIN-RFC020 were considered as
moderately drought tolerant (SSI =
0.76-1.00). Earlier researchers have
commonly used SSI as tolerance
indice (Akcura et al., 2011; Fischer
and Maurer, 1978).

Based on the TOL, the
genotypes UIN-RFC010, UIN-GM107,
and UIN-RFC006 were identified as

drought tolerant genotypes under
stressed condition, while the
genotypes UIN-GK066 UIN-GKO059,

UIN-RFC017, UIN-RFC009 and UIN-
RFC020 were noted with highest value
of TOL and these genotypes were
categorized as drought susceptible
under stressed condition. Raman et al.
(2012) also reported the similar
findings that genotype with low value
of TOL was classified as drought
tolerant under stressed condition.

The TOL and SSI indices favor
genotypes with good vyield under
drought stressed condition; therefore,
both indices can be utilized for
identifying the genotypes which
performance is well under drought
condition. A high value of TOL and SSI
indicated its more sensitivity to stress
as reported by Bruckner and Frohberg
(1987). Based on these two indices,
the three genotypes i.e. UIN-RFCO010,
UIN-GM107, and UIN-RFC006 had the
lowest TOL and SSI values which
authenticated that these genotypes

were more tolerant to stressed
conditions.
Stress tolerance index (STI)

was used to identify the curly pepper
genotypes that produce high vyield
under drought stressed and non-stress
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conditions (Table 4). In present study
for selection efficiency, the value of
STI was classified into two groups i.e.
STI > 1 for tolerant genotypes and
STI < 1 value for sensitive genotypes.
The genotype UIN-RFC010 showed the
highest value of STI (1.79), followed
by three other genotypes viz., UIN-
RFCO011, UIN-GM107, and UIN-GK072.
These four curly pepper genotypes
were the top performer under stressed
conditions. Thirty-four others curly
pepper genotypes showed lowest STI
values (< 0.10) which imply that
these genotypes were highly
susceptible to drought stressed
conditions. Genotypes with high STI
values usually have high differences
for yield under stressed and non-
stress conditions (Kumar et al., 2014;
Moosavi et al., 2008; Fernandez,
1992; Farshadfar et al., 2012).
Drought tolerance efficiency
(DTE) is a measure of drought
resistance mechanisms, determines
the consistency of selected genotypes
in response to drought stress having
different  severity, timing, and
duration, and thus may be helpful in
identifying genotypes that possess
drought resistance capability in chili
pepper. The values of this variable
were ranged from 0.00 to 192.45%.
The highest DTE value was recorded in
chili pepper genotype UIN-RFCO010
(192.45%), followed by UIN-RFCO006
(140.34%), and UIN-GM107
(136.92%). However, the lowest and
same DTE value (0.00) was observed
in the chili pepper genotypes i.e. UIN-

RFC009, UIN-RFC018, UIN-GKO059,
UIN-GKO73M, UIN-GKO074, UIN-
GR105, UIN-GR106, UIN-RFCO012,

UIN-RFC013, UIN-K38, UIN-K39, UIN-
GM100, UIN-GM101, UIN-GKO55, and
UIN-GKO70 (Table 4). The zero value
of the DTE means that these
genotypes were not able to form the



fruits under stressed conditions which
confirmed that 50% field capacity of
water is highest stress for chili
peppers in this study.

Based on the GMP value, the

chili pepper genotypes i.e. UIN-
RFC010, UIN-RFC011, UIN-GM107,
and UIN-KO072 were identified as

drought tolerant genotypes under the
stressed condition, while the
remaining genotypes displayed the
lowest value of GMP (Table 4).
According to the harmonic mean (HM),
the genotypes UIN-RFC010, UIN-
RFCO011, UIN-GM107, and UIN-GKO072
were identified as drought tolerant
genotypes, while all other genotypes
showed the lowest value of HM (Table
4). Results about both GMP and HM
indices were completely similar due to
the nature of their calculating
formulas, and in future one of them
can be used. Based on the MP, the
highest value was observed in chili
pepper genotype UIN-GKO066, followed
by UIN-RFCO011, UIN-RFC010, and
UIN-RFC020 and were classfied as
drought tolerant genotypes. The
higher MP value is an indicator of the
genotype with higher yield potential. If
the difference between non-stress and
stress condition is too high, estimation
of MP value can bias because MP value
is calculated based on arithmetic
mean. The use of mean productivity
index with biased results is also
reported by Moosavi et al. (2008) and
Zangi (2005) in wheat and cotton
crops, respectively.

The YSI index was more useful
in discriminating drought tolerant from
susceptible genotypes. The greater
values of YSI index were observed in
chili pepper genotypes UIN-RFCO010,
UIN-GM107, and UIN-RFCO0O06.
Genotypes with high YSI values were
high vyielding under stressed and
yielding low under non-stress
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conditions. Therefore, breeders should
select this index for selection of
stress-tolerant genotypes. The YSI
value can be categorized as highly
stability in drought tolerant (YSI >
0.60), stable in drought tolerant (YSI
= 0.41-0.60), moderately stability in
drought tolerant (YSI = 0.20-0.40)
and drought susceptible (YSI < 0.20).
Based on categories, genotypes viz.,
UIN-RFCO10, UIN-GM107, UIN-
RFC006, UIN-GK098 and UIN-RFCO019
were found highly stable and drought
tolerant (YSI > 0.60). Genotypes UIN-
GKO072, UIN-RFC014, UIN-GKO065M,
UIN-RFCO015, and, UIN-RFCO11 were
observed as stable and drought
tolerant (YSI = 0.41-0.60), while
genotypes i.e. UIN-GK061, UIN-
RFC002, UIN-GM102, UIN-GKO071,
UIN-GKO073, and UIN-RFC020 were
considered as moderately stability and
drought tolerant (YSI = 0.2-0.40).
However, all others genotypes (YSI <
0.20) were confirmed as unstable.
Present results were consistent with
findings of Naghavi et al. (2013) who
reported that corn genotypes were
found unstable under  drought
condition with YSI value of less than
0.20, and present investigations also
got support from earlier observations
in wheat genotypes (Mohammadi et
al., 2010).

The YI index is suitable for
distinguishing of the high yielding
genotypes under drought stressed
condition. According to Khan and
Dhurpe (2016), the genotypes with YI
> 1 value were considered as tolerant,
while the genotypes having value of YI
< 1 were denoted as susceptible one.
According to YI value, seventeen
genotypes were considered as tolerant
genotypes, while 39 others were found
susceptible (Table 4). Based on the
SDI and SSPI, the three chili pepper
genotypes UIN-RFC010, UIN-RFCO0O06,
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and UIN-GM107 revealed the lowest
values and were identified as tolerant
under stress conditions. The
genotypes with a low value of SDI will
be more desirable. According to DI
index, four genotypes UIN-RFCO010,
UIN-RFC006, UIN-GM107, and UIN-
GKO072 displayed higher DI values as
compared to other genotypes and
were categorized as drought tolerant
genotypes.

Based on RDI index, the higher
value is obtained for genotype UIN-
RFC010 (9.4), followed by chili pepper
genotypes i.e. UIN-RFC006 (6.86),
UIN-GM107 (6.69), UIN-GKO098
(3.42), UIN-RFC019 (3.09), UIN-
RFC014 (2.82), UIN-GK072 (2.81),
UIN-GKO65M  (2.20), UIN-RFCO015
(2.06), UIN-GKO71 (1.83), UIN-GKO73
(1.75), UIN-GM102 (1.69), UIN-
RFC002 (1.57), and UIN-GKO061 (1.21)
(Table 4). Fisher and Maurer (1978)
classfied RDI value into two groups
i.e. the genotypes with RDI value > 1
were relatively drought tolerant, while
the genotypes with RDI value < 1
were considered drought susceptible.
According to above categories, these
genotypes were categorized as
tolerant to stress environment while
rest of the genotypes were drought
susceptible. However, Bidinger et al.
(1978) stated that genotypes with
positive values of RDI indicating stress
tolerance. Moosavi et al. (2008) also
reported that RDI is not effectively
used as an indicator for selection of
tolerant genotypes under stress
conditions in wheat. According to the
modified stress tolerance index (K1STI
and K2STI), chili pepper genotypes
UIN-RFCO11, UIN-RFCO020, UIN-
RFCO011, UIN-GK061, UIN-GKO065M,
UIN-GM107, UIN-RFC014, and UIN-
GKO072 were identified as drought
tolerant genotypes while rest of the
genotypes were sensitive to drought.
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The K1STI and K2STI indices related
to STI were found as convenient
variables to differentiate high-yielding
wheat genotypes under stressed and
non-stress conditions (Ilker et al.,
2011).

Correlation analysis

The estimation of drought tolerance
and identification of drought tolerant
genotypes based on single index is
contradictory (Farshadfar et al.,
2012), however, selection based on
combination of indices may provide a
useful criterion for improving drought
resistance in chili pepper. To
determine the most desirable drought

tolerance criteria, the correlation
analysis between Ys, Yys and other
drought tolerance indices were

calculated (Table 5). In other words,
that correlation analysis between Ys,
Yns and tolerance indices will provide a
good criterion for screening the best
genotypes and indices used. A suitable
index must have a significant
correlation with grain vyield under
stressed and non-stress conditions
(Mitra, 2001). Yield under stressed
condition (Ys) had no significant
correlation with vyield under non-
stressed condition (Yys) (r = 0.19),
and showed the high stress intensity.
Similar results were also reported in
wheat by Talebi et al. (2009) and
Yasir et al. (2013), in maize by Bonea
and Urechean (2011), in sweet potato
by Agili et al. (2012), in barley by
Subhani et al. (2015). Zare (2012)
reported that barley genotypes yield
under drought stressed condition was
not significantly correlated with grain
yield under non-stress condition (r =
0.39), indicating that high yield under
normal condition does not correlate to
yield under stressed condition.
Therefore, indirect selection for a
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Table 5. Correlation coefficient among yield under non-stressed (Yys), stressed (Ys) environments and other

tolerance indices in chili pepper genotypes.

Traits Yns Ys TOL SSI STI DTE GMP HM SDI DI MP SSPI RDI YSI YI K1STI K2STI
Yns 1.00

Ys 0.19 1.00

TOL 1.84** -0.37** 1.00

SSI 0.07 -0.97 0.56** 1.00

STI 0.42** 0.92*%* -0.11 -0.68** 1.00

DTE -0.07 0.90*%* -0.56** -0.99** 0.68** 1.00

GMP 0.49** 0.87** -0.02 -0.68** 0.95** 0.68** 1.00

HM 0.34* 0.93** -0.19 -0.76*%* 0.96** 0.78*%* 0.97** 1.00

SDI 0.07 -0.90** 0.56** 0.99** -0.68** -1.00** -0.68** -0.76** 1.00

DI 0.00 0.89*%* -0.49** -0.88 0.70** 0.88** 0.60** 0.67** -0.88** 1.00

MP 0.89** 0.62** 0.50** -0.36** 0.76** 0.36** 0.80** 0.71** -0.36*%* 0.42** 1.00

SSPI 0.84 -0.37** 1.00** 0.56** -0.11  -0.56** -0.02 -0.19 0.56** -0,49%* 0.50** 1.00

RDI -0.07 0.90** -0.56** -1.00** 0.68** 1.00** 0.68** 0.76** -1.00** 0.88** 0.36** -0.56** 1.00

YSI -0.07 0.90*%* -0.56** -1.00** 0.68** 1.00** 0.68** 0.76** -1.00** 0.88** 0.36** -0.56** 1.00** 1.00

YI 0.19 1.00*%* -0.37** -0.90** 0.92** 0.90** 0.87** 0.93** -0.90** 0.89** 0.62** -0.37** 0.90** 0.90** 1.00

K1STI 0.96** 0.14 0.83** 0.10 0.39%** -0.10 0.45** 0.30 0.90%** -0.04 0.83** 0.83** -0.09 -0.09 0.14 1.00
K2STI ~ 0.07 0.92*%* -0.44** -0.84** 0.78** 0.84** 0.67** 0.73** -0.84** 0.98** 0.49*%* -0.44** 0.85 0.84** 0.92** 0.03 1.00

Yns: Yield under non-stressed; Ys: Yield under stressed; TOL: Tolerance;

SSI: Stress susceptibility index; STI: Stress tolerance index; DTE:

Drought tolerance efficiency; GMP: Geometric mean productivity; HM: Harmonic mean; SDI: Sensitivity drought index; DI: Drought
resistance index; MP: Mean productivity; SSPI: Stress susceptibility percentage index; RDI: Relative drought index; YSI: Yield stability index;
YI: Yield index; K1STI: Modified stress tolerance index for favorable condition; K2STI: Modified stress tolerance index for stress condition.
* **: significant difference at the 5% and 1% levels of probability, respectively.
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drought condition based on the results
of non-stress condition was unreliable
and inefficient. However, Farshadfar et
al. (2012) and Ali and El-Sadek (2016)
findings revealed that Ys value was
positively correlated with Yys which
means that high-yielding genotypes
under normal conditions will also have

high production under stress
condition.
The Yns had significant

correlation with TOL, STI, GMP, HAM,
MP, and K;STI while SSI, DTE, SDI,

DI, RDI, YSI and YI were non-
significantly  correlated with  Yys.
Present results observed no
correlation between SSI and vyield

under non-stressed condition which
also in analogy with observations of
Ehdaie and Shakiba (1996). However,
positive correlation between SSI and
Yns were observed in wheat (Amiri et
al., 2014), while negative correlation
between SSI and Yns was noted in
wheat (Moosovi et al., 2008). The
negative and non-significant
correlation was observed between
yield Yys and YSI, RDI and DTE,
whereas a positive and non-significant
correlation was observed between Yys
and SSI, SDI, DI, YI and K,STI.
However, Ys had significant positive
correlation with all tolerance indices,
except SSI and K;STI index.

For selection of drought tolerant
genotypes, the most suitable indices
are those which relatively have
significant and positive correlation
with yield in stressed and non-stress
conditions (Mitra, 2001). Results
revealed that yield was significantly
and positively correlated with STI,
GMP, HM and MP indices under
stressed and non-stress conditions.
Therefore, these indices could be used
as the selection criterion for selecting
high  yielding genotypes under
stressed and normal conditions. In
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earlier studies, these indices were
mostly recommended for screening
drought tolerant genotypes with high
yield under stressed and non-stress
conditions (Jafari et al., 2009;
Mohammadi et al., 2010; Nazari and

Pakniat, 2010; Ilker et al., 2011).
There was positive correlation
between Yys and Ys, however, in
present results the association

between these two components was
non-significant (Table 5), which
revealed that these indices could not
be used for drought tolerance study in
chilli pepper genotypes (Akcura et al.,
2011).
Futhermore,
suggested that with high stress
intensity, SSI variable was more
suitable to be wused as selection
criteria whereas STI, GMP, HM, and
MP indices are used if the stress
conditions are not more severe.
Akcura and Ceti (2011) suggested that
yield stability index (YSI) can also be
used as indicator to differentiate
between sensitive and resistant
genotypes when the stress conditions
are severe. The YSI had a negative
correlation with mean yield under non-
stress condition referred to drought
resistant genotypes (UIN-RFCO10,
UIN-RFCO006, and UIN-GM107).
Khayatnezhad et al. (2010) explained
that none of the tolerance indices
could perfectly identify the high
yielding genotypes under stressed and
non-stress conditions. However, Thiry
et al. (2016) stated that tolerance
indices are not ideal to determine
genotypes with best yield and high
stress tolerant both environments.

results also

Principal component
(PCA) and cluster analysis

analysis

To assess the relationship between
chili pepper genotypes and drought
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Table 6. Principal component analysis for yield under non-stressed (Yys), stressed
(Ys) environments and other tolerance indices in 55 chili pepper genotypes.

Indices PC 1 PC 2 PC 3 PC 4 PC5 PC 6
Yns 0.39 -0.03 -0.24 0.15 -0.01 -0.26
Ys 0.13 0.28 0.06 -0.10 0.10 -0.10
TOL 0.29 -0.18 -0.26 0.20 -0.06 -0.19
SSI 0.39 -0.33 0.45 -0.11 0.08 0.12
STI 0.15 0.24 -0.12 -0.42 0.23 0.17
DTE 0.11 0.28 0.21 0.24 -0.33 0.10
GMP 0.22 0.22 -0.09 -0.4 -0.17 0.04
HM 0.18 0.25 -0.03 -0.43 -0.16 -0.14
SDI 0.39 -0.33 0.45 -0.11 0.08 0.12
DI 0.06 0.27 0.13 0.34 0.44 0.04
MP 0.37 0.11 -0.17 0.07 0.04 -0.25
SSPI 0.29 -0.18 -0.26 0.20 -0.06 -0.19
RDI 0.11 0.28 0.21 0.24 -0.33 0.10
YSI 0.11 0.28 0.21 0.24 -0.33 0.10
Y1 0.13 0.28 0.06 -0.10 0.10 -0.10
K1STI 0.24 -0.02 -0.43 0.11 0.02 0.82
K2STI 0.07 0.27 0.09 0.17 0.58 -0.01
Eigen values 24.57 11.04 1.97 0.57 0.4 0.06
Variation (%) 63.58 28.57 5.09 1.49 1.03 0.15
Cumulative Percentage (%) 63.58 92.15 97.24 98.72 99.76 99.91
tolerance  indices, the principal al. (2011) suggested that only SSI

component analysis was utilized. The
total variation expressed between the
two components was 92.15% (Table
6). The first PC explained 63.58% of
the total variation and the second PC
explained 28.57% of the total
variability. The variable that has the
highest PCA1 value and the lowest
PC2 were found excellent in screening
genotype under stress and non-stress
conditions. Based on the results of the
principal component analysis, the SSI
and SDI index have the highest values
in PC1 and the lowest values in PC2,
so that both indices can be used to
screen the drought-tolerant genotypes
in present study. The selection of SSI
and SDI as criteria for screening the
drought resistant genotypes is linked
to severe stress intensity. Akcura et
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variable can be used as selection
criteria when the stress intensity is
strong, however, in present study, the
two indices (SSI and SDI) could be
utilized for screening drought-tolerant
genotypes.

The PCA analysis using SSI and
SDI indices, explained 97.558% of the
total variation, that first PC and the
second PC explained 84.71% and
12.85%, respectively (Table 7). Biplot
analysis was carried out and utilized to

identify the superior chili pepper
genotypes in different environments
(Figure 1). Fernandez (1992)

proposed that chili pepper genotypes
can be categorized into four groups
based on their performance under
stress and non-stress conditions.
Genotypes express uniform superiority
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Table 7. Principal component analysis for yield under non-stressed (Yys), stressed
(Ys) environments, SSI and SDI indices in 55 chili pepper genotypes.

Indices PC1 PC 2 PC 3 PC 4
Yns 0.47 0.57 -0.67 0.00
Ys 0.08 0.73 0.68 0.00
SSI 0.62 -0.26 0.21 -0.71
SDI 0.62 -0.26 0.21 0.71
Eigenvalues 13.38 2.03 0.39 0.00
Variance (%) 84.71 12.85 2.44 0.00
Cumulative Variance (%) 84.71 97.56 100.00 100.00
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Figure 1. Biplot for quantitative indices of chili pepper genotypes, SSI = Stress
Susceptibility index, SDI = Sensitivity Drought Index, A: the number of genotypes

followed the list in Table 1.

under both stress and non-stress
conditions (Group A), genotypes
perform favorably only in non-stress
conditions (Group B), genotypes gives
relatively higher yield only in stress
conditions (Group C), and cultivars
perform poorly under stress and non-
stress conditions (Group D). Based on
biplot analysis, the chili pepper
genotypes UIN-RFC010, UIN-GM107,
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and UIN-RFC006 were classified into
group C (drought tolerant genotype)
with high yield under stress condition,
while other genotypes were placed in
groups A and B.

Dendrogram analysis divided all
the genotypes into three groups
(Figure 2). The first cluster (drought
tolerant group) comprising three chili
pepper genotypes i.e. UIN-RFCO010,



UIN-GM107, and UIN-RFC006, second
cluster (semi-tolerant or semi-
sensitive genotypes) consisted of 11
other genotypes viz., UIN-RFCO11,
UIN-RFCO015, UIN-GKO0O65M, UIN-
RFC002, UIN-GM102, UIN-GKO073,
UIN-GKO071, UIN-RFCO019, UIN-
RFC014, UIN-GK072, and UIN-GKO098,
while rest of the genotypes classified

Rosmaina et al. (2019)

into third cluster (susceptible to
drought). Based on findings of El-
Mohsen et al. (2015) regarding cluster
analysis, genotypes were divided into
three groups i.e. tolerant, semi-
tolerant and susceptible. Cluster
analysis has been generally used for
grouping genotypes based on
tolerance indices.

— } Group-A

L Group-C

i
:4

| Group-D

[ T l l
04 05 0,6 0,7

Pearson Coefficient

0,8 0,9

Figure 2. Dendogram UPGMA method to classification of chili pepper genotypes
based on tolerance indices. The number of genotypes followed the list in Table 1.

CONCLUSION

Present findings revealed that SSI and
SDI indices could be used as a
potential indicators for selection in
chili pepper with severe stress
conditions. Biplot and clustering
analyses can divide genotypes into
tolerant, semi-tolerant and sensitive
to drought. Based on biplot and
cluster analyses, the three chili pepper
accessions viz., UIN-RFC010, UIN-
GM107 and UIN-RFC006 were
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identified as drought tolerent
genotypes.
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