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Evaluation of drought tolerance indices in Virginia tobacco (Nicotiana
tabacum L.) genotypes
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Table 1- Atmospheric situations during conducting the present experiment in the Rasht Tobacco Research
Center.

@, olo e Sasb ) oSl Groshee) Sk Egoe Oyl az e (Temperature
Row Month (d2,0) Total Precipitation °C)
Mean relative humidity (mm) Slam 5l oeSlee
(%) Min. Max.  Average
1 APrily sy 87.57 85 6.42 148 11.81
2 (May) cigus) 82.83 45 8.82 12.3 11.70
3 (June) sls > 84.62 17 12.1 29.6 25.50
4 Quly) ,s 87.41 10.5 175 3938 25.25
5 (August) sls 81.51 375 185 395 26.40
6 (September) s . 90.45 240 145 29.2 21.89
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Table 2- Quantitative drought tolerance indices.

(Index name) asls o (Equation) sl (Reference) s»

O 4 Sl 23U Y,
Stress Susceptibility Index 1-(-) ?S (Fischer and Maurer, 1978)
(SS1) ssl = P Sl =1 (=)
Sl P
Joss aslis TOL =Y, - Y, (Rosielle and Hamblin, 1981)
Tolerance index (TOL)
895 ot Oilee Yo+ Y, (Rosielle and Hamblin, 1981)
Mean Productivity (MP) MP = T
839 02 (st (1Sl GMP = [ Y )Y (Kristin et al., 1997)
Geometric Mean Productivity (Ys)(¥e)
(GMP)
O ez el (Y )(Y,) (Fernandez, 1992)
Stress Tolerance Index (STI) STI = ———,
(Ye)
e 2Sle 2(Yp % Ys ) (Kristin et al., 1997)
Harmonic Mean (HM) HM = Yo +vs

GRS e e 40 oot adS o Shee bawgio: Y P ls (25 Lasme 50 gy o 0,Shee (Y L 25 (e dasste 10 cuieis S o,Slee Y
o oas S ls a5 Lo ;o laeudes alS o Shee Lawgio: Y 8
Ye: Yield of a given genotype in well-watered (potential) conditions. Ys: Yield of a given genotype in drought stressed

conditions. Y s and Y p are average yield of all genotypes under drought stressed and well-watered (potential) conditions,
respectively.
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Table 3- Mean value of some important chemical characteristics of tobacco genotypes under well-watered and
drought stressed conditions.

w555

(Well-watered condition) s yea dae

(Drought stressed condition) s lase

éénotype @) e,\,,s IRV (‘/.)_ w,sw ) ,15 (1) oaisS el a3 (‘/,)_ u»}S.u @) )15
Reducing sugar Nicotine Chlorine Sugar Nicotine Chlorine
(%) (%) (%) (%) (%) (%)
VE1 2.98 3.82 0.096 2.80 3.36 0.094
Coker 347 2.75 3.65 0.094 4.07 3.58 0.094
Coker 319 14.13 3.43 0.096 5.90 3.56 0.096
N2xR30 5.08 2.19 0.096 5.49 2.97 0.094
MC944xC258 4.43 3.99 0.094 4.48 3.67 0.094
NC100 7.38 2.45 0.094 5.14 2.78 0.096
NC71 7.58 3.50 0.094 6.50 3.08 0.094
PVH19 7.46 2.07 0.096 6.20 2.29 0.096
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(Fernandez, 1992)
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Table 4- Mean of drought tolerance indices and yield under well-watered and drought stressed conditions in

tobacco genotypes.

(Genotype) g Yp Ys TOL MP SSI GMP HM STI

VE1 1706 ® 12513b¢ 455 1479 1.0 1461 1443 0.88
C347 1357° 11058b¢ 252 1231 0.7 1224 2676 0.62
C319 1709 @ 1295 414 1502 0.9 1485 1468 0.9

R30xN2 1320° 1059 « 260 1190 0.73 1181 1172 0.58
C258xMC944 1546 @ 1084 bed 462 1315 11 1291 1267 0.69
NC71 1519 ® 1025¢ 494 1272 0.6 1242 1214 0.64
NC100 1504 @ 10204 484 1262 1.2 1231 1201 0.62
PVH19 18712 13222 548 1597 1.1 1573 1549 1.03
5% LSD 91.98 58.51 111.9 15.02  0.22 49.76 325.50 1.03

e i Lase )3 cudgy o 0 ,Shee 1YS L e dase 13 cads) o 0 ,Shee Y P

0=5% SNK' 5051) col s cme Ml Sils aslies pué g,

STI 9 )L“...o.m U,SJL.A :HM €519 Opp (gwR U,SJL.A GMP oS A Cmwlw> ua>Lw SSI €590 342 u,.iL.a MP . oo ua>L» :TOL

Ye: Yield of a given genotype in well-watered conditions. Ys: Yield of a given genotype in drought stressed conditions.
Different letters at each column show significant difference at 5% probability level (SNK).
TOL: tolerance index, MP: mean productivity, SSI: stress susceptibility index, GMP: geometric mean productivity, HM: harmonic

mean, STI: stress tolerance index.
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Table 5- Correlation coefficient between drought tolerance indices and yield under well-watered and drought
stressed conditions in tobacco genotypes.

Yp Ys TOL MP SSI GMP HM
Ys 0.83™
TOL 0.73™ 0.28 ™
MP 0.97™ 0.94 06m™
SSl 0.53"™ -0.02 ™ 0.95* 06"
GMP 0.96 ™ 0.96 ™ 0.54"™ 1 0.27m
HM 0.94™ 0.97 ™ 0.5m™ 0.99 ™ 0.22m™ 1
STI 0.95™ 0.96 ™ 0.55 "™ 1 0.3m™ 1 1
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Yp: Yield of a given genotype in well-watered (potential) conditions. Ys: Yield of a given genotype in drought stressed conditions.
TOL: tolerance index, MP: mean productivity, SSI: stress susceptibility index, GMP: geometric mean productivity, HM: harmonic

mean, STI: stress tolerance index.
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Table 6- Eigen values, eigen vectors and variances of two first PCA of drought tolerance indices for tobacco
genotypes.

ol aidge o519 yolio IS il ly 5l suays Y, Ys TOL MP SSI GMP HM STI
Principal ~ Eigen value Percent of the total

component variance

Jol adlga 6.25 78.18 04 0361 0226 0.39 0.132 0.395 0.392 0.394

PCA1

pgs ailge 1.74 21.82 0.113 -0.325 0.564 -0.064 0.72 -0.109 -0.15 -0.113

PCA 2

WS A Cpln> ua:>L..; SSI €590 M2 U'S"L‘"' :MP . ez ua:L..» :TOL A 6)Lu] Ja;l,..a o J)Slg.c Yp =y .]a.»‘l,...» 50 0, Sles :Ys

S Jer el STI 5 Lo u...i:L..n HM €590 J2 (WD u..i:L..a GMP
Ye: Yield of a given genotype in well-watered conditions, Ys: Yield of a given genotype in drought stressed conditions. TOL:
tolerance index, MP: mean productivity, SSI: stress susceptibility index, GMP: geometric mean productivity, HM: harmonic mean,

STI: stress tolerance index.
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Fig 1- Biplot display of 8 tobacco genotypes on 8 drought tolerance indices based on two first PCAs under well-

watered (potential) and drought stressed conditions.
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Fig 2- Dendrogram resulting from cluster analysis via UPGMA for tobacco genotypes based on drought

tolerance indices.
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Abstract

In this study, eight flue-cured tobacco (Nicotiana tabacum L.) genotypes were evaluated in
both drought stressed and well-watered conditions. In each condition, the genotypes were
evaluated using a randomized complete block design with three replications. Analysis of
variance revealed significant difference among tobacco genotypes for cured leaves yield in well-
watered and drought stressed conditions. Based on the cured leaves yield in the drought stressed
and well-watered conditions, quantitative drought tolerance indices such as mean of
productivity, geometric mean of productivity, harmonic mean, tolerance index, stress
susceptibility index and stress tolerance index were calculated. Genotype PVH19 had the
highest cured leaves yield in well-watered and drought stressed conditions. This genotype also
showed the high mean value for the different tolerance indices including stress tolerance, mean
of productivity, geometric mean of productivity, harmonic mean, stress susceptibility and
tolerance indices. Correlation analysis between the tolerance indices and cured leaves yield in
well-watered and drought stressed conditions demonstrated that stress tolerance, mean of
productivity, geometric mean of productivity and harmonic mean indices are the reliable indices
for screening drought tolerant genotypes. Based on biplot analysis, PVH19 and NC100 were
identified as the tolerant and susceptible genotypes to drought stress, respectively. UPGMA
clusters analysis based on mean productivity, geometric mean productivity, harmonic mean, and
stress tolerance indices clustered tobacco genotypes into 2 clusters. Cluster 1 includes 3 high
yielding and drought tolerant genotypes: PVH19, C319 and VEL1 and cluster 2 include 4
genotypes, C347, C258xMC944, NC71 and NC100 with contrast characteristic compared to
cluster 1 genotypes.
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