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Fig. 1. Daily precipitation and maximum and minimum temperature of Mashhad meteorological station
during the lentil growing season (14 March-22 June 2015)
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Table 1. Characteristics of lentil genotypes in experiment

o las o ol Liko
No. Genotype Code (MLC") Origin
1 MLC088 FHES] Ashkhaneh
2 MLC239 ILL5729 ICARDA
3 MLC356 Oyl Iran
4 MLC121 oA Gilan
5 MLC352 ol Iran
6 MLC363 ol Iran
7 MLC025 obLs Gonabad
8 ILL857 15,1] ICARDA
9 Cabralinta o, ICARDA

Y. Mashhad Lentil Collection (MLC)
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Table 2. Physio-chemical properties of experimental soil
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V. Tape

y. Hramonic Mean Index
v. Tolerance Index

f. Mean Productivity

o. Stress Tolerance Index
. Geometrical Mean Productivity Index

v. Yield Index

A. Drought Resistance Index

1. Relative Efficiency Index

y-. Stress Susceptibility Percentage Index

V). Abiotic Tolerance index

VY. Stress Non-stress Production Index

yv. Modified Stress Tolerance Index (for water stress

condition)
Vvf. Modified Stress Tolerance Index (for optimum

condition)
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Table 3. The name and characteristics of stress tolerance indices used in this research
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Stress tolerance indices proposed before 2000

Sbazsl ol sl b o, Srodlo zeojled
Abbreviated Ind Proposed Reference
hame ndex name Formula year no.
HM &fim&j Ol el HM =2(Yp*Ys)/ (Yp +Ys) 1997 23
Hramonic Mean Index
TOL Jo 2l TOL = (Yp—Ys) 1981 33
Tolerance Index
MP Sl bmse a3l MP = (Ys+Yp)/2 1981 33
Mean Productivity
STI S Jo 2 — (Ys* 2 1992 16
Stress Tolerance Index STI = (Ys*¥p) / (Yp)
GMP S50k i Gl L = Jorp* 1992 16
Geometrical Mean Productivity Index GMP (Yp*¥s)
o Shos asls —
Yi — 1997 17
Yield Index YI=Ys/Ys %
S ) Caaglie el - - =
DI - 1998 25
Drought Resistance Index DI =Ys*(Ys/Yp)/Ys
REI e s T 2 = * 1999 20
Relative Efficiency Index REI = (Ys/Ys)*(Yp/Yp)
Yooo JUo 3l am oubolpdlion (s 4 Joxi gy sl
Stress tolerance indices proposed after 2000
O Llys sl ead fhosd A5 ) Jood a3 ls
KiSTI - o5 K,STI = [(Yp)2 /(Y p)2]* STI 2002 13
Modified Stress Tolerance Index
(for water stress condition)
O s (sl ead oes S 4 Jeod (aSls
KSTI sk K,STI = I:(Ys)z / (Ys)z:l* STI 2002 13
Modified Stress Tolerance Index
(for optimum condition)
LR P VRGO IWCSI W e I B
SSPI S o SSPI =100*| (Yp —Ys) /2(Y 2008 28
Stress Susceptibility Percentage Index (p )/ 2(Yp)
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Continue of Table 3. The name and characteristics of stress tolerance indices used in this research
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ATt = (22 g frpvs]

ATI 7 2008 28
Abiotic Tolerance Index (Yp—Ys)
SNPI Sl 3 5 e Jpoome L snpl = | CPEYS) o fowvsmys 2008 28
Stress Non-stress Production Index

(Yp-Ys)

G 5 5 5 s Ll 5 s 5o &l ,Shes Sils i 4 Y S 5 YP

S g G pae byl o lacuigiy Ao o Slee ol (2 Sile ‘vﬁ.‘.‘}:g:YS 5 Yp

Yp and Y'S : Average yield of each genotype in non-stress and stress conditions, respectively

Yp and YS : Mean value of genotypes yield in non-stress and stress conditions, respectively
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Table 6. Correlation coefficient between Yp, Ys and tolerance indices in lentil genotypes
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Fig. 2. Three dimensional plot for determination drought tolerant genotypes based on stress (Ys) and
non-stress yield (Yp) with ST1 index
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Fig. 4. Three dimensional plot for determination drought tolerant genotypes based on stress (Ys) and
non-stress yield (Yp) with MP index
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Table 7. Eigen values, vector values and cumulative variance of tolerance indices, Yp and Ys in lentil genotypes
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Introduction

Drought is one of the most important stresses which reduce yields of crops and is one of the most
important production constraints in arid and semi-arid regions. Iran with annual mean rainfall of 257 mm
was classified among the arid regions of the world. Lentil is a pulse crop, rich in proteins and have 18 of the
20 amino acids including all 8 essential amino acids. Thus, lentils play an important role in human diet,
especially in low-income people in the developing countries. In Iran, lentil is usually grown in rainfed areas.
The average lentil yield in Iran is 476 and 1195 Kg.ha? in rainfed and irrigated farms, respectively.
Identification of drought-tolerant genotypes is essential for cultivation in arid areas. To identify and select
tolerant genotypes, researchers have proposed many drought indices based on a mathematical relationship
between grain yield under stress and non-stress conditions, which are based on tolerance or susceptibility to
drought genotypes. The aim of this study was to identify indicators that can identify high-yielding and
drought tolerant genotypes in rainfed conditions of Mashhad.

Materials and Methods

This research was carried out at the Agricultural Research Station, Ferdowsi University of Mashhad,
during growth season 2015. In this research, nine genotypes were used that eight genotypes of them were
relatively drought tolerant in stress conditions and one genotype (MLC121) susceptible to drought stress
were cultivated. These genotypes were selected from 73 genotypes including native populations and
ICARDA genotypes in the seed bank of the Ferdowsi University of Mashhad, which were planted in the
same plot at last year. Experiments were conducted as completely randomized design with non-stress and
drought stress conditions (providing 100% and 40% water requirement of the plant) with three replications.

Results and Discussion

The analysis of variance showed a significant difference between yield genotypes in non-stress and drought
stress conditions. Based on the results, in non-stress conditions, MLC356 and MLC121 genotypes produced
the highest and lowest grain yields per hectare with 2621 and 993 kg.ha® respectively. Under stress
conditions, Cabralinta and MLC121 genotypes produced the highest and lowest grain yields per hectare with
876 and 288 kg.ha?, respectively. The mean yield of genotypes in non-stress and stress condition were
1616.7 and 625.6 kg.h?, respectively that showed a decrease of 61.3% in water stress condition. Correlation
between yields in stress and non-stress condition with tolerance indices showed that the old indices of STI,
GMP, REI, HM and MP and the new K,STI index had a positive and significant correlation with yield in
stress and non-stress conditions. The 3D Charts of the K,STI index with Yp and Ys showed that MLC356,
Cabralinta and MLCO025 genotypes had the highest rate of this index under non-stress and drought stress. The
biplot drawing showed that high yielding genotypes are in D region. In this area, the old indices of YI, HM,
GMP, REI, STI, the new indicators of SNPI K;STI and all of which are consistent with the Ys. The sharp
angle between Ys, SNPI and Y1 indices shows a strong and positive correlation between these indices and
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indicates their superiority in separating high-tolerance genotypes with stress conditions and having relatively
high performance in non-stress conditions. Considering this criterion, Cabralinta, MLC025, and MLC356
genotypes which had the highest correlation with the two indices, can be selected.

Conclusion

In all, the results of this study showed that SNPI and Y| indices have a high correlation (99.9%) with
performance in stress conditions, as well as K,STI, HM, GMP, REI and STI indices, all of which in D area.
They have the most positive and significant correlations with each other and with performance in two
conditions of non-stress and stress as the most suitable and effective criteria for identifying and selecting
genotypes tolerant to drought stress. In all, if the goal is to introduce three genotypes, Cabralinta, MLC025
and, MLC356 genotypes which are the most susceptible genotypes are suggested compared to the stress
conditions, but if the goal is to introduce only one genotype, Cabralinta genotype that has the highest and
most stable yield under stress condition and in comparison with MLC356 genotype under stress conditions,
10.2% more yield could be introduced for arid and severe stress areas. For lentil planting in areas with mild
stress, a high yielding genotype and tolerant, MLC356 genotype is recommended. It is also suggested that
again to increase the accuracy of the experiment, three selected genotypes are again cultivated in the field.
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