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Table 1. Characteristics of lentil genotypes

o0ylou

N el sl ojleds IRl i) Lide ojles VIS PR I RN
Y Genotype Genotype P Genotype Genotype 955 Genotype Genotype
Ge:o(ggpe name (MLC") origin Genotype code  hame (MLC) origin Genotype code  name (MLC) origin
1 MLC 1 e 26 MLC 178 ok 51 MLC 362 ol
Birjand Tabas Iran
2 MLC 12 o907 27 MLC 179 ol 52 MLC 363 ol
Ferdaws Iran Iran
L& | \
3 MLC 25 ot 28 MLC 180 ILL"5582 53 MLC 366 o
Gonabad Iran
| M
4 MLC 35 429 29 MLC 182 ILL707 54 MLC 368 o
Urmia Iran
5 MLC 49 ot 30 MLC 189 ILL7211 55 MLC 370 ol
Qaen Iran
6 MLC 55 S5 31 MLC 193 ILL7667 56 MLC 373 olx!
Bojnord Iran
. -l
7 MLC 59 s 32 MLC 196 ILL7678 57 MLC 375 oz
Bojnord Iran
doa] ol
8 MLC 88 ! 33 MLC 201 ILL7681 58 MLC 377 ol
Ashkhaneh Iran
9 MLC 91 s 34 MLC 209 ILL6434 59 MLC 382 ol
Ashkhaneh Iran
H )
10 MLC 95 e 35 MLC 216 ILL7720 60 MLC 383 o
Birjand Iran
. -l
11 MLC 97 S 36 MLC 220 ILL7155 61 MLC 384 olx
Birjand Iran
. -l
12 MLC 101 H 37 MLC 221 ILL6466 62 MLC 386 olz
Zabol Iran
13 MLC 102 H 38 MLC 232 ILL5588 63 MLC 387 olx!
Zabol Iran
5 e
14 MLC 103 H 39 MLC 235 1LL4401 64 MLC 389 o
Zabol Gilan
15 MLC 105 H 40 MLC 239 ILL5729 65 £l olx!
Zabol Robat Iran
16 MLC 121 ok 41 MLC 240 ILL5728 66 o ol
Gilan Shahrood Iran
17 MLC 124 oS 42 MLC 241 ILL5750 67 97 ol
Gilan Qazvin Iran
18 MLC 137 ok 43 MLC 260 ol
Gilan Gilan
19 MLC 138 ol a4 MLC 261 s neld sladsy
Iran Ashkhaneh Control Genotypes
20 MLC 139 ol 45 MLC 352 oz 68 Stk ol
Iran Iran Bilehsevar Iran
7 MLC 141 ol 46 MLC 353 ol 69 et olx!
Iran Iran Kimia Iran
sl -l S A
22 MLC 154 el 47 MLC 355 o 70 0O o
Iran Iran Gachsaran Iran
. -l
23 MLC 156 ol 48 MLC 356 ol 71 Cabralinta B
Iran Iran ICARDA
LS !
24 MLC 159 o 49 MLC 358 oz 72 ILL325 B
Iran Iran ICARDA
25 MLC 174 b 50 MLC 360 ol 73 ILL857 B
Kalaat Iran ICARDA

il o ICARDA) 13151 ond g9, 13,5 b il pb o5 olacass; &5 Lecs ®
* The origin of all genotypes that whose names are initiated with | letter is ICARDA.

Qe o ol8iils alS pele 8uSiimai ,d UL o ,d o5
"Mashhad Lentil Collection (MLC)
" ICARDA (International Center for Agricultural Research in the Dry Areas) Lentil Line (ILL)
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' Augmented Designs for Preliminary Yield Trials
" Hramonic Mean index
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Table 2. Soil properties of experimental field

Gerslcgla gieps yhed el i SHTosle
Sl edly, SRl T o
’ (Fopomesjowd)  (m0y) (o) (pls) (a0 yd) (922)
Soil texture pH EC N P K - )b o Organic matter
(ds/m) (%) (ppm)  (ppm)  Oreaniccarbon (6) (%)
f’l e 7.20 0.99 0.089 32 162.6 0. 65 1.12
Silt Loam
G g i e byl 50 ue i VY 0 Ses Y Jgua
Table 3. Yield of 73 lentil genotypes under stress and non- stress condition
oylouds ofdes  o,Sdles o los ofdes  o,5dles o los ofdes  o,5dles o los ofdes o,Sdles
D] o o LT o o LT o o ) o o
Genotype Yp Ys Genotype Yp Ys Genotype Yp Ys Genotype Yp Ys
number  (g.m?  (gm?  number (gm? (gm?  number (gm? (gm?  number (g.m?)  (g.m?)
1 90.00 3500 21 40.02 18.01 41 122.06 32.31 61 64.72 15.98
2 54.79 9.91 22 65.01 18.05 42 80.01 23.01 62 108.39 20.77
3 81.48 43.33 23 35.27 9.93 43 34.54 15.67 63 58.05 9.42
4 70.10 28.04 24 107.36 19.04 44 50.06 8.56 64 76.61 33.56
5 31.91 5.50 25 80.01 30.02 45 110.02 50.02 65 65.41 12.77
6 52.15 14.46 26 60.07 25.03 46 90.01 30.01 66 51.72 14.35
7 40.05 18.02 27 119.58 18.79 47 18.23 4.03 67 74.59 16.27
8 93.49 43.34 28 35.83 6.50 48 112.8 51.61 68 61.17 27.24
9 70.88 17.46 29 15.59 3.01 49 87.41 18.01 69 94.43 21.27
10 7.24 3.13 30 96.6 20.03 50 108.66 32.18 70 63.14 25.53
11 85.35 18.84 31 6.47 1.51 51 114.26 18.23 71 97.16 48.69
12 49.87 10.07 32 62.03 10.01 52 78.12 39.88 72 104.79 20.97
13 31.79 5.51 33 70.01 23.02 53 74.57 25.64 73 96.41 54.26
14 45.56 10.11 34 112.12 18.12 54 65.15 11.02
15 99.04 35.05 35 87.8 16.44 55 41.75 18.71
16 70.01 10.01 36 108.08 20.03 56 31.45 6.48 R 68.63 20.44
17 41.85 16.13 37 8.21 3.13 57 97.92 20.71 Mean ' '
18 82.21 24.24 38 50.43 21.37 58 102.17 34.76
19 82.51 20.02 39 52,51 10.01 59 6.12 1.50 e Gl il 30.85 13.10
20 37.71 7.53 40 11546  56.77 60 21.69 5.01 Std. : :

oS sleas il Ly i gan Ll 8 0 0, Sles
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S enn 5 e S ran SSPI y ATI SNPI
byl s 0 0, 8les o (Koo Lol (cilils 0429 (P<+/-Y)
5 92,5 5l e RDI 5 SSI sla s lss Ly (25 (9
it 35 S8 5 (5 g Sl 5 0, Shoe o Soran
Lald jo o0, Shes G (F Jgo2) Jooz (oo olol 092
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Lol s iols 0g2g (U0 /0 V) (g4l e g o Siuon

g1 (P V) Ll gime
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Table 4. Correlation coefficient between Yp, Ys and tolerance indices in Lentil genotypes
Yp Ys ssl HARM TOL MP STI GMP SSPI ATI SNPI RDI
Yp -
Ys 0.712 ** -
ssl -0.065ns  -0.696 ** -
HARM | 0.796**  0.991*% -0.612** -
TOL | 0.920** 0.379**  0.304** 0.494** -
MP 0.975** 0.851** -0270* 0.910** 0.809 ** -
STI 0.795** 0960 ** -0.531** 0.970** 0511** 0.900 ** -
GMP | 0.895** 0950** -0471** 0982** 0.648** 0.972** 0.960 ** -
SSPI | 0.920** 0.379** 0.304** 0494** 100**  0.809** 0511** 0.648** -
ATI | 0970% 0.694** -0.069ns 0.776** 0.890** 0.947** 0.819** 0.872** 0.890 ** -
SNPI | 0.744**  0.999** -0.665** 0.994** 0.421** 0.874** 0.967** 0.962*F 0421** 0.724**
RDI 0.063ns  0.695**  -1.00** 0.611** -0.306** 0.268* 0531** 0469** -0.306** 0.068ns 0.664 **

o ez el STI fowdin eils ‘MP (oS Jesd Ll ‘TOL (Sdge,lo wiL:A ‘HARM (S el Ll :SSI i Lyl o0 Slee 'Ys (RS g bl sy o Slee Yp

o St el IRDI e 25,08 § (55 busme Jgame (asli ISNPI wous; 8 sla i jasle IATT ¢ 5 4 conles a3ls (SSPI ¢l S5l :GMP
Yp: Potential Yield; Ys: Stress yield; SSI: Stress Susceptibility Index; HARM: Harmonic mean; TOL: Tolerance Index; MP: Mean Productivity; STI: Stress
Tolerance Index; GMP: Geometrical; SSPI: Stress Susceptibility Percentage Index; ATI: Abiotic Tolerance Index; SNPI: Stress-Non stress Production Index;

RDI: Relative Drought Index
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Introduction

Drought stress is one of the main problems in agriculture of Iran and the world. Among the
environmental limiting factors of the yield crops, drought is the most important factor to reduce production,
especially in arid and semi-arid regions. Drought stress reduces water content in plant tissues, lead to growth
shrinkage and some physiological and metabolic changes in them. Food legumes, as one of the most
important protein-rich vegetable sources, played a major role in providing human protein, especially in low-
income and developing countries, and after cereals are the second most important source of human food.
These plants, with bio-stabilization of nitrogen, provide a large portion of their nitrogen, and because they
require low water and nutrients, they are highly desirable for cultivation in poor lands. Lentil (Lens culinaris
Medik) is one of the beans that had more than 20% protein content and characteristics such as the ability to
grow in inappropriate conditions and poor soils, has been able to play an important role in the low-income
diet of people in developing countries. Regarding to the success of a breeding program depends on the size
and diversity of genetic resources, genetic diversity lead to succeeding in selection, so identification of
cultivars with high yield, as well as limiting factors of yield potential and genotypes tolerant to these factors
in lentil seems to be necessary.

Materials & Methods

This research was carried out in the research farm of Ferdowsi University of Mashhad in 2014. In this
experiment, 73 lentil genotypes including native genotypes and lines from other countries were cultivated in
two separate plots under non stress and stress conditions in Augmented design. Five genotypes used as
control (Kimia, Gachsaran, Cabralinta, 1LL325 and ILL857). Controls were cultivated in all blocks. Before
planting, field soil was sampled from a depth of 30 cm and pH values, organic matter, EC, macro elements
(N, P and K) and soil texture were measured. The planting was carried out on March 20, 2014. At the same
time, according to the fertilizer recommendation, the amount of required elements was added to the soil and
immediately after cultivation, an irrigation step was conducted to ensure the emergence of all the seeds for
both dry conditions (drought stress) and non-stress. Afterwards, irrigation was performed only for non-stress
treatments and every 10 days.

Results & Discussion

The results showed that mean and standard deviation of lentil genotype yields under drought stress and
non stress conditions revealed significant differences. Accordingly, the average yield of genotypes under
conditions of stress was 20.4 g.m?, which showed a decrease of 70.3% in non-stress conditions with 68.6
g.m2. According to 147 mm rainfall from planting to harvest, this yield reduction was not expected,
indicating the need for supplementary irrigation. High standard deviation between genotypes indicates a
large variety of lentil genotypes, and this wide variety can be used as a valuable genetic resources for later
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studies. According to the results, there was a significant correlation between yield and stress (P<0.01)
(r=0.71**). Also, there was a positive and significant correlation between performance in non stress
conditions with the old indices HARM, TOL, MP, STI, GMP, SSPI, ATI and the new SNPI index (P<0.01),
and the correlation between yield in non stress conditions and SSI and RDI were not significant. There was
also a positive and significant correlation between performance in non-stress conditions and ATI, GMP,
HARM, RDI, STI, SSI, TOL and MP, and the new SNPI index (P<0.01), but between yield in non stress
conditions and the SSI was a significant negative correlation (P<0.01). Old indices of HARM, TOL, STI,
GMP, MP, ATI, and two new indicators of SSPI and SNPI, all have a positive and significant correlation
(p<0.01) with performance under stress and non stress conditions and can be considered as suitable
indicators for screening stress tolerant genotypes.

Conclusion

The results of current study showed that the new SNPI index, which has a very high correlation (99.9%)
with yield in stress conditions, as well as the old indices of HARM, STI and GMP, which have the positive
and significant correlation with each other and with performance in two. The conditions of non stress and
stress have been identified as the most suitable and effective criteria for identifying and selecting genotypes
tolerant to drought stress. The results obtained from the three-dimensional, biplot, and cluster analysis
methods are in agreement with each other for selection of high yielding and drought tolerant lines.
Accordingly, it seems that genotypes 40, 48, 71, 73, 3, 8 , 45 and 52 are the promising and proposing
genotypes in the Mashhad climate for further studies.
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