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Extended abstract

Introduction

The cow cockle (Vaccaria hispanica (Mill.) Rauschert) is an annual plant of the Caryophyllaceae family
with a chromosome number of (2n=2x=30). This plant grows upright to a height of 30 to 100 cm with
several branches and has great potential for producing medicinal products due to its triterpenoid
saponins. In arid and semi-arid regions, plants experience periods of lack of moisture during their
growth period and must be able to tolerate these periods to produce a proper yield. This experiment was
aimed at investigating the drought stress responses of different V. hispanica ecotypes and evaluating
their drought stress tolerance.

Materials and methods

This experiment was performed as a split-plot experiment based on a randomized complete block design
with three replications in 2020-2021 at Parsabad Agricultural Station. The main plots were allocated to
three treatments of non-stress, moderate and severe stress (irrigation cycles of 7, 10, and 14 days,
respectively), and sub-plots were assigned to eight native cow cockle ecotypes collected from different
northwestern regions of Iran. Seeds were sown directly in the soil at a rate of 5.5 to 8 kg per hectare with
a depth of 1-2 cm, and a row spacing of 20 cm. Irrigation operations were performed similarly for all
experimental units up to the beginning of stem elongation, after which the irrigation intervals for
applying stress were increased. At maturity, seed yield, biomass, and harvest index were recorded and
various tolerance and sensitivity indices were calculated using the yield of each ecotype under non-stress
conditions (Yp) and stress conditions (Ys).

Results and discussion

The results of the analysis of variance showed that the effects of irrigation regime, ecotype and their
interaction were significant in terms of seed yield, biological yield and harvest index. Ecotype 6 had the
lowest decrease in grain yield per unit area and harvest index under stress conditions. In terms of yield
stability and drought tolerance indices, harmonic mean yield, geometric mean yield and mean
productivity, the lowest values in moderate and severe stress conditions were related to ecotypes 7 and
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1, respectively, and the highest values of these indices were related to ecotype 6 in both stress conditions.
Estimation of SIIG index for different ecotypes showed that ecotype 6 had the highest amount of the
SIIG in both moderate and severe stress conditions. Ecotypes 4 and 3 in moderate and severe stress
conditions were in the next rank and were classified as ecotypes with relatively high drought tolerance.
In moderate stress conditions, ecotypes 7 and 8 and in severe stress conditions, ecotypes 1 and 7 with
the lowest SIIG showed high sensitivity to drought stress. Factor analysis based on principal component
analysis (PCA) showed that the first two factors with specific values greater than one, in both moderate
and severe stress conditions had 95.58% and 97.18% of the total variance, respectively. According to the
MGIDI index, in moderate stress conditions, ecotype 6 had the lowest value and was considered the
most tolerant ecotype to drought stress, followed by ecotypes 4 and 3. In severe stress conditions, after
ecotype 6, ecotypes 3 and 4 were in the next rank.

Conclusion

Estimation of the ideal genotype selection index (SIIG) and the multi-trait genotype—ideotype distance
index (MGIDI) for different ecotypes based on all tolerance indices showed that ecotype 6 had the
highest SIIG and the lowest MGIDI in both stress conditions followed by ecotypes 4 and 3. Ecotypes 1,
7, and 8 with the lowest SIIG and the highest MGIDI showed high sensitivity to drought stress.
Therefore, among the studied ecotypes, ecotype 6 can be considered as the most tolerant ecotype to
drought stress. At all, it can be concluded that the studied ecotypes have sufficient genetic diversity to
be used in breeding programs with the aim of obtaining lines with higher tolerance to drought stress.
The use of SIIG and MGIDI indices in crop selection programs can also be considered more.

Keywords: Drought stress, Multi-trait genotype—ideotype distance index (MGIDI), SIIG Selection
Index, Stress tolerance indices
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Table 3. Analysis of variance and means comparison of drought tolerance indices of different cow cockle ecotypes under

moderate and severe drought stress conditions

Environment o ¥ yp YS TOL MP GMP HM ST
Ecotype

1 2580.0°  1887.0  693.0°  2233.5% 2206.4° 2177.7%¢ 0.33

2 2403.0°  1564.0¢  839.0 1983.5¢  1938.6%  1884.7% 0.33

3 2696.0  1986.7%  709.3¢ 2341.3%  2214.2% 22823 0.33

bawgio (i 4 2952.6 2069.0°  883.6"  2510.8% 2471.6% 2420.1% 0.33

Moderate stress 5 3315.0°  2055.0® 1260.0°®  2685.0° 2610.0® 2537.1% 0.33

6 3170.0°  2325.0°  845.0°¢  2747.5°  2714.8°  2682.5% 0.33

7 2559.0%  1341.0¢  1218.0% 1950.0° 1852.4°  1759.8° 0.33

8 3216.0°  1733.0%  1483.0°  2474.5% 2360.7> 2252.3% 0.33

1 2580.0%  590.0¢  1989.4d  1585.0¢  1233.7¢ 960.3¢ 0.69

2 2403.0°  864.0"  1538.9¢  1633.5¢¢ 1440.9%¢  1266.6> 0.69

3 2696.0 1029.0° 1667.6*¢  1862.5>  1665.5>  1476.6° 0.69

A0 g 4 2952.6®  831.0°% 2121.1%°  1891.8®  1566.4%  1276.3% 0.69

Severe stress 5 3315.00  777.0¢¢  2538.0°  2046.0®  1604.9®  1252.7% 0.69

6 3170.0°  1280.0° 1890.0%¢  2225.08  2014.3*°  1822.6* 0.69

7 2559.0%  659.6°¢  1899.4%d  1609.8¢  1299.1%¢  1047.8%¢ 0.69

8 3216.0°  851.0%  2365.1% 20355  1654.3°  1336.8" 0.69
Drought stress (D) s i Fsvq, ) ns % ok % ok ok -
Ecotype (E) i o1 Fsvy(7, 28) ok wok *ok ok Hk ok _
DxE DxE Fso7,28) ns * ns ns ns * -

CV (%) &)y oy p 844 1258 1848 745 828 9.71 -
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Table 3. Continued

alsl.Y Jgus

Environment buxo Nl SSI STI YRP YI YSI BM HI
Ecotype
1 0.774 0.594 26.86° 1.01%¢ 0.732 5639.7° 33.82
2 1.00¢d 0.45¢ 34,91 0.83¢d 0.65% 5370.2° 28.820
3 0.75¢ 0.65¢ 26.31° 1.06% 0.742 7192.3% 27.6%
buwgio i 4 0.86%4 0.74b¢ 29.93b 1.10% 0.702 6897.92 29.82b
Moderate stress 5 1.09b° 0.832 38.012b 1.092b 0.622b 7036.12 29.12b
6 0.764 0.90? 26.66° 1.25% 0.732 6941.32 33.42
7 1.372 0.41¢ 48.60* 0.714 0.52° 5315.7° 24.7°
8 1.33% 0.68%4 46.11?2 0.92b¢ 0.53b 6043.6° 28.62
1 1.12 0.18¢ 77.132 0.68°¢ 0.224 3381.0b° 17.0°
2 0.9 0.25b% 64.04bcd 1.00P¢ 0.35% 3647.7% 23.4%
3 0.8820 0.33b 61.83% 1.19% 0.3820 4150.1° 24 42
RVt 4 1.022 0.29b¢ 71.862b¢ 0.96b¢ 0.28bed 4066.5° 20.6%
Severe stress 5 1.09? 0.31%¢ 76.56* 0.90b¢ 0.234 3411.4b¢ 22392
6 0.85° 0.492 59.624 1.48° 0.412 4892.7* 26.192
7 1.06* 0.21¢ 74.22% 0.76° 0.26%4 3190.3¢ 20.71%
8 1.05% 0.33b 73.54%b 0.98b¢ 0.26% 3607.8¢  23.43%
Drought stress (D) S i Fsvq, 9 ns ** ** ns Hok ** *k
Ecotype (E) eS| Fsv(7,28) ok ok wok ok *% ok sk
DxE DxE Fs(7,28) * * ns * * * *
CV (%) Ol i 0, o 17.20 16.63 13.25 15.39 14.42 841 12.21

(TOL) oz LasLis «(Y'8) a5 bl 50 cigST ,o (kg ha!) o Shae (YD) (i o9 Ll 50 codgST o (kgha!) o Shae . 5ike
Comle a3 Ls (SD) S 25 Gt (HM) Sigo o noSloe (GMP) (650 s swriid (Sl «MP) (5590540 bawgio (a5 Lo
BM) JS oboges «(YSD) s Shas s lnsl «(YT) 3,Shee (ol (YRP) o Slos _2lS wo 0 «STI) 5 Josss (asLs (SSI) s 4

(HD cusls y s ls
Mean yield (kg ha™!) of each ecotype in non-stress conditions (Yp), mean yield (kg ha™!) of each ecotype under stress
conditions (Ys), tolerance index (TOL), mean productivity (MP), geometric mean productivity (GMP), harmonic mean
(HM), drought stress intensity (SI), stress sensitivity index (SSI), stress tolerance index (STI), yield reduction
percentage (YRP), yield index (Y1), yield stability (YSI), total biomass (BM), and harvest index (HI).

ets 9 (Ramzi et al., 2018) pg,90 paiS ;o pgrivegl]
Abdollahi ) 1315 0 Soj7 i 4 Jexie slacuiss)
05,5 byl i oyl el sii 3,158 (et al., 2021
35 9 ol geiss Sbedl (asls (ul 5l eslisul &8
ilises sloo,lel o o asls pleol b1, (55 4 Josie
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i Llps s sels (las (S 54 @Y Conles
SIIG Jlade (g S il LY gV glacuisST s suads
Ll ol o inils (S (255 ay oYU oy Sl
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3 Jle jebay il sud i)l Sldlas I golass o
PS5 s luly s sloo Lol plésl gl SIIG as s
Zalietal.,) ;IS  (Najafi Mirak et al., 2018) s4,40
Oen b oolatul Gl sB)l Biee ol (2015
@ Jorite slacaisi (Byxe slp e cnl l eslins
I35 5 (Yaghutipoor et al., 2017) b pasS o Sas
o 4 Jexie slacaigsy 8, o(Zali et al., 2016)
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Iy byt cpm Dl pess 51 a0 00/AY Jol Jule cpsdle
Az 3 om St ele ulpd (055 5 0 5 Ay
YD «Sielem o, 8ee ay bgrye Jole (nl )5 (uSley s
o p9d Jole g YI g HM GMP STI MP .Ys
Jole ool jo a5 dged azgi | S il g 5l oo o ¥4/- 0
o bl o wee oYL g code Jle ol sl
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Table 4. Estimation of SIIG and MGIDI index for different ecotypes

ady ady

s di dit STIG

MGIDI i1 iz
Ecotype rank rank

1 0471 0269  0.637 4 1.877 5 0.867  0.133
2 0304 0425 0417 6 2.633 7 0.822  0.178
3 0496 0216  0.696 3 1.354 3 0.978  0.022
eSle i 4 0471  0.164  0.742 2 0.890 2 0.645  0.355
Moderate 5 0.416  0.282  0.596 5 1.563 4 0.057  0.943
stress 6 0.598  0.057 0912 1 0.134 1 0295  0.705
7 0.093  0.591  0.136 8 3.277 8 0.553  0.447
8 0248 0466 0347 7 2.460 6 0257  0.743
1 0.100  0.693  0.126 8 3.282 8 0.688  0.312
2 0335 0458 0422 4 2.446 5 0395  0.605
3 0.460 0286 0616 2 1.478 2 0397  0.603
Sy S 4 0276 0446  0.382 5 2.090 3 0.850  0.150
Severe stress 5 0270  0.509  0.346 6 2.726 6 0.798  0.202
6 0.702  0.064 0917 1 0.201 1 0380  0.620
7 0.143  0.627  0.186 7 2.943 7 0.643  0.357
8 0317 0433 0423 3 2.234 4 0.846  0.154

sz alols (a3l MGIDI | Jlony] caisis bl (aslss STIG e 5 Jloos] (slaoaiss) 5l oudsST o alols w3 4 (d7) 5 (d)

weisS1 2 MGIDIL (a3l )3 p53 5 sl Jele s i 5 42 012 5 O 35S 5 (sl Jlonl i 5l oo
(d) and (d}") are the distance of each ecotype from the ideal and weak genotype, respectively; SIIG is the ideal genotype
selection index; MGIDI is the multi-trait genotype—ideotype distance index for each ecotype, ®i1 and wi2 are the contribution
of the first and second factors in the MGIDI index for each ecotype, respectively.
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oobes (S 15 4 laceSsST ul was oo (lis a5 ud
(F Jgaz) dog
MGIDI jazls 5 pgs 9 Jgl sloJale mgo dnslxs
Oy Jgl Jele oS ol las (@12 5 0il) ST o
pgd Jule a5 Jb> o wcila N o VoY slacaioST jo | g
Jeaz) ols (las 7 g A slacuisST jo |, e 3 i

o s kylys 0 MGIDID o3ls ulel 5

Jorie g1 5 elo |y (V) e g 205 & oisS]
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Qg 00g Hlade 1 eS lile waile SYL oo o
bl 4 7 oSl Sooplos 0p Suog Jlo] b
3 Jymne Ll G55 Ll 5 8 Shae it (2
S 5l p (S 5 plp 0 VL Jeod a4z
ls o Sloe zals 450yl s 4 ¥ coiST a5 Il o

(PCA) hoo! (sloaidgo 4 4 35 oluol 1 shole 43305 50 Slos yly (o5 52 b shole calp B Joar
Table 5. Factor loading with varimax rotation after factor analysis based on principal

component analysis (PCA)

T wdlo (Ad ol S
. Moderate stress Severe stress
Characteristics

1 2 1 2
Yp 0.939 -0.335 0.070 0.997
Ys 0.848 0.528 0.952 0.304
TOL -0.207 0.971 0.542 -0.838
SSI 0.238 0.969 0.982 -0.176
STI 0.982 0.175 0.794 0.596
YSI 0.241 0.967 0.973 -0.224
MP 0.996 0.083 0.487 0.873
GMP 0.981 0.192 0.779 0.626
YI 0.850 0.526 0.952 0.303
YRP 0.237 0.970 0.980 -0.189
HM 0.957 0.289 0.906 0.424
BM 0.825 0.275 0.885 0.268
HI 0.416 0.642 0.844 0.312
Variance (%) il ,lg s 55.57 39.01 67.51 29.67
Cumulative (%) x5 il ;g 55.57 94.58 67.51 97.18

5 Lt s aisS) o (kg ha) s Slae (YD) 25 iy bulyd 53 cigS] o (kg ha) ,Shee oSile
u.._f.yLHo (GMP) (5190 A2 (smid u,:i:L..,o U"L“‘ «(MP) (5590 %2 Ja..a}.uo ua?Lu (TOL) Jo;u ua;l.m «(Ys)
oy oSTD s Jos asls «SSD) i & conlus a3l oS (s s cols (HM) Sigo s

(HID) cls s aslis s BM) S eboser «(YSI) o Shos 55l (YD) 3,Skee aslis (YRP) s Shos als

Mean yield (kg ha') of each ecotype in non-stress conditions (Yp), mean yield (kg ha™!) of each
ecotype under stress conditions (Ys), tolerance index (TOL), mean productivity (MP), geometric
mean productivity (GMP), harmonic mean (HM), drought stress intensity (SI), stress sensitivity
index (SSI), stress tolerance index (STI), yield reduction percentage (YRP), yield index (Y1), yield
stability (YSI), total biomass (BM), and harvest index (HI).
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