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2- Bisdesmosidic saponins

3- Mung
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Table 1. Geographical coordination of collection sites of cow cockle ecotypes
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2- Multi-trait genotype—ideotype distance index (MGIDI)
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Table 3. Estimation of SIIG index for different ecotypes
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ia i3 02 i1 a3y MDIGI S| byl
<A NI -/0Y -[FYY 5 YIY-Y El
NANAS NN -[ys- AN 4 AR E2
o[y Niant NAAA -Iyos 0 YIVYA E3
-Iy¥Y RINZN URAY AR A FIYYY E4 bl 93) Jloy
<Y -Jovy -/Yaa AR} Y VIR syt 29 9 S8 el bS5 el (famapslly g o
Ninns -Iyas -\M </AY \ AR E6
-/yYa DAV /\-A -/YY ¥ /5 E7
Niras -/v¥a AN AN Y A%2% E8
Y A <IMA Y YIAFY El
-[¥50 o[ov¥ <[ 5 YIVEA E2
< IYAY A% WA\n3 Y Y/AYY E3
Iy Nz ofeny o Y/SFE E4 193) w5
<A +/+YA o/o¥. ¥ Y/¥YN E5 (Goy Ve ol
/4 -/F4) Nitas \ VYNS E6
Niass AN NAnas A £/-ov E7
</$A AT Nira) ¥ MIAIN E8
NIRE SISV N A ¥/-AY El
Ninns -/YVA <IyVE 5 Y/asy E2
AN Ninns -\AY Y /001 E3
NivYe ALY -Iv\s 0 Y/EVE E4 193) b i
Ive¥ -/¥YN Ninai ¥ Y/Y E5 (595 V¥ ool
</5AA o[ovE -IYss \ /-y E6
AR NANAN NiaYe v ¥/ov¥ E7
-hay -/¥00 -/yoy Y Y/\a- E8

5551 2 MGIDI (a3l )3 p)laz g pow 293 cJol Jole miew i i & 0ia 9 013 @iz @it cadgST ya (sly Jlods) cuigs 5l o it Ji> alold 23L5 MGIDI

PCA) Lol (slaailho 4 43525 olol 1 aJole & 4525 55 (oSlay s i b lols ol = Jgan
Table 5. Factor loading with varimax rotation after factor analysis based on principal component analysis (PCA)
(390 VY bl y9o) s i (395 )+ olel y99) wedho o5 (o) Y bl y99) Jley

VoS Vsl ) st Togsh VoSl N ,esk ¥ ssh Y esh ¥ oesl ) sl

<IYAY NARY) /AN NARE - /¥ IYAY —lede VY Ay ENY &g glasl

/Yo < [OAY <IYAS <[500 NANYe -lavy 2\ 0 ATV R A WY L7V S R\ ¢ Gy o a5l dluas
AN [ <AY <[avy Iy¥Y <[5 /5% ofefe MY YN [eAA G )y JounS lass
—[AFF Vo /WYY SRZARIN <Ay =+ /YA SAEA S NFO [N VD G 0 Sgy JgS Sl
<[+0A NARAY ANAL o/+¥0 <[¥YA RIS R Y A S A A R Wgr ,0 &l (s
<IYOA NARE <[SYA - /5Va —-I55A = VEY =N AR ¥V = aYA B S ojg
ALl ooy NN NARM AT —-/-Y0 RANANEERVAY o LY R VAR A 4 7N 2 JomsS Aoyd
Biare <N¥Y <Ay ARYN ISy «/v¥a I YA § A AT Y YN § &b e 5
VAR «Ivoy /¥ = WYY —elevy < [a5¥ YN VY RN WA s sy g olS 3 Slas
-YF Bitat DAY Niag o/+0A DAY YO [AY = NAY /Y e as s g a5 Sles
AR Nl Niral BATA —efeey NANS IYEY = WYY WY LAY maw wsly 0 S elege
AN <[avy -y <[a¥s <YV /-0y ERZARY YA A} SR/ R RV iy adls
VOIVYY YA 04/+¥a NOIEYA ya/avs Yo/aoy VWAYY NaIAY - YEIYOY  YYIASY owbyly oy
/0 YANYA ad/e¥ NNV Yo/¥YR FOAOY VAN AJOA SYNYY O YVIASY o35 il ylg doyd




0525 D 295 9 SOl ol S5 gymol Jgu) sy g0 s

VY bl dilizo clas s, cov ol Glaw wlsl y (Vaccaria hispanica) Ssous slacussS] i S

&l

1. Abdollahi Hesar, A., O. Sofalian, B. Alizadeh, A. Asghari and H. Zali. 2021. Investigation of frost stress
tolerance in some promising rapeseed genotypes. Journal of Agricultural Science and Sustainable
Production, 31(2): 270-288 (In Persian).

2. Amiri, R., P. Pezeshkpour and I. Karami. 2021. Identification of lentil desirable genotypes using
multivariate statistical methods and selection index of ideal genotype under rainfed conditions. Journal
of Crop Breeding, 13(39): 140-151 (In Persian).

3. Balsevich, J.J., G.G. Bishop and I. Ramirez-Erosa. 2006. Analysis of bisdesmosidic saponins in
Saponaria vaccaria L. by HPLC-PAD-MS: identification of new quillaic acid and gypsogenin 3-O-
Trisaccharides. Phytochemical Analysis, 17: 414-423.

4. Balsevich, J.J. 2008. Praire carnation (Saponaria vaccaria)—a potential new industrial/medicinal crop
for the Praires. Fuelling the farm, SSCA Annual conference, Regina, Saskatchewan, Canada, 46-50 pp.

5. Balsevich, J.J., I. Ramirez-Erosa, R.A. Hickie, D.M. Dunlop, G.G. Bishop and L.K. Deibert. 2012.
Antiprofilerative activity of Saporina vaccaria constituents and related compounds. Fitoterapia, 83:
170-180.

6. Biliaderis, C.G., G. Mazza and R. Przybylski. 1993. Composition and physicochemical properties of
starch from cow cockle (Saponaria vaccaria L.) seeds. Starch, 45: 121-127.

7. Dilip, K., M. Ajumdar and S. Roy. 1991. Response of summer sesame (Sesamum indicum) to irrigation,
row spacing and plant population. Indian Journal of Agronomy, 37: 758-762.

8. Efthimiadou, A., A. Karkanis. D. Bilalis and N. Katenios. 2012. Cultivation of cow cockle (Vaccaria
hispanica (Mill.) Rauschert) An industrial-medicinal weed. Industrial Crops and Products, 40: 307-
311.

9. Edmeades, G.O., S.C. Chapman, J. Bolafios, M. Bénziger and H.R. Lafitte. 1994. Recent evaluations of
progress in selection for drought tolerance in tropical maize. Eastern and Southern Africa Maize
Conference, Harare, 94-100 pp.

10. Eskandari, H., S. Zehtab Salmasi and K. Ghasemi-Golozani. 2010. Evaluation of water use efficiency
and grain yield of sesame cultivars as a second crop under different irrigation regimes. Journal of
Sustainable Agriculture Science, 1: 39- 51 (In Persian).

11. Ferrie, A., T. Bethune and Z. Kernan. 2005. An overview of preliminary studies on the development of
doubled haploid production for nutraceutical species. Acta Physiologiae Plantarum, 27: 735-747.

12.Jain, S., R. Yue-Lioang, L.E. Mei-wang, Y. Ting-Xian, Y. Xiao-Wen and Z. Hong-Ving. 2010. Effect
of drought stress on sesame growth and yield characteristics and comprehensive evaluation of drought
tolerance. Chinese Journal of Oil Crops Sciences, 4: 42-48.

13. Kaiser, H.F. 1958. The varimax criterion for analytic rotation in factor analysis. Psychometrika, 23:
187-200.

14. Kamkar, B., A.R. Daneshmand, F. Ghooshchi, A.H. Shiranirad and A.R. Safahani Langeroudi. 2011.
The effects of irrigation regimes and nitrogen rates on some agronomic traits of canola under a semiarid
environment. Agricultural Water Management, 98(6): 1005-1012 (In Persian).

15. Mazahery-Laghab, H., F. Nouri and H.Z. Abianeh. 2003. Effects of the reduction of drought stress using
supplementary irrigation for sunflower (Helianthus annuus) in dry farming conditions. Pajouheshva-
Sazandegi. Agronomy and Horticulture, 59: 81-86 (In Persian).

16. Mehrabi, Z. and P. Ehsanzadeh. 2011. Investigation of physiological and yield characteristics of four
sesame cultivars (Sesame indicum L.) under soil moisture regimes. Journal of Agriculture, 13(2): 88-75
(In Persian).

17.Mensah, J.K., B.O. Obadoni, P.G. Eroutor and F. Onome-Irieguna. 2006. Simulated flooding and
drought effects on germination, growth, and yield parameters of sesame (Sesame indicum L.). African
Journal of Biotechnology, 5(13): 1249-1253.

18. Meesapyodsuk, D., J. Balsevich, D.W. Reed and P.S. Covello. 2007. Saponin biosynthesis in Saponaria
vaccaria. cDNAs encoding —amyrin synthase and a triterpene carboxylic acid glucosyltransferase.
Plant Physiology, 143: 959-969.

19. Mohammadi, A., A. Majidi, M.R. Bi Hemmat and H. Heydari Sharifabad. 2006. Evaluation of drought
stress on agronomic and morphological characteristics of a number of wheat cultivars. Journal of
Research and Construction, 73: 184-198 (In Persian).

20. Moghanibashi, M. and J. Razmjoo. 2012. Effect of seed treatment with PEG and irrigation regimes on
yield, yield component and yield oil of sesame (Sesame indicum L.). Iranian Journal of Field Crops
Research, 10(1): 91-99 (In Persian).

21.Najafi Mirak, T., M. Dastfal, B. Andarzian, H. Farzadi, M. Bahari and H. Zali. 2018. Evaluation of
durum wheat cultivars and promising lines for yield and yield stability in warm and dry areas using
AMMI model and GGE biplot. Journal of Crop Breeding, 10(28): 1-12 (In Persian).

22.0livoto, T. and A.M. Nardino. 2020. MGIDI: toward an effective multivariate selection in biological
experiments. Bioinformatics, 10: 981-1093.

23.0livoto, T., M.l. Diel, D. Schmidt and A.D.C. Lucio. 2021. Multivariate analysis of strawberry
experiments: where are we now and where can we go? BioRxiv, 2020-12.



0525 (s yd 295 9 53k il bS5 (gyhol e, sy Clgio
VFY ey el AR /WM)LQ% Jl /L;d))' oblS Mol dsliing}

24.0midi, A.H. 2009. Effect of drought stress at different growth stages on seed yield and some agro-
physiological traits of three spring safflower cultivars. Seed and Plant Production Journal, 25-2(1): 15-
31 (In Persian).

25. Pour-Aboughadareh, A., S. Sanjani and H. Nikkhah-Chamanabad. 2021. Identification of salt-tolerant
barley genotypes using multiple-traits index and yield performance at the early growth and maturity
stages. Bulletin of the National Research Centre, 45: 117-128.

26.Ramzi, E., A. Asghari, S. Khomari and H.R. Mohammaddoust e Chamanabad. 2018. Investigation of
durum wheat (Triticum turgidum L. subsp. durum Desf) lines for tolerance to aluminum stress condition.
Journal of Crop Breeding, 10(25): 63-72 (In Persian).

27.Rezvani Moghaddam, P., G.H. Norozpoor, J. Nabati and A.A. Mohammad Abadi. 2005. Effects of
different irrigation intervals and plant density on morphological characteristics, grain and oil yields of
sesame (Sesamum indicum L.). Iranian Journal of Field Crops Research, 3(1): 57-68 (In Persian).

28.Sang, S.M., AN. Lao, Y. Leng, Z.P. Gu, Z.L. Chen, J. Uzawa and Y. Fujimoto. 2000. Segetoside F a
new triterpenoid saponin with inhibition of luteal cell from the seeds of Vaccaria segetalis. Tetrahedron
Letters, 41: 9205-9207.

29. Shrestha, B.L. and O.D. Baik. 2010. Thermal conductivity, specific heat and thermal diffusivity of
Saporina vaccaria seed particles. Journal of transactions of the ASABE, 53(5): 1717-1725.

30. Shokuhfar, A. and S. Yaghubinejad. 2012. The effect of drought stress on yield components of Sesame
(Sesumum indicum L.) cultivars. Agronomy and Plant Breeding, 8: 19-29 (In Persian).

31.Sinaki, J.M., E. Majidi Heravan and A.H. Shirani Rad. 2007. Effect of water deficit during growth
stages of canola (Brassica napus L.). American-Eurasian Journal of Agricultural and Environmental
Science, 2(4): 417-422.

32.Taiz, L. and E. Zeiger. 2006. Plant Physiology, 4" edn. Sinauer Associates, Inc, Massachusetts.

33. Willenborg, C.J. and L.M. Dosdall. 2011. First report of redbacked cutworm damage to cow cockle
(Vaccaria hispanica Mill.), a potential new crop for western Canada. Canadian Journal of Plant Science,
91: 425-428.

34. Yaghutipoor, A., E. Farshadfar and M. Saeedi. 2017. Investigation of bread wheat genotypes for drought
tolerance using suitable combination method. Journal of Environmental Stresses in Crop Sciences, 10:
247-256 (In Persian).

35.Yendo, A.C.A,, F. de Costa, G. Gosmann and A.G. Fett-Neto. 2010. Production of plant bioactive
triterpenoid saponins: elicitation strategies and target genes to improve yields. Molcular Biotechnology,
46: 194-204.

36. Zali, H., O. Sofalian, T. Hasanloo, A. Asghari and S.M. Hoseini. 2015. Appraising of drought tolerance
relying on stability analysis indices in canola genotypes simultaneously, using selection index of ideal
genotype (SIIG) technique: Introduction of new method. Biological Forum-An International Journal, 7:
425-436.

37.Zali, H., O. Sofalian, T. Hasanloo, A. Asghari and M. Enayati Shariatpanahi. 2019. Identifying drought
tolerant canola genotypes using selection index of ideal genotype. Journal of Crop Breeding, 11(29):
117-126 (In Persian).



Journal of Crop Breeding Vol. 14, N0 43, AUTUMN 2022 ...........iiiiieiieeeeienienieteteste e e e et e e enenaen e seesaenneneneeenessenanneenannss 144

Selection of Cow Cockle (Vaccaria hispanica) Ecotypes based on Agronomic
Traits under Different Irrigation Regimes

Nasim Solat Petloo?, Rasool Asghari Zakaria?, Asghar Ebadi® and Parviz Sharifi Ziveh*

1- Gratuated M.Sc. Student of Plant Genetics and Breeding, Department of Plant Production and Genetics, Faculty of

Agriculture and Natural Resources, University of Mohaghgh Ardabili, Ardabil, Iran

2-Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources, University
of Mohaghegh Ardabili, Ardabil, Iran, (Corresponding author: r-asghari@uma.ac.ir)

3- Associated Professor, Department of Plant Production, Faculty of Agriculture and Natural Resources of Moghan,

University of Mohaghgh Ardabili, Ardabil, Iran
4- Assistant Professor, Moghan Agricultural Research Center, Ardabil, Iran
Received: 27 October, 2021  Accepted: 3 April, 2022

Extended Abstract

Introduction and Objective: The cow cockle has a great potential for producing medicinal
products due to its triterpenoid saponins. This experiment was aimed to investigate different cow
cockle ecotypes under drought stress conditions and select the tolerant ecotype(s) based on
agronomic traits using selection indices under different irrigation regimes.

Materials and Methods: This experiment was carried out as a split-plot experiment based on a
randomized complete block design with three replications in 2020-2021 at the Ghezel Moghan
Seed Production Company in Parsabad. The main plots were assigned to three treatments of
irrigation cycle of 7 days (no stress), 10 days (mild stress), and 14 days (severe stress), and sub-
plots were allocated to eight cow cockle ecotypes native to the northwest of Iran.

Results: The analysis of variance showed the effect of drought stress on all studied traits and the
effect of ecotype on all traits except for seed weight per plant was significant. Also, their
interaction effect was significant in most of the studied traits such as plant height, number of
branches, seed weight per plant, number of filled and hollow capsules, straw weight, grain yield,
biological yield, and harvest index and was nonsignificant for the percentage of full capsules,
plant biomass, and 1000-grain weight. Ecotype E7 under normal conditions had the highest plant
height, number of branches, number of full capsules, and seed weight per plant, but in severe
stress conditions, it showed the lowest height, number of branches, number of full capsules, seed
weight per plant, 1000-seed weight, straw and seed yield per unit area and was the most sensitive
ecotype to drought stress. Ecotype E6 had the least decrease in plant height, number of branches,
seed weight per plant, straw and seed yield per unit area, and harvest index in both stress
conditions and was the most tolerant to drought stress. Estimation of the ideal genotype selection
index (SIIG) and Multi-trait genotype—ideotype distance index (MGIDI) for different ecotypes
showed that the E6 ecotype with the highest SIIG value and the lowest MGIDI value in all three
stress conditions was the most tolerant, and E3 and E8 ecotypes were in the next rank and were
classified as ecotypes with relatively high drought tolerance. Also, in both moderate and severe
stress conditions, ecotype E7 with the lowest value of SIIG and the highest value of MGIDI
showed high sensitivity to drought stress.

Conclusion: In general, the E6 ecotype was desirable in both normal and stress conditions and
was one of the ecotypes with high drought tolerance. Also, in both moderate and severe stress
conditions, Eotype E7 showed high sensitivity to drought stress.

Keywords: Cow cockle, Drought stress, MGIDI index, SIIG index, Yield



