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Table 1. Climatic data of the experimental site (During the months of the experiment).

Temperature (°C) (P s Cugh S E
. . alab Syl
Month  Mean of Max.  Mean of Min. Daily ave. Rela.t tve Evaporation 2L 7 )0
] . R . . . Humidity Rate Monthly
olo Al (ke Pl (1 le alljg) (Sile (%) (mm) Rainfall (mm)
May 2018 34.95 21.08 28.34 19.78 12.63 7.8
June 2018 39.87 24.79 33.12 8.59 15.97 0
July 2018 39.25 25.82 33.08 11.22 16.34 0
May 2019 30.78 18.35 24.75 28.77 9.86 8.5
June 2019 39.04 25.21 32.47 12.69 15 0
July 2019 39.32 24.36 32.90 7.40 16.02 0

ol &S ol s )5 eolanwl (6050X1 TRASE 1)
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.(Kirkham, 2005)
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Table 2. Physical and chemical properties of the soil in the field before planting process (0-30 cm).

P 0.C EC FC PWP S csl
Y Lw K (p.p. N (% H :
ear J -pm) (p.p.m) (%) (%) P (dS/m) Ov Ov Soil texture
2018 \vay 157 13.6 0.017 0205 7.2 4.9 244  10.8  Sandy clay loam
2019 1YaA 138 7.3 0.021 0254 72 4.5 - - Sandy clay loam

(o> Cagby OV ols (55108 abasi PWP ¢ el )5 cud )l FC ¢ S, xS0 colan :EC ¢ JT )5 :0.C
0.C: Organic Carbon; EC: Electrical Conductivity; FC: Field Capacity; PWP: Permanent Wilting Point; ®v: Volumetric

Humidity.
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MP=(Y, +Y;)/2 [¥]
Rosielle and Hamblin ) 5 4 Joxs asls

(1981

Tol=Y,-Y; [v]
(Fernandez 1992) (5,90 540 (owdid Sl oL
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Table 3. Effect of irrigation deficit treatments on the yield parameters of three cultivars of forage Amaranth and their

interactions in the two successive years

Ol Gogorte  Wloa S pcans dBlo ls olS gli)l el igy
& loss ¥ adgle o Slos Water Leaf to Stem Stem Plant Crude
Treatments Fresh Yield Productivity Ratio diameter  height Protein
ton.ha™! kg.m™ mm cm %
Year Jw
2018 ray 35.52 3.21 0.49 17.89 120.46 15.27
2019 ARYA 36.71 3.39 0.50 18.19 123.69 15.16
Significance Solo g ns ns ns ns ns ns
d)ée'/;o-”fih“’
irrigation deficit levels
water-deficit 50% (1) 53.65¢ 4422 0.38° 21.96° 151.1% 13.50 ¢
water-deficit 60% (2) 41.72° 3.74° 0.46 20.55°  138.1° 14.62 ¢
water-deficit 70% (3) 28.98 ¢ 2.86° 0.54 16.05¢  108.6° 15.66 °
water-deficit 80% (4) 20.12d 2214 0.61% 13.57¢  90.44 17.11°
Significance  g,l5 S0 w3k H* * H* H* w3k
Genotypes PE,/
Cim (C) 38.55% 3.54 0.49 18.66 * 125.8 14.66°
Kharkovski(Kh) 31.99° 2.94 0.5 16.8° 112.0 15.94 ¢
Loura(L) 37.82% 3.44 0.5 18.65 2 128.3 15.07°
Significance Gl sxo * ns ns * ns *
Interaction Hlio Y
1)*(C) 56.24* 4.63 % 0.45 2239 152.5% 13.02h
(1)x(Kh) 46.32 b 3.81¢ 0.38 21.27 % 147.0* 14.35fF
(Mx(L) 58.40 4.81%® 0.32 2223 153.82 13.13 P
2)x(C) 42.19°¢ 3.79°¢ 0.46 19.89 ¢ 130.2°¢ 13.95¢
(2)x(Kh) 36.24 ¢ 3.254 0.45 20294 138.0b° 14.86 ©
(2)x(L) 46.74 4.19 b 0.48 2149  146.1% 15.05°¢
3)x(C) 33.15¢ 3.274¢ 0.53 1691 ¢ 118.9¢ 14.79 ¢
(3)x(Kh) 27.51°¢ 2.72°¢ 0.55 15.06 ¢ 93.3¢ 16.56 ¢
B)yx(@L) 26.28 < 2.59 ¢f 0.56 16.19¢"  113.5¢ 15.65¢
@x*(C) 22.62 1% 2.48 ¢ 0.56 1543 2 101.6 © 16.88°
(4)x(Kh) 17.88 P 1.96 ¢ 0.62 10.60 69.8 F 17.98 ¢
@x([L) 19.85 ¢ 2.18 2 0.67 14.68 & 99.8 © 16.47 ¢
Significance Glo S * * ns ** ** *k
CV (%) Ol i oo 12.02 12.86 9.46 8.91 9.47 5.02

i A B R NS 05l gl cme B Sils g3l Gk 07 mhaw 50 5kl Ll ol e alie g slls ygiw a ,0 a5 (g polie

o0 ) Jlaizl mhaw 50 (6l gime g 0o 10 O mhaw (0 (5il0 Sre 9 1D e [0 (5hle g pas I LS
Values within one column followed by different letters are significantly different at P<0.05 according to Duncan’s test. ™, no
significance (P<0.05). *, **, significance at P<0.05, P<0.01, respectively
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Table 4. Comparison of the mean of stress tolerance and susceptibility indices in the cultivars of forage Amaranth in

the two successive years

pl)! Yp Ys

Genotypes  (ton.ha™)) (ton.ha') MP TOL GMP  SSI STI YSI HM Yr RDI
mild drought stress m e i s

Cim 8.07 6.19 7.13 188 7.05 097 4994 077 697 022 1.00

Kharkovski 6.56 5.39 597 116 593 092 3553 083 589 0.16 1.01

Loura 8.14 6.96 7.55 118 752 1.00 5736 085 749 0.14 1.00

moderate drought stress bwgio SisS s

Cim 8.07 5.23 6.65 284 648 098 4214 065 632 034 1.00

Kharkovski 6.56 4.85 570 170 5.63 097 3214 074 556 025 1.01

Loura 8.14 4.25 6.19 389 583 0.79 3428 053 550 046 1.02
mild drought stress KRV S At)

Cim 8.07 4.15 6.11 392 574 099 3356 051 540 048 1.00

Kharkovski 6.56 3.15 486 340 452 098 2075 049 421 050 1.01

Loura 8.14 3.80 597 434 549 022 30.66 048 5.08 0.51 1.02

I,9¢) LLoura  SugsS 5 :Kharkovski g :Cim
el TOL ¢5,9 0,00 a5l :MP s Sas is byl i 5o plB il osl adgle o Sloe 1Y's ¢ i 5l ghle Lyl i y0 plB)l o5 adgle o Sloe YD
5ebe HM 0 Slae (g,lub ozl :YST ¢ 25 4y Caaglie asLis :STI ¢ o5 a4 sl a5Lis :SST 4559 0,00 i (il GMP ¢ Jos

i omd L RDI s Slae  2alS £ 5 :YT «Sige o
Yp, fresh mean yield of the genotype under non-stress conditions; Ys, fresh mean yield of the genotype under stress conditions;
MP, mean productivity; TOL, tolerance; GMP, geometric mean productivity; SSI, stress susceptibility index; STI, stress
tolerance index; YSI, yield stability index; HM, harmonic mean; Yr, Yield reduction rate; RDI, relative drought index.
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Fig. 1. 3D biplot of the first three principal components based on dry forage yield in drought stress and
non-stress conditions with a focus on drought tolerance indices for three genotypes of fodder amaranth.
PCA1, PCA2 and PCA3; First, second and third principal component respectively. C: Cim, KH:
Kharkovski, L: Loura. 2, 3 and 4: 60, 70 and 80% plant available water depletion, respectively.
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Fig. 2. 3D yield comparison of amaranth genotypes under drought stress and non-stress conditions with
harmonic mean efficiency index. C: Cim, KH: Kharkovski, L: Loura. 2, 3 and 4: 60, 70 and 80% plant
available water depletion, respectively.
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Fig. 3. 3D yield comparison of amaranth genotypes under drought stress and non-stress
conditions with mean productivity index. C: Cim, KH: Kharkovski, L: Loura. 2, 3 and 4: 60,
70 and 80% plant available water depletion, respectively.

Sl it ol s el 418,55 )13 iz 51 (L Wi 5 s
1 05eeS 13 ot s ladsle Lug Sl olS AT ol g pgiie cadldl Luld il 45 e us,igl Jesd Symsly
2 i 4 (WP Ol (gee sy o5 ol b el Ol o sldsle 5 alie mlio o 5SSy las )8
Sl glls was y begte mlle LIS Luld w00 e ladsle g Bl ol a8 sy S



vy kol 4o & a5 sk 5l 2leS Ll cod gladsle g PEll Coles 5 S la a3l (o) o)) Sen 5 1>

Sy oy B slapasld ks 4 Cod (A5 5l s )le
5, 80ae s o5 45 s 000 a5l ol s 5lcd S
D5 ot 9l Gl 053 51 A Ll 5 (5 e ooty
@ glecddld sl avog BB o8, Slsea |) g o8,
Ui sl ylags adlllae Cpl o aSloxTsl oges Ll oly
A il ol ddlie Jyere (655l 4 axgi L
oaiy| Slidos 1o Samlle (s (sla Lo 3l ooliinl sy oo
Ofas rizre il ke o (90500 Glal¥l 50 Wl oo

g 3 Sloe (ial38l 4 yorie el

Adhikary, D., Khatri-Chhetri, U., Slaski, J., 2020.
Amaranth: An Ancient and High-Quality
Wholesome Crop. Nutritional Value of
Amaranth. IntechOpen .pp. 57-66.

Bidinger, F., Mahalakshmi, V., Rao G., 1987.
Assessment of drought resistance in pearl
millet (Pennisetum americanum L. Leeke). I1.
Estimation of genotype response to stress.
Australian Journal of Agricultural Research.
38, 49-59.

Bouslama, M., Schapaugh, W., 1984. Stress
tolerance in soybeans. 1. Evaluation of three
screening techniques for heat and drought
tolerance. Crop science. 24(5), 933-937.

Caselato-Sousa, V.M., Amaya-Farfan, J., 2012.
State of knowledge on amaranth grain: a
comprehensive review. Journal of Food
Science. 77, 93-104.

Cook, S., Gichuki, F., Turral, H., 2006. Water
productivity: Estimation at plot, farm and basin
scale. People and Agro-Ecosystems Research
for Development Challenge; CIAT: Cali,
Colombia.144.

Fazaeli. H., Ehsani. P., Safayee. AR., Mehrani,
A., 2011. Amaranth (Amaranthus
hypochondriacus) as a new forage source. p.
19-20. In Proceedings of the 5th International
Conference. Oct. 2011. Balkan Conference on
Animal Science, Bucharest, Romania.

Fernandez, G.C., 1992. Effective selection
criteria for assessing plant stress tolerance.
Proceeding of the International Symposium on
Adaptation of Vegetables and other Food Crops
in Temperature and Water Stress, Aug. 13-16.
Shanhua, Taiwan.

Lol cogd g0 oy B0 9 YO NO polie & 42e5 LB
CodS a4y axgi b awy oo Hhal 4 o Slae alS (plog> gl
by e 50 sllae bwd adgs p2 (o9 ,5gl adsle

S Soly ol Olgies b5 nl oS el 0590 4 a3
Sacnl »oglle 0,51 oy Ol oS 3blis yo s> gl
Gy wslae i asls bl aalllas ol Gloal |
@ s by (iS4 Jeod Sl 08, Sl
I s oS plys EF Dgo oS Lol ailse
5 i luli o 0 Slee (LS ;0 MP g Hm slo asLi

&L

Fischer, R., Maurer, R., 1978. Drought resistance
in spring wheat cultivars. 1. Grain yield
responses. Australian Journal of Agricultural
Research. 29, 897-912.

Gao, S., Wang, Y., Yu, S., Huang, Y., Liu, H.,
Chen, W., He, X., 2020. Effects of drought
stress on growth, physiology and secondary
metabolites of two adonis species in Northeast
China. Scientia Horticulturae. 259, 108795.

Gavuzzi, P., Rizza, F., Palumbo, M., Campanile,
R., Ricciardi, G., Borghi, B., 1997. Evaluation
of field and laboratory predictors of drought
and heat tolerance in winter cereals. Canadian
Journal of Plant Science. 77, 523-531.

Goodarzvand Chegini, Kh., Fotovat, R., Bihamta,
M.R., Omidi, M., Shahnejant Boushehri, A.,
2017. Grouping of tolerance indices and
response of Kabuli and Desi type chickpea
genotypes to drought stress. Iranian Journal of
Field Crop Science. 48, 647-664. [In Persian
with English Summary].

Karami, S., Hadi, H., Tajbakhsh, SM., Modaress,
S., 2018. Effect of different levels of nitrogen
and zeolite on chlorophyll content, Quantity
and quality of Amaranth forage under deficit

irrigation  stress.  Journal ~of  Crops
Improvement. [In Persian with English
Summary].

Kirkham, M., 2005. Field capacity, wilting point,
available water, and the non-limiting water
range. Principles of soil and plant water
relations.101-115.

Kjeldahl, J., 1883. Neue methode zur
bestimmung des stickstoffs in organischen
korpern. Zeitschrift fiir analytische Chemie. 22,
366-382.



\Fe.. owj‘\fdl?‘scb)'lﬁ}]&)é . LSL“’W

Nabhan G.P., 1986. Gathering the Desert.
University of Arizona Press. USA.

Nakhoda, B., Hashemi-Dezfouli, A., Banisadr,
N., 2000. Water stress effects on forage yield
and quality of pearl millet. Iranian Journal of
Agricultural Sciences. 31, 701-712. [In Persian
with English Summary].

Nouri, M.Z., Komatsu, S., 2013. Subcellular
protein overexpression to develop abiotic stress
tolerant plants. Frontiers in Plant Science. 4: 2.

Peiretti, P.G., 2018. Amaranth in animal
nutrition: A review. Livestock Research for
Rural Development, 30(5). pp. 1-20.

Rahnama, A., Safaeie, AR., 2017. Performance
comparison of three varieties of Amaranth
(Amaranthus hypochondriacus L.) at different

avYA

harvest time. Journal of Asian Scientific
Research. 7, 224-230.

Rahi AR, Najafi Zarrini H, Ranjbar G, Ghajar
Spanlou M. 2020. Identification of drought
tolerant genotypes of soybean plant using
principal component analysis and cluster
analysis. Environmental Stresses in Crop
Sciences. 13, 27-40. [In Persian with English
Summary].

Rosielle, A., Hamblin, J., 1981. Theoretical
aspects of selection for yield in stress and non-
stress environment 1. Crop Science. 21, 943-
946.

Sanchez-Reinoso, AD., Ligarreto-Moreno, GA.,
Restrepo-Diaz, H., 2020. Evaluation of drought
indices to identify tolerant genotypes in
common bean bush (Phaseolus vulgaris L.).
Journal of Integrative Agriculture. 19, 99-107.



