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Table 1- Temperature, relative humidity, evaporation and rainfall at experimental site

Lo
s Cuagb e ..
Temperature (°C) . ) Syl
olo ST Jilas il Rfel:‘mve Evaporation Rainfall (mm)
humidity (%) (mm)
Month Maximun Minimun Mean
\vag \yay \Yag \yay \Yag \yay \Yag \yay \Yag \yay \Yag \yay
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
IR
32 32 16 17 24 24 34 35 268 266 0 0.81
September
2R
24 23 11 11 17 17 38 53 175 138 4.8 29.12
October
ob!
17 13 6 5 11 9 43 73 89 71 0.64 65.91
November
N
12 11 2 4 7 7 50 62 36 42 4.72 34.32
December
S
9 9 0 0 4 4 54 61 0 0 19.84 61.53
January
e
11 10 2 1 6 5 65 56 0 0 30.62 12.23
February
S
21 13 8 3 15 8 39 59 0 0 1411 91.94
March
098
. 20 18 8 7 14 12 51 57 188 115 45.8 41.86
April
.o '"Q)l
26 28 12 13 18 21 55 44 191 240 57.06 12.03
May
ols >
34 35 17 19 26 28 37 29 334 297 7.23 0.02

June
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Table 2- Physical and chemical properties of the soil in the experimental field during the 2017-18 and 2018-19 cropping seasons

K P N ocC FC PWP Sk cdl
Year pH
(mg kg™) (%) (%) Soil texture
YTas-1vay o o)
256 12.6 0.06 0.58 7.2 33 11
2017-2018 Clay loam
1YY= YaA oy o)
248 12.1 0.05 0.56 7.2 32 10
2018-2019 Clay loam

OC: Organic carbon, FC: Field capacity, PWP: Permanent wilting point.

O Jem e oLy, sl (Balazadeh et al., 2021
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Ll
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318 o ool ol XLSTAT 2019 l580e 5 51 5 s
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S—oyo Ve ale e wabsle oAl Jlre S 1S )
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Wgle aiged p )T 9k 93 (St oole (Soine (et Sz S
L az,0 0 sloo b S—iatlga o9l o gy & j 5l05le
Ashoori et al., ) iz (celw FA) Cobi (59 4 Gdu,
250 S el sgime wlwl p g diod e 5 (2021
dlo [LS2 0 9 S 2 0 iz oolo o Slas diges
o3le 5 035 adgle wdyi (6l )bl ST Byman LS 00 S
Baghdadi et ) ws 5 acwlowe ¥ alal; 5l eolaswl b S_is
«@l., 2021; Balazadeh et al., 2021
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Ay ly kel ol Bman L IWUE (T )0 a5
(aSayio p oS 9kS oz ) S22 00lo g ojli adgle
2 S kS s ) Sis oole g 05l adgle o Slos Yield
3 S yte o> p) (Gran 6kl Ol gz WU 5 (LS
536 adgle ods slp o kal o Gpme Sl il o (LS
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1- Shapiro-Wilk Test
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Table 3- Equations used to calculate stress tolerance and susceptibility indices

abyl, abayly o )lols &
Equation Equation No. Reference
TOL=Yp-Ys ) (Rosielle and Hamblin, 1981)
STI = (Ys x Yp)/ (¥p)? 4] (Fernandez, 1992)
SSI=((1 - (Ys/Yp)) /(1 — (Ys/Yp)) ®) (Fischer and Maurer, 1978)
MP = (Yp + Ys) /2 @ (Rosielle and Hamblin, 1981)
GMP = (Yp x Ys)°5 40 (Fernandez, 1992)
HM = 2(Ys x Yp) / (Ys + Yp) Q) (Bidinger et al., 1987)
RSI = (Ys/Yp) / (Ys/¥p) ) (Fischer and Wood, 1979)
YI=Ys/Ys ) (Gavuzzi et al., 1997)
YSI=Ys/Yp amn (Bouslama and Schapaugh, 1984)

S 8kee (Sibee Vs (5 (g Ll )0 oy (saled 0 Shoe (il VP (5 Il yd 50 gy o ,Shae VS (5 (9 ulyd 50 iy o Shae YD
4 C,‘f_uLo ua}L..: :SSI “SE,.}}Q)LQ u..iL.o :HM €590 52 (WD u.:f.:L:.a GMP «5 590 M2 u..f.:L..a :MP ‘J.o:d ua>b :TOL oS Ja.\b..u 59 hwy) @L@

e S el RSl s Slas 5,l0b (a3l :YSE o Slae ol Y2 & Joos a3l STI s
Yp: genotype yield under non-stress condition; Ys: genotype yield under stress condition; Yp: mean yield of all genotypes under non-stress

condition; Ys: mean yield of all genotypes under stress condition; TOL: tolerance index; MP: mean productivity; GMP: geometric mean
productivity; HM: harmonic mean; SSI: stress susceptibility index; STI: stress tolerance index; Y1: yield index; YSI: yield stability index; RSI:

relative stress index.
Ghasemi et ) el oo, Gldl & alises o)) lals
al., 2019; Sadeghinejad et al., 2015; Jazayeri and
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Table 4- Days to flowering of Persian clover genotypes under full irrigation and deficit irrigation regimes during the 2017-18 and

2018-19 cropping seasons

Jw &bl w2, 95 Voex Yo Yo
Year Irrigation regime Genotype Cutl Cut2 Cut3
Pars 228 26 24
LS o] Aleshtar 231 28 21
A Eghlid 231 27 21
> o ull rrigation Harati 222 27 25
=8 Zabol 217 26 24
o Pars 220 24 21
3 O
-« . Aleshtar 225 24 19
Soleles .
Deficit irrigati Eghlid 223 24 19
eficit |rr|gat|on Harati 218 23 21
Zabol 215 24 23
Pars 235 28 26
LS o] Alesh.tar 233 28 26
Ful i Eghlid 238 30 23
: 9 ull irrigation Harati 238 29 27
=8 Zabol 238 30 27
> o
T 3 Pars 222 26 22
- o . Aleshtar 228 26 22
Soleles .
L Eghlid 224 27 21
Deficit |rr|gat|on Harati 228 26 24
Zabol 232 27 24

s bojl sl ylows ).ub o adgle ulgi 6l 63T Of B pan o155 g 036 adgle o ySlos il ylg 435 -0 Jguo
Table 5- Analysis of variance of fresh forage yield and irrigation water-use efficiency for forage production (IWUE-FFY) as affected
by experimental treatments
Mean squares lx yo (il

JUVE PN 0 &9yl az o _
SOV df Vo2 Vi Yoz oo ol bpan 28
o B Cut1 Cut?2 Cut3 Total IWUE-FFY
Jls . = - - 4.820m
1 1605.80 222.33 242.60 4978.61
Year
(JW) S'sb 1.253
4 68.49 9.18 4.10 118.26
Block (Year)
! 0.030"
o 1 921.98"s 828.07"s 720.72"s 7393.71"
Irrigation
bl Jle 0.049"
. 1 56.45" 10.33m 14.55m 65.83"
Year x Irrigation
| glas 0.368
el 4 11.62 6.44 151 28.39
Error a
o) N 0.382
. 4 81.88ns 19.14ns 122.95 39.52ns
Cultivar
5 % Il 2.526"
= d . 4 189.63™ 5.61ns 5.52ns 232.14"
Year x Cultivar
5% g Ll 0.527"
e 4 38.52ns 14,23 12.25" 46.84rs
Irrigation x Cultivar
5 x o] x I 0.377"
o S J _ 4 36.01" 16.45™ 8.79™ 34.43%
Year x Irrigation x Cultivar
2slojl (glas
e 32 12.05 3.60 1.86 11.80 0.134
Error
i
T s - 8.02 8.83 11.75 9.49 9.68
CV (%)

doys w9 o Jlisl mlaw (ol gixe gl pixe e i 4 F g NS
ns: not significant; ** and * represent significant difference at P < 0.01 and P < 0.05, respectively.



yyy

Sl o (o) (SiS 4 Jood 9 0T B pan ()5 adgle 8 Slos b3,

loT sl jlosi T con i 03l adgi (sl 5yl ST By (LIS 5 S 03l 3o il ylg 0325 -7 Jgu

Table 6- Analysis of variance of dry matter yield and irrigation water-use efficiency for dry matter production (IWUE-DMY) as
affected by experimental treatments

Ola po (ufilno
¥ gl EEEESN Mean squares
S.O.V. df. Vo Yoz Yo E oz Sl & pan )5
Cutl Cut 2 Cut3 Total IWUE-DMY
JLs 0.2795*
1 32.76" 10.76™ 11.81" 154.75™
Year
(W) S'sls 0.0276
4 1.93 0.13 0.08 2.67
Block (Year)
3 0.0587"s
o 1 15.81" 5.67m 14.33 102.86"
Irrigation
Skl Jlo 0.0018"™
o 1 1.69™ 0.23n 1.35m 3.93m
Year x lrrigation
| slas 0.0092
ot 4 0.40 0.05 0.03 0.67
Error a
) 0.0083
. 4 1.24ns 0.27ms 3.86™ 0.88"s
Cultivar
w8, % Jls 0.0599™
_ 4 433" 0.24ns 0.11m 5.80™
Year x Cultivar
o3, % oL 0.0174rs
o ) 4 0.56" 0.16m 0.36" 1.34ns
Irrigation x Cultivar
o3, %x 6okl x Jlo 0.0136"
Year x Irrigation x 4 0.72" 0.20" 0.29™ 1.30"
Cultivar
2ol slas
s [
’ 32 0.26 0.07 0.05 0.37 0.0047
Error
- 8.62 9.11 11.20 10.43 10.94
CV (%)

.(Balazadeh et al., 2021) s4c5 o,La!
2 VYY) Jsl Jlw jo S oole o Sl o i
S 5 JalS )T bl 5o el osS1 L (iSa
S5y a5 Ggmvan sl cws a5 cassST o o liee
VY ogam 50 5 oSl s e m sl coseST o Slae
ez Sz oole g 03l adgle o Slac (A Jguz) 09 2o yo
Mg (n i & S97u 4 Sl (LAalS W) pge g p9S ol
00,5 S po—w o7 50 Ol S 5 sl ez 50 4dsle
o, iz oolo o Sloe LS)LHTpS sz 2 (A g Y Jelaz)
g bl by self oo Lol ials lacoig ples
Po ez 00 45 (Sy9b 4 9 ey (w2 050 Slogz
et odalidne (SLES A 4 (5t Commilas 090 Jlo g
S il Cod S oole 8 Sae alS o fasa S

aels a5 W0 )Tl pg0 Sl g pow (2 ;0 (0o, T4/Y)

Qo y w9 S Jleil ma )0 ls gine g o pine i i 4F 9T NS
ns: not significant; ** and * represent significant difference at P < 0.01 and P < 0.05, respectively.
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Table 7- The interaction of year x drought stress x genotype on fresh forage yield and irrigation water-use efficiency for forage
production of Persian clover, IWUE-FFY (sliced upon the year and irrigation regime)

o3l adgle o Sloc
- ; 1 g glp ol & 1,5
Je bl wss i 933 Fresh forage yield (ton ha™) yé J"’U 45;:“’ e
°)
Year Irrigation regime Genotype Vomz Yoz Vi Egoxo
IWUE-FFY (kg m?)
Cutl Cut2 Cut3 Total
Pars 42.70 20.58 14.11 77.40 7.644
: Aleshtar 44.70 20.81 7.31 78.83 7.786
Jo5 s,L0]
L Eghlid 49.66 25.05 741 82.13 8.112
Full irrigation
Harati 37.85 26.05 18.51 82.41 8.140
> o Zabol 30.21 20.06 15.60 65.88 6.507
a —
=R LSDq.0s 4.23 2.78 2.72 5.36 0.530
o~
T = Pars 35.35 15.48 7.13 57.96 7.634
— N
. Aleshtar 40.36 14.95 4.58 59.90 7.888
G)Lﬁlr“s .
. Eghlid 38.81 17.43 4.00 60.25 7.934
Deficit irrigation
Harati 3331 13.23 741 53.96 7.107
Zabol 27.78 16.16 10.10 54.05 7.118
LSDo .05 2.99 3.77 2.57 6.27 0.826
Pars 51.76 23.66 17.25 92.68 7.733
B Aleshtar 51.50 26.16 17.25 94.91 7.920
Job s,k
L Eghlid 54.83 30.25 12.25 97.33 8.121
Full irrigation
Harati 52.96 26.00 21.00 99.96 8.341
< o Zabol 55.50 27.58 20.25 103.33 8.622
o
‘,T 8 LSDo .5 10.89 4.52 3.36 7.26 0.607
[o0]
E b= Pars 36.46 19.33 9.58 65.38 7.274
-
- Aleshtar 46.66 20.08 7.33 74.08 8.242
G)L.les .
. Eghlid 41.90 20.16 6.91 68.98 7.674
Deficit irrigation
Harati 43.63 2041 12.16 76.21 8.479
Zabol 49.00 20.66 12.41 82.08 9.132
LSDg .05 5.02 2.94 1.06 6.81 0.758
LSDy s (YearxIrrigationxGenotype) 4.61 3.08 2.69 5.71 0.610

Q355 K0S b (gl sire gkl BN 0o p0 O Jlaizl ghaws ;5 LSD (yge3l ol 3 ygiw 12 )0 aline By > (sl slagySilo
The means with similar letters in each column are not statistically significant (LSD, 0=0.05)
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Table 8- The interaction of year x drought stress x genotype on dry matter yield and irrigation water-use efficiency for dry matter

of Persian clover, IWUE-DMY (sliced upon the year and irrigation regime) production

S eolo 8 ,Slac

e glp ol Gpae a8

Jlw 3PS G 95 Dry matter yield (ton ha™) i oole
Year Irrigation regime Genotype Vo2 Yoz Yoz Egoxo
IWUE-DMY (kg m*)
Cut 1 Cut 2 Cut 3 Total
Pars 5.80 273 2.37 1091 1.078
LIS Aleshtar 6.53 3.37 131 11.22 1.108
ST Eghlid 6.48 3.20 1.25 10.93 1.080
Full inrigation Harati 495 3.16 3.00 11.12 1.008
> o Zabol 3.97 2.72 2.40 9.10 0.899
=R LSDogs 0.72 045 0.35 0.99 0.098
i % Pars 491 234 137 8.63 1.136
s Aleshtar 5.61 2.32 0.91 8.85 1.166
T Eghlid 5.33 241 0.90 8.65 1.140
Deficit irrigation Harati 457 2.06 1.46 8.10 1.068
Zabol 3.85 2.36 2.29 8.50 1.120
LSDogs 0.63 0.59 0.37 1.38 0.182
Pars 7.26 3.33 3.29 13.88 1.158
S5 s L Aleshtar 6.87 3.55 3.23 13.65 1.139
T Eghlid 750 4.20 2.36 14.05 1172
Full irrigation Harati 7.52 3.69 3.69 1491 1.244
< o Zabol 7.65 4.03 3.72 15.40 1.285
= Q LSDogs 1.39 0.61 0.65 0.97 0.082
r g Pars 5.17 3.10 1.94 10.21 1137
- TS Aleshtar 6.14 313 1.46 10.73 1.194
T Eghlid 578 3.33 1.36 10.48 1.167
Deficit irrigation Harati 6.05 3.24 244 1173 1.305
Zabol 6.85 3.55 2.67 13.08 1.455
LSDogs 0.91 0.46 0.39 1.19 0.133
LSDg s (YearxIrrigationxGenotype) 0.83 0.55 0.41 1.01 0.114

)l K085 b (g5l sire gkl BB 0o ys O Jloil s 10 LSD (5051 sl g 12 50 ailiie g > slls sl Sile
The means with similar letters in each column are not statistically significant (LSD, 0=0.05).
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Figure 1- Regression relationship between dry matter yield and number of days to flowering in Persian clover genotypes during the
first (a), second (b) and third (c) cut
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Table 9- Drought tolerance indices in Persian clover genotypes

Eed )] Yp Ys
L L TOL MP GMP HM SSI STI YI YSI RSI
Genotype (ton.ha™) (ton.ha™)
Pars 12.40 9.42 2.98 1091 10.81 10.71 114 057 095 076 0.96
Aleshtar 12.44 9.74 2.70 11.09 11.01 10.93 103 077 099 078 0.99
Eghlid 12.49 9.57 2.92 11.03 10.93 10.84 111 076 097 077 097
Harati 13.02 9.92 3.10 11.47 11.36 11.26 113 082 100 076 0.96
Zabol 12.25 10.79 1.46 11.52 11.50 11.47 057 084 1.09 0.88 1.12

HM (5,50 52 (swii 52 Klo GMP (5,90 0 (5255ke MP ozt (2L :TOL (25 oyl 15 )0 udgih o, Shoe 1Y'S ¢ 2 90y Lyl 1 10 gy o Sles 1Y

csd oS amls RSE o Slae (g Il (a3Ls YSE o Slae sl Y1 os 4 oo ol ST s 4 colus (a3Ls SSI e Sige o (ke
Yp: genotype yield under non-stress condition; Ys: genotype yield under stress condition; TOL: tolerance index; MP: mean productivity; GMP:
geometric mean productivity; HM: harmonic mean; SSI: stress susceptibility index; STI: stress tolerance index; Yl: yield index; YSI: yield

stability index; RSI: relative stress index.



2505 9 ol vry
S a4 Jood g ls bl p (Sl jad Glocaigl Gusad) -V Jgu
Table 10- Ranking of Persian clover genotypes based on drought tolerance indices
G 93

Yp Ys TOL MP GMP HM SSI STI YI YSI RSI SR AR SD

Genotype
Pars 4 5 4 5 5 5 5 5 5 5 5 53 4.82 0.40
Aleshtar 3 3 2 3 3 3 2 3 3 2 2 29 2.64 0.50
Eghlid 2 4 3 4 4 4 3 4 4 3 3 38 3.45 0.69
Harati 1 2 5 2 2 2 4 2 2 4 4 30 273 1.27
Zabol 5 1 1 1 1 1 1 1 1 1 1 15 1.36 1.21

:HM €590 4 (WD U"'i’"“’ GMP «559° 22 u.:_f.»L:.a :MP ‘J.o;d U”L" :TOL (S Jailfu JRREerYy a)iLor- 'Ys oM g Ja.\b..u JRREwey ojslo.c Yp
b Jl)pdl :SD ‘Lmd.,.‘i) u_.f.nL..a AR ‘Lmd.,.‘i) Egoa

Yp: genotype yield under non-stress condition; Ys: genotype yield under stress condition; TOL: tolerance index; MP: mean productivity; GMP:
geometric mean productivity; HM: harmonic mean; SSI: stress susceptibility index; STI: stress tolerance index; Y1: yield index; YSI: yield
stability index; RSI: relative stress index; SR: sum of ranks; AR: average of ranks; SD: standard deviation.
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Figure 2- Correlation coefficients between drought tolerance indices and clover dry matter yield under full irrigation conditions (Yp)

and drought stress (Ys)
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TOL: tolerance index; MP: mean productivity; GMP: geometric mean productivity; HM: harmonic mean; SSI: stress susceptibility

index; STI: stress tolerance index; YI: yield index; YSI: yield stability index; RSI: relative stress index.
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Figure 3. Principal components analysis (PCA) based on the correlation matrix of clover dry matter yield under full irrigation

conditions (Yp), dry matter yield under drought stress (Ys) and stress tolerance indices
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Abstract

Introduction: Clover is considered as one of the most important forage crops of the leguminous
family which is appropriate for temperate and humid areas. Insufficient water can severely affect the
production of forage legumes leading to a reduction in yield based on the severity and duration of
drought stress. Due to the relative sensitivity of clover to drought stress, the yield of this crop is
affected by water scarcity, especially in arid and semi-arid regions. One of the effective solutions in
the field of plant breeding for drought resistance is to identify stress-tolerant genotypes. This study
aimed to compare the forage yield and water productivity of Persian clover genotypes under full
irrigation and drought stress conditions, as well as evaluate their drought tolerance.

Materials and Methods: The experiment was conducted as a split plot based on a randomized
complete block design with three replications at the Seed and Plant Improvement Institute, Karaj,
Iran, during the 2017-18 and 2018-19 cropping seasons. Irrigation regimes at two levels (full irrigation
and deficit irrigation with supply 100% and 75% of clover water requirement, respectively) as the
main factor and Persian clover genotypes at five levels (cultivar Pars, and ecotypes Zabol, Aleshtar,
Eghlid, Harati) as sub-factor were evaluated. Each subplot consisted of four rows with a length of five
meters and 50 cm between rows. The planting operation was carried out manually on September 11
of each year with 20 kg ha™ seeding rate. The volume of irrigation water was determined by the
Penman—Monteith method and the counter meter was used to accurately measure and control the
amount of applied water. In the first and second cropping seasons, the total volume of irrigation water
used were equal to 10125 and 11985 for full irrigation and 7594 and 8989 for deficit irrigation
conditions, respectively. In this study, the fresh forage and dry matter yields, irrigation water
efficiency for production of fresh forage and dry matter, the days to flowering, and drought tolerance
indices were investigated. For all three cuts, clover cultivars were harvested at the 10% flowering
stage. To determine the fresh forage yield, the middle four rows of each plot were harvested and
weighed. To determine the dry matter yield, fresh samples (2 kg plot™) were randomly selected and
dried in a forced-air oven at 65 °C. Irrigation water-use efficiency was calculated from the ratio of
yield to the amount of water consumed. The combined analysis of variance was performed using
SASy ;1 and the means were compared by the LSD method at P < 0.05.

Results and Discussion: The fresh forage and dry matter yields in the first, second and third cuttings,
as well as their total and the irrigation water-use efficiency for forage and dry matter production were
significantly affected by the year x irrigation x genotype interaction. Ecotype Harati had the highest
total fresh forage and dry matter yields during three cuts (91.19 and 13.02 ton ha™, respectively) in
full irrigation conditions, whereas, under deficit irrigation conditions, the maximum total fresh forage
and dry matter yields (68.07 and 10.79 ton ha™, respectively) were obtained by ecotype Zabol. The
maximum water-use efficiency (1.455 kg dry matter m™) was obtained in the second year and by
ecotype Zabul under deficit irrigation conditions, whereas the minimum efficiency (0.899 kg dry
matter m) was recorded in the first year under full irrigation conditions and in the ecotype Zabol.
Drought stress treatment in genotypes Pars, Aleshtar, Eghlid, Harati and Zabol compared to full
irrigation caused a decrease in dry matter yield by 24.0, 21.7, 23.4, 23.8 and 11.9%, respectively.
Among the drought tolerance indices, tolerance index (TOL), stress sensitivity index (SSI), yield
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stability index (YSI) and relative stress index (RSI) had the highest correlation with yield under full
and defecit irrigation conditions. Based on the mentioned indices and principal components analysis
(PCA), the ecotype Zabul, followed by ecotype Eleshtar were identified as the most tolerant genotypes
to the defecit irrigation stress.

Conclusion: Overall, the results of this experiment demonstrated that in the irrigation water
availability conditions, the ecotype Harati and in the water limitation conditions, the ecotype Zabol
are recommended for cultivation in the semi-arid regions of the country.

Keywords: Deficit irrigation, Dry matter, Ecotype, Fresh forage, Stress sensitivity



