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Table 1- Analysis of variance of aerial dry matter yield, physiological traits in 12 populations of D. glomerata in three irrigations levels in greenhouse condition

R bl ey Kas g aJeds A b AS IS dbs s 2555518 o ALY Bl sl U samag 3 deeS] s 5
Source DF DM weight Chl. a Chl. b Chl. total carotenoids Protein Proline Catalase peroxidase SOD
—e 11 10.59* 35.55** 11.123** 84.16** 6.113** 4.307** 7.280** 207.34** 40.82** 1.669**
Population (P)
i 2 11.86** 36.79** 3.813** 63.73** 3.589** 6.696** 5.724** 3600.94** 173.15** 4.830**
Drougth stress (D)
s 22 0.45 ns 2.91%* 0.247 ns 3.23* 0.176 ns 0.116** 0.447** 51.67** 4.24** 0.102**
PxD
(178
72 0.04 1.11 0.243 1.64 0.122 0.027 0.076 1.78 0.13 0.027
Error
G 6.66 5.89 9.70 5.57 6.98 2.24 7.79 6.36 4.33 7.17
CV%

Aoy ) 5 ao 0 sl cla“ 53 b e ls pme e o i 4 ik 5 NS
ns, * and ** are, respectively, non-significant and significant at 5 and 1 % probability levels

sesbs olite ok 3 PL il gbcurer (S50 Olio 5o lsls K3 055 JS oSole amglis =¥ Joox

Table 2- Means comparison of aerial dry matter yield and physiological traits in of populations of D. glomerata in tress levels of drought stress
Cash, e ol Sas 5y adsy s b s A IS s ks 2355 5,8 XY oA BN iRV 1SRN WP
Drougth stress DM Weight Chl. a Chl. b Total Chl. Carotenoid Protein Proline Catalase Peroxidase SOD
g/p mg g'FW  mg g'FW mg g'FW mg g'FW mg g-1FW mg g-1FW U/mg protein U/mg.protein U/mg.protein
i 342a 19.01a 5.42a 24.44 488b 0.690 ¢ 0.370 ¢ 10112 ¢ 879.0b 193¢
90% FC
s e b as,s v
2.32b 1753 b 5.05b 2259b 537a 0.740 b 0.410b 2298.6 b 10439 a 2.28b
70% FC
ey LB 0,20 1.22c¢ 17.08 b 478 ¢ 21.86¢ 477b 0.780 a 0.440 a 2980.7 a 609.5c 2.66 a
50% FC

55l - b ols e sl 7.0 cla“ 53 oSSl Q}aﬂ ool sl o Srae (L) Gy bl s » o ASL;\AU.QLA
Means followed by the same letter in the columns have no significant differences at 5% probability by Duncan’s test.
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Table 3- Means comparison of aerial dry matter yield and physiological traits in 12 populations of D.glomerata

Cumass L.....m D)LOLA-NAS‘OU)} aJa,JJS bJ..ﬁ}J.LS J§J@,_,l5 ,\3‘,.43)\5 u"';}./‘l u"'bj )UL\S )‘.;\......S‘Jv )Lw:w‘jr
Pop. origin DM weight Chl. a Chl. b Total Chl. Carotenoid Protein Proline catalase Peroxidase SOD
g/pot mggFW  mgg'FW  mgglFw mg g*FW mg g*F/W mg g*FW U/mg.protein  U/mg.protein U/mg.protein
G2 o3 S 3.23ab 19.41 ab 6.23a 25.64 a 5.29d 0.805b 0.465b 2628.2 b 1038.9 a 2.96 a
GeneBank
G3 s 3.05b 19.09b 6.19 a 25.28 a 5.61 cd 0.876 a 0.427 c 2587.7b 1024.1 a 2.78 bc
Marand
G4 """”*.’_5 257c 15.15¢€ 3.83¢ 18.98 ¢ 422¢ 0.732 e 0.367 de 2006.3 e 604.1d 1.96 ef
Qazvin
G6 J"*JJ‘_ 3.04b 16.06d 3.85¢ 19.90 bc 3.82f 0.652 g 0.367 de 19152 ¢ 507.8 e 2.03 ¢
Ardebil
G8 ‘;’\"_d} 3.09b 19.98 ab 6.33a 26.31a 6.23a 0.754d 0.568 a 2392.7 ¢ 1059.6 a 2.63 cd
Zanjan
G10 ;\’w 294 b 16.21d 3.89¢ 20.10 be 435¢e 0.673 f 0.384d 15735¢ 624.6 d 1.98 ef
ijar
G12 KCJS_ 3.19ab 20.45a 5.93a 26.38 a 5.63 cd 0.780 ¢ 0.575a 2184.3d 915.7Db 251d
araj
Gl14 \j;: 3.35a 19.81 ab 6.26 a 26.07 a 6.00 ab 0.770 cd 0.415¢ 28725 a 1167.1a 2.88 ab
G20 2l 3.37a 16.57 cd 3.90c 20.46 b 4.28¢ 0.654 g 0.320 fg 1646.3 fg 807.0c 1.83fg
Malayer
G22 ol 5 2.90b 15.56 de 4.47b 20.03 e 457e 0.688 f 0.326 fg 1320.7h 767.9¢ 2.04e
Kirgizistan
G24 F:"“’_) 2.97b 16.67 c 4.34 be 21.01b 435e 0.676 f 0.310¢ 1716.4 f 658.5d 1.79¢g
ussia
G30 “';)Lﬂ 2.20d 19.54 ab 5.81a 25.35a 5.74 bc 0.771 cd 0.346 ef 2317.8¢c 954.3 b 211e
ari

Kl e b ol e s\ %0 c\:... 2 b ;uﬁj ol sl o Srae () Gy bl e » s 45&.\.&;,5\3\.,»
Means followed by the same letter in the columns have no significant differences at 5% probability by Duncan’s test.
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Table 4- Means comparison of interactive effect of drought stress and populations on chlorophyll a, protein and

proline in D.glomerata

S L a Jubs AS o oo
chlorophyll a protein proline
Pop. origin 90%FC  70%FC 50%FC 90%FC  70%FC  50%FC 90%FC  70%FC  50%FC
mg g tFW mg gtFW mg gtFW
G2 B 20.02ab  19.42b  18.80ab 0.760ab  0.820b 0.840b 0.380cd  0.470b  0.550ab
GeneBank
G3 »o 19.54b 19.31b 18.42b 0.790a 0.910a 0.940a 0.390bc  0.410bc  0.480bc
Marand
G4 il 15.19d 15.18d 15.09d 0.710c  0.730cd  0.760cd 0.350e  0.370cd  0.380cd
Qazvin
&3)\
G6 16.27d  16.11cd  15.79c 0.620f 0.630f  0.710de 0.350de  0.370cd  0.380cd
Ardebil
ol
G8 20.28ab  20.12a 19.54a 0.710c 0.760c  0.800bc 0.420b 0.630a 0.660a
Zanjan
PIE
G10 17.57c 15.39d  15.68cd 0.620ef  0.690de  0.700e 0.330ef  0.350cd  0.470bc
Bijar
G12 @5 22.08a 20.06ab  19.22a 0.730bc  0.780bc  0.830b 0.540a 0.570a 0.610a
Karaj
4l
G14 i 21.24a 19.42b  18.77ab 0.750b 0.770c  0.800bc 0.390bc  0.420bc  0.440c
USA
e
G20 > 20.47a 14.79d 14.44d 0.590f 0.650ef  0.720de 0.310fg 0.320d 0.330d
Malayer
G22 OF 2 17.60c 14.89d 14.17d 0.660de  0.680de  0.720de 0.300fg 0.320d 0.350d
Kirgizistan
G24 20 16.74cd 16.70c 16.59bd 0.660d 0.660ef  0.710de 0.300g 0.31d 0.330d
Russia
(W
G30 <2 21.17a 18.99b 18.46b 0.730bc 0.770c 0.810bc 0.320f 0.350cd  0.370cd
Sari
ool Mean 19.01 17.53 17.08 0.694 0.738 0.778 0.365 0.408 0.446

.x)l.sr,.b\h_g)\.sg‘su Qj\.&'zacla.u); oSSl Qyﬂwh\jw\.;&gfjuu(ﬂé)djf Shls ot s AS&\AUK.LA

Means followed by the same letter in the columns have no significant differences at 5% probability by Duncans’s test.
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Table 5- Means comparison of interactive effect of drought stress and populations on antioxidant enzymes in
D.glomerata
S (W Sl BlUHY 1L F CUE VL S
Peroxidase Catalase Superoxide dismutase
Pop. origin 90%FC  70%FC  50%FC 90%FC  70%FC 50%FC 90%FC  70%FC  50%FC
U/mg.protein U/mg.protein U/mg.protein
L ;L
G2 BES 1172b 1182cd 761b 1091.6b  3255ab  3537.8ab 2.76a 2.86a 3.26a
GeneBank
G3 e 1100bc  1279bc 692cd 1455.4a  3087hc 3220b 2.54a 2.77a 3.02ab
Marand
G4 S 6529 727f 432i 698.8d 2578d 2742cd 1.79bc  2.00de 2.07c
Qazvin
l
G6 s 359h 693f 470h 862cd 2170e 2713cd 1.83bc  2.05de 2.22¢c
Ardebil
G8 o 969.0de  1503.2a  706.4c 956.7bc  3031bc 3190b 2.06b 2.61ab 3.23a
Zanjan
S
G10 594.69 795.3f  483.9gh 959hc 1394f 2366d 1.66¢ 2.07d 2.21c
Bijar
G12 C’S 1007cd 1081de 657d 1423a 2225e 2904cd 1.74c 2.57b 3.22a
Karaj
Al
Gl4 w7 1333a 1358ab 809%a 1471a 3452a 3694a 2.50a 2.81a 3.35a
USA
2l
G20 864ef 948e 607e 696d 1386f 2856¢d 1.53cd 1.65e 2.32c
Malayer
G22 OS2 843f 945.3e 515.49 452.6e 7609 2749cd 1.61cd 2.06d 2.45bc
Kirgizistan
G24 20 655 758f 561f 1041bc  1376f  273lcd 1.34d  1.81de  2.21c
Russia
(W
G30 ¢ 993cd 1253bc 615e 1024bc  2869c 3060bc 1.79bc 2.16¢ 2.37c
Sari
wi»\w Mean 878.9 1043.9 609.7 10111 2298.5 2980,6 1.93 2.29 2.66

50 e b (gl pme 5\ 70 cL~): ol _',yﬂ ol aaly o Srza () G b g » 5o 456:\.»;,5\)\.6
Means followed by the same letter in the columns have no significant differences at 5% probability by Duncan’s test
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Table 6- Number of groups, number of populations and average of studied traits in each group

lio u.i,L.a

| e e oSl ~ P P

o Trait i ShroNbe s g ¥os S

Unit MS Groupl Group2 Group3

(n=5) (n=6) (n=1)

olusls Sas o5 DM weight alp 0.41%* 3.18a 2.97a 2.20b
Jis 52 Chl. a mg g lFW 20.29%* 19.75a 16.04 b 1954 a

Jos Sb Chl. b mg glFW 6.53** 6.19 a 4.05b 58la

&S Jebs S Total Chl. mg g'lFW 3.31%* 2594 a 20.08 b 25.35a
255598 Carotenoid mg g'FW 49.88** 5.75a 427b 5.74a
RS9 Protein mg g 'FW 2.01** 0.80a 0.68 b 0.77 a
sz Proline mg g 'FW 3.06** 0.49a 0.35b 0.35b
BN Catalase U/mg.protein 98.12** 2533.1a 1696.4 b 2317.8a
Sl Peroxidase U/mg.protein 20.29** 1041.1a 661.6 b 954.3a

B1LE PSRNV S SOD U/mg.protein 0.92** 2.75a 19%c 2.11b

5l - L d)b@"‘ o\ .\M\Ju,a S te (48) Gy bl &S s, 2 50 bas s u.gu\.m TN Jlas! CLM BN J"’v”"" sk
**= Significant at 1% probability levels. The mean of clusters in each row with (non) common letters have a significant different
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Figure 1- Dendrogram obtained from cluster analysis D. glomerata populations using DM yield and
physiological traits
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Abstract

Cocksfoot (Dactylis glomerata L.) plays a role in reviving rangelands and creating pastures and
fodder production. Therefore, to evaluate forage yield and physiological characteristics, 12
populations of cocksfoot in three water deficit regimes (90%, 70%, and 50% of field capacity
(FC) during the growing season) were studied using a factorial experiment based on a
completely randomized design with three replications in a pot experiment. Forage yield,
chlorophyll content, carotenoids, protein, proline, catalase, peroxidase, and superoxide
dismutase were measured. The results obtained from the analysis of variance showed a
significant difference in the studied traits. The populations of Karaj for chlorophyll a and total
chlorophyll, Zanjan for chlorophyll b and carotenoids, the USA for peroxidase and catalase,
Gene Bank for superoxide dismutase, Marand for soluble protein, Karaj and Zanjan for proline
were superior. Malayer, USA, Gene Bank, and Karaj had the highest values for shoot weight.
The highest shoot weight and chlorophyll content were observed at the moisture level of 90%
FC, which decreased significantly with increasing stress intensity. The highest amount of
carotenoids and peroxidase was observed at 70% FC, significantly decreased with increasing
stress. Finally, the lowest superoxide dismutase, catalase, soluble proline, and protein content
were observed at 90% FC, which increased significantly with increasing stress intensity.
Populations were divided into three distinct groups based on cluster analysis. The first group
consisted of five populations with dry shoot weight and superior physiological characteristics.
The second group consisted of six populations, which were in second place compared to the
previous group, and finally, the third group had a population that showed weak performance. It
was concluded that G2 (Gene Bank), G3 (Marand), G8 (Zanjan), G12 (Karaj), G14 (USA), and
G20 (Malayer) were superior in different moisture conditions and as suitable genetic material
for rangeland restoration and breeding improved varieties.

Keywords: Orchard grass, drought stress, photosynthesis, antioxidant enzyme, proline, cluster
analysis.



