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Extended Abstract

Background and objectives:

Grasses are important forage crops, which are used for forage production, pasture establishment,
rangeland renovation, and soil conservation. Perennial cold-season grasses have high forage
production, are resistant to adverse environmental stress and have broad adaptability in various
environments. They are cultivated for various purposes of agriculture and soil protection. The
perennial cold-season grasses with relatively deep roots have a long life in suitable conditions.
These plants are able to establish and grow with good productivity in poor to moderate soils. The
purpose of this research was to identify and select the best genotypes of four perennial cold-season
grass species, in terms of physiological response under normal irrigation and drought stress.

Methodology:

In this research, the best genotypes of each species of desert wheatgrass (Agropyron
desertorum),bromegrass (Bromus inermis), cocksfoot (Dactylis glomerata) and tall fescue (Festuca
arundinacea) were selected in previous trials for both seed and forage yield. For each species, three
genotypes were evaluated in a field experiment under normal irrigation at 100% and 50% field
capacity (FC), using a complete randomized block design with three repetitions in Agriculture and
Natural Resources Research of East Azerbaijan in 2021. Drought stress was applied and at the
vegetative growing stage, some key physiological traits such as cell membrane stability (CMS),
protein content, content of pigments (Chlorophyll and carotenoid) and water potential under both
drought stress and control were evaluated .

Results:

The results showed that genotype Fa-G1 in Festuca arundinacea, genotype Bi-G3 in Bromus
inermis, genotype Dg-G1 in Dactylis glomerata and genotype Ad-G1 in Agropyron desertorum
were more tolerant to drought stress compared to other genotypes within species.

Conclusion:

The response of plants to drought stress was different depending on the type of plant. It was
suggested that the leaf osmotic potential index could be used as one of the most important
physiological indicators in drought stress conditions to identify drought-tolerant genotypes.
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Generally, Agropyron desertorum, Bromus inermis, Festuca arundinacea, and Dactylis glomerata
are the most resistant to drought stress.

Keywords: Cell membrane stability (CMS), content of pigments, drought stress, soil moisture.



R VIR ST CYU 5 i W T of

S apwd g Sl 5 5 95 sler 53 (S i @ Jomio J p GBS (2ol
23819 2 e Slao bl g

%

v \ )
‘_g,“.a‘ cﬂ.é R L&J

50918 s 5 el \ladod olasl il (55LaS (55 5T g Bty 5328 O % 5 ot Jlet (6558 (65 5) 50 g 008ty 5Ll -
lidos plosle ool 65,5508 (655585 g o Kting 5y 58S 2 5 oLl (535508 (5550515 s 00K g 5 (e (DS Jgtene s tun 5 =Y

salehamiriii@gmail.com : sy Sy 3,508 s 5 (2ol

AAEAVAZAR BN PR AARAVARVARECIVSR S

ouuS>

HE RV j.;.aiL.;

Sl 8 5 e 22lS S cblim 5 6] sl 081 Slanl wabsle a5 shien, S sin Slab e LS o g 5 bl S
Slaal gl g mees S 4 s b s i aslaal Il s aigle VL ks g e b s dlain (6 s o
ol sl Vb e clie Lyl e s Gees led az; b il (LS ) s e B 5 cnS S cblis 5 o555leS Giliss
5G5S walys g sn Jpame il S S ol S amas i b s Sl alsl 5 il 4 5ol lS
i i e 5 (5P el Bl dleair oms e S 68 Dler Sin slacs sy Sl plelis Gl
o

i, 5305

gL ile (B. inermis) Sazy e (F. arundinacea) ad (5583 sLasS 3l S 2 5l Cwss e olaw Gdss ol o
ooyl o amals o e Ad, Sas i s 5 L s ke 5 Slee L 51 a8 (AL desertorum) Ll eaS Cale 5 (D.glomerata)
o B s (e e b aoss Vo) Jls bl 5 el cb aoss 00 (Sas m (] ss s dis g sas Ol L
5 g i S 30l 3 b e 5 65,08 Sl e aes e 00 VF) Sl s LS5 e b sl LIS eSS,
S 03855 S e 6lit ol el wiles [S5Jnss Slis 5l A st a2y dde e s Kb s Sl
Has Sl (Ses 2y aals Bl s s (el G b5 s e (W55, 5D s NS @ Jss kS

laassl,

5§l e 53 DY-GL (wisis Sty e 3 Bi-G3 (wisih ik 655w 3 FA-GL (i3 o sls ol baesls il avylie
Loy jesie Sas (15 ol 50 baS )l 5 p glacwss ple balie 5o SLL eaS e 53 AD-GL L5

15 S e

o bl 5 (Ssdms sboarle g 5l G olsie 4 Bl S ol b Lasle el cass, el sl
St e ¢ SLly ‘fxf e a8 ol plas S am spa eolanl baS ol s i 4y Jesie s gy ool ), Sas
it (Sas 25 4 ba S o pslie o L dile 5 il (5808

03,85 S5 8 sy Sl S S cush Ik lad 5l isadS sl


mailto:salehamiriii@gmail.com

00

ol Swas 2 j) s a5 aesly ;s Phleum pretense
YE 5 YF VY s oa baS cl s aisle s Shae
i Gy abe ol sela b oalis s ao)s
B. inermis , Ph. arundinacea ,8xl sl cely
D. l¥ul , 65U Jy as wals b oanlie s
Yove Jl,s oS 5 Pornaro .c.:las glomerata
Apple SGL, ) (ol 8 au,ls VY o 5o 45 5 S sanlise
Azimuth, Barrage, Caddieshack, Double, Double
Pizzaz 2,

Time, Ecologic, New Orleans,

e i New Orleans 4,y « (Rainwater, Turfgold
3 S 55 ) oo L oBmle 5 Sk e oo
O S&) 4 am g b ool plas bagly e b oasli
sSes (BS s bels e O S S
or Sl Olex s Olal e ol Y e
& el S s Shae (Il sl il 5,8,
'@)U Jsb 5o e Slaal 51 S Jal,e ) s oS
) 23 9

ke oS )ly Lo, siS 0 505 o S o] ol
soslie g JlSas g 585 5 cnl sls glaes sl 2 5
ad Gl gle n ol wsl) ol 5l el ol
) Sl a5l ke 558 IS 5 (1 a2
—ale gl oY e 5 5SG 5 iy St
) bis 5 ol)5 ske Wy i 5 1S
bty 5 Olidiss ol b Ks om 51 5 5500 o
5338 i o aiay o) 5o |y ede 5 (8 OISt e
PEBILG Wo gle b ol 5l eslil s )l
S5 855 51 S0 5 (e il Ll 5 4 Jaoie
5 oS Bl el e C'J’w‘ Ssltes L@T ]
el Sl o e 5l (S A0 s (o) Wske CiS
slisle iS5 gam Shssoiss s 4 b S
a slasle ol 55wl YL s 25,0 sl
Rastegar, awes jjasce ol 35mS 5 Sis Lol o
.(2007; Saburi Azar et al., 2021)

S wd 6\.&:u~\; 45\..’\ J,,JJ A (e Cx’.\ BY)

Vsl IVl ol K 5 e S ol 5 S5 Dlais ale

Ao dio
WL@\.;A\),,.:SJS»@;\M);N 5 e
DS aakea VY L ) a8 i el olans] 55 4
ol 51 ok AY 5 sl e ol e IS
Jafari et ) aas o S5 gl 1) oln) ab plie IS
DS pu5 bl oy age 51 S ol @l 2007
ol dans Gl slesdll i bl 5 cnl las e
maal el e bl ) ane el Lol e
g ol sl soba bocad cule s Gds
2> Js S S5 oo 355e 5 008 Lk |y daiS
& S sl sle LS Aol 5y e A5 4 ol
Gl sazesls (g aS Cuenl el OV same sl
asel S o5 4 Glae Lol § .(Mohammadi, 2006)
bS5 ode cmals e b oasel § o 5 s
slasshe sl ol S5 r;)rﬂ 5 S A8l age g2l
o ol Wl g ameler AUE 3 e B (e
i cmsler el 65 Veeee o Ves s
\-éj YL Bl oly Sl S8 pblS S5
ssie BussS sl 5 Gl ey (S5 pS s
s oblE Ll b el s bl S (Kellogg, 2001)
s bl e Gilise Ll e b ool L85
o5 ol 3Ll Lide e 5 laisle sl ] B oSG
0+ 31 ) Wl 51 S slaws losls olasl 3,5 4 I,
SLa S wsse odlind Wyle 5 e olsten (655
Festuca, Lolium, Agrostis, (b > 4 Gl
ol S 3,8, 51 Poa , Bromus, Dactylis
5 adl eaf ke oLE 55 .(Wang et al. 2001) szes
&S W S S (YN0) oL 5 Mir sy ¢ o
S ke s at) dmey Gas il Jb b o
Slp Js WS sl (Sa 25 s s
Olaio Wb 15 e o bow sl cwslie @8 S,
s Scheaffer .. ,.8 515 Lol 5,50 it (S550s50
Phalaris . 8 4.5 4> s L (144Y) oK
Dactylis glomerata Bromus inermis .arundinacea



e Jazie 5 s 55 lelis

Cand (Y 5 ) JS2) o Obasl Sz b 2 5o
e Jee s e 3,50 Gba S 5l Coae sbowss
el 0 0351 ) Jgar 53 adsl v g S5 @l 5!
Sk by ads i b S &) pon il
el s ooslaS Olides S e as )5 5o ola JulS
BIJ-CIPWASTIR] S N W CI GRS R SR E N W e
saicntS qbLE s ol ey — e ol L SB s
Voo dele sk, bl Lol cou dlas o) s
=y e b asss 00 5 () el e b as)s
sty S b,y el i § 15 (s 2)
o Sashy G5l 5 oS a e 46 ol
C\J“’\ sl ol oaws by azy o)50 Jsb 5o S
o pla] (Time Domain Reflectometry) TDR
=¥ Gee 3l paloT e SB ) S b
ol olam 5 ples o Jlasl gy o ol e sl
TDR o&aws (mlesl o2 5 J8 o5 o 50 62
Cashy g s i oS (sl Joe Jal 2 4 oo
2 @bl ploy cae (¥ JSe) ws B s SB e
sl Sas 15 gl USG5 aale 6l DL 92 ol p
(s Ay e e 5y Ses mn Jlesl 5l e s
Joe sles Olul jesls b S50 58 olio
Cud b 5 s e L Ol (Jeds NS ol
L g Seslul Sas g aals byl o s g jed

F. arundinacea , B. inermis ke

e el

-8

of

M; ,\.:J\j‘iga Al u.,w\.:.a 6\-“’;;}.3 shols AJL‘.,\;.-;:
chlis 5 ais 5 dsle ol Gl o sae el 2
chls dlidis s b Wl 5 ol Sl
Ly o aslisl Ll s 4 p5lie ol a5l Jpme
Lol gblS ) e e LS 5 e S cbls
o)l GYb es el Ll s )3 ees \-M-u Ao
0 S PO U VWO I B - PV A TA K
adles ) (Almasouri et al., 2001) 5 5 walys 4y
55 Jlr g sbowss ol 5 s Gas |
S dle ba S fls iy g e ol S
iy oile  J(Agropyron desertorum) Ll
4 (Dactylis glomerata) f,\* e (Bromus inermis)
&b ks 3l (Festuca arundinacea) oy (oS

" r\.?;.\ S i Jal e 5o (So5s) s

Lo s, g Slge
e S 5l S p 55 A dlda Gado cpl o
B. ) ez ile ( F. arundinacea) . (ssKud
Sl a8 Ule 5 (D. glomerata) 'ﬁ\* e (inermis
AT 0 5 ok g agke 5 Shae 5 5l 45 (AL desertorum)
N8 s cw\a bl sl sl e s, S

- FYec3 ) I —
-_‘,‘ S

s (S e b oo Ve ) wls Lyl s s (A desertorum) sLL, @xf ile 5 (glomerata

Figure 1- Field establishment of 20 selected genotypes of tall fescue (F. arundinacea), bromegrass (Bromus inermis),
cocksfoot (D. glomerata) and desert wheatgrass (A. desertorum) grown in control conditions (100% field capacity) in
Tabriz, Iran
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Figure 2- Field establishment of 20 selected genotypes of tall fescue (F. arundinacea), bromegrass (Bromus inermis),
cocksfoot (D. glomerata) and desert wheatgrass (A. desertorum) grown in Drought stress (50% field capacity) in Tabriz,
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Table 1: List of studied genotypes of A. desertorum, B. inermis, D. glomerata and F. arundinacea and tiher origin
and accession code

Row  Species name Genotype code

Accession code

Place of seed collection

1 A. desertorum A.des-G1 1000.188 Damavand Rangeland Research Station, Iran
2 A.des-G2 1000.188 Damavand Rangeland Research Station, Iran
3 A.des-G3 1000.11 Fozveh seed bank, Isfahan, Iran

4 B. inermis B.in-G1 2000.40 Vardasht Heidarabad, Semirom, Isfahan, Iran
5 B.in-G2 2000.25 Fozveh seed bank, Isfahan, Iran

6 B.in-G3 2000.25 Fozveh seed bank, Isfahan, Iran

7 D. glomerata D.gl-G1 4000.26 Fozveh seed bank, Isfahan, Iran

8 D.gl-G2 4000.24 Fozveh seed bank, Isfahan, Iran

9 D.gl-G3 4000.2 Fozveh seed bank, Isfahan, Iran

10 F. arundinacea F.ar-G1 6000. L7 Semirom, Isfahan, Iran

11 F.ar-G2 6000.39-4 Yazdabad, Isfahan, Iran

12 F.ar-G3 6000.L7 Semirom, Isfahan, Iran
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Table 2: Analysis of variance (MS) for physiological traits of F. arundinacea under drought stress

Sources DF MS
CMSindex  Osmotic Protein Chl.a Chl.b Chl.a/b Total Chl. Carotenoid
potential content

Replication 2 12.230 0.211 237.35 0.01 0.051 0.057 0.200 0.22
Drought (D) 1 13.441™ 5.144™ 247.09™  3.00™ 0.460™ 5.802™ 0.096" 208.34"
Error a 2 0.056 0.190 196.835  0.007  0.006 0.001 0.055 0.461
Genotype(G) 2 446.79™ 0.035™  1858.79™ 0.28" 0.224™  0.798" 0.406™ 3.60"
DxG 2 393.16" 2.091  2581.75™ 1.90™ 0.248™ 3.441 0.744™ 70.23™
Error b 8 30.37 0.079 549.89 0.006  0.018 0.014 0.076 0.668
CV% - 18.0 7.1 17.4 8.7 9.6 5.0 17.1 8.37

CMS=cell membrane stability Chl. = Chlorophyll
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* ** are, respectively significant at 5 and 1 % probability levels
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Table 3: Mean comparison of physiological traits of F. arundinacea genotypes under drought stress

Treatment ~ Genotype  CMS# Osmotic  Content Chl.a chl. b Chl.a/b  Total Chl.  Carotenoid
Index%  Potential  Protein mg/gFW  mg/gFw  MY/gFW  mg/gFW  mg/gFW
MPa mg/gFW

Control 34.13a -3.72b 80.46 a 2.63a 1.89a 398a 453a 8.88b

Drought 1261b -441a 67.73 b 1.48b 1.70b 255b 3.27h 17.01a

Control Fa-G1 35.07¢c -3.65a 90.75a 3.63a 221a 4.83a 5.84a 9.46 a
Fa-G2 38.16 b -3.99b 80.17 b 217hb 1.93b 33b4 410b 8.41b
Fa-G3 29.18a -3.52¢ 70.45b 210b 1.55b 3.81hb 3.65b 8.76 b

Drought Fa-G1 20.13 ¢ -4.85a 75.89 a 1.80a 293a 3.22a 473 a 19.03 a
Fa-G2 8.54 b -4.35b 64.10 b 1.13b 1.16 b 2.23b 2.29b 17.01b
Fa-G3 9.18a -4.02 ¢ 63.21b 1.52b 1.28b 2.23b 2.80b 15.00 b

CMS=cell membrane stability Chl. = Chlorophyll
Means with the same letters are not significantly different (p< 0.05) .l 7.0 zhaw jo Jlo sme Sglss pae Silas ygiw o 10 alie Bgy>
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Table 4: Analysis of variance (MS) for physiological traits of B. inermis under drought stress

Sources DF MS
CMS index Osmotic Protein Chl.a Chl.b Chla/b Total Carotenoid
potential content Chl.

Replication 2 1.04 0.137 155.76 0.02 0.05 0.05 0.03 0.37
Drought (D) 1 1860.0™ 3.19™ 4707.64™  5.87" 2.12" 15.017 0.34" 234.7"
Error a 2 0.61 0.015 557.09 0.04 0.001 0.04 0.02 1.1
Genotype(G) 2 334.41™ 1.14" 3511.1™ 0.04 0.04 0.12 0.16™ 535"
DxG 2 44571 0.21™ 3323.7" 0.33™ 0.06 0.70 0.02" 12.59"
Error b 8 0.48 0.177 122.57 0.04 0.011 0.078 0.030 1.865
CV% - 4,17 12.02 10.57 9.73 10.54 9.06 8.24 9.23

CMS=cell membrane stability
*, ** are, respectively significant at 5 and 1 % probability levels

Chl. = Chlorophyll
doyd S g Jleiml e jo s s coi i 4 T g
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Table 5: Mean comparison of physiological traits of B. inermis genotypes under drought stress

Treatment  Genotype CMS Osmotic Content Chl. a Chl.b Chl. a/b Total Carotenoid
Index % Potential Protein mg/gFW  mg/gFW  mg/gFW Chl. mg/gFwW
MPa mg/gFW mg/gFW
Control 70.14a -3.07b 120.91a 2.64a 1.35a 1.96a 3.99a 11.57b
Drought 35.74b -3.92a 50.70b 1.50b 0.67b 2.24b 217b 17.70a
Control Bi-G1 30.84a -3.68c 119.14c 2.78¢c 1.42c 1.96¢ 4.20c 8.59¢
Bi-G2 16.34b -2.85b 120.46b 2.69b 1.48b 1.82b 4.17b 12.06b
Bi-G3 18.58c -2.70a 123.11a 2.25a 1.16a 2.11a 3.41la 13.76a
Drought Bi-G1 7.44c -4.30c 40.98¢c 1.16¢ 0.56¢ 2.10c 222¢c 16.89c
Bi-G2 8.76b -3.47b 55.36b 1.57b 0.73b 2.15b 230b 17.96b
Bi-G3 10.05a -3.97a 55.78a 1.78a 0.85a 2.50a 2.73a 18.36a

CMS=cell membrane stability Chl. = Chlorophyll

Means with the same letters are not significantly different (p< 0.05) .l 7.0 zhaw jo Jlo sme glis pae Silis ygw o 10 alie By,
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Table 6: Mean comparison for physiological traits of D. glomerata genotypes under drought stress

Sources DF MS
CMS Osmotic Protein Chl.a Chl.b Chl. Total Carotenoid
index potential content a/b Chl.
Replication 2 3.92 0.10 347.57 0.08 0.06 0.34 0.04 11.18"
Drought (D) 1 2175.09" 6.72" 620.80" 0.51 0.36™ 1.55 0.06 0.01
Error a 2 2.25 0.021 112.09 0.140 0.021 0.190 0.221 151
Genotype (G) 2 323.02" 0.13™ 12339.6™ 5.89" 5.65™ 26.16™ 177 15.28™
DxG 2 170.28™ 0.28" 7566.51" 1.55™ 0.44™ 2.54 0.06™ 6.22
Error b 8 4.65 0.195 105.00 0.039 0.012 0.078 0.034 1.74

CMS=cell membrane stability
*, ** are, respectively significant at 5 and 1 % probability levels

Chl. = Chlorophyll
Qo S gz Jlaiml e jo Sl S cod i 4 T g
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Table 7: Mean comparison for physiological traits of D. glomerata genotypes under drought stress

Treatment  Genotype CMS Osmotic Content Chl. a Chl.b Chl. a/b Total Chl.  Carotenoid
Index%  Potential Protein mg/gFW  mg/gFW  mg/gFW mg/gFW mg/gFwW
MPa mg/gFW
Control 35.73a -2.60b 99.59 2.46a 1.11a 3.07a 3.58a 15.52b
Drought 12.76b -4.11a 70.14b 1.78b 1.07b 3.00b 2.23b 18.07a
Control Dg-G1 41.13a -2.81a 96.55a 4.00a 1.90a 4.72a 5.90a 17.11a
Dg-G2 30.87b -2.90b 81.38b 1.63b 0.65b 2.07b 2.28b 17.70a
Dg-G3 35.20b -2.10b 120.85b 1.77b 0.80b 2.43b 2.57b 11.73b
Drought Dg-G1 15.16a -4.46a 39.85c¢ 2.50a 1.80a 4.82a 2.90a 21.35a
Dg-G2 10.66¢ -3.73b 75.02b 1.24b 0.54b 1.79b 1.78b 12.90c
Dg-G3 12.47b -4.15b 95.54a 1.61b 0.78b 2.39b 1.39b 19.85b

CMS=cell membrane stability

Chl. = Chlorophyll

Means with the same letters are not significantly different (p< 0.05) .l 7.0 zhaw jo Jlo sme Sglis pae Kilas (ygiw ;o 10 lie Bg,>
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Table 8: Mean comparison of physiological traits of A. desertorum genotypes under drought stress

Sources DF MS
CMS Osmotic Protein Chl. a Chl.b Chl. Total Carotenoid
index potential content a/b Chl.
Replication 2 0.05 0.33 446.44 0.02 0.01 0.10 0.04 1.37
Drought (D) 1 528.45™ 52.21" 36656.4™" 20.06™ 3.58™ 40.49™ 0.01 823.20™
Error a 2 0.82 0.13 335.29 0.01 0.01 0.01 0.02 4.27
Genotype (G) 2 173.32™ 0.07 7182.2" 0.35" 0.08" 0.55" 0.05 37.34"
D xG 2 190.15™ 0.21" 6999.3 0.31" 0.10" 0.78" 0.13 37.48"
Error b 8 4.60 0.027 72.59 0129 0.007 0.112 0.034 1.43
CV% 6.94 4.9 27.61 13.08 16.81 12.31 9.83 16.39

CMS=cell membrane stability Chl. = Chlorophyll

*, ** are, respectively significant at 5 and 1 % probability levels Aoy S g g Jleil mhaw o b s s g T
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Table 9: Mean comparison for physiological traits of A. desertorum genotypes under drought stress

Treatment  Genotype CMS Osmotic  Content Chl.a Chl. b Chl.a/b  Total Chl.  Carotenoid
Index %  Potential  Protein ~ MY/gFW  mg/gFW  mg/gFW  mg/gFW mg/gFW
MPa mg/gFW

Control 49.69a -4.82b 90.92a 2.95a 0.58a 2.36a 4.25a 10.27b

Drought 30.75b -5.79a 63.76b 0.84b 0.36b 2.34a 1.25b 16.34a

Control Ad-G1 68.12a -4.78a 107.56a 3.25a 1.34a 2.36a 4.63a 12.00a
Ad-G2 40.11b -4.02b 84.69b 2.49b 1.02b 2.50b 3.64b 10.53b
Ad-G3 35.85b -4.44b 80.70c 3.12c 1.38c 2.28¢ 4.50c 8.08c

Drought Ad-G1 45.00a -5.85a 72.12a 1.07a 0.50a 2.62a 1.56a 22.05a
Ad-G2 23.27b -5.19b 60.77b 0.87b 0.38b 2.28b 1.39b 15.56b
Ad-G3 23.99b -5.01b 58.40c 0.59c¢ 0.22c 2.13c 0.81c 11.42¢

CMS=cell membrane stability

Chl. = Chlorophyll

Means with the same letters are not significantly different (p< 0.05) .l 7.0 zhaw jo Jlo sme Sgles pae Silis ygiw o 10 alie Bgy>
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