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Abstract

This study was conducted to evaluate drought tolerance of recombined genotypes of orchardgrass (Dactylis
glomerata L.) and smooth bromegrass (Bromus inermis Leyss.), and investigate the effect of long-term
drought stress on persistence, summer dormancy, and post-drought recovery. For this purpose, 36 genotypes
of each species randomly selected from polycross populations, were clonally propagated, and evaluated
under normal and drought-stressed conditions during 2013-2015 at the research farm of the Isfahan
University of Technology, Isfahan, Iran. In the fourth year (2016), irrigation was withheld in both moisture
regimes for two months, and then plants were re-watered and investigated. For most of the measured traits,
high genetic variation was observed among the genotypes of both species. In orchardgrass, the genetic
coefficient of variation varied from 4.31 to 65.45% under normal conditions, and from 3.93 to 79.93% under
drought stress conditions. In smooth bromegrass, the range of genetic coefficient of variation was variable
from 3.56 to 67.18% under normal conditions and from 3.42 to 54.63% under drought stress conditions. This
indicated a high potential for improving these traits through targeted selection in breeding programs of the
two species. In both species, the higher increase in genetic coefficient of variation under drought stress was
observed for recovery-related traits (i.e., degree of recovery and recovery ratio in orchardgrass; and recovery
yield, degree of recovery, recovery ratio, and percentage of recovery in smooth bromegrass). Results showed
that smooth bromegrass had a better performance regarding recovery-related traits. Furthermore, post-
drought recovery-related traits in both species were reduced under drought stress, except for the recovery
ratio in smooth bromegrass. However, reductions were higher in orchardgrass than in smooth bromegrass. In
the current study, the persistence of orchardgrass genotypes increased under drought stress, and decreased in
the smooth bromegrass. Less fodder production during summer by the genotypes of this germplasm showed
that these genotypes had incomplete dormancy.
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Background and Objective: Orchardgrass (Dactylis glomerata L.) is one of the most important perennial
forage grasses, which plays an essential role in the livestock industry and sustainable development of
environments worldwide (2). Smooth bromegrass (Bromus inermis Leyss.) is a drought-tolerant, cool-season
grass species grown mainly for hay production (1). Drought stress is one of the most important factors
limiting the survival and growth of plants in many regions of the world. Therefore, grasses must survive
summer, recover in autumn, and actively grow during the cooler rainy seasons. Despite the wide distribution
of forage grasses in arid and semi-arid regions of Iran, studies about post-drought recovery, persistence, and
summer dormancy in these two species are rare. Therefore, this study was conducted to: 1) evaluate the
genetic variation of post-drought recovery, persistence, and summer dormancy under two moisture
conditions, 2) determine the relationships between these traits with phenological traits, productivity, and
drought tolerance, and 3) assess the response of genotypes to drought stress in terms of the evaluated traits.

Methods: In this study, 36 genotypes of each species were randomly sampled from polycross progenies.
These genotypes were clonally propagated and space-planted in the field according to a randomized
complete block design with 12 replications in March 2012. Six replications were allocated to each of the two
moisture environments. Phenological and morphological traits were evaluated over three years. After three
years of field evaluation, drought recovery of all genotypes was assessed in 2016. For this purpose, after the
first harvest of the fourth year, acute drought stress was imposed on both previous moisture environments
(normal and drought stress) by stopping irrigation for 60 days until grass foliage was entirely desiccated. All
plants were irrigated to the point of field capacity every week to allow drought stress recovery. After six
weeks of re-watering, the traits related to recovery were measured.

Results: High genotypic variation was observed among genotypes for all measured traits, indicating a high
potential for improving these traits. Drought stress negatively affected all traits and reduced their diversity.
Moreover, in both species, after withholding irrigation and re-watering, post-drought recovery of genotypes
was reduced under drought stress. However, these reductions were higher in orchardgrass than in smooth
bromegrass. In this study, the persistence of orchardgrass genotypes increased under drought stress, and
decreased in smooth bromegrass. The reduction of persistence under drought stress is likely related to
decreased crown diameter, less root growth, and a decrease in growth points. Results also revealed that the
genotypes of this germplasm with the characteristic of inhibiting fodder production during summer had
incomplete dormancy. These plants were more flexible to drought stress. They had better survival and
persistence than the plants with low summer dormancy, indicating that summer dormancy is an important
trait for drought tolerance and can be used to develop drought-tolerant cultivars.

Conclusions: There was high genetic diversity between the studied genotypes of both species, which can be
used in the breeding programs. In both species, post-drought recovery of genotypes was reduced under
drought stress. These reductions were higher in orchardgrass than in smooth bromegrass. In the current
study, the persistence of orchardgrass genotypes increased under drought stress conditions, while it
decreased in smooth bromegrass. Moreover, the genotypes of this germplasm with the characteristic of
inhibiting fodder production during summer had incomplete dormancy. There was a significant and positive
association between summer dormancy and autumn yield on the one hand and between autumn yield and
productivity on the other. Therefore, autumn yield is a compensatory mechanism in the dormant genotypes
during the summer, leading to more fodder production in these genotypes during the autumn.
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Table 1. The origin of the evaluated genetic materials

Los Cmorr S s S Lis Copmar XS o Sl slacs 5
SN s Dlie S e T .
. o 2000/50 1 bl i — 0l 4000/31 1
Olgaol og3d dogd
SIPSK s Dlados S e SIPS s Dlados S e
. o 2000/50 2 . o 4000/25 2
Oleol o33 Aogd Oleol o33 Aogd
SIPS s Dlidos S e SIPSK s Dlidos S e
. o 2000/50 3 . o 4000/25 3
Oleol o33 Agd Oleol o33 Al
SN s Dli S e SN s Dlie S e
. o 2000/24 4 . o 4000/25 4
Olgaol oy 3d Aogd Olgaol og3d dogd
_ SN s Dli S e
Olden 2000/T-9 5 . o 4000/25 5
Oleol o33 Aogd
Olken 2000/T-9 6 Ol s — 5 RCATO041111 6
SN 5S s Dlie S e ,
) o 2000/24 7 Ol lores = 2 RCATO41111 7
Oleaol o33 Agd
_ SIP5S s Dlides S e
Olden 2000/T-9 8 . o 4000/24 8
Oletol o33 Aogd
SIPS s Dlidos S e SIPS s Dlidos S e
. o 2000/2-18 9 . o 4000/24 9
Olesl o33 Aogd Olesl o33 Aogd
SN s Dli S e SN s Dlide S e
. o 2000/2-18 10 . o 4000/24 10
Oleol o33 Lgd Oleol o33 Agd
Oltwloes — 2l RCAT042134 11 Olas 4000/44 11
Oltwjloe — 5 RCAT042134 12 Olow 4000/44 12
Ol ;s — 5l RCAT064839 13 Ol s loes = 5l RCATO41111 13
SIP5S s Dlides S e
. o - 14 Ol s — 5l RCATO041111 14
Oleol o33 Aogd
SIPS s Dlados S e _
) o - 15 Ol lomes = s RCATO41111 15
Oletol o33 Aogd
S5 5SS g D S 5 ,
) o - 16 Ol lores = 2 RCATO41111 16
Oleol o33 Agd
SN s Dlide S e SN s Dlie S e
. o - 17 . o 4000/2 17
Oleol o33 Lgd Oleol o33 Al
_ SIPSK s Dlidos S e
Olden 2000/T-9 18 . o 400072 18
Oletol o33 Aogd
S5 g Dids S 5 )
2000/18 19 Oliaw 4000/44 19

Olgiol o533 dgt

55



bhﬁf dujﬁ} tﬁ}&#_}bé&ﬂ)ui b')&.o.h} \.:3.1.:“

N Jgds aalsl
Table 1. (continued)

S3P5 5 Dlados S e S3P 5 5 Dlidos S e
o o 2000/18 20 o o 4000/25 20
Oleol o33 Aogd Oleol o33 Aogd
Ol s — 2l RCAT041861 21 Olas 4000/44 1
p e = Olgio] 2000/40 22 Olaws 4000/44 22
S3P 5 5 Dlidos S e S3P 5 g Dlidos S e
. o 2000/4 23 . o 4000/25 23
Olgiol o35 dugd Olgol o535 gt
SIS 50 Dlids S e SIS 50 Dlids S e
. o B 24 . o 4000/24 24
Olgasl og3d dogd Olgaol ogd dogd
SIF5S s Dlides S e
Ol sloee = sl RCAT042133 25 ) o 4000/24 25
Oleol o33 Aogd
Ol sl = 1 RCAT042133 26 Ol sl = RCAT041050 26
) SIPS s Dlidos S e
ks S 2000/10 27 ) o 4000/24 27
Olgasl og3d dogd
S3P 5K s Dlidos S
Ol loee = sl RCATO041861 28 ) o 4000/24 28
Oleol o33 Agd
ks S 2000/10 29 Ll - 4000/29 29
, S35 s Ao 550
Ol lores = 2 RCAT064835 30 ) o 4000/24 30
Oleol o33 Agd
Ol ls — 25 RCAT064835 31 Lda - 4000/29 31
_ SN s Dlidesd S e
Ol sl = (2,1 RCAT064835 32 . o 4000/24 32
Oleol o33 Aogd
Ol loee = sl RCAT064835 33 Ol jloes — oy RCAT041050 33
S3P 5K s Dlidos S
Ol loee = sl RCATO064837 34 ) o 4000/2 34
Oleol o33 Agd
_ S3P 5K s Dlidos S
Ol lomes = s RCAT064837 35 ) o 4000/2 35
Oleol o33 Aogd
_ S35 s Ao 50
Ol lomes = s RCAT064837 36 ) o 4000/2 36
Oleol o33 Agd

4o (S29))9 QT Q‘J_:A 6;A)l.\_v\ Ls\f C,_wl <°/a\ l—’j"‘j" g:,..lj.'v'.\_ﬁ g_a.lj_.pMAD\ jc(v_!sﬁjh@uﬂtﬁ \/f)
Mebu:.wl)jﬁ.‘s‘)‘uc); J”Jjat’“d\f)°/GL’;’\;’J~50}*\-’CJ\"6\;’)¢");‘
AL il (174)) DS ldned Jlo 3 Sl 5|

1. Management allowed depletion

4%



O‘JK.@.A K] \.:3.1.;“

\foY b\.’....gl.?/r}.: BJLQ—-:/V-“)JLC’: JLW/AL:?}\S\’. Lﬁ'})

L nlieiS o pSlas il (680l (St o
) S e S b le s Sles (5 S
oot 6 i8S skl s e LT 5 ol
OlalS asg sba s @3 B e jlal julal s 5 ol
OLalS 54 Ll anloo i8S L SlS 5 5w slaS s lls
o A $ o 5lzel St Sl S sLals s s
G 55 p asde s Sles ol Do g hoiS
3 Shas s (ol dle oslg w5k 3 Shas) (5ol oab
e 53 5 Sl b 5] oy 5 s ke
OlalS o)y Syt § p iS5 Aoy A dslow
DL iS5y sdoms (ll 5l g 45 5535 A ol
A dewles (Ll

S SS e 6l il S el Sl Ay
s oy gt ey A ploil L O ga3T st Sl
o SRS e 5 o 5 dadle (i sb) gladass
e cciliies Slio uilols gl 5550 5 wamen 5 a0
S5l 553 GIM Jake 5l ealiaad b slasT sbaesls bl
3353 Jlo s Doy (3T & bl 1A el SAS
dioe 1 e Ll (2 R0 5 235 050) sk Jarms
Jo a5l 2 b B 53 (0F) 0l 53 edds 5 slas
ol 3550 (tlel Glaesls S e s slitens Sl
s ool kiS5 L e Slis 23513
DA e 5 550 olad LelS glas sl - b (S s
2 el Sleslizal b uslols e JS0E5 gl L S
sl U 5 Olo )3 0dds 2 sla S - b Sl e S0Ls
5 sk e IS 5,51, SAS s Varcomp «sb ;|
Sogmo g3 a5 ks halad Jl s ol s 55
Sl Bl 03l Sl talesT slasles 1 035 l3 gme
Sl dslie (gl L3 0 Jlez| e 5> (LSD) s s
e S 855 b 35500 (sl A el bajlas
(V) L los 5 aalas 3 eslinad L (GCV) Y (S5

1. Genetic coefficient of variation

Dlio 3l gl g (FAT-IFAE) ol b oo sladla 3
(SLadles S 55,5 5 moadsr U s, beld) S35
sle slas Sha 5 (Gl sl 5 plisy) Jol) S5 058550
U2 Sl s 455 SO St ol 5 Wkl o)lg
s GLAdles Sy et Uy ol S
5 s 3 ad gt aw Hegh U aanl Jsl 5l 5, slaes bl
3 8es S CS Gy e sl Al e o b O ab
O35 S8 o3l G b 5hosmly 5 sl )l iz G4le
a3 VO-Ae glas j3 Sl YA 5l e Lo gud SCE
Jols O soa s el Sy O3l 53 g
Seix adgde s Sl 5l psler Jl S ddgle s Slas
VY 519) A aabs (pos Jlw) Sl 5l e sl Lo
So il e 5, Shas G D pows il
e G b S5l Gl Oler olg e > Shes & 5535
W) wd aal=e 55
SDI =[100 — ((summer yield/spring yield)x100)]/10 (Y)
summer sl Ol gt 2L SDI (J s )b ol j5 oS
3 S Slacs 55 Al adle 5 Slee yield
el i 585 0l 45k 5 Shae spring yield

655 53 55 GplcdS L ks e Sliv LL3l ke
b S a5 aes (1T0) iy Il 3 (s 3550
030 sy Lol s s (WWAY BATAY) iy sladla
sy > iy 4B S I3 ) yge SIS AT 5 A
e i S5 el 5 LAl S IS S e o
ol a0l B 0llS (5Ll VY40 sle 5 55 s
sty e (o) Po) Al b LS sba WIS Sl
o 35— Slacs 55 Olals ¢ e i85, Ll
335 Y0 L8 Sl ey LS okl aia a5 i O pon,
Gt p L das e Slio a5 3dame LT S
SrlisiS 5Ll (RY) (g pdoc i85, Slas ol
S rysiS pdo)s 5 RR) 6 plyeiS » i (DR)

3 GRS sy sk Jame 53 53 Bl OLLS Lo (PR)

FA



bl e g S5 p g s Sejl ) SiS S Pl

OLKen 5 Lidrn

il A5 e 5 S S I L s S8
D (VY) sl ol 03ls el O5eST Jlad glaad S
S, Ses o SAS i Pl 50 55 (YO) UL
el Sl S 68 5o Ses U ki e Slis 5 ke
S 0Tl ks e Sl 5 absle s Shas s jne j2alS
s S eyl K i
S8 53 53 g s Dl K85 g5l
25 ShS RS 5 A5 0 Ll s eses s e S
Cj_;S o ‘um"Jv_:Sl.s 4.2}§ 33 sl 0l S (Y) J g
U 5as Sdo sl TEMY 51 s O Lyl 5o (K55
5 iS5 Shas o gl TFONFO b iLidles S
L L3 S U S, i (sl AFAT 51 25 Jal s s
4055 53 3 i Sl iS i sl T VAAY
S R Dol 8 53 (S5 8 e el s
o Sl VA G Sedles S G 55, caies 5, 7 Y/OF

U Sy Cdn Sl IY7EY 51 Jais Ll 5 5 5 s 0
sl 5 ploaiS y s Slas gl TOYAY B Jlisles S
cidiie Slio 53 s pmpe 2Ly (S g8 5 S ke o
At (Ol Glaal sl 5 b s Ul
Sl deoss S e a8 53 53 (1) 5 S sl
L i liw il G5 Bl pd cod (S5 g 5 2
P S TSR AU SURUNIN TS Se D TSR EUN-L g
53 G phaES  ds s 5 Cond Glal o Shae 5 e S1
S5 g Gl RalS s edalie (agas 4055
23 e s Dlho Coaale 4 15 bl Co il lis
Sl Sas O3 Ol
e sSns BL | il A (sl sl sla el S 1 s
Joosd Sl Sl Fee l e sls pess s 5 e L
S s S Sl s g bl (S0
S SL 5 ey e S s el 6l UL
8 5 e e 2050 955 53 53 (V) Sl e 05,
o) GRS 5 b e Slio e LT 5 L]

#4

GCV = (o, / 1) 100 )
Sl i 5 S5 sty ps5 adu) Og dslas ol 3 oS
(gt Spsme Db dlaily 50 shitea ol 3 58
3 et dles Dl 5 Ser o 5
5SPSS 5SAS sloaljile 5 SaSay Lol sloa Lo
Excel ,l3le SaSa Jsla= 5 Lals sl e 3 S5l sl
Statgraphics 1533l 3 51 LDl g 5 sl 1223 ol

Al eslaial

Cou ol
Rbs 5G5S 55 a3 a8 sh Ol bl 4 s s
(P<e/o)) S5 mme St B o 3550 i 4SS
‘_gl_av.yfj O (sl ol enls QLS @Lﬂ) Sl ails
Gola e Sl Dlis adS B 516 55 a0
Lo 53 o 3y (S5 5 Sl & (ls 325
35 03 SIS o 5 il iy 350 Dlho B ) e
S G S en 5 AL S5 Sl slaasl s Sl
Sas ) Sl &S 6l sk e X S 55 s sne
Sy S 513 O (Sl 53 st 5 pred
Wl ST ol 03 g Sosline o5b s gladase 53 b i3
Slio pled Gl 5 o x 85 5 sk e x JLe
o315 L& L) 55 Jls me oy 2 3550 4555 53 2
Lol oS

A os Slio 5k 5eS0be s 2550 655 53 8
L Sasepoaidpt U 5y Slhe il el Ko
S Sk 3 o 15 DS 55 e 3 5 SLles S
2 St i Bl o g 68 50 s iiS
e Slis Sl Gl RS Ol el o b el
rrean 958 3 SLEBes SB35, 5 aaad = By, b
Ssmne sl 25 0ady Jasl 4y o 25 30 o
oo Al gy cadite Sl 2als (Y J ) sl Ol

_}céjl_w J_::‘) cwl_AT)uJ c}':»_..»:}:.éjé J&LSML;{;&-



Yo

3

i

A

V)

- —
v (500> d ‘dST) JULIHIIP AJIUBOIJTUSIS JOU 9T SIO)I[ JR[ITUIS [JIM SON[EA UBIUI ‘MOI (OB UI U s910ads oes uf

2 € Fov € o0 Gt AP g (|9 <0 el 9 e Eme L (00 @€ 2 gofo e v vy

3

i) (yuerd 1od 3) pra1f a3eroy Suridg

W ‘e sfer 0o C.Q o« o) GLT e 8884 60T 0€l q cr'LT IS°LT 1681 65T
T

- (-) wo)s Jo JoqunN

uW rie e (<) €€l e §99 q L8 6Vl q ¥6'0C 6C'1C v1cC €9°1¢C
2

~ (o) 31y Jue[q

=y _?Ju “or (mDe) 0V6 e T89q 996 e 9SLq €L LL'8 L6'S L0l
4

> (Kep) uoneurjjod 0y sAe(q

ot €60 g Seoen® (66 CTlly 08¢ 08¢ 8'LLw |3 % €6°¢ 9¢°¢ e

(Kep) Surpeay 03 sAe(q
60 o =Frvee® (€0) VLS q TE9e 68Se 99S e 6¢Y 99 8¢9 6L9
JUSWUOMAUD  JUSWIUOIIAUD JUSWIUOMAUD  JUSWIUOIIAUD JUSWUOIATD JUSWUOIATD JUSWUOMAUD  JUSWIUOIIATD
sireI] [ewION ssa;s Jy3noi(g [eWION Ssa;s JYInoI[ [eWION ssams Jy3noIq [euION ssams Jy3noIg
S SEov K6kl S s v A0
UBSIN (%) (ADD) UonELIeA JO JUIIDIIJI0 J1JOUL)
A #05 of 3 0T ()

910T-€10T STeaA Surmp (sso1s 1Y3noIp pue [BUWLIOU) SJUSTUUOIIAUD 2INISIOW 0M]) IPUN SSBIFIWOIq
yjoows pue sseISpIeydpIo Jo sadAjouas 9¢ ur sjren paje[ar A19A0921 pue PlaIA 95e10] ‘siren [ed13ojoudyd 10f SUOIRLIBA JO SJUSIDIIIA0D 1}oUd3 pue uostreduwos uedj g Aqe L

Cqfe? (760 e € o =7x™) 47 ™IPNS ObdL—Aball

PP iy A € i oF 3 (T eme e FLReY v offer € omen oo ) K s nie S of 4 (S g0 6 4 (55 KA (R oo oo o nsieg

b‘)\s.q.h K] UJ-_:M



bb&.ﬁ.ﬂ K UJ-_:M

b ks e gl Sh s 5 Dl Sl L

(2) 20Ud)sISIO]

KD () 6'€€q 69V e ['SSe Vo q wres €0°LE 81°L9 IL'1S
(%) A19A0921 JO 958JU2010J
Cor K s ¥ () VOLve €LTq 658 T q €9 1Y T8¢ 681 [4°23
(-) onje1 A10A000Yy
iy € gD () 910 L0°0q Y1°0q 910 YL'8S €6'6L LOTT 8Ly
(-) A19A0001 JO 92132(]
e D (5 IWECe 9L°0q SV Ge IT€q YO'LY 8L9L 0LV 1424%
(querd 10d S) pIoIA A10A009Y
i W g Amﬁv « ¥ov) 69€Ce IT6Sq 86E e 19Cq YS9 0¥'99 YI'LT €9vS
(querd 12d 35)
K 28
PI3IA 95810y Ty Vive 961 q R ETT g SKET 0691 0SH1 €e'1T
sose e A (504 < )
(querd 1od )
K 28
PIPIA 90610y somuins 80 o Ty Tobe $0Tq 6812 08T LOST A
e e g (579 <€ F )
JUSWIUONAUS  JUSIUOIIATSD JUSTWIUONIAUS  JUSTUUOIIATD JUSTIUOITATD JUSTIUOIATD JUSWUOIIAUS  JUSTIUOIIATD
seig [ewIoN ssans JysnoIq [eWION ssams JySnoI(J [eWION ssams 1ySnoIq [eTWION ssans JySnoI(q
UBIIA (2%) (ADD) UOTIBLIBA JO JUIIOIFI0O JIJAUIL)
A T 2 (T ()

(panunuod) “g dqe L,

[jev <rfp g

\a



bl,&».n K] \:.;J-_:M

100 1

70 1
50 1
30 A

20 1
0

I & 5

Spdacuis y we s (Percentage of recovery) (%)

7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
(Genotype) wsis’3

(a)

30 1

15 4
10 4
0

9 11 13 15 17 19 21 23 25 27 29 31 33 35

Sy y oo (Percentage of recovery) (%)

(Genotype) wigij

(c)

\foY QMU/{})&JM/&)JL@{ db/og}dlﬁ- .he'_,)

45 1

351
30 1
25

20 1

ﬂ Illlllhll ||| ‘I

1 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

Sydacaid s s s (Percentage of recovery) (%)

(Genotype) aigis
(b)

40 1
35 1
30 4
25

20 4

15 1
10
1 I
o 1l
1 3 5

7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

Spdicai y duoyo (Percentage of recovery) (%)

(Genotype) wuigii

(d)

K (PR Ui ) PR N PN gV § ¢ N (IR-C R VI S SRS T R i PR JV o C TSR UL IR R R U

Fig. 1. Percentage of recovery in a) 36 genotypes of orchardgrass under normal condition, b) 36 genotypes of orchardgrass under
drought stress condition, ¢) 36 genotypes of smooth bromegrass under normal condition, and d) 36 genotypes of smooth bromegrass

under drought stress condition, in the fourth year (2016).
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Fig. 2. Persistence of a) 36 genotypes of orchardgrass under normal condition, b) 36 genotypes of orchardgrass under drought stress
condition, ¢) 36 genotypes of smooth bromegrass under normal condition, and d) 36 genotypes of smooth bromegrass under drought

stress condition.
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Fig. 3. Relationship between summer dormancy index and autumn yield in a) 36 genotypes of orchardgrass, and b) 36 genotypes of
smooth bromegrass.
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