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Abstract

Drought is one of the most important abiotic stresses limiting the survival, growth, and production of plants
in many regions of the world including Iran. Genetically, different species adopt different strategies to
confront with drought. One of the mechanisms that plants have evolved to adapt to the environmental
changes is stress memory. In this study, different genotypes of smooth bromegrass were evaluated to
investigate the drought stress memory and drought stress tolerance based on a greenhouse pot experiment.
Thirty three genotypes of smooth bromegrass were evaluated in three moisture environments: control (C),
once drought-stressed (D2), and twice drought-stressed (D1D2) in a factorial arrangement according to the
randomized complete blocks design with two replications. The dry matter yield decreased by 45 and 36% in
the one-stress and two-stress treatments compared to the control, respectively. These results indicated the
role of drought stress memory in modulating drought stress through the influence on forage dry yield and
root dry weight. The root dry weight reduced in the once stress and twice stress conditions by 32 and 19%,
respectively, compared to the control environment. This finding shows the significant effect of stress
memory on the root growth. Based on the principal component analysis, superior genotypes were identified
for future researches. Overall, the results suggested that smooth bromegrass is capable to activate some
drought stress memory mechanisms related to morphological and root traits.
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Background and Objective: Smooth bromegrass is particularly adapted to areas with medium and low
annual precipitations and has a high drought tolerance when compared with the other grasses. Drought is one
of the most important environmental factors with adverse effects on plant growth and development and
affects all morphological, physiological, biochemical and metabolic aspects of plants (Farooq et al., 2009).
Therefore, it is necessary to identify drought-tolerant genotypes (Saeidnia et al., 2017b). The term stress
memory was first proposed by Trewavas (2003), as the plant's ability to access past experiences to better
respond to future stresses. In open-pollinated species that are difficult to develop inbred lines, such as
smooth bromegrass, the main breeding method is to create synthetic varieties that are obtained through the
crossing of suitable parents. Besides, half-sib matting is one of the most common methods for obtaining
genetic information such as estimating the additive effects and dominance of genes (Nguyen and Sleper,
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1983). Saidnia et al. (2017a) in a study on the genotypes of orchardgrass species found superior genotypes
for hay production. They also examined the genetic parameters and heritability of dry matter yield and
introduced the superior genotypes for the further researches. Hence, this study was designed to investigate
stress memory and its effect on improving drought tolerance in a smooth bromegrass germplasm.

Methods: This research was carried out from February 2017 to June 2018 in the research greenhouse located
at the Isfahan University of Technology as a pot experiment. A sandy loam soil with bulk density, field
capacity, and wilting point of 1.57 g cm™®, and 12.5 and 7.4 %w/w, respectively, was used for filling the pots.
The genetic materials included 33 genotypes of smooth bromegrass that were collected from different
regions of the country and some foreign gene banks. The genotypes were investigated in three moisture
environments including control (C), once drought-stressed (D2) and twice drought-stressed (D1D2) as a
factorial experiment in the form of a randomized complete blocks design with two replications.

Results: The analysis of variance showed that drought treatments had a significant effect on most of the
traits. A significant difference was observed between the genotypes regarding the measured traits indicating
high genetic diversity among the genotypes. The secondary drought stress significantly reduced most of the
traits. The dry matter yield decreased by 45 and 36% in the once-stress and twice-stress treatments compared
to the control, respectively. These results indicated the role of drought stress memory through the effect on
dry yield of forage and root dry weight. Also, the root dry weight was reduced by 32 and 19% in the
conditions of one stress and two stress compared to the control environment, respectively, which shows the
significant effect of stress memory on the root system. Multivariate analysis showed that under the twice
stress condition compared to the other two moisture environments, the relationships of the traits have
undergone severe changes, which is a confirmation of the effect of initial stress and stress memory.

Conclusions: This research indicated a high genetic diversity among the smooth bromegrass genotypes in
terms of stress memory responses, which can be used in the selection methods. For example, the means of
dry matter yield and root dry weight decreased to a lesser extent when grown in the presence of twice
drought stress, than once drought stress. This finding shows that the mechanisms of the stress memory
related to morphological and root traits in this plant are activated by applying preliminary mild drought stress
and help the plant to have a smaller decrease in growth. Based on the principal component analysis, superior
genotypes were identified for future research. The results of this research can be used in breeding programs
and future genetic research. It is also suggested that suitable genotypes be studied more in field conditions
over several years.
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Fig. 1. An overview of the phenomenon of stress memory in
plants (Kinoshita et al., 2014).
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Table 1. The origin of the smooth bromegrass genotypes investigated in this study.
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Table 1. (continued)
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Fig. 2. Schematic view of the stages of applying drought stress
in smooth bromegrass
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Table 2. Mean comparison of morphological traits in 33 smooth bromegrass genotypes under three moisture treatments.

(DID2) 5 5k 55 (D) L e

(C) xals

Slew
Twice stressed Once stressed Control
(%) SaLis Aoy
4470 42,072 30.720 . < ’
Drying percentage (%)
2,65 2,622 2712 S iy
Number of claws per plant
(cm) € 4 ¢l
32.86° 35,530 44,963 »
Plant height (cm)
Gy 3pS)ad S s Sas
1.02b 0.88¢ 1.60° 7 ) z
Dry yield of forage (g per plant)
(‘G > /) iy, i O3
1.43b 1.20° 176 e T ?
Root dry weight (g per plant)
oo ls @ iy G
1310 1.423b 1493 ? P
Root to shoot ratio
5.08% 4,65 5,14 (€ 02 e AP i o
Root volume (cm? per plant)
3343 32,64 41372 (6 02 ele) iy J 2

Root length (cm per plant)

Il e S Ao 33 O pea 53 LSD (gl bl s S 2iie iy (sl & eSOl cins a

In each row, numbers with similar letters are not significantly different based on the LSD test (» <0. 5).

Tabassum et al. .54 s 5L g5 OLalS 31 5 iy i
alllas 55 e gla o 1 2 il 1 5 L (2017)
sl 2l 0L pAS 53 (5)5d A5 el 5 5 shitens
i3 gl 158
S b Jasms e e ol OLES 0L alie ol
Sy sy ol e Dl Ay ) S 05 S
03D 53 e SVEV ks, Sas 055 eSSk (Y Jsux)
WYY 5 5 LSS o 2 455 50 ¢J§ VoY 4 dals mlan
SATY s S Ay A5 L 9 e 2 S 0 p S
(Y o) Sl Hls pae falS dald 4 G Ao )3 A/VA
A3 sty O3 RIBl s S S 8 g onl b
O Tyl e Sl S e S 55 ey Slie
o=l o3 Si sl ol 855l Ol gea Llg e SE

55 sy kS 5 3 el S s Wy Al (2017
gl LS 5 ol s, el Sl (S 2
SrdLSesty a3l 5 A5 i 5 S 5 (0 5140 5)
sl S 81 55 (Jiang et al., 2001) ol &5 ST 5051
bl s L e el Gl i o3l alS
= -(Karcher et al.,, 2007) c—ul i & i 2o
Bl 55 2l 65K ke 5 Sl 25 e Ot
oS Ll ol s bl sl 2als 51 S, (S i
Llals (Jhw Ay 5 s g Ol LS izmes
—» L Abid et al. (2018) .(Ebrahimiyan et al., 2013)
(Triticum aestivum L.) f"b{ LS Ll i il 30
A3 S IS ol s alie b Sieler Sl
S olalS s alils s Sl J2alS laie L35 0l ol

a¥



e (K33 G Gy b5l 5 el S sag 53 (SO e 3k

bbm 3 wu

jﬁ.@\ﬂ)l{}b&]ﬁ‘u‘)bv“}*\ L\Y)J,,J‘)L:Lg.i
CLA)JVY’)YY Noe 6&%}3}3Ww‘ﬁ>wwﬁ
&AJJYO)YY"\AJ&SJL&{&AJJV?‘}\; chALir

A edaline U:M: )L.v 93

3 OTD Sis Jmass s o ld (K i lis

DSD) K5 4 cowls
5 Jems Glapar L gl Lo 55 Kl alis mls
33 5 D LK) k) glalase 3 (S 4 Conles
nelie U‘ﬂV’J el ol sl (F) Jdar o (s 5L
3o LS e oV S B 0 (S e el
S A adslie 5L s e L3 FY 5TV OF ey
4 65 e Sl glac 55 ool S il ) SOl
b el sl Sk Al S Rl
3 o eSS ma S TY YTV TY lac i s
S 35 GRS Ol 3 el YT S YT Yo A gla s
el 208 25w e 55 opl Jeos (p S e s as 0L
b S Cales el sl S50 S
3o Sy e aYY 5T ATV F la s 5
S 3y Tl s i 3T S YA O WY ey
moles IS Ll 3 s eSS cnl Gl Gl el
S Sl el e S A
o LS e o Y Yo e Y a5 4 by e
el ol s OOk g e 53 Y YT Y glac s 85
TS O e g Bl S Sl sian 0L
Ll i 5o i e et Lt sl S 5 bes ol
SID e 58 (T 5 W OY ) Glacygi s i LK
(Y57 Gl 55 Ao ok okl 5o 5 (Y2 5 1Y) (Yo
Al o ot B 55U o L (YT 508 0A)
T B R P -
S T (VA N0) 50 5 V) FF 5 Y) o 55

53 1 G Jeess L Abtahi et al. (2018) . zls

a0

Abid et al. slaassl L [iassy ool gl 33,5 & s oS

3513 Sy e (2018)

atyy dsb g e o)l 4 s 05 o

5l sl Ol sh ) gladass o Sle alie s
ool 4 aly ) 055 Camd o S5 51 5 5L 55 e
055 S S0k (Y Jgdr) Sdls 355 (S5l5 e sl
e N 25 LSS L aals Ll s ol s aly
Bl ag aly )y 055 S Rl 31V ) sl 0L (551
U5 5 Guo et al. (2002) sy 5> isb, L5 s
o S 5L 53 i 3 ) e Sl Ll 0
omme sl am S1obs OLES (g 508 als i LSS
O dald s ks e R 6 S0 s 0 a0
Sl Rl Sl sl e ) S0 St
=\ (Noiraud et al., 2000) sl o Sl S adsy bus
Ol adys dob Sdo 6l usbs sladases (Sls alie
O 3 5 RS LSS sk e 5o L dals sl s 0l
Jsb oSl (Y Jsdr) ol 55y (sols gme Splis i
T o S GRS 0L 0 5 5 LS sk 4l
Nosalewicz et (Y Jsds) sl OLES (g5l pme malS dalis
e 5 s ol S 51 S 53 ey Lol (2018)
i3S S

Lo 55 o ol s
S 31 DL (F Jsdr) 553 T ks alie il
T Y 5V lacs s s abse S s Shas sl
SYY STV AY 5 s LK a5 Yo 5 0o F als
Cio ) 3le (p S e A sdalie (15 L 55 e
SYE XY il e 53 VY S VYT glac g5 a4 e
Dl g3l YT YA Y A5 s LS e s TY
o Gate ity S 035 0le olie 1 58 s A5
g 53 YA 50 F alid pdaw 53 TY 5VF W slacs 5



C}b&mﬁ}wu \f°\'DM_}/()LG—TUM/r.h))‘-ﬁdb/b\.:f}\f\"hgb)

Table 3. Mean comparison of the interaction of genotype and drought treatment for dry matter yield and root dry weight of smooth

bromegrass.
(652 53 p8) ady, Sa 035 (65 52 p5) isle S5 Shas
Root dry weight (g per plant) Dry matter yield (g per plant)
(DiD2) 55 b 53 (D2) 25 L (C) b (DID) 5 b ss (D) 5 b (O dals gl S
Twice stressed Once stressed Control Twice stressed Once stressed Control Genotype code

1.21 1.11 1.37 0.81 0.89 1.33 1
1.51 1.25 2.04 1.11 0.69 1.98 2
1.35 1.32 1.49 1.21 0.97 1.34 3
1.64 0.69 2.05 1.04 0.59 1.54 4
1.51 0.87 1.95 1.07 0.75 1.92 5
1.36 1.60 1.02 0.80 1.04 1.10 6
1.49 0.95 0.89 0.96 0.67 0.78 7
1.58 1.31 2.45 1.51 0.89 1.84 8
1.66 0.93 1.49 1.12 0.79 1.32 9
1.60 0.82 2.60 1.13 0.63 1.80 10
1.42 1.07 1.39 1.01 0.66 1.39 11
1.55 0.96 2.01 1.32 0.89 1.61 13
0.81 1.07 0.97 0.70 0.93 1.10 14
1.45 1.43 1.74 1.02 0.96 1.64 15
1.30 1.69 1.33 0.77 1.05 1.56 16
1.23 1.55 1.32 0.78 1.03 1.37 17
1.74 1.32 1.82 1.15 0.87 1.55 18
1.40 1.12 2.16 1.07 0.75 1.72 19
1.57 1.00 1.97 1.31 0.59 1.95 20
1.07 1.24 2.15 0.32 1.03 1.93 21
1.27 1.61 2.59 0.85 1.27 2.22 22
1.75 1.44 1.91 1.30 0.88 2.15 23
1.38 1.09 1.98 0.79 0.77 2.11 24
1.51 1.43 1.71 1.17 1.28 1.67 26
1.55 1.17 2.09 1.10 1.09 1.92 27
1.57 0.80 1.42 1.40 0.73 1.28 28
1.28 0.98 2.15 0.83 0.86 1.68 29
1.47 1.18 1.19 1.23 1.08 1.07 31
0.93 1.48 1.01 0.53 0.98 0.81 32
1.34 1.51 2.86 1.31 1.03 2.45 33
1.34 1.66 1.92 0.96 1.28 1.73 34
1.70 1.06 1.33 1.29 0.64 1.44 35
1.63 1.12 1.66 0.95 0.70 1.70 36
0.64 0.63 0.94 0.66 0.45 0.75 LSDo.0s
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Table 4. Mean comparison of 33 genotypes for stress tolerance index (STI) and drought sensitivity index (DSI) in two water

environments of once stressed (D2) and twice stressed (D1D2).

(D1D2) (D2) sy S
DSI STI DSI STI Genotype code
1.08 0.42 0.73 0.46 1
1.26 0.91 1.45 0.56 2
-0.15 0.63 0.34 0.50 3
0.91 0.63 1.38 0.35 4
1.08 0.77 1.27 0.54 5
0.55 0.34 -0.13 0.44 6
-1.10 0.28 -0.15 0.18 7
0.49 1.09 1.16 0.65 8
0.39 0.57 0.86 0.40 9
1.04 0.81 1.45 0.44 10
0.84 0.57 1.18 0.36 11
0.57 0.90 0.91 0.56 13
-0.69 0.21 -0.51 0.42 14
0.79 0.59 0.83 0.60 15
1.22 0.43 0.77 0.68 16
1.17 0.41 0.59 0.56 17
0.79 0.74 0.92 0.52 18
1.03 0.74 1.29 0.54 19
0.83 1.00 1.49 0.42 20
2.31 0.24 1.04 0.78 21
1.68 0.74 0.93 1.09 22
1.06 1.13 1.31 0.74 23
1.72 0.65 1.41 0.64 24
0.78 0.80 0.26 0.78 26
1.24 0.85 0.98 0.83 27
-0.59 0.66 0.75 0.32 28
1.40 0.56 1.08 0.56 29
-0.51 0.51 -0.04 0.46 31
0.63 0.15 -0.68 0.31 32
1.34 1.29 1.30 0.99 33
1.26 0.67 0.57 0.88 34
0.21 0.71 1.22 0.36 35
1.13 0.68 1.19 0.47 36
1.10 0.45 0.81 0.31 LSDo.0s
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Fig. 3. Biplot of the first and second principle components of morphological traits for 33 smooth bromegrass genotypes in one time
drought stress (D2) (a) and two times drought stress (D1D2) (b).
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