Lsﬁ} @J.c =5 GL&LA@@..:JJS
Environmental Stresses In Crop Sciences

22 Journal homepage:
Univarﬂty’of Birjand https;//escs,birj and.ac.ir Vol. 16, No. 4, pp- 1071-1087 (Wlnter 2024)

. . https://dx.doi.org/10.22077/ESCS.2023.5277.2133
Original article

Investigation of morphophysiological changes of barley (Hordeum
vulgare L.) under drought stress in greenhouse conditions

M. Yazdi, A.R Bagheriz’, N. Moshtaghiz, A. Sharifis

1. PhD student in Agricultural Biotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran
2. Department of Biotechnology and Plant Breeding, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran
3. Department of Ornamental Plants Biotechnology, Academic Center of Education, Culture and Research of Mashhad, Iran

Received 25 April 2022; Accepted 4 July 2022

Extended abstract
Introduction
Plants are exposed to various environmental stresses during growth and development under natural and
agricultural conditions. Drought is one of the most severe abiotic stresses that greatly affects plant yield.
Metabolic changes under stress cause the morphological and physiological changes in the plant which
may eventually lead to reduced yield. Barley is one of the most important cereals which a large part of

the human population in many parts of the world are dependent on it as a source of food and animal
feed.

Materials and methods

In order to investigate the effects of drought stress on some morphological and physiological traits in
barley as one of the most important crop, this experiment was carried out in the greenhouse of the
agriculture faculty, Ferdowsi University of Mashhad in 2019 in a factorial based on a randomized
complete block design with three replications. Experimental factors were included: different levels of
drought stress including 100% of field capacity (control or no stress), 80, 60 and 40% of field capacity
and two barley cultivars containing semi-sensitive (Fajr3o) and drought tolerant (Dasht). First, the
seeds of both cultivars were planted in trays filled with coco peat, perlite and sand, and after two weeks,
the seedlings were transferred to pots filled with garden soil. The pots were watered daily and after one
month (4 to 6 leaf stage) until the end of the growing season, they were subjected to drought stress
treatments. During the vegetative stage, morphological traits such as plant height (from crown to end of
plant), stem diameter, number of leaves, number of tillers, leaf area and number of stomata below and
above the leaf were examined using common methods. Physiological traits including proline, soluble
sugars, photosynthetic pigments and antioxidant enzymes (catalase and peroxidase) were also
measured. Analysis of variance was performed using JMP statistical software version 8 and the mean of
treatments was compared using LSD test at the level of 5%.

Results and discussion

The results of this experiment showed that the effect of cultivar and drought stress were significant for
many of the studied traits. The highest plant height, stem diameter, number of leaves and tillers and leaf
area index were observed in plants without stress (100% FC), which was significant compared to other
stress level. Also, the comparison of the two cultivars showed that Dasht, as a drought tolerant cultivar,
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has more leaves and tillers but less leaf area and stomata than the semi-sensitive cultivar Fajr3o. In
other words, the tolerant cultivar produces more leaves but smaller under stress condition which finally
reduces the leaf area compared to the sensitive cultivar. This can be a good solution for drought
resistance through reduce evaporation from the leaf surface as well as shading. In addition, osmotic
regulators such as proline and soluble sugars and the activity of antioxidant enzymes including catalase
and peroxidase increased under drought stress and it was higher in tolerant cultivar. In fact, it seems
that tolerant cultivar can tolerate drought stress through activating their immune system by producing
osmoprotectant and increasing the activity of antioxidant enzymes.

Conclusion

In general, results showed that proline, soluble sugars and antioxidant enzymes play a role in the
mechanism of stress tolerance and their metabolism is affected by drought stress. The results of this
experiment suggest that the accumulation of these osmoprotectans and morphological changes can be
part of the drought resistance mechanisms in the drought tolerant genotype of barley, which can
ultimately be used in breeding programs to improve drought tolerance. In general, the results of this
experiment showed that both barley cultivars responded to drought stress, but Dasht cultivar showed
more tolerance in these conditions.
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Table 2. The effect of cultivar and drought stress on morphological traits of barley.
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Fig. 1. Comparison of leaf area (a) Fajr 30 cultivar under non-stress conditions, (b) Fajr 30 cultivar under severe stress
conditions (40% of field capacity), (c) Dasht cultivar under non-stress conditions, (d) Dasht cultivar under severe stress

conditions (40% of field capacity).
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Fig. 2. Number of stomata in the leaf upper surface (a) Fajr 30 cultivar under non- stress conditions, (b) Fajr 30

cultivar under severe stress conditions (40% of field capacity), (c) Dasht cultivar under non- stress conditions,
(d) Dasht cultivar under stress conditions Severe (40% of field capacity).
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Table 3. The effect of cultivar and drought stress
treatment on proline and soluble sugars in barley leaves
) S o ofan Jebme glanid
Cultivar Drought stress  Proline  Soluble sugars
--- mg g leaf fresh weight ---

100%FC 0.038° 0.554

Yo b 80%FC 0.046¢ 1.57¢
Fajr30 60%FC 0.156% 3.042
40%FC 0.301* 1.71b¢

100%FC 0.101% 1.37¢d

Caid 80%FC 0.154¢ 1.56¢
Dasht 60%FC 0.208% 2.528
40%FC 0.247% 2.63?

LSD 0.064 0.906

s=hy ead )b FC

(P<0.05) ,lo cina M (glls (yginm ;8 30 S jie By b olael
il cos LSD 9051 51 soliusl b
FC: Field capacity

* Numbers followed by the same letters in each column are
not significantly difference (P <0.05) using LSD test.
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Fig. 3. Color change of the reaction mixture in measuring the amount of proline. The first row of well No. 1

water as negative control and well No. 2 to 6 different dilutions of the proline standard are 0.1, 1, 10, 20 and
30 mg g, respectively. Wells 7 to 10, respectively, treated samples of 40, 60, 80 and 100% of field capacity.

Other wells are repetitions of other treatments.



VoA SIS Ll s o Sis 25 3 cod o olS CSUslss pubsdyse St sy 10, Kok 5 803

Qo yo A il e 5o g (i 4y Joodle) Sl o) )0
S e Ll pd 4 s a5 010 392y el5 cud b
(F IS 9) Jgoaz) ol glas 1y g5l pime glas (Qalis)
oyl g g k5 lime b)) Holaieds a5 aolejl yo
pll g2 oS jo (St 4 Jood ezl e cuajgld
olbas L@QT CJLJ R [ PPAC OV, L@Q] KWW
Fowed gzl (Shs 4 e lacaig) o oS ol
(i oo slacaig bl s cuml asilyy o
U Glocan] 3l S sl b el Gl 9 6,55l
68,5 sl LQQT A2 oo lid 0 3l Sas is
i A hwgid gl iaSTly yo (S slaglas a5
Jo Fiiwsid gl Joxio lacadsiy o g 0 ls 092y
o o (Lietal., 2006) aijls s 4y cons 5,5V
i i bl 50 7 olS (59, p ysbiie (et 4 4T
GV s IS i (S5 Jaris o5,) i ol

(Sikuku et al., 2010) oscsls

Jolre laad (e (uil)ly a3 5l Jol> gl
Ol Giid ol Galidl b clis o8, jo a5 ol lag
Solis S il Bl s s sleasd
=hy Cedyb oo, Frojlag g aald e e g)losxe
alo GBI L Yo 08, L alad, o Ll il a2
S8l Pl eaid Gliee (el)y Cudyb aope £e B Al
ssbas bl Gl (St (25 00y0 B0 g (51w Ll
Sl b 1) gyl gme OS] aF cdL oS (gl g
Farooq et) ;)Ken 5 4,5 .(V Jgaz) ol las aals
S oS W0, Glo Sl 1y el el Jds (al., 2009
29 Mo (1l iwgd Cejw wad A5 Wls
S5 s Sbml P bl jaeg S e slie

d'"‘ ﬂ&b#/)&)dwﬂ :n’o . K .c-){dl;bu
O el )0 Sriwgid Gladile S, Glnks ow)
SS559,5 58 Judo IS Jlade o yiien a5 ol plis  Sas

fey) 9
i g 7 & 100%
- <
3 £ pe
3 £ ¢ 7 | B 80%
9 ) % pi
. W 5 - 7z b 0
' 5 " B 2 60%
. £ s / fie
3 o 5 41 B % [z 0
p 2 [ fiees [ ] °
53: L 4N
] Jisdid fidie
<5 g 31 [ / b
: 5) g piss
S i / e -
RN / pics 5
Y, ) fecs e ]
£ b % e e
aQ 1) e e s
2 i / b e
2 S 14 [ (e e ‘
) = e s Jrseed
. z 7 L :
X g o [ % [ b R )
—,;’ = Fajr 30 Dasht Fajr 30 Dasht
2 &
a by s ag )8
Chlorophyll a Chlorophyll b Carotenoid

A Jedg IS o 1 (o515 Cepd b w00 Voo g Ao P (Fe) (SiS Aad slod 5 (Go 9 1o ) o) il P Yt
Sgy> boolacl g2 ol 53 wdghd sl g (Sas 00l )5 50 0,5 o) b Judg IS (SiS 03ko 0,5 53 0,5 ()
il o0 LSD yg03T 51 ooliw! b duo y3 & g 5o 510 St BB (gl,10 S yidino

Fig. 4. The effect of cultivar (Fajr and Dasht) and drought stress treatment (40, 60, 80 and 100% of field
capacity) on the amount of chlorophyll a (mg g dry matter), chlorophyll b (mg g dry matter) and
carotenoids in Barley. Numbers with same letters do not have a significant difference at the 5% level

using the LSD test.
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Fig. 5. The effect of cultivar (Fajr 30 and Dasht) and drought stress treatment (40, 60, 80 and 100% of field
capacity) on the activity of catalase (enzyme unit in minute in mg fresh weight) and peroxidase (enzyme unit in

mg dry weight) in leaves of Barley plant. Numbers with same letters do not have a significant difference at the
5% level using the LSD test.
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Fig. 6. The effect of cultivar (Fajr 30 and Dasht) and drought stress treatment (40, 60, 80 and 100% of field capacity)

on the activity of peroxidase (enzyme unit minute in mg fresh weight) in leaves of Barley plant. Numbers with same
letters do not have a significant difference at the 5% level using the LSD test.
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