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Analysis of drought tolerance of four different Dianthus L.

WANG Jun-e, JING Wei-kun, WANG Jia-min, KANG Xiu-ping
(College of Horticulture ,Shanxi Agricultural University , Taigu ,Shanxi 030801 , China )

Abstract: The seedlings of four different Dianthus plants ( Dianthus superbus L., Dianthus plumarius,
Dianthus chinensts L. ,and Dianthus barbatus 1..) were used as test plants to evaluate their drought tolerance under
natural drought stress.Morphological and physiological indexes related to the drought tolerance were measured, and
the comprehensive evaluation method of drought tolerance capacity was evaluated using subordinate function value
analysis on four different Dianthus plants.The results indicated that soil water content and relative water content of
leaves of Dianthus plants were decreased with increasing severity of drought stress. Compared with the control , after
drought stress of 12 d, the relative water content of leaves decreased by 64.14% .59.44% .80.84% ,and 78.58%in
all 4 studied plants, respectively.The content of malondialdehyde (MDA) increased 451.61% ,353.44% .724.32%,
and 647.95% after 10 d drought stress. The activity of superoxide dismutase (SOD) increased 77.58% ,90.68% .
29.05% ,and 81.52% at day 8. The content of proline (Pro) increased while the content of chlorophyll (Chl) and
the activity of superoxidedismutase (SOD) went up first and then decreased. At day 10, DiSOD and DiPOD genes
showed rising trend in Dianthus plumarius and Dianthus superbus L. increased 2.5 and 2.25 times over that of con-
trol. The order of the drought tolerance of four Dianthus plants was Dianthus plumarius>Dianthus superbus>Dianthus
barbatus>Dianthus chinensis.

Keywords: Dianthus L. plant; drought stress; physiological index; subordinate function; real-time PCR
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Table 1  Classification standards of growth conditions
of Dianthus plants
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Classification standards of growth conditions

KT, AR SE < 10%

Growing vigorously, less than 10% withered leaves

A — i, W AR TE

General growth, normal leaves color

SR, A BERE & 20% ~40%

Waterloss and crimp,20% ~40% withered leaves
AR F P E A, R KORG AT, A
IEH RER A MERBE bt 40% ~ 60%

v Severely inhibited growth, waterloss and crimp, ab-

normal leaf colorand 40% ~ 60% weight of
withered leaves

FE IR I 2ROK BT, AR PE 5> 60%

\Y Stopped growth, water loss and crimp and > 60%

TR
Drought grade

I

II

1

weight of withered leaves

SESCIAIN

Semi-dead condition

VI
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Table 2 Growth status of four Dianthus plants

under drought stress
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Material ID 2 4 6 8 10 12
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Fig.1 The variation of soil moisture content under drought stress
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Fig.2 The effect of drought stress on the physiological indexes
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Table 3  Comprehensive analysis on drought tolerance of four Dianthus plants under drought stress
el 4 L | Al B e =) ) AR = B S o iy 15
M*Lﬁjﬁ TR AR 5.71\3 Chl & 5t VDA & B YRR TR op g Do W FJm PR L i FE uﬁf’ﬂﬁ s
Material ~ Leaf relative Soluble protein . Protein  Total subordinate Mean subordinate
Chl. content MDA content SOD activity . . Rank
number water content content content function function
D1 0.7444 0.7667 0.7881 0.759 0.722 0.6115 4.3917 0.6274 2
D2 0.9314 0.881 0.9012 0.9527 0.8346 0.7073 5.2082 0.744 1
D3 0.0451 0.1524 0.1333 0.0788 0.2423 0.1278 0.7797 0.1114 4
D4 0.1414 0.3572 0.2353 0.2545 0.1241 0.4036 1.5161 0.2166 3
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Fig.3 Analysis of gene expression in four Dianthus

plants under drought stress

3.1 MEUEBERSHT

R 3R /N 55 48 40 14 Y 1) 7K 43R
FLREASE MR N 7K 43 R0 2 AR R £
HEARE, 6 A R I/ AL 5 38K 2R B0 %
PISE™ ) HIEHUK AL T A A RS2
£ 1 RS 42 £l O R R ) B1E B 3 o S 71 e 40
FEIU KT R B IR /D, BE R R B A 1K
O3 5 2 R F KR R R LR R R, K4y
e 22 Y RPUREE 5 AR b B
(DL) I B AT (D2) By AT K = B iR
B A AT (D4) A H E A AT (D3) /N, 1B R 2
(D1) FlE 2 AT (D2) BPTRHE A RT558

MR ES SHYOCEERNEZY R, 4
o AT DU A ) &7 T S a0 i R
AR+ a4 S EEHR AR Chl F R 2
EFHES, RO R, Chl & AR AL X b 24 5
FIRE MY A B B AE YA R T R R A
SR I BRI R 56

TSR ) A P ) 0 R SR I I A A
£ MDA 35 o A0 i IR s e 1 SR ek 4R Ak LA B
SEAZ AR AR, BT 5 e e
MIER MDA &880, TR P aMET 6 d, MDA
Fra DIHHEXTE 12, (e T R EhE 10 d J5, 2B
77 (D3) I ELAT A7 (D4) MDA & S K, 7] g
JEH T R R B, A e A B TE R
A, 2 MDA & s REAIC, Ui B EA 4T (D3) A
BATT(D4) IR PESS F 2 (D) MH E 417
(D2) . HPTEHAAR RS, A S i — L
B AHLE], Qs shipt AL R G AT B m AT
ALY AL (SOD) it EALYIEE (POD) LA
PO A S bR R G D L, 7 — 2 Wy
I FE N AT DAGEREG 2, 75T R e 2 d e HE
KIEEERE T ,6 d 5 HF IR T B 1 Pro & 7E T 41
Wiz 4 d J5 R EGE AL B R T 5T
BT 2038 E Y R B2y E R AT,
e 25 0, BT 2 W ia B ok et, R A%
YER BB E Y o A m ™ T 5 a4l
SOD {EMETH & HAA AR SOD JEPER I i 2
B AR T A2 gy ] 25 G R —
i 32 Wp 3 AR B, A L A7 (D3) FIZREL A AT (D4)
e T2 8d J5, SOD 3G MEA 2 1 2 Wb, b5



76 T 5 b X AV A 5T

%36 &

SOD Y& 14 I #h 2 e) F [ #2542 (D1) FE 2 A A7
(D2) WFE+ Wit w535 SOD 36 M T B, B 5 SOD
TGRS BT, B X 58 A i 3 oy 2
3.2 MEABERREESH

AR R, A FERAE 4 Fhoa @ Y AR R+
S A A R s E AR A -5, T
EWHATTH, DiPOD FE R Fak e Az (D1) e
B APT(D2) B A E AT (D3) M4 A 4T (D4) 1
TR, LT R 0 55 5 Rk i R AH G, Rk B
i, oy SR . X DeSoD N T S Hhaa i
W, Pt v AR SOD B IS B4 ; £ T S i v
JE B, B M T, LR R, %R A R
A, AT BB SR T3 PR R 4% 3R IR AE B[R] R 2 B) Y
Z 558, R R IR AR,

g5 bk AR T2 4B T 4 AN
GTIRAEYIAETEAS A DL K b S A Bl 3 TR 35T
TP R R SR, 4545 S T8 pR B0 6 1 52
TR FEEAR AT ZE AP, 15 1 4 DR AT
JeE A A Pt SR e 2 SR AR R W B AT (D2) >
RBAZ (D) > TT(DA) >HEA T (D3) o

S F 3 Wk

(1] TR, AR, JKlc A 45 55 W16 /N2 053 i 2 1A il &%
PR S ALE 40 (D], B Rl Bl 2, 2011, 44 (24) .
4971-4979.

(2] B, F A, X055, BRgE 4 AP e st B (] .40 T4
YIEFr,2018,16(15) :5093-5099.

[3]  #NEAY. 3 AT ( Dianthus plumarius) PSR HBFTE[ D]
IR AR R 2, 2006.

(4] BRECK, BF, oLug3c 2 5 R A 7T i 7K 428 3R v A e
BT ARAbARol R 324k ,2012,40( 05) :46-50+70.

[5] (REAR, 200N, KK, 25 S5 2 W s s (1] 4
A28 ,2017.36(12) :3329-3335.

(6] okFAR, A5, R A, A5 A6 A DUk 2 o 18 b 10 7 8 5 07
M )] FEYE A4, 2011,35( 1) :100-109.

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

ERIHBE HTLA, JE TR ARRE X 8 By L I MR b e e ) B
PEHRHFSE [ )] TR A4k, 2012,32(4) :759-766.

AV IR SR AL 2R SRR AL B A [ M b
Al KA i, 2008 1.
HAE. A GAL R KR AR S EAME [ T]. e
P K224 ( AARFH AR ,2009,30(2) :138-140.
FARRAEY AR B2 Sl e S [ ML bt m 5 20F A
2006:210-211+228.

e RATHE, TE S % 4 BT R IX S B R A T D)
YR T]. TR XI5 ,2014,28(3) :204-208.
R, BT T RIS T R [T RS 2R, 2014, 34
(05) :1043-1052.

SR A 22 A T R BAH B T BRI X HSE i i R [ D]
MR AR Ab ARl R 2, 2012.

Rigoberto R S, Josué K S, Jorge A A G, et al. Biomass
distribution, maturity acceleration and yield in drought stressed
common bean cultivars[ J].Field Crops Research,2004,85(2) :
203-211.

s AR P L A NIRRT
PEARIEM K iie [ ] A28 54 ,2011,31(9) :2478-2491.
SRR WD, AR, S5 A5 A6 A v T VDT A iR AT
52 J]. A L BR2E ,2005,38(4) :789-796.

S ol FE 0, %3 ARG AN R R B e R Ay AR R
AR L] J ] AR, 2013,33(12) :3648-3656.

ek, el sk IE , A 4 R A X i Ao AR
FHFIT 4 Al Al 385 1R 9 S ma [ ). A2 25 52 4, 2013, 33 (5) -
1386-1396.

W CFE, AR 2L, AL, 5. T 5230 % R [l 470 52 PR AR AL & Fh
BB P X FE R R S [ ] PE A W) 24 41, 2015,
35(12) ;2483-2490.

Umezawa T, Fujita M, Fujita Y, el al. Engineering drought
tolerance in plants: discovering and tailoring genes to unlock the
future[ J ]. Current Opinion in Biotechnology, 2006, 17 (2) .
113-122.

FSCR. AR H A
IR, 2018.
T X B R R BEA SEAR TR [ M ] 220 22 K
2FH AL 1993,

ML R LE BRI > THLHI[ D] R T



