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Abstract: In order to explore the humidity and heat tolerance of Salvia species with high ornamental value, S.
miltiorrhiza, S. daigui, S. cavaleriei, S. adiantifolia and ‘Chendanyuebai’ were planted in artificial climate chambers
for simulating high temperature and high humidity environment. The morphological changes and physiological
responses of Salvia were studied, and the humidity and heat tolerance of five Salvia species was comprehensively
evaluated by membership function method. The results showed that the number of yellow leaves of 5 Salvia species
increased significantly under stress, but the degree of damage by humidity and heat was not high, and all of them
could be restored to normal growth after stress; under the complex stress, the chlorophyll content of these Salvia
species decreased, relative conductivity and malondialdehyde content increased, indicating that the plants were
damaged by moisture and heat to some extent. The superoxide dismutase activity and osmoregulatory substance content
in Salvia species significantly increased after stress, showing an adaptive response. The moisture and heat tolerance of 5
Salvia species were in the order of S. daiguii = S. adiantifolia > ‘Chendanyuebai’ = S. miltiorrhiza > S. cavaleriei.
Therefore, ‘Chendanyuebai’ showed strong resistance to humidity and heat, and could be introduced and cultivated.
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b8 B & (Salvia) /2 J& T2 B (Lamiaceae) T fi K
M), 296 1000 Fitl, fRIBAFESEHOES. N
BS54 | HESSARFAE) FIAE R e b A Ky B2 R Ry o vl
R 93 W JINRE B 5 & (subg.
Salvia)~ 7 ¥ 5 IV J& (subg. Sclarea)F i & ¥ J&
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srAarfly, A 82 B 24 ARk, S ARTEET, JLLAYE
AL Al FRE W, RE R R HIEE
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M, B O RN E . H 3R T Ak R
RN EERIE T E A, ) = R R R A
B IE 2 M E AL R AR 255 T 7, 5]
FhRRES L E VR Al AR N AT 7T
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IR A2(PCC) 2021 A FE 1, A BRHIRIR L L
1850—1900 “E[A]F+ 5 1.09 C, F 21 g 30 4%
i, AR BT R B EGE T 1.5 CUYL BEFL T
DR SR v [ W s v i SR (=35 °C) AR K 1
I 4.5%12), ferf . AR RN X 1) B R K Y
IR, g o E I 7R R E KT AR X,
fe i A AT A [F I AR, VR 2 BB R A A
ARG RO E 2, CA RN BRG] R AR 1) 32 2
WA . (HP 2 A e ] BB R A KA A B 5
M) AR S0 AR WARTE, V2 e 5 v 24 AW B
B R B Y = 5] PR B 10 4E AT .

N, ASHIE T B 7 R R e B A s
ML EANE I 4 PR Je 1 Fh 222 J5 A58 44
EBE e s iR i A N R AR, it
ZX R O E(SPAD). AL BUELENE L B ALY B A B
(superoxide dismutase, SOD)& M M il AR A A
FEMERE A % (malondialdehyde, MDA) 1t & fifi &
1% (proline, Pro) & & M)A, BRI HOu ey i =
BEER 32 1 2 7 S AR FRARAL, e HH AR £
PEEGRIBRBEME, DUH NS G B BB R 1)k
B NMHMREE RS E
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1.1 #8

AW FUEEC S B & T S RHE ) 1 SR
AP GEIREE NI 5 M R R BB Y. P2 (Salvia
miltiorrhiza)~ SKFFREH(S. daiguii). T2 )2
(S cavaleriei)~ B R R EL(S. adiantifolia)F* )&}

HEREENLAZ Fi X, &S miltiorrhizax Q8.
daiguii, ‘Chendanyuebai’). FTEMEIN 2 a £ R
RS, G TR ERE, B2 dRE LK
Ko EFAKRMRE . KB F202149 H
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1.2 R

HIOREN TAGEA (L —ER S A R A
) FFEHTIRE 35 CLJ6iE 100% [312.5 umol/(m?-s)]
R FL(12 h), SRIGHHT miR s AR . AR
2021 “F TS %R (http://sh.cma.gov.cn/) < £ 5
5, 7 H—9 A Bifgmmii i nlik 38 C, “FHEKR
227 C, IR HIRERE N 40 “C/33 C (B/R),
TEIREE 90%~95%, TIIBAE 95%~100%; LA
ECLRRT(0 d) XTI, R E N 25 'C20 C (B/R),
TR 65%~70%. FIRIEHEGRAE 100%, RIS
FIGRR, BERE 2 d WRIE 1 K. BRI T bR
0. 3. 6+ 9d N EUHIFAL BRI R Fr, 34T EE
ABFRIIE, FIRHCSAEAR RS B RE
FIRENLIERE 3 bR, Bk 12 ANEE, LSAEA.
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AR ZF TRl BN gy
%, el E RN S K 1, EK
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4 %%, 1/2 & 3/4 (i RIUE ARG EIEIR; 5 %%, 3/4
PA b i B IR R S IR R R AR T .

R AR R AR A SR AR B B 2k 3 A X
B E Z RIS EUSR 7%, R E 7R e
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JEWTHLSAE Siv Sy, THE B B B3 F6=S1/S,%
100%"%); AT B B2 R 25 5 37 VAU
o A T AV TR B A R 2 7] ik
&, SRR (NBT) %M E SOD JE . R
REZERIEN E MDA &8, KRR e =ik
ME Pro & & .

TV #2765 VF 8 R FH B H 2 SR 8
BR E5 43 BT 22000 5 R e A A A O A
GEEVEE . 8 R EA N UX)=(X—~Xmin)/ (Xmax—
Xmin), WERIE—IBAR S LA VEHISE RN A, W
FH Sk i ek Bt AT s B, AR08 UX)=1-(X-
Ximin)/(Xmax—Xmin)» 2 Xo ATEFRIEAE : Ximax
Xoin 7390 R HE AR I e KAB AN e /MEL - BEFIEY RS 2%
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FIv %08 F Microsoft Excel BHATHI D ALEE, R
HI SPSS 25.0 H R SR AR AR X ey UL v R A0 )
IR FEAT AT, KA ERRS AR B AR R, AR ERTE
FREEE MR B, BRUBEERE IBNLE T, I
KB R T Z 5, 4 H Tukey 347 5 5 A5,
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B ESERE LT, HRERER, &P 9d
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BREkk MR IR AR, HoRRE RN HE &N
¥4 2, RBUNIREHR & M AT AliZE; il 3 d,
PR B FITHR HBUR R A ks w2, sk
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BLRHR R B A N, AT e 9 d
I, & RERRMA S T EobEdy, M
GRS F Bl R A B B R A 52 I R i
1/4, iEEH LT BT, &R B
PREERFERE R, J12. sk REREM M
BRI RN . g ds, IR IR,
5 Bl R E IR R A K.
2.2 HEXTHERR & BRI

W 1 AL, BEE A R E R, 5 Rl R
BLI F (203 SPAD {HEMA 2 T BRI YS, (HA2
WA AR AR . PFZAAERNE 3 d LR R
N, B RFFRE, MAKERARER . SN RE

Table 1 Damage degree of five Salvia species under high temperature and high humidity stress

Wb JUp 3B} [E] Stress time (d) W 5d
Species 0 3 6 9 Restore 5 d
F+Z S miltiorrhiza 2 2 3 3 2
KEI R S. daiguii 2 2 2 3 2
TN RBE S.cavaleriei 2 2 2 3 2
BB H S. adiantifolia 1 2 2 2 1
JFHA BB Salvia ‘Chendanyuebai’ 2 2 3 3 2

BRI PEBONE, 3 MEREREE 9 d B SPAD
18 5 IR 535 2 7 (P<0.05); SR A A REHAE
Jihid 6 d B3N, BAEMNE 9 d ML B, 2
5 6 d I 622 25 5 (P>0.05); T8k 2k iU HEAE il
B N PR E, TLRFEZER. MHia 9 d i1 SPAD
EG BRI T B P o M BREE L (16.5%)> TR R A B
B (14.8%)> FF 2 (123%)> ] F+ H A R E &
(5.5%)> 8k 28 B 2 5(2.3%) -
2.3 JHip3E X 40 M REE M A R e

FHE 2 AT, EiR e R 5 Rl R R R A
AR H S B T, S R R, i 9 d
53X IRE B R, (Bt I3 2 R (1 [)
AR, HMNEREREME 6 d GXIREREER, 2
JE K& LT, e 9 d Wk s, HARFSEIIEM
il 3 d 5XEA % 2 7 (P<0.05), ZJEkaE LTt
I 0 L 52 45 AR P LA S M BRURB B(99.1%)>TK R AL 2

F+2 S. miltiorrhiza

KRR AR S. daiguii

SRR S. cavaleriei

BRER RUREE S. adiantifolia

JEFHH T BUBE S, ‘Chendanyuebai’

70

fitee

50 -

40

IH£EZE MR 5 (SPAD)
Chlorophyll relative content

30

AL PR ] Time (d)
Bl il ot 5 o BR R SR B S B s . [F— R R
FRERIRZ R B3 (P<0.05). T
Fig. 1 Effects of high temperature and humidity on chlorophyll relative
content of five Salvia species. Different letters upon the same line indicate

significant difference at 0.05 level. The same below
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w
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Relative conductivity
=)

wn

AEERRF ] Time (d)
Pl 2 i e BT 5 ol BRSP4 R 2 P s
Fig. 2 Effects of high temperature and high humidity stress on cell

membrane permeability of five Salvia leaves

EL(60%)>FF2(53.5%)> & FHH 1 RIBH(51.7%)>
BRE BB 5(45.7%) o
2.4 fEXT SOD #E1EF MDA & &M

HHE 3 AL, 5N BB 1) MDA & &2k
Fop3E N R) ) S T 2 BT, LR R TR -
I, kFARERE, BRERERE. RAH
BB 1) MDA & & 7EMHE 3 d Gk b7,
ki, MfE 2 N RS R MDA E &1
i 3 d M3EIEEL/N, (B4 b R B3 22 S (P<
0.05), JFTEMIE 6 d FREREA: SiMN REHM
) MDA & & 7E i a i [a] iy 2 E &, ER 4K
PEAK. BRERLERBE SN, HRFIEMIE 9 d
F MDA & &35 153 10 R

FEME AR, 5 R B 1) SOD & P Ebxt
HE 357 S 25 4 1 (P<0.05), {80 1 A48 A s B4 AT
FERS A AS[F] o 210 SOD 3 P Bt 36 I (7] 4E K 5

—o— J1% S. miltiorrhiza
80 - —m— SR A RRH S. daiguii
—— SN RE S. cavaleriei
—¥— R RUBEE S. adiantifolia

60l —* JRSHH 1’ FUREE S ‘Chendanyuebai’

401
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20

==
W
(o)}
O

AbHRRS ] Time (d)
&3 i s i st 5 Fh R E A MDA £ B SOD 3 PE 52

B RS, B 9 d AR, UL
REREABUR; BRRFARBRESN, HRFEM
18 3 d 1) SOD ¥ 5 X} A &% % 7 (P>0.05);
BrFh2ah, HAREER) SOD G E N 6 d i
KiE B, kgmoKAE, /e 2w N, AL MbE S
NEPIEREST 0d.
2.5 PHEXEERE YR & EREH

HHE 4 /0L, 5 R R Pro & 2 AE il
R IEE N AR S AR FE AN F] . D2 BB R
PR 2R B R B e N () ) IR RR SR B, RN
TEME 3~6 d 2 REE. 5 M EREEMNE 9 d i
Pro & E U HRI R E RN, BT+ T 83.1%~203.1%.
5 MR EM A RS R A S B E R Sk 2
LTSS, YrEa 9 d ks, Ex
iy 65.8%~101.4%. FRiKFARBES, HARMHE
A AT M S B E NS 6 d AT 2%, B
N, W EEZEFP>0.05), 5 FEESMNEE 9d
(R e] s PERE B LS BRI T 49.5%~140.6%
2.6 LAY

KB R A EROK, N LR AR B
MR R R R B i B, X 5 Bl R AT i e PR
IV GR 2), HISRBIFIR TR K I R R =k 4
RUEBE> RMHH B REE=~F > M R

3 ZEeATE
HE A 300 R TS5 A 028 T LA B
FOR RN, RV U R 95 0 2

bR, AWPTE . 5 MR R il i aa
PRAE T AN, RO Z, AR

2500

2000

SOD (Ulg)

1000 -

500

AL FRR ] Time (d)

Fig. 3 Effects of high temperature and humidity stress on MDA content and SOD activity in leaves of five Salvia species
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A— JMNEURBE S. cavaleriei
60l ~F BRARUZE S. adiantifolia o= a
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e e g
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iy
rZ ST
20 =3
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A ) Time (d) 1] Time (d)
251+
20
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£5 5k a
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P
22 0p
X2
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Fig. 4 Effects of high temperature and humidity stress on osmoregulatory substances contents in leaves of five Salvia species

R 2 MHEARIR IR R G SR e U

Table 2 Comprehensive membership function values of humidity and heat resistance indexes

it/

1845 Ind X
it Index R

Species SPAD RS EER S SOD MDA  Pro AR A AR Average  Rank
Relative conductivity Soluble protein Soluble sugar
KEAREE Salvia daiguii 0.53 0.48 043 040 042 0.51 0.46 0.46 1
B REE S. adiantifolia 0.70 0.54 031 045 026 0.50 0.45 0.46 1
JRFTH B RJEHR Salvia ‘Chendanyuebai’ 0.52 0.49 039 041 030 0.42 0.50 0.43 3
P13 S miltiorrhiza 0.38 0.50 061 033 031 0.45 0.46 0.43 3
MR S.cavaleriei 0.47 0.38 039 034 032 0.39 0.51 0.40 5

SPAD: M-£RZ AT & fk; SOD: ALK, MDA: P —[%; Pro: il B JHER

SPAD: Relative content of chlorophyll; SOD: Superoxide dismutase; MDA: Malondialdehyde; Pro: Proline.

3, VIR B E R AR E . (EE
SR E BRI IR IEF ALK, KPR &
It ve P Bl XA R P R X B L AR AN T I 47,
MR AR o BEAN, EXTHEIASET, BRERZ R
FAL, HAaRRBENRMEN IR M,
55 BATAE B PR ] o (R AR SR R 45 R —
B, TR R AR R B IR R T, T iR
R RN R, ] B

2R RO B I A, )R

AERAERZEN, HEERHSEDYENE )
=P, SPAD B2 — A5 SR & BAHSR
TENE, KBEDSORE, S FHaRRE
ERIEEPY AT, RS A REE SPAD
ERAALIE LN T 2RA, U 2 3K 52 i T e i
BN T oRA . SN R 2R N R Z,
SRR, MEkE R R, UMA RE
RN vt R A 52 PR ZE 5

2 0 JEE 40 A 5 A1 A YR T S I AL A T 35 o
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ANFEIFE SOD JE A MDA & AR LA 2 5,
TR EFFECR B0, ARHIT T AR, AR
) MDA & 248 1k 5 41 i 55 M AR 4k I A W)
A5 Vi H] MDA FEEE—FZma 40 f B M R 7, W]
ReIt A HoAh JE PR S EURE PERG . sk R AR R
BRER B A T H A UL SOD i 1Al MDA
HREEEZE M, W SOD Xt MDA & & ) 5 %
SN ABTE PSR S BRI R 2 B AR
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MDA & &IPS EEIEH, X 51 RER 5%
IR R A B BRI AU AR A
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PEANIE], XA A A R BT 32 45 it 3 &
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N F SRR~ R > R H B RE
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