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Abstract ; Taking Tamarix gansuensis H. Z. Zhang, T. ramosissima Ledeb. , and T. leptostachys Bunge as
research objects, growth and salt ion distribution of three species were compared under 100, 200, and
300 mmol - L™ NaCl stress for 20 d by using liquid cultivation method. On the basis, growth and
physiological indexes of three species under 300 mmol + L™" NaCl stress for 30 d and relative expression of
SOS1 gene in above-ground part and root under 300 mmol - L™" NaCl stress for 0, 3, 6, 12, and 24 h
were compared. The results show that compared with 0 mmol - L™' NaCl (the control), height and dry
mass per plant of three species increase under 100 mmol - L™ NaCl stress, but decrease under 300
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mmol + L' NaCl stress. With the increase of NaCl concentration, contents of Na* and Cl” and Na*/K"
ratio in above-ground part and root of three species increase gradually, while K™ content decreases
gradually, in which, contents of Na* and Cl~ and Na®/K" ratio in above-ground part and root of 7.
leptostachys are high. Compared with the control, salt excretion on surface of above-ground part of three
species increase evidently under 300 mmol « L™' NaCl stress, and contents of chlorophyll a, chlorophyll
b, total chlorophyll, and carotenoid basically increase significantly ( P <0.05), but plant growth is
markedly suppressed, and root vigor, relative water content in above-ground part and water loss rate of
above-ground part in vitro decrease obviously. In general, relative height increment of T. ramosissima is
the largest, root/shoot ratio is the smallest, and decreasing amplitude of relative water content in above-
ground part and water loss rate of above-ground part in vitro are both the smallest, indicating that the
suppression degree of growth of its above-ground part under NaCl stress is small. Under 300 mmol + L'
NaCl stress for 0 h, there is no significant difference in relative expression of SOSI gene in above-ground
part and root among three species, but there is an increament at different degrees when stress for 24 h, in
which , increasing amplitude of relative expression of SOSI gene in above-ground part of T. ramosissima is
the largest, and that in its root is also large. In general, salt tolerant ability of three species is strong, and
the effect of NaCl stress on T. ramosissima is the least, so T. ramosissima can be used as alternative
material for studying salt-tolerant physiology and molecular mechanism of Tamarix Linn. species.

Key words: Tamarix Linn.; NaCl stress; salt-tolerant mechanism; growth; salt ion distribution;

5 28 4

SOSI gene

2 LA E ( Tamarix Linn. ) ¥E¥1 29 90 Ff
HE WA Y A 2B AN (T, ramosissima
Ledeb.) \ZAEBEMI ( T. hohenackeri Bunge) . Wi B AEM]
(T. hispida Willd.) . H &Ml ( T. gansuensis H. Z.
Zhang) KAEEEMI(T. elongata Ledeb.) 4HFEAEMI( T.
leptostachys Bunge ) AN (T. laxa Willd.) &, 3
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B2 A I Na®/H* 3% [ 5% 32 25 1 ( membrane

Na“/H" antiporter) SOS1 , iZ & FH 5T (1) B 22 D) Rg & 445 il
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1o, AR A AR AR G K B = (((Rb PR G 57 S5 Ak

e — A FRZE 5 FR IR R )/ (R PR K % J5 Mk e — X B
YIREFRRIR ) ) x 100% " 15 AR X pk i 3 4 i s FH 2
BT KH LR 5 BR T vh vk T, DR AR T K K
O3 EERRAY B E AR 2 AN, 2 IR B bR b
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FEARBIR AT Y1 R, R R BA TR 20.0
pL, f14% 10 wmol - L7 IE W 514 i ] 514 45 0. 4
wL,200 ng + wL™' ¢DNA 55 1 £5%f 2. 0 pL,2xHifair™
qPCR SYBR® Green Master Mix 10. 0 pL,ddH,0 7.2
pL, i ABI 7500 PCR ¢ ( 2 [E ABI A H)) #4719
R R, PR F N 95 C TS PE 5 min; 95 °C 78k
10 .55 CiB Kk 20 .72 CHEAH 20 s, 3 40 PR,
72 CHEMH 10 min, RFH 274407k 2 TR FE B 1 AR X
ik,
1.3 HESIT

fdiFH SPSS 25. 0 Ge it 43 B R 1158 A 5 3 4
P BERIARIE 22, % A S I it ik A7 22 5 B 3
PESTHT

2 BRI

2.1 A[ERE NaCl BrEXT 3 MiRdEE %W E KN

BEFHHHNRME
2.1.1 xrAKIFKIFH s EAMWEER(K1)FE

B 7E 100 mmol - L™" NaCl el T H R EMI, 2Bkt
WIFN AR A 2R R B8 T 0 mmol + L™ NaCl
(X)) AR Bl NaCl ¥ BEHE &, (I 3 PPt s
TP AR R 2 . BUACKTE | ZREHI ) A=
FAR VLR NaCl ¥ B 4 v 0 7228 A e B d5 /), 20 A A Al
AR AR BE NaCl e B2 45t 5 19 28 Al B e K

®1 AEIRE NaCl BT 3 #EEEY £ KIERMLLE (X+SD) Y

CK: 0 mmol - L™ NaCl; T1: 100 mmol - L7t NaCl; T2: 200 mmol - L
NaCl; T3: 300 mmol - L™! NaCl. TG Hil4#&MI Tamarix gansuensis H.
7. Zhang; TR Z M T. ramosissima Ledeb.; TL. 4f AW T
leptostachys Bunge.

1 ARERE NaCl BT 3 MENEEDESHELE
Fig. 1 Comparison on morphology of three species of Tamarix Linn.
under NaCl stress with different concentrations
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Table 1 Comparison on growth indexes of three species of Tamarix Linn. under NaCl stress with different concentrations (X+SD)"

NaCl ¥ &/ ( mmol - L7t ) PRiE/em Height

ik T Hif/g  Dry mass per plant

Cone. of NaCl TG TR TL TG TR TL
0(CK) 14. 6221, 97he 13. 18=1. 81a 11.121.13ab 0. 1320. 03ab 0. 1920. 03ab 0. 08=0. 02ab
100 15.58+1. 18¢ 16.581.65b  13.12+2.06b 0. 1420. 04b 0.21=0. 06h 0. 10=0. 03h
200 12. 98+2. 05ab 14.46+3. 64ab 10 10+2. 30a 0. 100. 03ab 0. 14+0. 02ab 0. 0620. 02ab
300 10. 96 1. 80a 12. 14+3. 64a 9.48+2. 05a 0.09+0. 01a 0. 1120. 03a 0. 06=0. 02ab

DTG, HiREMI Tamarix gansuensis H. Z. Zhang; TR: ZHAEMI T. ramosissima Ledeb. ; TL: ZHEAEENI T. lepiostachys Bunge. [F%1HAS[E/INE T4k
FRnE R 43 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference.

2.1.2 SNEBFHMmAGw  WFrEasd (K2 fE JE 4 2 T IR R AN, ELCEB 43 3 S AR Y K & i

3) KW BEH NaCl W B 5 vy, HORAEMD 2 BOEEMI AN
YA I RIAR A9 Na® Fi C17 % & & Na™ /K" Lt
FA BT, H S T I i 3 AR
JERE Y AR AR B K & A SR BB NaCl ¥

TEA R HE B NaCl Bl 18] 22 5 A 2% (HARIE SR
I, R 3 MR AR Y CI S B R AR T i b
i SR B AR AR AR A Na™ 1 C17 3%
M Na™ /KT Hom T HOR BRI A Z B0,
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TG. HFHEMI Tamarix gansuensis H. Z. Zhang; TR; ZHAEMI T. ramosissima Ledeb. ; TL. 4NFEAEMI T. leptostachys Bunge.

[]: 0 mmol « L' NaCl (CK) ; [[]: 100 mmol - L™! NaCl; [7]): 200 mmol - L™! NaCl; KJ: 300 mmol - L™ NaCl.
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Fig. 2 Comparison on salt ion contents in above-ground part of three species of Tamarix Linn. under NaCl stress with different concentrations
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HIRAMI Tamarix gansuensis H. Z. Zhang; TR: ZHAEM T. ramosissima Ledeb.; TL. MM T. leptostachys Bunge.
[]: 0 mmol « L' NaCl (CK) ; [[]: 100 mmol - L™! NaCl; [7]: 200 mmol - L™! NaCl; KJ: 300 mmol - L™ NaCl.
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Fig. 3 Comparison on salt ion contents in root of three species of Tamarix Linn. under NaCl stress with different concentrations
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L H TR AI R 22 A AR A0 11 8 P e 200 R AR A B P 3
WERRI M ELLE T (] 4-B) BoR . 5XFRAI AL, 4k
FHZH H IR 22 B0 RN AN R A B 38 (RS
SRR ) SR ER B S, i R R SR e HUEE I A
K,

TFFE 25 (32 2) Fe W . hb BRAL H R AR 2 R AR
RO 200 A A% A0 1 A X K e 3 K B BT 100% ,
Hh, 22 R RRATI A AE XS AR e 1 K e i K (68. 84% ), HM
R A ART R o 388 K IR 2 (62.90% ), AR AR Y
AR 4 K /N (34, 33%) , B 2 BB A H i
ARG AFGT R g 1 M (B2 (P<0. 01) 1=y T4
FEMI, 15687 300 mmol - L™ NaCl firif Az 3 FhAz
JEAEY PR i AR R I 2 3], B 2RI AR K A2
PR B g/, H i AR AR 8 A A A2 1 o R B )
T AU REAAIAR 1o 2B A SZ A R B 2R

2 2 IR AT 0L AbFRAH I 3 RN s A4 A AR
T 22 S0 W, b AR DAY AR HE B K
(0.47) , B MR LK Z (0. 30) , ZRARMIHY
MR A /N(0.25) . SXTRAA L, AbHEZ H AR

CK: 0 mmol + L' NaCl; T: 300 mmol - L' NaCl. TG. H il &
Tamarix gansuensis H. Z. Zhang; TR; ZHK M T. ramosissima Ledeb. ;
TL: 4IFEAHN T. leptostachys Bunge.

4 300 mmol - L™" NaCl BB T 3 MZNBEWHI(A) Mk
KA (B) BIL B

Fig. 4 Comparison on morphology ( A) and salt excretion status
(B) of three species of Tamarix Linn. under 300 mmol - L™! NaCl
stress

%2 300 mmol - L' NaCl BB T 3 #iZHI B WA # S 18K EFRE LA LLE: (XxSD) Y

Table 2 Comparisons on relative height increment and root /shoot ratio of three species of Tamarix Linn. under 300 mmol - L™ NaCl stress

(X+SD)V

MRIE L Root/shoot ratio

e AR BR 4 1 e %

Species Relative height increment CK T

Hil M Tamarix gansuensis 62.90+2. 88Bh 0. 14+0. 00Bb 0.30+0. 01Bb =
LRI Tamarix ramosissima 68. 84+1. 70Bc 0. 15+0. 00Bb 0.25+0. 01 Aas:
ANFHARMN Tamarix leptostachys 34.33+1.03Aa 0. 11+0.01Aa 0.47+0. 01Cc**

DCK: 0 mmol - L™ NaCl; T: 300 mmol « L™ NaCl. [&] 41 s R[5 K G FI/NE F= 850 Bl 3R 22 50t 3 (P<0.01) F1 g 2 (P<0.05) Different
capitals and lowercases in the same column indicate the extremely significant ( P<0.01) and significant ( P<0.05) differences, respectively. % . F/R
5%} B2 25 55 i 3 (P<0. 01) Indicating the extremely significant ( P<0.01) difference with the control group.

I 22 A AT AR 0 R ASE A 4 AR e B XA S 3 1, G
o SHAE AR A AR e L A 3 e K, B B T T
3.29 1%,

2.2.2 STARISIFHHh BIRLER (£ 3) KW,
AR PRLEH RN 22 B RN A AN BRI AR R 3 134
BT BRI I 2 T, O HL, A B ZH RN X RE A1 g AR
WIFIAR 2R 76 F1 ¥ 8 s X FR AL 3 A& A 4 1Y
Hi b SRA T K A 80% LA L, AbBRZE I 3 Ak
M0 A P b AR X K e 2 e R OF L A4b
FRZEH IR AN 40 FEAZ AN A - R AR T 5 K B
HEZH A b 25 % 17T 22 R R g L AR X 5 7K 4%
S HB2H % (P<0.05) T,

WFFTab R (& 5) . Ab B AL H 7R M, 2 A%
A0 2 AEAR AN (7 b 5 R R K SR IR % B A, O
ek R A V) A28 T 8 A, JFL vy ) 22 AR A 1) b L8
RIS KRB Fre /0N, H RS R 0B 0 L3 5
TS 7K AR AR, BET 300 mmol - L™ NaCl Jifr %f
LR L 137K 53 A S MR AR X /N

FLARah T (32 4) 0 AL BRLH H R R 2R A
WA ANREAR I TR 2R 3R o MPERE b R R
M PR SEYE T A, Hod B H ol
R ANFEAR A 3BT 2 3 o 2R b R4k
RASAE N RS RS ZHARM R AR
a FILE SR 28 5 m A I 35 s T R A, i b 3 e 22
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*ﬂzﬁ@ﬂﬂﬁi%é@éﬂﬂ%% MEREHEE ?Xtﬁmé H, o HH RN F3BAY Chla/Chlb {E 22 SASIE W ifij kb
ﬂfé%%% b o TR, e E o SRS PRAH Z R AN BE AR M e &R Y Chla/ Chlb {EH 53
R b SR HU(E (Chla/Chlb) T 5, b 3 2H F1G IR I ¥ AN e TG R A

%3 300 mmol - L™' NaCl BB T 3 #ZHIE &4 1R R iE H 0 EEEN &kERN LS (X£SD)Y
Table 3 Comparisons on root vigor and relative water content in above-ground part of three species of Tamarix Linn. under 300 mmol - L!
NaCl stress (X+SD) !

X WRIE N/ (mg - g - h™h) H LA Bk B %
GBS Root vigor Relative water content in above-ground part
Species
CK T CK T
HHARM Tamarix gansuensis 419.93+16. 17Aa 76.79+6. 30Aa:* 84.42+0.87Aa 65.56+1. 33Cc*x*
Z KNI Tamarix ramosissima 460. 54+26. 60Ab 193. 85+5. 99Bb*x* 88. 33+0. 84Bbc 86. 62+0. 58Aax*
HFEAZMN Tamarix leptostachys 563.33+18. 53B¢ 225.23+18.37Bc*x* 87.88+0. 56Bc 73.55+0. 31Bhs#*

U CK: 0 mmol + 17" NaCl; T: 300 mmol + L™ NaCl. [AJ51] fr A 6] 55 Rl /NG 5 B3 5l 4% 22 5 1835 (P<0. 01) Fil i (P<0.05) Different
capitals and lowercases in the same column indicate the extremely significant ( P<0. 01) and significant ( P<0.05) differences, respectively. . 3R
ESha ﬂgéﬁtﬁff&jﬁﬁ(Ro 01) Indicating the extremely significant ( P<0.01) difference with the control group; * . i’%ﬂ?l—?x‘f it Qﬂéj#jﬁ%‘( P<
0.05) Indicating the significant ( P<0.05) difference with the control group.
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O: 0 mmol - L' NaCl (CK); @ 300 mmol - L' NaCl.
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Fig. 5 Analysis on water loss rate of above-ground part in vitro (WLR) of three species of Tamarix Linn. under 300 mmol - L' NaCl stress

%4 300 mmol - L™ NaCl BE T 3 Mz B F 3G BES2MLLE (XSD)Y
Table 4 Comparison on photosynthetic pigment content in above-ground part of three species of Tamarix Linn. under 300 mmol - L™! NaCl stress
(X+SD)V

4% o S8/( mg - g ) 242 b S/ ( mg * g’l )
ﬁ:%Z; Chlorophyll @ content Chlorophyll b content Chla/Chlb
Species
P CK T CK T CK T
TG 0.97+0. 06Aa 1. 34+0. 03ABax** 0.29+0. 03Aa 0.41£0. 02Aa** 3.31+0. 18ABb 3.27+0. 10ABab
TR 1.24+0. 03Bb 1.39£0. 08Basx*:* 0. 40+0. 03Bc 0.41+0.01Aa 3. 11+0. 17ABab 3.38+0. 25ABab*
TL 1.01+0.01Aa 1. 51£0. 00Cb*3* 0.34+0. 01Ab 0.44+0. 02Aax* 2.93+0.07Aa 3.45+0. 17Bb**
Az B ESE/(mg» g7')  Total chlorophyll content KA PESE/(mg - g7')  Carotenoid content
Species” CK T CK T
TG 1.26+0. 09Aa 1. 75+0. 05ABax 0. 13+0. 01 Aa 0. 19+0. 02 Aab
TR 1. 64+0. 06Bb 1. 80+0. 08BCas*x* 0. 18+0. 01Bb 0.20+0. 01Ab*
TL 1.35+0. 02Aa 1.95+0. 02Cb*x* 0. 13£0.01Aa 0.23+0. 01Bc*x*

D Chla/Chlb; M4EZ o &4 5H 44 E b 19 FL{E Ratio of chlorophyll @ content to chlorophyll b content. CK: 0 mmol + L™' NaCl; T; 300
mmol + L™ NaCl. R HARE KRS F/NE 743 5 8 22 5 8.3 (P<0.01) F1 i 2 (P<0.05) Different capitals and lowercases in the same
column indicate the extremely significant ( P<0.01) and significant (P<0.05) differences, respectively. 3 . 755X} HEZH 22 74 8.3 (P<0. 01)
Indicating the extremely significant ( P<0.01) difference with the control group; * . F7~- 5% BZH 22 57 3% ( P<0. 05) Indicating the significant ( P<
0.05) difference with the control group.

DTG, BN Tamarix gansuensis H. Z. Zhang; TR; ZBAEMI T. ramosissima Ledeb. ; TL. 4NEAEEMI T. leptostachys Bunge.
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Table 5 Analysis on relative expression of SOSI gene in above-ground part and root of three species of Tamarix Linn. under 300 mmol - L™!

NaCl stress at different times (X+SD)"

e L F AR ik

TEAR R AR 2k

E‘JAITEH/ h Relative expression in above-ground part Relative expression in root
fime TG TR TL TG TR TL
0 0.42+0. 29ab 0.89+0.07a 0.94+0.22a 1. 07+0. 07a 0. 86+0. 09a 0. 87+0. 15a
3 0. 08+0. 00a 0. 86+0. 08a 0. 77+0. 08a 1. 28+0. 20a 0.93+0. 05ab 0.79+0. 21a
0. 14x0. 02a 0.99+0. 25a 1. 04£0.27a 2.10+0. 16a 1. 80+0. 58ab 0.90=0. 11a
12 0.28+0. 05a 2.19+0. 42b 2.13x0. 34b 1. 89+0. 09a 1. 89+0. 14b 0. 96+0. 03a
24 0.76+0. 07b 2.63+0. 55b 1. 45+0. 06ab 3. 13+0. 65b 1. 47+0. 23ab 1. 17+0. 02a

DTG, HilEMI Tamarix gansuensis H. 7. Zhang; TR; ZBAEM T. ramosissima Ledeb. ; TL:; 4NFEEM T. leptostachys Bunge. [R5 HFR [l /NG 74

Fn#ER W3 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference.
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