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Abstract ; Salt stress is one of the major.environmental factors affecting plants; it causes many changes in plant metabolism,
such as changes in the content and composition of chlorophyll and reduction in the capacity and efficiency of photosynthesis.
Salt stress also inhibits biomass accumulation. Therefore, plant biomass, photosynthesis, and chlorophyll content are often
used as indicators of salt stress injury in plants. Ulmus pumila L. is a widely distributed and important fast-growing hardwood
timber species/that has good tolerance to drought, cold, salt, and wind. It is the most important timber species in China’s
Northern regions, saline-alkali areas, and desert, where it is used for afforestation, and to provide shelter forest and
greenery.Consequently, it is considered to be a promising plant for cultivation in saline land. In response to salt stress,
plants have evolved /diverse mechanisms that can mitigate the effects of stress and lead to improved plant tolerance. In this
study . 1-year-old potted seedlings of Ulmus pumila L. strains (Y65, Y1, and Y34) were used to examine their changes in
chlorophyll content, photosynthetic characteristics, and biomass accumulation under different concentrations of NaCl ( CK,
50 mmol/L, 85 mmol/L, 120 mmol/L, and 155 mmol/L). The results showed that the content of chlorophyll and biomass
of three the Ulmus pumila L. strains were significantly inhibited under higher-concentration salt stress, whereas no obvious

changes were observed for the biomass accumulation of Y65 under lower concentrations of NaCl. Under low salinity stress
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(NaCl <85 mmol/L), the values for leaf photosynthetic rate (Pn), stomatal conductance (Gs), and intercellular CO,
concentration ( Ci) were decreased, whereas stomatal limitation ( Ls) was increased. Stomatal inhibition ( or stomatal
restriction) was the main cause of the reduction in Pn of Ulmus pumila L. strains. Although no stomatal restriction occurred
in the 120 mmol/L and 155 mmol/L NaCl treatments, the values for Pn and Ls were decreased, whereas Ci was increased.
Under low-salinity stress (NaCl <85 mmol/L) , the increase in Ls resulted in a decrease in transpiration rate ( 7r) and an
increase in water use efficiency (WUE) that could reduce the leaf water loss, which alleviated the imbalance between water
supply and demand and improved the salt-tolerance of Ulmus pumila L. strains. Under high-salinity stress ( NaCl >85 mmol/
L), the absorption capacity of roots was decreased, and both leaf Ls and WUE decreased, which resulted in a more severe
water imbalance. Correlation analysis indicated that the biomass of Ulmus pumila L. strains was highly significantly
positively related to total chlorophyll, chlorophyll a, Pn, Gs, and significantly positively related to Tr. Furthermore, WUE
was significantly positively related to Ls. Collectively, our results indicated that the salt resistance of Y65 svas better than
that of Y1 and Y34. We accordingly recommend that Y65 is the preferred Ulmus pumila L. strains for afforestation in saline

areas, which could provide a scientific basis for further research on the salinity tolerance mechanism:
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TR 5 AR R A2,
1.2 e

3B AR (Y65, Y1, Y34) ML AR A Mol Bl 2 i sE B4 Y A0 3G i 2 K R 5 e fE R 40N
34N R BSMAEMRCK B FILARE & £ B A M (ROl BRI ZR 48 MOl T 56 2 B PROR R R SEH ) P 5k
J S M\ 220 A TR BT BT IR S HL 40 AR KRR P HURE B 1Y LR G B JCPE R SME A 22T £k 20

http ; //www.ecologica.cn



7260 A E = 37 &

LU FRPAT I BA PR RE 0 21 A AR AL 3 A 5 — B AR b, B AR D BT B R
BT RS54 . 2014 4E 3 A ,%Eﬁtlﬁﬁ*ﬂm%/%m*ﬁ?ﬁh 20cm 4 40em BYAEZ AL B AT
AR I - ; LAl AR S Rk A 20101 BT R FO G BRI S, B B A 3/4 Ab | E B K AN
BT ARAE SR A AR E] A 2014 4F 7 H—2014 49 H
1.3 kit
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Fig.2 Effects of salt stress on chlorophyll contents and composition of Ulmus pumila L. strains
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5.76% , BLHI LA NaCl B X Y65 St s 3 M 2 E/E FH A 3 1 27K 1 (P<0.05) 5 Y1, Y34 PRt G %
IR, Y1 5X IR R 25 0 Y34 X IBRRIK T 12.20% , 22 57 B 8 (P<0.05) , 7] WL NaCl i %) Y34
EE T HIHIAEH . 7€ NaCl il =85 mmol/L B, 3 AN R 116 G U 5 Bl 2 46 23 Ve B I B i i B 41K, NaCl ik
BER R, T B 25, 7E 155 mmol/L NaCl ¥R FE R HuAS A XT BN FE T 86.42% ,73.96% .88.98% , NaCl il X iy
REOGA HR I HIVE A X 3 8 2K (P<0.05) .

F1 NaClBMBXEMERGERXSERNIIN
Table 1 Effects of NaCl stress on the photosynthesis of Ulmus pumila L. strains

Ve N A — N Py
pr M Sod lnenalua o, U
Strains NaCl concentration/ rate P/ rate Tr/ conductance G5/ woncentration Ci/ Stomatal limitation Water use
(mmol/L) (pmol m2 s7)  (mmolm=s')  (mmol m s™1) ( mol/mol) Ls efficiency WUE
Y65 0 8.10+0.10b 0.95+0.02b 85.67+1.53b 208.67+1.53e 0.45+0.01a 8.56+0.10a
50 8.57+0.06a 1.19+0.08a 111.6+3.51a 245.3+4.02¢ 0:30£0.02b 7.20£0.55¢
85 5.20+0.20¢ 0.51+0.03¢ 52.67+1.04d 220.67+2.69d 0.44+0.01a 10.26+0.52h
120 4.83+0.06d 1.09+0.13ab 73.67+2.02¢ 272.67+4.19b 0.31£0.04c 4.45+0.58d
155 1.10£0.01le 1.08+0.11ab 70.00+1.21c¢ 385.00+3.61a 0.09+0.01d 1.02+0.10e
Y1 0 6.40+0.17a 0.92+0.03b 78.00+3.61b 232.67+4.50e 0.39+0.02¢ 6.96+0.39hc
50 6.27+0.29a 1.17£0.13a 97.67+3.24a 270.33+3.51c 0.31+0.02d 5.34+0.40d
85 6.03+0.21a 0.34+0.01d 28.67+0.58d 45.33+3.51d 0.88+0.01a 17.92+0.33a
120 5.53+0.31b 0.72+0.06¢ 52.33+3.21c 209.33+4.26b 0.47+0.03b 7.65+0.19h
155 1.67+0.06¢ 0.27+0.03d 16.33+1.53e 219.00+4.45a 0.45+0.03b 6.25+0.54cd
Y34 0 8.47+0.15a 2.15+0.11a 199733+3.60a 292.00+3.25bc 0.23£0.01c 3.93+0.27¢
50 7.43+0.06b 0.98+0.13b 85:00+4.77b 230.33+3.46¢ 0.41+0.06a 7.61x1.17a
85 5.33+0.06¢ 1.05+0.12h 87.00+2.50b 274.33+2.59d 0.29+0.03b 5.10£0.62b
120 2.30+0.10d 0.69+0.01c¢ 55.67+0.58¢ 302.00+3.00b 0.20+0.01¢ 3.33x0.14cd
155 0.93+0.06e 0.4240.04d 26.33+2.52d 329.67+4.07a 0.17£0.02¢ 2.22+0.35d

TR NG FRER IR AL BN 22 57 12 3 (P<0.05)

232 ZEMBHR(Tr) AT (6s) MENCOMEE(Ci) KASFLBRBIE(Ls)

W A A3 A AR S AL T A ORI S5 IR EE Y CO, FUK YRS He , 1T I8 15 Y G 3 R R 2 i
F LGSR, NF L AR NaCLVREE R 3 N R Tr 5 Gs WA BEMREM: (A e
RAEARDG, Ik NaClME( <85 mmol/L) T ,Y65 ) Tr Gs Ci “EAb#aH—F, ¥ e TGk Ls Jelfn I, Has ik
P[] 22 5 3 3 (P<0.05) , 7€ 50 mmol/L NaCl ¥ FE T I 3 5 X BEL, M 7E 85 mmol/L NaCl ¥ B T [, i 1K
TXHRIE, YL Y Tr Gs\Ci & Ls (78 fb a3 5 Y65 — 5, 1B HAR L iR B B2 K F Y65, Y34 Y Tr Gs . Ci ¥
NaCl Jr301 Al i i B AIG , Ab PR A 22 5 R 8 2. & NaCl Bl (>85 mmol/L) N, Y1.Y34 f Tr Gs &ML, Ci
D2 T a3 Ls TRARZENZ 5 T Y65 1Y Tr Gs FIEIF A, 25 AR E, G W2 W ET S, Ls BERFRIK, 45
A P a3k B Y65 Y1 TEER R EE M 50 mmol/L 4K % 85 mmol/L B, Pn . Tr 5 Gs . Ci YIREAR, T Ls 1]
i W5 G E S8Ry 322 K S ALBR HE B 5 14 R MR B2 >85 mmol/L B, Bl NaCl Jipid 4k 2%
T, P FI Ls FRREAG 10 Ci BT, BUES P FREM R ZREC A A HAERFLE R R, Y34 WK
NaCl #h V& E >50 mmol/L B, AL FLIRH E A S BN R E i, Uil 3 MR Tr (Gs . Ci Fl Ls (AR
[l A5 Ak 35 S e T =35 B TR e 5 % k40 I ML 1 25 57
2.3.3 KAFIFHZE(WUE)

Y65 Y1 /KA FIFH# (WUE ) 7645 NaCl 438 ( <85 mmol/L) F 156G T, 76 85 mmol/L Ik S K
18, 45 H X RRIEAY 119.95% ,257.61% ; 7% i NaCl 138 F (>85 mmol/L) , Y65 (1) WUE {H I % F&AIL, 7F 155
mmol/ L B A X JR % 11.87%, Y1 ) WUE {HALA P A%, (B 5 =X A Z S AR E, Y34 19 WUE 7£ 50
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mmol/L NaCl ¥ FE i 2 A B KA, (H/NTF Y65 K2 Y1 FFRKAE, A% BRA¥) 193.57% , AT %1 50 mmol/L NaCl ¥
FE XK o R B — R AE - AE  , 1 J5 BE L e 8 NaCl ¥ B8 TH i R %, 76 155 mmol/L B F &) 2.22, i
2 (P<0.05) Ik X} HE
2.4 A[FEIZSEAE BT KSR & pR g o B

XIAN[A] NaCl BB T 3 A Fnsn R0 11 DN EPRIEAT A S E AT 45 R i 38 2 nl 0, 54 B B35 0
R (P<0.01) FEIRA AR & i chla & i HOLEHR AL T 8B R 5 A Pyt &2 W 3 TE ARG (P<
0.05) , B NaCl pift Al s 45 LA L 5 AR bR B i AT & R 2B 9 & B AR S S i 3R e s 5
WUE 24 53 1IEAH I (P<0.01) ,[H 3 54 9800 W & ARG, XA 40 1 A R A QI AR TR 422 ¥ s i 4

£2 NaCliMETEHRRSIERENEXES

Table 2 Correlation analysis among the indexes of Ulmus pumila L. strains under different NaCl stress

Mgk HWonh Al AL M €O, SALKR Gl

=y 5 S S . S

it S R MK NSED ganowk ok S fag i W
Chla/b Pn Tr Gs Ci Ls WUE

H: )18 Biomass 1

282 Chl(a+h) 0.771** 1

4% a Chla 0.711** 0.970** 1

M2g% b Chib -0.139  -0.293  -0.507 1

M4t a/b Chla/b -0.139  -0.293  -0.507 1.000** 1

HOLE A Pn 0.711**  0.645** 0.589* -0.077 -0.077 1

HIBER Tr 0.596*  0.541*  0.457 0.098 0.098 0.548" 1

ST Gs 0.675** 0.647** 0.572*  0.001 0.001 0:661°* 0.975** 1

) CO,MRIE Ci 0.016 -0.100 -0.121 0.134 0.134  -0.427 0.392 0.269 1

AFLBR I L -0.061 0.048 0.078  -0.152 -0.152 0372 -0.429 -0.320 -0.993** 1

K 4RI %R WUE 0.031 0.136 0.160  -0:180 " -0.180 0.431 -0.384 -0.254 -0.968** 0.973** 1

Chl(a+b) :M4¢ & (atb) Chlorophyll (a+b) ;Chla: 4% a Chlorophyll a; Chlb: &b Chlorophyll b; Chla/b: M4 2 a/b Chlorophyll a/b;Pn;
HOGE T R Net photosynthetic rate; Tr: 7% s R Transpiration rate; Gs: S fL 5 F Stomatal conductance; Ci Jifd [A] co, e & Intercellular co,
concentration ; Ls ; SFLBRHI{E Stomatal limitation ;s WUE: KA R R # Water use efficiency; * Fon i %*ﬁ?é( P<0.05), * * TR L E A (P<
0.01)

®3 31MAHMREMRMLESITE
Table 3. Comprehensive assessment of salt resistance of Ulmus pumila L. strains

g ¥oks B KAl M Co, SALER AKAFIA

[EINEi1952

o = : 5 5 - 1%
N Cﬁf?f‘f) WRELEED pon wmwx Sk W AR fﬁﬁ Ondr of
Chla/b Pn Tr Gs Ci Ls WUE salt resistance
Y65 1.000 0.579 0.600 0.449 1.000 0.580 0.652 0.695 0.610 0.485 0.432 0.644 1
Yl 0.000 0.633 0.604 0.703 0.327 0.600 0.201 0.095 0.258 0.256 0.269 0.359 3
Y34 0.417 0.587 0.567 0.547 0.210 0.333 0.438 0.469 0.733 0.754 0.754 0.528 2

FHISR I PR X b R A AR AT I ER VR LR S VPO, 4 2R N3k 3. i ZRml i, 3 A dh R ERELR & HEF
Y65>Y1>Y34,

3 it 54£R

IR Y R 2 R BB B A I T PR E IR R, A A 1 AR R DL SRR B
)5 ) A R MRS A AR R, e A R B A R AR R AR YIXT NaCl 38 K20 A 255
PRBEL, BIXT NaCl W38 (025 G 38 0, R A AT L PR LR b7 Rtk AR W i AR T AR A it 4 1
PEAGFE AL ATRE BOARIE . ARSI P 3 A FUAAT i R AR (R BE (9 NaCl it 2% 18 R A=Wy 920, ELBE NaCl Jifia
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WL R B IN, A= Wy e BRI B R O . BV, Y65 iAWy i BRI KT Y1 ,Y34, BV Y65 (it Ehfe 1 T
SN R

2 AW TG AR FH I EZE ) 0, AR B RE M ORGP 35 AR, ARBIESE b Bl NaCl iy
G, FA S R MR Chl(a+b) (Chla Chlb BB, AT BEJE NaCl 8 T -G R B G PRI 0, fEF T iH 4R R
IREAR . ASEAT R M4 R & i 5o Al MR Y A K B B 35 IR A DG (P<0.01) |, B2 3 3 e 1Y)
BEARS , 52 MELAEL A (0 6 VR PR TS AR A 10 A 4 & B ™ BB A, Chlas/b (B AT LA BRI A rpOR ) 2
BRSSP, 35 BE a8 FHEY Chla/b (AR PRSI, 2 0 X 00 45 A3 Py MR ', AT, 4%
FIfi il R 19 Chla/b {HI7E 2.0—5.0 JEFEIN P8, K NaCl P38 ( <85 mmol/L) T ,3 i & Chla/b {HA{LTG
2R WAER R NaCl 336 (120 mmol/1) I, Chla/b 23 Fh i, f24E T Chlb 1R A | BR %1 7 He (63 5 A
XoF S RE AR AR , ¢ BH i 28 I (A7 A 380 o AR AT OGT Y R P4 0 T 3k B T 1) — i I R ML il X 5 2 07 S 11
1 NaCl Jipil P304 /NE Chla/b $2 8 MBI S5 FARML ™ . ol DL, NaCl [ Xof -4 2R ATE i 1 3, 5% i)
TSR A T A TS AR O A AR PR . NaCl B 3 A fi &R Y 6s 1Y Chla/b ZEfL R
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fik NaCl B8 ( <85 mmol/L) Z5F T, Y65 Y1 [ Gs . Pn 5 Ci B4 —2, i R %t 0 5 Gs 0978 #2438 1
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FIER, eI oK Ay B T3 3% ARSI A2 B, GO, 1) ISR R B ik s R R v, (645 G 18, 2 ik
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WA B Pr AR Ak 32 252 SALBR I B R B M >4 NaCl ¥ FEETE 120—155 mmol/L B, Y65 Y1 1Y Ci Bl
Gs Pn () T REMITH T, 10 Ls BEAK, ULBA Pn FRERY 225 E LI R BR il A AR S FL P R BRI, & NaCl
o B0 R B R BB AL AR RS R KA REAIR, Tr TR s RIS B3R T S AR 254 1 i e
B E B , 5 R Y Chlb fil P AR 3658 | Chla/b 35 THE (18 2) , A e AT e R, X5
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Rz 7338 2 Sk e MU Ky CO, [l fb i, RPAL A S fb e, T, Y65 Y1 78 50 mmol/L NaCl ¥ FE T
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o TR B, RT3 2 (Y NaCl i BEXT il 2R 097K 3R PR 38 AR HEPE T . 85 NaCl 38 XA 400 1 248 i s
AR W) P T FEERRT Tr B TR B REAT WUE , DT80/ 22X bR 7K 7366 85 1 Wi, LAt
R A K, ARl NaCl W EEALEET 3 AN &, Y34 () WUE B35 /NTF Y65, Y1, 2B HAE NaCl ikt
XoF 7K 3 B SSOR FH AR 3R ot AR AR X5 2%

WG LR NaCl BB AT U R 0 11 D EPR TSR pRELER G 40T, HEA 2 Wb S b 1 4 21
b R AT R, S5 Y65 RYMHERTETR T Y1.Y34, B Y65 XfEhmsih i 4s 43 I e BT Y1.Y34,
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