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Application of salt-isolation materials to a coastal region : effects on soil water and

salt movement and photosynthetic characteristics of Robinia pseudoacacia

WANG Linlin', LI Suyan" ", SUN Xiangyang', ZHANG Tao', FU Ying', ZHANG Honglei’
1 College of Forestry, Beijing Forestry University, Beijing 100083, China
2 Forestry Research Institute of Hulun Buir, Hulun Buir 021008, China

Abstract; Soil salinization is a major obstacle to the optimal utilization of land resources. Salt-affected soils are widely
distributed throughout the world. The present extent of salt-affected soils substantially restricts plant growth in these areas. It
has been demonstrated that leaching with water, chemical amendment, surface mulching with straw and phytoremediation
are the most often used approaches to ameliorate saline soils. Engineering measures are also an effective solution to control
salt movement in the saline soil. Establishing salt-isolation interlayers beneath the surface of saline soil is one of the most
widely used engineering measures. Even though there are many studies dealing with salt-isolation interlayers establishment,

very little is known about their effects on saline soil. Here, we used three salt-isolation materials to restrict the water and
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salt movements in saline soil; zeolite, ceramsite and river sand. The aim of this study was to assess the effects of salt-
isolation interlayers application on soil water and salt movements in saline soil and on the photosynthetic characteristics of
Robinia pseudoacacia in the coastal regions of Tianjin city. We also anticipate that the outcome of the study could form part
of the basis for selection of salt-isolation materials in improving coastal saline soil with consideration of their costs. The
research was conducted from April 2010 to August 2013 at the Coastal Salt-tolerant Plant Science and Technology Park,
Dagang, Tianjin, China. An experiment was conducted with four treatments: (1) No addition of slat-isolation interlayer
(CK); (2) Addition of zeolite (FS) at the bottom and side walls of the planting sites; (3) Addition of ceramsite (TL) at
the bottom and side walls of the planting sites; (4) Addition of river sand ( HS) at the bottom and side walls of the planting
sites. All treatments were arranged in a randomized complete block design with four blocks. Each block was again divided
into four plots. The four treatments were randomly assigned to each plot within the individual blocks with a separate
randomization for each block. The salt-isolation materials were added to nine planting sites in each plot. The nine sites were
evenly distributed based on a planting spacing of 3 mx 3 m. Each planting site was 1 mX 1 mx 1 m. The results indicated ;
(1) Salt-isolation interlayers could significantly increase soil water content of tree planting site. FS treatment performed best
and had the lowest salt content and salt solute concentration, followed by TL. Relative to the CK, HS had no significant
effects on salt content and salt solute concentration. (2) FS treatment significantly increased the leaf photosynthetic rate
(Pn), transpiration rate ( Tr), stomata conductance ( Gs) and leaf water use efficiency ( LWUE), and reduced
intercellular CO, concentration ( Ci). TL treatment can also significantly enhance Pn Tr, but it had no significant effects on
Gs .Ci and LWUE. HS treatment had significantly increased Pn and Tr, and reduced LWUE. We concluded that the zeolite
was an optimal salt-isolation material in controlling salt movement in saline soil and improving tree growth in the coastal

regions.

Key Words: salt-isolation interlayer; zeolite; ceramsite; river sand; photosynthetic characteristics ; coastal saline-alkaline

land; Robinia pseudoacacia

T R AU B AT, Hoh 2 1.0x 10° h® S0 SR 08 1 0 A 76 18 K A S A L SV R At X
RIS RS ARW MG, TR T2 BT KRS T SGE 2 % R A, R AR B Rk
e Mol AT 52 & R T I R Pk

KA LIR , Eh A 4 o [ S SR FVE R HEAK AN 35 40 Ak 2 80 B 5], A S & A e B AT b s 40 o A
SRS EERE AR R, K OREE K, oK BT A SR A R R R, HEE
REAT R SHITIE K B8 AR e i T AT 3R ko6 R38R0kt , shReIsR 5 IR G | BRARK 43 TR 70 X A 40 1Y
i, FEF U TRt 7 R A B S 2 S — ek R SRR A O s BT R N MR A
REWDT FELFRT 35 em B 80—100 em AMEFI D FRAEEIZ , 8ifE £ 3£ T 20 em Abok 30 cm AMHIZFEFF)Z,
FAT DL AR L SR R A KRR, B R A e L R TR R E B R 2 R B N —
Y A RIS S B BR E A — BRI e & MiE A, B2 FIF A oK HUE AR IR R K
WS Z R A RN Z e, HoK iz sh MR TE NI EE 22, Yl e iz badh 20 rEh il
i R AFE R, 2 BV A R AR HL B R R ER A I PR AR 2 , 50 % SR BE B R JE X £k 4
AR FE A e — b EL A AR I R A g R 7SS e il 14 - 40k R AR, A AT A B B 4 Sy B T
MIVEF s 340 B A R TR 32 AR, LG8 0%, e — R T4 FUR A9 ek 7)Y Bk —Ff
BRI 22 AL RE R 67 | EL AT i A TR R 0 AR e D BRARYE W T HIEA B E A R T AR se bt
MR 2 R LA Sy SR A R A7 R ke B AOBIF 5 25 Rl , O Eh 440 i 68 1 B 55475 AN AR, DR i A
SCEEXTIX 3 AR B R RO T T PEA

HIML ( Robinia pseudoacacia ) VER3EMMFN 1897 4F5| AT LR H &, AAE TR [H 4L PE A4 27 4
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AT DA, LU AR il TR R T R X R R AR BT A B I o5 AR AR A 909% LA
BT ORI SR AT ER TR R T, BEAE b b R LA R 0.39% LUR AR b BE R L D IE R R
KRR T R Bl Ay e ROR T 5 8 X B 4P R R S TR A ) 7 AT BT LRy SR
i bt DX R B P R AN AR AR AR R B PSR S B . XM SRR RO RIS, 220 A A58 IR 2 R i AR R
R TBe, B H E TR KA OT R 24 b T R XA K 73 3l | 2 S B — R 0 1
AR R TR ER i A SRR S T AR AR A R XS LURF SRR, pl T OR I U R b L A Y
RSB ARFRVE | PRIHA SC LA M X R0 - A ST G SR b A1 PR RIRT VA Sy B b e, ZEA 7S
PN B il 15 B J= I AR R , AR5 A T v A ]l 56 i e o 5 10 M DX 88 R 35 1 0—80 em )RR ERIZ S
LM R A0 DT A AN [5] B 5 AR 42 56 5 S8R, DA S e i b X 3 20 IR AN 98 By 7 AR
BIEAFMOl AR S TR B P A PRI AR

1 ARRESHARAE

1.1 AF5E XA

I DA T R T R DI v i 6 B AE P B el X (B 26 380467 , R4 117°13" R M 2 1.3 m) , 1%
DX J T AU AP BRI Aty 20 A it 2 R0 fR TG 1 | 32 2 KUPR s ) R, 44 B 28 AU B B B DU 22 4y
Bl RERK, 2 FHRIERN 123 C,REEmABEIET H (26 C), s GHRE1 A
(-4 °C), ZXHA PR, H BB K A% H BB 50N 2618 h, BiH4FE A PH RS 5 121.1x4.184k])/
em” | A= FHAR B M 61.544%4.184k])/em” , TFINZY 211d, 4EF-HIFE/K & 593.6 mm, /K R 7E 6—9 A Gy, 5
EAEREIK S 84% , AEPIZE R 1979 mm, ERFEK R 3 {52,

Fr 3 a0 3 AR R SR R T M, R RO R AL A P AR S A ( Ulmus pumila cv. jinye ) (PR ( Rosa
rugosa ) M3 [E 11 ( Fraxinus americana) , iRF% X 0—100 cm JZ 38 MR B3 + bk N 22.4% , 8605
68% , Kiki (5 9.6% , R30I HAh + e M FRFE bR W2 1, M R /KHEERAR IR A 1.10—1.50 m, 356 X #4IK
e ER TRV B MR A ARG By, 2 (0—20 em) TR 8.74 o/ke, HiHP B E R Na' B
T, et Y 27.5% ; BB T £ 2R CI M SOT, 4r il e dh i 1Y 32.2% F1 27.2% ;pH {HN 7.75, L RN
3.69 dS/m, #&#h + o XN ALY - 1

F1 Kt Y IEER

Table 1 Physical properties of the experimental field

+J2 /em FIEAE/ (g/em®) EEILBE % BB % SFLBREE % H 57K 2/ %

Soil layer Soil bulk density Capillary porosity  Non—capillary porosity Total porosity Field moisture capacity
0—10 1.50+0.02 41.3120.27 2.15+0.05 43.45+0.32 26.8+0.01
10—20 1.53+0.02 42.23£0.39 2.000.10 44.23£0.39 28.3+0.02
20—40 1.49+0.04 43.80%1.01 2.00+0.10 45.80+1.11 29.5+0.02
40—60 1.51+0.07 43.49+1.47 2.10+0.05 45.59+1.51 29.1+0.03
60—80 1.53+0.03 33.35+0.18 2.92+1.15 36.27+1.32 32.1£0.03

1.2 kS Ik

RSB E 4 AEFE ., (1) XTI R B RRERALHL (CK) |, (2) B A FREh AL R (FS) |, (3) PkLBEEE AL BE (TL)
F(4) TV RRER AR (HS) o KRB — 200 A — B g8 1 ) 4 R 4 AN IXL(57 mx 12 m) BN XA 50 H
4 A/NX (12 m x12 m) , P AHRBIX AN X B A FE S 23500 6 m F13 m, 4% MRS58 R BEALIX 4IRS0 Bt R e
AP 5E S FEHLAY A A X gl rh 25 BEA/INXON 1 MR B A NMEBRE R 4 R, 2010 4R 4 H  FERN/NX
PNARAE 9 Bk 2 AR AEJARHF AR B, AR THE 3 mx3 m A7 CHAS 1 mx1 mx1 m, HIARERAT B SRR 7T 0—100 em
1+ 3E4% 5 N2 (0—20 em,20—40 em,40—60 cm,60—80 cm, 80—100 cm) B, 9K J5 43 BB 7R 3
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DEEGH LS A7 | PR AN VDR Ry Bk )2, DS A B B R 2 S HE 43 514 20 em F1 10 em , [R] B 7E R £8 2 A s+
Z AR R S em BIRAS B 1k SRR E A B ERZ R RCR | 5 R FZ R O AE A, X
HEAL PR A I B AR 2, (H LA TRIRE A 07 20 I s, DAHERR 95 Xt o s B 5 i, 0 A B 5e 5, 37 B 4
AR CHEFTHERE , T 2010 4F 4 22010 45 6 H AP FEIFERE 1 O, B E S S LK, ARIEIRRER G B
AL SRRV AT SRy 2 AR A AR AR 7 iR AR AR, AR RN B A AE 3.2—4.1 em 1 2.66—2.93 m
ZIa], AR PR — 2, IR A A R WS 7 S ) B R AR S AR TP AE 2—3 mm AT 10—
25 mm; VP B YT, e —id 0, WA T 1—2 mm,
1.3 HHEHGRE S PR e

R R AR IR 2013 4F 8 H 20 H AR5 KRR 5 155 3 K, FEFT &R 24.6 mm, 7ERE/NX A B
PLIEEE 3 BRAML , 0 R i A AR, Rl AR N 5 em BOARERAN 86745 7X N4 5 4> 12 (0—10 em,
10—20 c¢m,20—40 cm,40—60 cm,60—80 cm) AT HHER A AFZHUEE 1 WOFHEAT IR TR S R4, SR 5 7 (1]
LR AT AR A 2 . H IR RALEREE | F IRl K R FHER T3R5, S K SR LT A
SE IR A N AT KR R R R, 3 1 mm FLARGE LA 155 (9 oK FE B ER A S U L E
T, FH R MP-521 52 396 5% MRS Pang %50 1158 kb o O i

FHEER A E i (g/kg) = HLR%%0.064X5%10 /1000
TR R 8 3R 78 STk B
IR TR E (/L) = &R/ /K iEx10

BERAER) LR SRR, 3 1 mm 0, DA 125 (9 H K HEIRHE I e IR B P A Na® (C1T T SOT ik, Na'
K I CEETHINE , C1 R AgNO, Tl 2 3522, S05 SR EDTA )43 a2 il 2
L4 M RYEA RN E

2013 4 8 H 24—26 H  FEiXAFRITC =AY 3 d v XERIBRIE AOGERRESE T INGE . A LI-6400 fEH#5506
EVEH ST (Li-cor, USA) e IR F A A R (Pn, wmol m™ s7") ZEMEHRK (Tr, mmol m™ s™') |
SALFE(Gs, mol m™>s™") Flfifd[a] CO, M PE (Ci, pmol/mol) o [RIFFIE YA A GRS (PAR, pmol m>s'),
23 SAHXEE (RH, % ) U (Ta, C) FREE COMRE (Ca, pmolCO,/mol ) SFFRIFE 24, FpAb PRIEHE 3 B
A BRI BOR TR FR R 3 R A R A (14 A e R4 T A 52, ORI B [ Sy 4 K 6.:00—18:00, 45 2 h 5
—R, TENCA R TRUER, B R A0 5 3 W BOEME, IS E8as R 3 d BFE, i
B K 23 A ECE (LWUE ;. umol/mmol ) A2

LWUE = Pn / Tr,

1.5 SEilortr

KPR 7 22534 15 (one-way ANOVA) FUEAN ] P Eh 5 Ak B 2 8] 38 /K £ it B 6 & Ak 22 8]
(25 5 5 22 1 LU AR Pl e/ Wb 35 R 25 10k (LSD ) R 36 7E 7 2 43 A Hh A 22 S A 748 dk (R 19 2 S B 351k

2 HREHS

2.1 ARG ER T T AR K o AR A3 B R MR B ) )
211 HHEAERK AR

AFIFEER R AL EE T ,0—80 em AN HIFEARXI K 7 & S F BT IR (CK) M (% 2) . ZEAF L2
o HS AbFEAY R X S K Y B 2w T A AN P CK Y AR X Sk B AR T AR B, FS AT TL
Ab PR AR XS KR BR TAE 0—10 em HJR N 2R B ESN, HAL L2 AP E Y TC W E 22 7 (P>0.05) , K54k
P 0—80 em HIEARXT K A& AT 48, HR /NI R HS>FS>TL>CK, Hif  HS (FS Ml TL f L e A x5
K CK Z 0] 2% 5 .3 (P<0.05) , FS I TL By AR Sk L R E 225,
212 S-SR

50 RAR I, 3 Rl PR ER 1A it X T BRI R R Eh B (R 3) o Hob FS AR i E R 0—80 em 45 122
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R (P<0.05) S EHI L CK I 45.42%—71.42% . TL A PR fE PR A H AR EL 0 & & (5 H7FE 40 em
DI HERCR B EEACRAGKF FS, HS SEEA(0—80 cm) #h & HIEA T, (H& L2 & RS
CK ZA T B 325 5 (P>0.05) , b i 25 .

®2 ATRERHBET LEENEKE

Table 2 Effects of different salt-isolation materials on the relative water content of soil

+J2/em T HEA X 7K i Soil relative moisture/%

Soil layer CK FS TL HS
0—10 40.1421.00 d 72.9121.05 ¢ 68.540.63 b 76.63+0.91 a
10—20 43.99£1.12 ¢ 73.63+0.49 b 70.33+0.56 b 78.12+0.43 a
20—40 49.28+0.40 c 72.4620.53 b 71.88+0.71 b 77.192£0.36 a
40—60 38.94+0.25 ¢ 68.53+1.11 b 70.35+0.42 b 81.4620.33 a
60—80 42.44£0.13 ¢ 71.24+0.45 b 69.76+0.33 b 80.34£1.21 a

M Mean value 42.96+0.35 ¢ 71.75+0.33 b 70.17£0.21 b 78.75+0.54 a

CK: XTHEGFS, Whfa RERAb B TL, BoRifREb b3 HS, WV fRib b3, AT A ARNFE TR R A 2R B (P< 0.05)

*3 FERHBEETLERSSE

Table 3 Effects of different salt-isolation materials on the salt content of soil

+Z/em #5535 fE Salt content/ (g/kg)

Soil layer CK FS TL HS
0—10 7.8+0.1 a 4.2+0.3 b 6.7+0.3 a 7.2+0.3 a
10—20 6.0£0.4 a 1.5+£0.4 b 5.4+0.4 a 5.5+0.3 a
20—40 5.4+0.4 a 1.5+0.2 b 4.8+0.1 a 5.0+0.4 a
40—60 6.9+0.3 a 3.3x0.2 b 43+0.3 b 5.3+0.4 ab
60—80 6.3+0.2 a 2.1+£0.2 b 4.0+0.2 ¢ 6.1£0.3 a

YIH Mean value 6.5+0.2 a 2.5+0.1 b 5.1x0.3 a 5.8+0.2 a

[T B AN IR SR 3 b ] 22 57 8.2 (P< 0.05)

2.1.3 TR Ok AR AL

T HEER M S - HEER S A AL AR AL, SR T R ER T it ) - R VA O IR T R (R 4) L fE 0—
40 em +JZEH,TL HS Hl CK =& IFh Ok B3 i Ak, H o B E 25, 40—80 ecm /2N, TL ALY
e B E LT CK(P<0.05) , F-31H e CK X 40.77% ;1 HS 764 + 2 NS CK JToil i 2% % (P>
0.05) o FS X455+ )2 AR BTk B i B AR Bl 1 35 (P<0.05) , T34 1 CK IR 56.14%—75.10% , [F] B HLAI%
FHABPIFP AL,

x4 FTRIBHEET LERBRRE

Table 4 Effects of different salt-isolation materials on soil salt solute concentration

+2/em LR B B Salt solute concentration/ (/L)

Soil layer CK FS TL HS
0—10 3.61£0.13 a 1.58+0.20 b 2.56+0.21 ab 2.67+0.23 ab
10—20 2.46+0.21 a 0.560.17 b 1.8920.15 ab 1.95+0.14 ab
20—40 2.18+0.21 a 0.54+0.08 b 1.63£0.20 a 1.7120.22 a
40—60 2.62£0.25 a 1.07£0.12 b 1.4920.12 b 1.88+0.32 ab
60—80 2.28+0.05 a 0.73£0.02 b 1.42+0.14 ¢ 2.23+0.22 a
HJ{H Mean value 2.63+0.22 a 0.90+0.13 b 1.80+0.10 ¢ 2.09+0.15 ac

[@47 B ARl TR R b Bla) 22 7 3 (P< 0.05)

2.2 FREhEE S g X TR N 122 4k
WP TR, S0 S 8], A [ B 5 15 G T 3 Bt b A R B 06 5 A 2B S PAR T 1200 15 B R
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{8, HAE J 1447 w mol m™ 7" Bl 5 B WA, T 18.00 ik BRIl A 5 HH 1] 25 SR AR 800 35 3 i K fH
HAB Hy 70.0% , bt J5 TF 4R Tﬁkfr_;} T 1000 P& E &A%, HF FFURA Br BT, BN 52.5% ; 2 SR E T
14,00 k5, HAE R 32.6 °C 3085 CO, W YA fb SR - 550 RIS T3 o H {4 419.60 p mol/
mol (& 1),
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Fig.1 Diurnal variation of environment factors in the experimental site

2.3 AN[RI B ER S it X AR i R SR S H R AT B 5
2.3.1 LA HEH AL

A TR R B ER 2 At e 3R 4 2 K R 48 B VR 15 R B AN [R), IR e A R (Pn) Bl 2 & A= A8 4k (1
2), FS.TL Fl HS 3 b abFHRIFE M H- (9 Pn H 22k a3 PAR(|7§I 1) B2 Ak i m] | 24 5 BRI IE | I (E
P IRAE TP 1200, HABE 4> 510 15.65 14.45 F113.25 pmol m ™2 s™' . CK ZbFH Pn th4k 2 XUETE 45 1 MIGAE
HPLAE 8:00, 55 2 NG HBLAE 1200, A [R] A BRAFIRE 0 H 256506 30R% j(?'J/J\ﬁWJ\jJ:FS>TL>HS>
CK; FS . TL F1 HS H. CK By GA 4 IR T 74.33% 34.56%F113.03% . J7 2550 Hr# W], FS 'TL F1 HS 1Y
PnAH¥5 CK ZAIfETE B 25 5 (P<0.05) , H 3 FhfREh b > [ 25 et i3 (£ 5) .
2.3.2 ZEMBHARHAML

Kl 2 W], FS TL HS Fil CK AbFE T iR 7 78 i o 28 35 52 e A4k, fe KAE 530t BR7E 8.00,12.00
1400 H1 1200, HAEA> 54 6.16 .3.97 3.64 F13.73 mmol m™> s~ & 6:00 Fl 1800 #I,FS b Tr (45
THAbAL L, #5402 H 2 1 3 3l KB/ MK . FS>TL>HS>CK, J7 2243973 W], FS TL #l HS 5 CK Z
6] Tr {22 5 8.3 (P<0.05) , 1M TL 5 HS Z[8]JC B &2 5 (P>0.05) ,
233 SALBEHAZ

4 Fab IR IR R SFL R (Gs) H ARt 4 2 BRI | 78 800 B IS 2 f K, 8.:00—10.00 Y22 R
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#1000 LIS AH AL S E BT PR (K 3) . 6s HFE3EKR/NIF R . FSSTL>HS>CK,, FS 5 CK Z [H]if
A Gs HH 225 8.3 (P<0.05) ;TL Al HS 5 CK Z[E[M-A Gs H {23 A B 3E (P>0.05) .

20 ¢ 7r
oA —e— Xi1H ~
16t ¥
z E 5|
g 3
& 3
35 12t SE Ll
& £ <
g g
RS st -
® g =
2 = 2r
£ &
S 4 L g
Zz
O 1 1 1 1 1 1 1 0 1 1 1 1 1 1
6:00 8:00 10:00 12:00 14:00 16:00 18:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00
I} ] Time I} ] Time

2 AEIFREAEHE I B Bk ) RIS et S E R S REER A TN
Fig.2 Effects of different salt-isolation treatments ( control; zeolite ; ceramsite; river sand) on leaf photosynthetic rate and transpiration rate

of Robinia pseudoacacia

*5 AEARHLBEETRHENFSEIRISESHBNE
Table 5 Effects of different salt-isolation materials on photosynthetic parameters of Robinia pseudoacacia

JiaE] CO, ¥k

€S INERLES ZEM E R AALEE . W K 3 AR
il . .. Intercellular CO, . g
Photosynthetic rate/ Transpiration rate/ Stomata conductance/ Leaf water use efficiency/

Treatment o o 1 o concentration/
(pmol m™ s7) (mmol m™” s7") (mol m™”s™) ( pumol/mmol )

( pmol/mol )
CK 5.55£0.39 a 2.16 £0.02 b 0.19 +0.04 be 309.21 £1.21 a 3.35 +0.18 b
FS 9.67+0.15 b 3.17 £0.22 a 0.32 £0.02 a 263.79 £13.11 b 4.69 £0.21 a
TL 7.46+0.01 ¢ 2.72 +£0.07 ¢ 0.25 +0.01 b 287.71 £5.09 a 3.53 +£0.00 b
HS 6.27 +0.08 d 2.70 +0.00 ¢ 0.20 +0.05 ¢ 290.50 £5.33 a 2.87 £0.07 ¢

I 91 LA AR [ B e R A BRI 22 R 1 (P< 0.05)

2.3.4 JfijE] CO, M JE HA AL

4 NIRRT R G H AR P MR (B 5 ER5E CO, MR A LS AH R (& 3) . 4 Fhab B i)
Ci HARE I AR — 5 R B U 7R 7F 6.00 fe i, BE#E CO,MIEE , Ci 5 FREFH, 12.00—18.00,4
FhAbFE Ci (A5 ETHEa, ¢ HEE R/NIF J . CKSHSSTLSFS, J7 22081 s FS 5 CK /] ¢ H 414
ZR B3 (P<0.05) , HAbAFE S CK [H]JC & % 22 57 (P>0.05) .
2.3.5 KR HACE H 22 1L

4 FhALBRIRR I Fr oK oy R FHACE B AR Sk E 25 EIHE FREF LTRSS, 3 7E 1800 B ik 542K
A E (& 4) . CK FS.TL Fl HS 43 LWUE H3{E 55124 (3.35£0.18) | (4.69+0.21) . (3.53+0.00) F1(2.87+
0.07) pmol/mmol,, 5 CK AHLL,FS FI TL 2L FAY LWUE 43455 1 40.3%H1 5.6% , 1 HS AL BRI F [ 14.2% .,
TN R FS AFE) LWUE B3 & T HARACFE 117 HS A FEAY LWUE D)5 Ho A Ak BRI 3 P41 ( P<0.05)
2.4 [R] B AR T e X SR AR i b AR 1) 5 i)

PREhAb P 40 A H J5,3 A FR A RIREAY R b AR K R R X R RR (R S) . Hidb FS RN TL Ab B AR
FE KR S KRS CK 2R3 5.3 (P<0.05) . HS AbFEAYH m K A A KB 5 K LR &2
F(P>0.05),

3 e
bEh E Xt K ia A W, MR SO AR Y AIEST K AE ARG 1 AR TR A B I, T
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Fig.3 Effects of different salt-isolation treatments on leaf stomata conductance and intercellular CO, concentration of Robinia pseudoacacia
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T2 EIK TIBR R i85 £ 3K 21T RN AR 2 T B i & A= 45, I 808 TR 3 FEREET
i BR, — R L REIEE L2 LR AR AR IR R AR I BE A B R )2, SCRE [ s
N AE RNBEAK K TFEH , INZ L2 T W N ik i, (K76 T Bk # b BE g 1 ff o8 2 4
53, NG 58 T A5 BB RN A IR P8R, 1 — 25l M A KRS B o0 i . AN b ir e R 9k 41 B
UGG RERAA BRI VD RAR I - 3ER00RE o L A SR R 2 B, m il 6 e A A B A FLBRE 2888 th /IR K F:
WIS, BB SRS B VR, E R EAK 1 BT b a3 ) B RS Bh, [R R 2 SRE A R B TR G
SRRIRTEAE Bl R U, AN K AR TR E K TS S B AB B KR RIE R, FS L TL Al HS
PRI AN - S R 43 % B RNER IS SR BE (3% 3 IR 4) IS AR ) A KR

AR K B FS AL FHAY AR (RS R B | X 5 R MR A5 BRI ST 4 R — 0, X TR R SRR AN A
BE DL AT VE A BRER AR BR T BE AT S B 82 LA SRR AR DRk ER A1 , b 7 By s ) 25 ) 25 44
R E T A KA A0 P AR A v B K (R L ORI, P R B B AR/ N T FLAE A F ol o, TR
- E S Na®  CU A Ca™ SR T L3 o8 LB FE A DA SRR A0 W RFE . 53 A, o T LK L pa 3B i K 43
T A R AHE S BRI, A A T E A Y L R, SR A MR B R R RS BB IR B R
BYER 3 f RNV B B JT BRI I AR X R IRk A & i, BB AR AR R, ORI /K T (4 BELRT 78 0 i
X} RATE I K B3 RE T KT, BRI 383k 45 SR 7 Joovk B i R E Rt ol B 2

A VEF R Y AR P B At A R AR AE 7 T i AR e DR 28 RN PR 5 3 AR B 1Y s g 4
PR TR RSB TR AR 51 TSR R — R SIS N A9 AR, 6 A H AR
WA T S 45 PR 58 DR 75 e 0 P 3 A B T R B O 25 SR 20 L P 4 B S Ak T A SRy 43 M A 4 A 4 BR
il IR 2 B4R =2 — , 3K A AR o sk ko ad AR SRR ARAE S A Pt SRR ELAT B e A AR AR 43
I PR B AR 5 K BRVE LN 48%—64% ) Rl 1 24 AR X5 /K /N T 4890 it , il 2 4o M A I
FEAIK AT IAE IR E T R AR A LIS S K R T0% A A T R A X K i IR B 75%—80% it X
SANHRIBR B E AR

AR SCAS AL PRI | 3R K T AR R IR BRI A ] 25 R AR X K i 3o BV vk 1
Z 5 AL, T LA RS Z R R 22 T RS Pn HARE2E 09 R . 3O T FS AABEA TL A0 B
AR X K B A R A K 3 B A K VR L P, X P ANTEAE K A3 A 7 A 5 EL P h B 6 AR B R
A SR o ARV R B S A, PR IR I R P B %EGE . HS ARER L IEARX &K R T 75% , S BRI AR
F A S AR 2R TG SRR, WK 2 TR AT I BE 1 T R, 7oA — 8 R B A0 - s /K bk, JHE (] el
ZENERA G A T ECH Po (AT FS ALFEAT TL ZbFE, CK AR IR F 32 27K 43 Sl AER 2 ) XU
ipifr, Pn AE A, R % PR, 3 FhBEERFE i (FS.TL il HS) '~ Pn HZZfL ¥4 S MR G sl £k (11 2) , Tl
B RIG X IR (CK) P 2N RUGTE 35 2% B B4t S RIAEAR 22 B3 7 B0 I B A 7K Eh ISR il
I P A BT PSR 1 35 1 0 15 BB 345, T CK D) R -S98R X 7K o3 s AN, 6 4o a2 v T 4 45 R R
A BE AT N BE 32 BIBR ] PR AR KAy FER Y L E G S EUH USRS

ZEIE R (Tr) AR /INI] DLV RIS A K AR, 7E— 2 R b bl 1 A8 15 /K B R i 1 20 K
Gyl R ALZES AR R BB MRS MR R R, Pr 5 Gs BIMISERBUNT Tr 5 G5 1)
FHOC B, X U B Tr XPAFLARA M S5 . 3K A FEE I Gs VAT Tr Jy LN L R 30K 57 B a1 il
SALSCH  TAE Tr JOUREE T B AP 2o P85 AL IFEE 25 07 ST P A0 T, LASE I 3 HEACIR I I 2B Ak, A
5T 3R], FS F TL ALF I 3N T 0—80 em - JZAUARXTZK 43 it , i A 2 A FIRE A 4 (AR X K ity
Rl [} S 35 AL T AR 2 3 0 R o AR 5 VR 32, (6 - S8 W 0 K BTt v AR R IOK SN2 55, Bt A Gs
1) HBME R F HS A1 CK, Hor kS AR Gs H AR fb i 26 22 PR Ie | Ul B A B b A 385 555 Sk R A A6 K 3
OB F K ERIREE i Gs AR TR BT FS 1 TL A B AR BB 35 1) Gs, TR
HR 22 A - 3 ISR 431 B RE AR5 1R B 25 0 | PR — ELPR RS Tr, Tr H A4 5 s HS A1 CK &b
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