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Analysis of correlation between leaf water potential and midrib traits of Salix

matsudana in Zhangye Wetland, China
XU Ting, ZHAO Chengzhang* , HAN Ling, ZHENG Huiling, FENG Wei, DUAN Beibei

College of Geography and Environmental Science, Northwest Normal University, Research Center of Wetland Resources Protection and Industrial Development

Engineering of Gansu Province, Lanzhou730070, China

Abstract: The hydraulic characteristics of plant leaves can be reflected by leaf water potential and midrib traits. The
correlation between the two factors can help to understand the balance between water supply and demand, which is
significant for elucidating the ecological adaptation strategies of plants. Salix matsudana, family Salicaceae, is a deciduous
tree with strong roots and wind resistance. As the main tree species used in northern China road shelterbelts, afforestation,
and Shahuang saline wetland vegetation restoration, S. matsudana is widely distributed in the floodplains, lake
embankment, channels, and roadsides, and plays an important role in ecological barrier construction. There were three
main aims of this study: (1) to reveal the relationship between leaf water potential and midrib density, and between leaf
water potential and midrib diameter in S. matsudana in different plots; (2) to analyze variation in the relationships along a
moisture gradient; and (3) to identify the causes of the observed relationships. The study was conducted in early August of
2015 in a floodplain wetland near Heihe River in Zhangye City, Gansu Province, China (38°59'22.3" N, 100°24'33.9"
E). Three sample plots, at intervals of 70 m, were set up along a soil moisture gradient ordinally from the area near the

water body to the wetland edge, plot T (69.23% ) , spot Il (48.38% ) and spot Il (35.27% ). GPS was used to record the
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latitude, longitude, and altitude of each plot; community traits were investigated using a diagonal method, and all
individuals of S. matsudana were used for measurements of height and canopy. At each plot, 5 individuals of S. matsudana
at 4 vertices and diagonal intersections were selected for measurements of leaf water potential, midrib diameter, midrib
density, chlorophyll, specific leaf area, leaf temperature ( T, ), photosynthetically active radiation ( PAR), net
photosynthetic rate ( Pn), and transpiration rate ( 7r). The standardized major axis (SMA) estimation method was used to
examine the covariation between leaf water potential and midrib traits. The main results were as follows. First, with the
decrease of soil moisture, the midrib density, Pn, Tr, T, ,, and PAR increased gradually ( P<0.05), while the height,
canopy, density, midrib diameter, specific leaf area, leaf water potential, and chlorophyll content of S. matsudana
decreased gradually (P<0.05). Second, the relationship between leaf water potential and midrib traits varied with soil
moisture; there was a highly significant negative correlation between leaf water potential and midrib density at spot I and
spot I (P<0.01), whereas the correlation reached a significant level at spot I (P<0.05). Furthermore, there was a
significant negative correlation between leaf water potential and midrib diameter ( P<0.05). We can conclude that variations

between leaf water potential and midrib traits of S. matsudana along a soil moisture gradient could reflect plant acclimation.

Key Words: Salix maisudana; leaf water potential; midrib density; midrib diameter; correlation; soil moisture;

Zhangye Wetland
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1.1 W XA

AT DCAE T H A 2 BRI e it s AT H M DX P SR A 2 1 i s, st BT D 38°59722.3” N, 100°
24'33.9" E, i34k 1482.7 m , JRIRAFARL M, AF-F- Xk 7.8°C, =0°C RN 2734°C  AF K i 132.6mm,
FEEPTE 6—9 A AFEHZE L 7 1986.5mm , 4F H RN AL 3077 /N, A7 T4 32 LUt AR s iy 2 0 ] oy ey K%
2 WV T K T T S O REASTR P R A R AR A ) A SR AR S R G, R LIRA
PRAFFEBE L A5 ) -y 3 AR A HAT B A KF 20 SR ik, DI AR AR R AR AR S Bl AR TR AR O 32
FER YA . B, F5 4L K MK ( Myricaria bracteata ) . 2 K B M ( Tamarix ramosissima ) . ¥ 2 ( Elaeagnus
angustifolia) 7% 5. ( Sophora alopecuroides) % 7% % ( Achnatherum splendens) . VK¥ ( Agropyron cristatum) | Ji .
( Phragmites australis) \ 73 19 5 ( Equisetum ramosissimum ) 55, ZMWFFE XA T 5K 45 28 30T [ IR Mo R 97 XA 0 X
AFER B ARG 255 TR E
1.2 SEiE

T 3 DN 6 ke i AT PG T TR T T i PR R I R AR i 52 2 K R T K B R AR
WRENZGKE TR o T UREETT AR R 3R R A RS Sy T2 A o 0 T2 1 S5, 52 3 KRR 1Y
SN R 2 I R AR S AT RRAE . 7 S S U (% Bl b | R — Ak DRI 30 300 Ml S B AE A K
2y 210m HELRWDERERD BN AT S0 50 . 1SS AT K A 0 R0) 3, ARSI e DA 2 TR Uy )
][ 100m HEUAT & 3 2558 20m < 210m W-FATAEAT  JEAT 30T ZK 3 R 10 (7245 S B I il 2 0T 4
FEAIFE 10m PRS2 24 T /Kt ek RS e 0 i R KRR ) o AR e T KSR 7E 3 45
AREAR 1 D] 0 RSB MBI KRB 3 1 70mx260m [OREM( T CTUANTL) , 43900 K . 1) A T 7 Fai K X,
H R KHRR 0.5—1.2m , iU A= PR HE /K, 38K 3 — 4 vh I 43 I [R] AL A AR A 5 2) #1147 T Hh K
X, H T KSR 1.2—2.0m , B — A 23 W8 /K, 580K 73 215 PR AR AN 5 3) Al T A2 T8 7K X, iR 7K 3R IR
2.0—2.5m, TIEZ WK AL N, HIEEK SRR 2 Y A K
1.3 JRHREE R A

FEAREHL TR 12 4 20mx20m FORETT, K755 BT 2 I 20m,, %66 BEJT PONIAE = Lem 1079 A P
HEATRET 2RI R 2 sk R &2 bk AR el S , [RTEH a2 4 7 O TE VR 2% BE RR AL S . s AT
3Ky RAE  BERE D 4 (B AR =5em) £E 0—100cm 43 5 JZ 181G 20em BUHHFE  HA 3 U, BIBREE & A
AR YRR BORIA P& M) 5 2 0T, B A S 5 R AR & 1 S 06 & 22 ¥ S TR G R 7E 105°C Y MEAR 4t 24h FREE
F B 0—50em + 2135 + 3 &5 K
L4 HEPRAEANI
141 fHYSRFE

TEREIEHLAY 4 /S THUS SO 458 AR 1 4 1 AR 34 R A8 SR 0 R ok (B % A B S
PRAVIE AR , AT IR, . SR BOE hERAMNZ 4 DT AR 4S | B TE R MRk BRI S R AE K AT
I R AR AT DL AL B (TR TARME B N AR 52 1)

(1) Tt 711 (3415F, Walz, Plainfield, USA) X 3 AN/K 2365 88 N BT AT BIsCAE bR 047D 5 208 5%
( photosynthetically active radiation, PAR) W , I {37 B 53 SIAE RF AR AR L3I 4 A& 1 4h Sem 4b

() HEYPCESEINE . EPEME IR 9:00—12.00 #AT RS HSE M E , 64 0E i ] GFS-
3000 fE#EG A R 58 (Heinz Walz GmbH , Bavaria, Germany ) , & i 2 HP i N T2 #5608 Y6 & 5K
FEST(PAR) M 1200 pmol m™2s™", CO, ¥ E 2 340 wmol/mol , FHXF I ( RH) {45 1E 50%—60% , i #i% E N
750 pmol/s, M Z HFN 8 em®  WHSAFARIC A BT Rid ¢ 3 A8 T 41208, 200l e it |7 ot &
A (Pn) FEBBHCR(Tr) MR RE (T, S8 PR = 10t A R AE TR ) B 1 4%
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Fig.1 Study area and locations of measured plots

el S % S O G I AU (CI-202, Walz, Camas, USA) e MHTAR, JET 13 Po F 71,

(3) HE BB AR BRS04 1 /N, 3 5 DU i 6B S 80 it Fr, S BB 485 X K 358 ) % (3115,
Walz, Santa Barbara, USA) & 7K 3 I & 45 505 3 R R R A S BH4% | 4 5 J5 17 R S0 g =
1.4.2  HHARAI &

o e ] AN Sl e S U A Y S B S

(1) ke B gl o - FAE S 2O G R (CI-202, Walz, Camas, USA)Xf/NMS 8N H 64749
545 2R R BE A SR, KR B R PR BEBR DA TR RS

(2) WPk ELAR I A < S HCREAS R B E ARSI B 5 R T B, SE AR R AR - R VAV R (379%
W ,50% T, 1 13% KBEBRVE W) . SRJG FH 5%NaOH 1 ZBEdE AT fb 238 Bl B B4 - ek e o> /K £
5L 575 B 4 EOIR 76 1A 0 5308 ( SMZ168—BL, Motic, Hong Kong, China) T T Hh kMR 00, 76454
B PR i K HP TED B ( 4740 B P Bk ) 3B 8 = BT HEATFA R B Motic Images Plus 2.0 24 3RA545 B8 /g v
WK ELAE 3 sk R s A 3 E RIS i T ik AR

(3) MR Z I AE - I R4 25 (SPAD-502Plus, Walz, New Jersey, USA) &4 F Frp R =
AT TS R, S oK 3 U - Y (AR S B B (A I 2 i

(4) et AR A E B RCEE 80°C YJEAR Fh LT 48h ZAEE LT RF O EEM 0.0001 ¢) FREX, i
ST A, L BRI TR R AT B A
1.5 Bduotr

g3 br 2z Hbr AL £ 34k 3T (standardized major axis estimation, SMA) 1 200 ok SR A I K AR
BRI ] £ 56 R AT AT, SR JH Excel BEFT SPSS 16.0 G431 A R B THE 640 BT RN 07 2540 H7, b
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FIKEBEN 0.05, 77 22 0T BTN T A B dE A5 07 22 P PR IR FIAE 25 /A R 5
2 RN

2.1 N[IRE L A 37 25 B K i B SRRV RRAE

AN TRIRE My S M ARTRE VR 1) S 25 0 BE AP B A7 A 3 25 5% (P<0.05, 36 1), BEEFEM T B 1T | T
Bt P, IS K R MM A Vi f TSR R AR PAD B ) S A e N ST S K R e b
49.05% , BETE A4 8 WD 21.13% AR EFEMR T 59.15% , MR T 66.67% . FWATE 3 e FEHb 1
He 3B 2 (R HE S K BAL T 65%—T75% ) B3 B S MR I 14 4 4

F 1 FEKSFMEEZRE (BUE NP EL AR ERE)

Table 1 Main characteristics of plots in different water plots ( mean + SE)

Ry e K FEFRHIE Community characteristics

Plot Soil moisture/ % WHEE Height/cm HREA B Crown density/% WL/ (HR/hm?)
| 69.23+3.55° 636.96+27.63* 91.21+4.56° 450+30.14°
I 48.38+2.46" 589.25+17.28" 75.69+3.78" 330+22.37"
i} 35.27+1.76° 502.34:+26.76° 37.26+1.86° 150+7.56°

RPN GG R e n b i B] 22 53 .35 (P<0.05) ,n=60; 111 . +HES/KE = 60%, FIE . 40%—50%, T 30%—40%

2.2 N[ RE L A R AR

e 2 s B 3K E s il I K K E AR | LT AR A AR R e SN R R
H T 2)REH I 43500080 T 53.42% 33.33% 29.14% 1 23.23% ; IR K B T, Pn K Tr |2 52 48 a3
JAFEHE T FIREH T2 5038 i T 27.97% 7.50% 77.81% J% 55.65%

R 2 TREIFEH SO EREE (B P H bR ER )

Table 2 Leaf traits characteristics of Salix matsudana in different plots (mean + SE)

FEHL Plot 1 | IIr
R 7)./ °C 28.96+1.45" 29.07+1.45" 31.33£1.52*
432 Chlorophyll (SPAD) 36.38+1.82° 32.78+1.64" 27.93£1.40°
1k B 4% Midrib diameter/mm 0.30+0.02° 0.26+0.01" 0.20+0.01°
-7k #% Leaf water potential ( Mpa) -1.61+0.08" -2.16+0.11" -2.47£0.12°
rf k% B Midrib density/ (em/cm?) 0.85+0.03¢ 1.00+0.04" 1.18+0.06"
Lo TE AR Specific leaf area/ (em?/g) 114.4125.32° 103.93+4.90" 81.07+4.05°¢
LA H R P/ (pmol CO, m™2s7!) 3.69+0.08° 8.83+0.34" 16.63x0.83"
7B Tr/ (mmol Hy0 m™ s71) 3.02£0.15° 5.26+0.26" 6.81+0.34°
FeA ARG PAR/ (pumol m™2 s7") 782.30+39.12¢ 1105.20+55.26" 1562.20+78.12¢

[RIFNAS [ /INE - ) 7 i Ml B] 25 57 8235 ( P<0.05) ,n=60

2.3 SRR ML A K S 5 e kR B Y DGR S A

Pearson AHICHE /AT 2B B T VR My T 52400 i 7K 38 v Jok 28 8 () 22 47 70 Wk 8 38 1R 4R M B AH O 6 &R
(P<0.01) , MiEEH T AE7E 5 35 IR PE AR E 5 2R (P<0.05) , M5 2805391 -0.6855 . —0.5903 Fl1-1.7052, 7
IKATREEE b Bl A A0 K A BRAIG , o ks 1 38 2 3 R A 3R W SR AN oK AR v ks 1 22 [ A7 A AH B 2
PR G ZR ( 2)
2.4 R[EIREHD I K 35 bRk AR B DGR A A

Pearson FHICHE MR, 3 A M b 2RI K RN rp ik B TR] 38474 B 38 B 2R MR IEAH G E R (P<0.05)
FHOC R BT 0.2494 0.2929 F10.4360, TE7KZMHHEE | B2 SEA0 7K S B A, ik s 1) R i/ N 34
& HH AR T K SR R ok B 2 TR — 2 B B (1 3)
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Fig.2 Relationship between leaf water potential and midrib density of Salix matsudana among different plots
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Fig.3 Relationship between leaf water potential and midrib diameter of Salix matsudana among different plots
A, A 1 ; B, A 1T ; G, Ao b, 1T
3 g

FEWI R b TR S A A A BRI RE I T AR IR R A AR 338 S i B IS A B, R iR e &
RCR A A% S e ik R R AR 5 A 9 A B IR AR AR BE AR R R s YA 56, K B e IR
SEHR O 22 AT LA R AE R A 45 b 2 B0 31 52 R K o0 A5 VR 0 T 40 R BE R oK 43 33 43 55 I AR i AR FHSCR
SEAE YIS N BE T I EE AR AHIESE R B, A0 I K S v s R ] S S R B A DG R (P<0.05)
L ik B AR 5 i SRR IE DG R (P<0.05) , 7 3 > 387K o046 BE A b X R AR DG VAP A 25 57 . 7RI A 355
o K SRR K AR BE S 25 HAb AR W3R IR A & 5740 5 ik 5 R W R VS IR & A S, AR TG 7
S I AR AR 2 3 R A% ) B 2R T e DR ) A e U T A DA R R VR A AR FH SR AR ] 3
=LV
3.1 AN[EIRE L I K S e ke B B DGR S A

ARTEREE R R A TR BRI« A A B B9z = REM” , Sl i ez [ &
IHRE , B X IR Y28 B AL G54 B AR BRIR B0 ARG & PR, 3 S S IR L S M ok 34 v fik
WP R AP AROCOC R MK A, Dk BB/ s A A AERE R T FVRE il T g S A0 i 7K 34 5 v Jok o g S A
WEAHICR (P<0.01)  FEFEH IT 25 2 18] 42 5 35 SRAH DG OC R (P<0.05) o FAMI 7K #45 vp Jhk 4% B2 ] AH OC
KR MK AT HAGE | PTRES AP T I X 5% 1 36 6 I 5 455 440 AR )y 68 14 0 T T T s 19 9 18 L 36 s A 5K
1) BEHL T A7 T 2, 2K S TRl (R BE Fp SRR B T A KA BE 42 %R s AT TR % %) 50 3 R P4
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FERK(FR 1), 1 T SRR AR, SofliAsd 1] 7™ 5 3 i, AN AE T R I PN 0 Ol BE R R ifi ELk b T
HR B AT IR RO SRR, , G IR S A A BR A A A R R B BB R FEAR B R Y &%
PR, 0 T HAIEA RIS it B A B d Kk R AL R MG G RE T, S0 2o 3 R be b T Bk 8 - | oy
MR ARG (£ 2) , DIREIOCRE 1, e VR IR A FRE YRR, R0 T v ik B po A e s W R A7
BR (AR K ZE SR i i e B B 138, 28 B VR A5 (36 2) I TR IR K A3 ik — 25 B B T 4%
FR KRS (R 2)  2) FEHL I FAFSE XA Rk X, iR KSR 38 S Kl v (3 1) IR RS 0
FIABPA B4 RE T 8 TR (3R 1), SC50 il A vh & 0 SRR B 1 SR AR SR B T A, AFDAR ) 14 ) B 3 22 | Mg )2 o
ALY 53 A0 30 R R, T TR 78 T R 2 1) (R A A Bk U 55 , S WA i ] 194 385 BH B G2 i /L, — T AR
TR S IR A5 0 2 IR BA T B 221, S 28 BB AR AR, B i 28 ISP 1 insk 17 K o i 1%
S, R WK RE B, K AR T TR B 5 55— 1T A R B b R AR I ik AR GE ML S P AR R R A
B BT BRRE PO R A 188 3 R (s ST 7 A R A P kA R Ak TR A 8 R A I R R A S P A
FH . 3) Rl TS 0 5 5 1 3 Y, T bR 1) s 38 AR P 32 T A IR, R3Sk i 2 4 98 X
H I, FAIARAL T BEML AT A RS BRI AR, 3085 B B 4R 5 4 T O HE & o R P12 e/, R T 52
FNEA A RS BK RS B R OGS R ZE I 3R (R 2) , 0 T Rk 28 A A B s 2 30y it
RIK, AR IR ARG 1 B Pl i 7K A ) SR s ok 3 3 LA P A 7K A0efs B, BT 348 o S et e 8 WK B 1 4% T
7 3 18 0/ A SRR AR A8 22 1) B VR A A R A4 3k 1) Hp ORI AR SR 2L, T 7K 43 Bl 2 A R 4 1K
S R 11 XU T RO A S5 A I AR AR BT R A SRR A v DK R 1 (RIS B R b
IR LI 258 IR A THFE , R FA0SE AR e K oA 35 BT 5 4 BB ) A2 [B] 90 R R 0 g — PR
i1
3.2 AN[EREHL I KA P K AR ) S S B

L0 P9 A 25 SR i R 7 e o 7 Iy R 3 o — 2R A7 I AR AR DR R S B, TR SRR A A RS AE 2%
W25 A5 IR T A AR Ak T 42, S o A 0 A ) 3 o AR 1 B A PR A LA T AR IR R R A e L AR KA
RS PR BE TP AR R T I A AR S O A TR AR ST AN [] A 25 2 A IR 2 K A (R 1 SR T i
SERYIIEAT AR P A B, H A AR P AR R i E S K B F B Y AR K
B, BEE KSR T At T TG 20 STt 0, S5t e /K 3/ | v Bk B Rt/ | i 7K 345 v kLA ) 22
WFEEMIEKER(P<0.05) (F2, B3), EZEMHAWMT 1) T B3RS RN oK FE L, A
WK e F1A8 55 , KB T4 5 T kA Rt F ok A iz i i 1 B |, e T A R KR R IR 7S
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