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Photosynthetic characteristics and twig-leaf traits of different densities of Tamarix

gansuensis in Qinwangchuan wetland
ZHAO Lianchun,ZHAO Chengzhang” , CHEN Jing, WANG Jiwei, LI Qun

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

Engineering of Gansu Province, Lanzhou 730070, China

Abstract: Twig and leaf are the two most important functional organs of the plant. Under a particular density, their
allometric relationship is the result not only of individual development but also of the interplay between the plant and the
surroundings. Tamarix gansuensis is one of the key species in harsh environments of arid regions, and the allometric
relationship of its twig and leaf plays an important role in resource utilization strategies of wetland plants. In this study, the
community of T. gansuensis was divided into three density gradients in Qinwangchuan wetland—low density (0.1—0.35
trees/m”) , medium density (0.35—0.6 trees/m”) , and high density (0.6—0.85 trees/m”). The relationship between twig
and leaf growth and the photosynthetic characteristics of the leaves were studied. Results showed that, with increase in
density, soil moisture, plant height, canopy closure, twig length, and leaf area increased, while soil bulk density, pH
value, electric conductivity, crown width, branch diameter, bifurcation angle, leaf number, and photosynthetically active

radiation decreased. Leaf area index, net photosynthetic rate, transpiration rate, and stomatal conductance increased firstly
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then decreased. There was a significantly positive correlation (regression slope & > 0, P < 0.05) between twig length and
leaf area. With increase in density, the regression slope between the twig length and the leaf number was the same
(regression slope £ = 0.9, P < 0.01), but its intercept was subject to a positive shift along the y axis ( Y-intercept was
from 0.25 to 1.93). The regression slope between the twig length and the leaf area decreased (regression slope 0.65<k<
0.98, P < 0.05). These results showed that there was an allometric relationship between the twig and the leaf. With
increase in density, the twig-leaf constructive mode of shorter twig length, lower leaf area, larger bifurcation angle, and
larger leaf number under low density evolved into the expansion mode of longer twig length, larger leaf area, and smaller
bifurcation angle and leaf number under high density. The stomatal conductance, net photosynthetic rate, and transpiration
rate increased, while water use efficiency decreased. All these findings reflected the phenotypic plastic adaptation and the

resource utilization strategy of the T. gansuensis in arid areas.

Key Words: functional traits; photosynthetic characteristics; Qinwangchuan wetland ; different density ; resource utilization
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1.1 AF5E XA

BIFFE AL T H AT 22N T 28 1] ] 8 0 2 el o B PR 7 XN, 3t B 0 103°35738"—108°38'37"E,
36°23'59"—36°27'56"N , WE4K 1872—1928m , J& KBl M 2 WA Mg, AR F- 4l 6.9°C , AFE ¥R 7K & 220mm , 34
P TE 6—9 A AFEZE K 7N 1879.0mm , 4F H FEIHA] 2700h , SFX JE R 126d, + I3 LR IKES + A= L 5t
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A 25 KB ( Tamarix gansuensis H. Z. Zhang) WK IR T XN EBERYA : 153 ( Phragmites australis ( Cav.)
Trin. ex Steud.) FAC( Lycium chinense Miller) AW #53H ( Typha orientalis Presl) JKEEZE ( Chenopodium glaucum
Linn.) %856 (Aster tataricus Linn. f.) ABZE 6T 5 ( Calamagrostis pseudophragmites ( Hall. F.) Koel.) J& B¢
(Salsola collina Pall.) 7%E 3 ( Sonchus oleraceus Linn.) L% (Salicornia europaea Linn.) - (Poa annua
Linn.) 5%
1.2 SCERiRE

2016 4 8 H ) 7E% £ E ZIRH A FE IR T XN R BRI, &K 200m 58 50m
AOREAT 145, %0430 100 > 10mx 10m LTy, AR IR AEAN % B 15 0, 4 HE 45 I D DUE A A0 A B0 R IR 35 B
(0.1—0.35 #ft/m*) FFEJE I (0.35—0.6 #/m*) Al %5 B2 1 (0.6—0.85 #ft/m?) 3 N ERE, A I
10 > 10mx10m A£75 (35 30 AMET7)  RHEDT NI IT AT S48 R T Tem BOBEMIEEAT 9 5, i bk A2 |
SEEMR 00 5 A0 PAY R A T ARG B, SRR TR R AR TS R IO AR PE R IR 3 B, (A RA:
1.2.1 fHYRHE

(1) MDA S8 E

2016 4F- 8 J1 13—18 H (FEMIA: K IR ) | e B KUY 9:00—12:00, I GFS-3000 fE 4550 4
17/ ( Heinz Walz GmbH , Bavaria, Germany) Jll %€ . Wl &= fd A TZLE IR, B A&A R8RS (PAR) S8 1200 mol
m™> 5™, CO, ¥ & 2N 430pmol/mol , FMFHi BE A (27 £2) °C, FHXF IR BE (RH ) PRFFTE 40%—50% , It 3 15 & N
750pumol/s , M ZE ALY 8em® . FAAHBRAEUNT - & Je F e R By e AR M5 J2 ) AR [R5 BURE (5 2 m O v - 98 )
BAR) R BRI e O EAE T BUWES 5—7 h) 5 Sr RDG A AU & SRS e 280, 4 i v 4200 3
W, AR RE TR 2 A i R, U] R 48 QO T R ( CT-202, Walz, Camas, USA) W P TR FR, 2 1 340k
FHAR(P,) FZERSHR(T,) FE2H
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FEACRMEAE R AR (78 7 AL 4 DO m 2 B, &8 1 Rk (BUR B <4 W fRik+) | L
HMZRAEE RO 1 RS 0 N5 2 900 SCPERL T SR SO A AR ISR 1 BB Rid 1 N TEH
P AR AR/, T A AR ORI 5% 1.2 BRI e A SRS 4 /S (BRie i ) I BB B 35 BBO il A
IRRLAE | Gt fo iy [n L0 2 0 5, AE T (RS20 % 5, 78 6h INSE LA i . 5 5ETE sl sk i B R R
D 4R A /N b AN B g T AR (e S 0O M AR (CI-202, Walz, Camas, USA) I B—4>/)
B A R T AR BT XA ) 5 B RO /NS R B % (AR SO A 8 BRI AR A /R )
1.2.2 FIEHORE S B T i

(1) RHEEKE

2016 4F 8 J T ), ST 1 JC I W [ K ) I ) R AT - EERORE ) AR D N BE AL R 3 A IBORE A, 42 9
0.5miR 1Y T EFHITE , FHER JI ARG 10em SRECEFE, T AEGR 5 PR BT & J5 47 0] 50 90 25 78 105°C Y HEAR Pt = 1
HGFRTE T A HEHE 0-50em 1)2 TSR,

(2) L3R

HOREEIE . il EHEXT R 2mm ff, B 10g I S0mL 25 CO,Z8I8K OK Ly 5:1)  BUR 1, B
PRGHL AR Smin , SIS FIERBIA =AY AERE A S (DDS- 11C) MUER Ay 3% R 3 I BUF
HME,
1.3 Bl

X BRI FE kD NI 50 P S S0 5 A 7 0 B 4 (LA 10 SIS |, (2 A9 5 TEAS A0, SR R bR
HEAL EAAGTH(SMA) J7i B ST 40T, AR IR EDR RAEARL v i A: KOG R o HoAt i 2 B0 5 H E A7
T3 22 R IR FNE S AR S0 5, ] SPSS 16.0 Ge it 43 M A 1 ) 52 S B3CHE R A7 AR DG 3 e 0 5 22 937, 8 351
IKFAEH 0.05, H] Excel FRAFAER,
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2.1 VR E E IR AT

N[ 25 BE RN RR B A DI D e R E BB 25 F (P < 0.05) (£ 1), BEERMIRNEE LR 1 3 5
I, BRI e FNAE T4 AR DA B S 388 ka3 P R R 388N T 20.66% , BEVE AR BESE N T 41.89% 111 e i &A% )
B, R T 21.51% 320 T 28.37%, WHIRIARFREU B 2 1, I | 11 %8 3 6 B S 18 s s 20>, v
2 1 AR B K BN B TGN T 2.01 A% BoAE b T /&5 2.07 15, R 1% B ] Ind 38 5020 Y M R A9 ) el
JERRY IR M AR A A IR B A

®1 TREFEBRMEZINEMRK CFIMELbrEDRE)

Table 1 The main functional traits of Tamarix gansuensis in different densities ( mean+SE)

B PR T e zilEs I T AR 2
Density Plant high/cm Crown width/cm Branch diameter/cm Canopy closure/% Leaf area index

I 486.10+28.5 ¢ 493.62+30.4 a 9.13+0.12 a 62.30+0.34 ¢ 0.72+0.02 ¢

I 532.32+£20.6 b 465.26+29.7 b 8.67+0.24 b 78.40+0.22 b 2.21£0.12 a

JII§ 586.51+23.6 a 387.42+28.4 ¢ 6.54+0.06 ¢ 88.40+0.21 a 1.78+0.08 b

Al — BBl e A /NG PR RN R AR L R 2253 B2 (P < 0.05) 5 1 AR low density( 1) 5 Il : P BE medium density( 1) ; Il : %
B high density( Il )

2.2 VRN IR AL B AT

RS T R A 1 M B A AR 25 R W (P < 0.05) (3R 2) . W& BEMIANAE % B2 i3, 1
S KBS MR 1 % N T 34.49% , 38 75 7 D)2 0 326 i, ARG 35 2 1 ) v % 3 1L Ui
DT 12.23% , 13 pH (E NS BRI W, MR T 2 2% 5 A3 0s > T 14.97% M1 76.47% , FBIFE
I SRR ol - T N BTV ety e e < B LA Y

R2 AEZTEBRNIEBUMER CFPYELARERE)

Table 2 Soil physical and chemical properties of Tamarix gansuensis in different densities (mean + SE)

R e Eay AR 13 pH {E g SR
Density Soil bulk density Soil moisture/% Soil pH Soil electrical conductivity/ ( ms/cm)
I 2.29+0.06 a 24.79+0.16 ¢ 9.42+0.16 a 4.59+0.03 a
I 2.09+0.12 b 25.83+0.21 b 8.38+0.06 b 2.33+0.02 b
I 2.01+0.08 ¢ 33.34+0.14 a 8.01+0.12 ¢ 1.08+0.05 ¢

(] — B I A ()N g R R AN ) 8 BE A E ) 22 5+ B35 (P < 0.05)

2.3 IEHIAEAIN S EA R B

B 5 A% M 22 3 A 1 R WIS A 8 B R 2% b b AR I BSCR AE AS R B A N A R
(P <0.05) , oA B A AR UGE 1 AR BE T 2175 25 5 A3 303 T 1.08 A5 56.12% ; BLAc /R A B
AR A AR IR (3R 3) , IR EE T 205 %5 B L 3 il 1 37.61% .64.39% 1 23.61% , R WINE
JE R BEMIRI R PR ISR BE | TR RRURI R K A3 A3 A B | I 300 () S P ) A L o % B U P s R R
JEE TR RR AR /NS R A R ) A A ) SR AR, DA B T 5 D A [ 1) 38 4 1%

R3 FEZTEEUREMHER (EHEARERE)

Table 3 Twig and leaf traits of Tamarix gansuensis in different densities ( mean + SE)

W R Gy ARIE SIACER LINTIEAS -
Density Twig length/cm Bifurcation angle/ (°) Twig number Individual leaf area/cm? Leaf number
I 20.51£0.59 ¢ 58.66+1.23 a 12.13+0.51 a 0.98+0.02 ¢ 276.07+10.50 a
I 31.30+0.68 b 48.33+2.01 b 8.46+0.13 b 1.23+0.03 b 240.40+9.36 b
I 42.69+0.96 a 36.60+1.04 ¢ 4.32+0.02 ¢ 1.53+0.05 a 210.90+6.22 ¢

[F)— B H s J5 AN F] /NG b R A [ 2 BE B 1) 22 5 .35 (P < 0.05)
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2.4 JRHOEMIC A RS 3 B

Bl G MR B G O BRI NG B A AR S 2B vl i 3 v 2 B LA B 1 sk b 1 46.4% , 7K
Oy FIHBCRM B W), % R MRS 1/ T 35.39% , 5 h 3 EEREHLIRD T 14.88% , HoOA BR 78
R AR AL T FAR A B T 5 T, b B T ) gt 1, v o B T 6 v 2 2 T 29 0 386 00 T 19..55%
44.21%H1 17.48% AR E 1 43913 T 54.12% 1.14 f5 51 54.77% . i WMRS ST | L6 250k 5t
i, BRMIZK o3 I FH AR B e G S 3 RN 78 1 i 3 U A A1

R4 TRZERUAAHE (FHEARERE)

Table 4 Photosynthetic characteristics of Tamarix gansuensis in different densities ( mean * SE)

AN =W == s N )
o R M M KRR AL
& - O. osyn ‘e l.ca Y Net photosynthetic rate/  Transpiration rate/ Water use efficiency/ Stomatal conductance/
Density active radiation/

o (pmol CO, m™2s7")  (pmol H,0 m™2 s7™')  (pmol CO, pmol™! H,0) (mol H,0 m™2s71)
(pmol m™ s7)

I 1122.2+43.21 a 9.96 = 0.17 ¢ 3.96 £ 0.17 ¢ 1.50 £ 0.03 a 4.82 + 0.07 ¢
| 931.00+£37.21 b 1535 £ 0.27 a 8.48 + 0.07 a 1.28 + 0.04 b 7.46 £ 0.12 a
I 601.54+16.32 ¢ 12.84 + 0.23 b 6.13 + 0.10 b 1.09 £ 0.02 ¢ 6.35 = 0.08 b

[7i)— B R0 Jo AN ] /NG T 2R AN [ 2 BE B JRE 1) 22 5 . 3% (P < 0.05)

2.5 N[RVEBE R AR BE AN AR A 0GR A A

AN [R) 5 A B R AR S B 5 T AR A IEAHOC G R (P < 0.05, B 1) , 45 % BE RS B A A b 38 22 S
B (P <0.05), KRR E S5 RO R RPE N 0.98, 5RPR 1 ZRAEBE (P > 0.05) , £
IR R T BRI A B S B A AR SR C R, T ERE BERBR  0.84, KT B % R 0.65, ¥ B E /N T
1.O(P < 0.001) (K1), RMAH %R FARNIEAKE SRR AAERECR, SBEBET, AR KE
A AR RS I TET AR AR AR A JFUASE 4 1 Sl A6 T I T RS R o8 5 I 2 1 3 AP B 30 o 2 3, A A B
AT RRL ] %) 3 s/ I | 2 B v 3 RN v AV R i) B A A LA B R R B S T R L A
2.6 AN[FVERE R AR BE AN B 1 OC R AT

AN )2 B BT RIS A B R i it (R 3 AT IE AR GG R (P < 0.05, B 2) , M RBR I 0.90 (P<

0.01,
035 27 ¢
o
Q
025 | 50 2or
. g ’,5
3
% = 25 F
< 015 11 2
2 g
E 2
3 oA
z 005 =S
=]
5 B o3t
: :
E 005 F A %
2 22 t @
s | »=0.98x- 1308 R2=0.68 X XS 09004125 R2=0.70
N y=084x— 1.1 R2=0.68 21t y=0.90x +1.06 R*=0.64
A y=065x - 0.82 R?=0.55 »=090x+0.93 R*=0.55
_025 L 1 1 ) 20 1 1 1 )
1.05 1.25 145 1.65 1.85 1.05 1.25 1.45 1.65 1.85
(BRI Twig length) le(RE i Twig length)
Bl SEENEKESHERHXER B2 SEENEKESHEENXER

Fig.1 Relationship between twig length and leaf area of Fig.2 Relationship between twig length and leaf number of

Tamarix gansuensis Tamarix gansuensis
I K% B, low density; 1I . 25 | medium density; 1Il BwE, T %% B, low density; 1T ; H % B | medium density; 1 ; o

high density high density
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K2) /T 1.0(P < 0.05) , FRIAA [R5 BEEREE AR A B B A Ao BT S AR KOG & . B IR,
WL SMA AUEERTE A ¥ B T R R B (P < 0.05) , R IR | TN Y B A7 1 8
Book LA S Z R0 m i BRI A A Ly b

3 Wit

3.1 R MR- HER YOG R

TP D RETEAR Z 18] 1 5 202 HEAR i 1 B 22 (6] W5 DR BE 0 B — ol 2 25 SRS, AL o 80 B 2 I A A
BURFIES R, ARORI DGR K3 FR4345BEIR 5 SR PRI TR AR A SR I 2R, e MR A E
MR AR BER/IN(FR 1) SRR/, BB IR TE AL (R 4) , 8K S Wt 2 32 BRI R P 1 (3%
2) REMINR AR IR o BB TR SRR A BB B BE R K SRR SR (32 1, 5R
3)  FEMOLA AR PRk FHRCR , RIS HR B IO G UG (R 4) o SEHERRLE : (1) {5 BEAEMIARAR
PEEAR (3R 1) Mg/ HIERRER 2 | T KO Rl ol M 3R 28 A IR i T R 0048 B M 3%, 3 i 2 E A
o K T SRR AR R R R (R 2) BRI . EhRA ST A RUK BRI A R, S EOL G
RRREDT B IR YK a3 it BE 2R R MR/ IN AL e R e T ARUOR AR 2 T R B e K A R TR
(F 4) IS RIS, RIS T A RAE K s i de B A, /MBI BE bk (6 1,3 3) , IR &
IRAFIE B MR RGE R ES R SRK S E AR ), SRR K A3 2 F I T | X L RAT B T A A
R Al Wang KBkt 23 W BRI ARG 1) 2B 4 A2 ) A S /N R T K 43 R RO 11
BFFESSRIEAR B, (2) IRBE BERE T B B/ (3R 1) AR 2 R R SR (R 4) O
RS SR 2 BOEE 3 ROEIMR  SEOLA AR (3R 4) o Sl b S R BRI A D
B BE AR, 3G I A RO RO, IR MR SR B B I o RS RS R OEIREE T R AR 238 B Y
AR R SRR R ARV R AIRE T e 2
3.2 AR HMIR A OC R

TP 2515 A A7 A 22 B — AR LI 5 P R AR ) 56 28 ALl i 2E R4 A= i e e BOe &
v B AR PR SR ) B T BB MRS X E RERIFR 23 B IR A RCR , Rl Loy [ B4Rt T — Rl ki
FOpLH T R AR R AR EE R (R 1) AR TSR, Mk S e R A R (R 2),
PAR feff (% 4) , SRR T2 20 29 [ BEMISR O bk I T B, D8 AT i 642 e B A
BCROR e 14 s B R SRS (3 1,36 3) R A LR ARACK  SRIE S ] 52 4 O & i s i fe R AE
JEPRIRER : (1) fe 4 BEAR BERE BRI = A2 R IR v 00, A i 07 A R JRn KR Il 1) - b 4R T 4
SERE 1, o s gl ) A BRI SR 25 M TR R B 20, MR 2 iyl B DL R K i R R
(#2) /K5y FE YA A= WA 2 s o C 23 B AR AR I B (58 3) , DU &)™ &, il R A K
T (2) o BE R P AR T, B 38 i T 8, T BT ik 2 Sk RIS FAT )28, IR 1 ok
POCHIRAIRE N AR TR 7T 53R, e B USSR i 2 B A K i T2 1K, DR, A0/ NS 1
FAL B O BCBORIM R I bR B M T A SRBOL B A s SR B il (R 1, 3) L [
PP A R (3R 4) LAARIIE B B REAS SR KA R F 52 FREEIR, X085 A4 il mP R A K e 32 BR A9 8
TR A3 G TR ARAG 1 o 14 Ty BRI 30 S O S T R o ) S A T B 048 0 ) R AR B T vt
VR B BT PR T ORI TREMS RO AR R 2 A R 1 st L SE A R R e A
i) 1 0 43 LA BRAS B 22 1 Y R A 9 2 R 0 — 8
3.3 R MM RR YOG R

AL 14 11 B B BT IR R AR AR R P O B O 5 B, AR UL, 2B 355 78 BEURAR X = 5 PR BT i
TR A B BT BONUERLRE J7 , APREIE 2 A A7 T e 7 BB UL, DR T AR ) PR 2R B 22 A9 B e o 45 950
FIAR WNITTHE i — R AN AT R e 4G o iR e BRI RSB IA TIRIE b DB 264 LK SRR
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DURE PRI 26 3 B R T AR M iy, AL T OB R A ZE IS R o, IR - (1)
JERREES , R HOKERRDL RAF (35 2) , B2 AR BEIRHE R X, A M8 o 39 R I RS i f v <AL )
(F 1, 4) BRI R BHOCHIRE S 32 BDCR IR RDL A R IR 2 i 85 o BB DL A 1S
RRACHIR A Lok B MR A2 T4, (2) s BERB LS, BEFR AR P BE T v, DA P R A PE IR 7, B2
AR (3R 3) R R A EDE AR oA, (3) TSR IR R BEMIAR AR P i o BB
N AELRR I F) b i S 4 D0 AT AT B IR B M T M 3t T B, 9 R A A7 s T, LS BURHEV A
Pk, XTSRRI HIE AR A GG ) B 23 BE R AR IBOE IR SR K 23 A CO, A5 B8 IR DAL 3] i
PNPER ISR S (FEZ o

4 it

BT T 29 AR T PR PN BRI ARLRR T ARASAE B DR B, BN AN L 5 | RS SR BRARL ) A R [ S BT 7 X A PR
BV TE 5 B A L Wit S TS Jm R A T B PR AR ) P B DR R o, MDA 85 e o Ay sl 47 1
SR TR0 ADG I A8 R BB ARA I R TR 38 I oA K oA A JEE | i e ) PR ARASUA SR, I DA
AR PR K FHRCR , DRIERR E OGS s . s R, BRI R SR R Pl b PRBE AR R I
L, REMI TR B i, AL A0S R MIZE IS R iR, AE s AR, AR TP, e
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