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Variations of water-carbon exchange at leaf scale and leaf nutrient content of Robinia
pseudoacacia with slope aspect and stand age in a small catchment of the Loess Plateau.
ZHANG Di'" | JIN Tian-tian® (' College of Earth and Environmental Science, Lanzhou University ,
Lanzhou 730000, China; >China Institute of Water Resources and Hydropower Research, Beijing
100038, China).

Abstract; Water-carbon exchange process and major influencing factors of Robinia pseudoacacia
plantations in the Yangjuangou watershed of the Chinese Loess Plateau were measured at leaf
scale, to explore the variations of water-carbon exchange with slope aspects and stand ages and
analyze the potential effects of nutrient contents in leaves on water-carbon exchange process. The
results showed that: (1) 11- and 27-year-old R. pseudoacacia were at different growing stages.
The former had a higher intensity of water-carbon exchange than the latter. (2) The proportion of
R. pseudoacacia individuals with higher net photosynthetic rate, water use efficiency, stomatal
conductance and intercellular CO, concentration was greater on semi-sunny slope than on sunny
slope, suggesting that semi-sunny slope was more suitable for R. pseudoacacia growth. (3) The
variation patterns of N and K contents in different quadrats were as follows: semi-sunny slope>
sunny slope, 27-year-old>11-year-old, indicating that R. pseudoacacia grew better on the semi-
sunny slope than on the sunny slope, mature R. pseudoacacia grew better than juvenile R. pseudo-
acacta. The differences of K content in leaf in different quadrats were significant, suggesting that
K content in leaf was sensitive to the changes of slope aspect and stand age. Therefore, compared
with the sunny slope, the semi-sunny slope with more suitable hydrothermal condition should be

considered as priority for establishing R. pseudoacacia plantation, and the reforestation on soils
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with enriched available K could be a potential way for improving plant’ s water use efficiency.

These results are significantly instructive for the improvement of Grain for Green Project and the

management of existing plantations in the arid and semi-arid regions.

Key words: Robinia pseudoacacia ; water-carbon exchange; stand age; aspect.
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Table 1 Basic feature of experimental plots
eIty Kb 1 Rt 2 K 3
il (a) 11 27 27
144 (m) 1206 1170 1181
YERE(?) 23 22 24
i () SE64 (2 BHE ) SE65 (2 FHYE ) SES (FA%)
S 36°42'20.0" 35°42'6.7" 36°42'5.7"
2353 109°30'54.0" 109°31'2.9" 109°30'59.4"
IR (m) 6.24 5.05 4.68
IR (em) 6.39 10.81 10.55
B (B - hm™?) 2700 2000 1600
T B £ (LAL) 2.93 2.55 2.72

EEEARA

FILI  Periploca sepium) ik 2 BL# A%
F (Lespedeza davurica) EKFT 5 (Arte-
misia vestita) |, B ¥ ( Rubus) . 2 ¥
Wi ( Bothriochloa ischaemum) | %5 £ B
( Leonurus artemisia ) 2= % 3% ( Poten-
tilla chinensis) . /N1 % & &L ( Bidens
parviflora) \ K FHAL ( Rudbeckia lacinia-
ta) %

HHfII4E ( Sophora davidii) FTHI( Perip-
loca sepium) | %19 A ( Lespede-
za davurica) BRFTE (Artemisia vesti-
ta) . [ERE -] ( Bothriochloa ischae-
mum) |\ S H 3 (Viola dissecta) | %=
k% 3¢ ( Potentilla chinensis ) . ¥1 i 1€
( Calystegia hederacea) | Jiit % K ( Prin-
sepia utilis) BF 75 5 ( Deyeuxia arundi-
nacea) %

¥ B (Antemisia scoparia ) T 5
(Artemisia vestita ) . f ¥ ( Incarvillea
sinensis) . FAHII4E ( Sophora davidii) FT.
9 ( Periploca sepium ) | ke ( Os-
tryopsis davidiana) \ZE Bz 3¢ ( Potentilla
chinensis ) . #b {5 JI\ ( Cynanchum  the-
sioides ) , 1 Bi 4% ( Calystegia hedera-
cea) | i % A ( Prinsepia utilis) | 7§ B
(Rubia cordifolia) %5

1.2.3 WK R E TR R IR )2
AR SRS 4 e TT H e B BHAE M 24 60 J 43 I
Wity — M TEZER/K IR 6 ~8 h, BRI 4 (Y1t
L 2 R E T B AL AR SR K, BB 1 h
et i, ELEAR A 12 h, KoK R 60 CHET
HEEHEEYRTE, 50 HERTE
60 CHL 2 A4H & B 1 mm i, 50K 7 Hr il
( VarioEL 1II, Ele-mentar Analysensysteme GmbH,
Hanau , Germany ) M 22 HL 20 (N) & &, FL B A %
BT R8I (ICP-OES, Teledyne Lemman Labs
Prodigy , Hudson , USA ) il ig H: 447 (K) & & (Tkem et
al. ,2002) .

L2.4 Hdlaobr G5, BERIEM LS A S
Bl e OB R (P,) ZRIBEAR(T,) M
AR E (C) AL (g,) R T ZERE
T ER(VpdL) B Rk 5y RIUHRCE (WUE) 6 678,
FHARE 22 bR Al AL B3 )5 vk Ab B AR ] BE 2 FH BRI
P BN R IR BERE Ward 2§22V Ak AT
RAEZREE 0 53 328617 One-way ANOVA

K2 TRBEHMRREERSH

Table 2 Environmental backgrounds of different plots

WS 1 BT 2 H 3
(%) 57 69 63
B (C) 28.0 28.3 28.5
S (hPa) 877.9 880.4 878.3
A AR (wmol - m™2 + s71) 1530 1518 1576

30T, 3 LSD iEE T 2 S SRR, R AR oy
BT = A A 2 R 6 45 J2 WK (AN TR RRS 45 8%
) P 5 T RIS ; e, i LSD 2% 2%+ Jy ] it
R IR0 B 51T One-way ANOVA 34T,

&2 43 B7 i 37 Matlab R2010b, SPSS 17.0 #il
Origin 8.0 SERY.
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Fig.1 Dendrogram using Ward’ s method
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Fig.2 Box plot for photosynthetic physiological parameters
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x3 ABESRFIAEGERRHNERSHT

FEUA B pBHIRE T X P A B B A A T, ¢ %t
P, I IE R [RR ¢ 5 CXF P A AERCR M [A]
P, FEYORA T T,

ZRIE R S i B RUBE AR ) 5 9B 22 (B) A 7K 43
At B PR AR S A6 T s R 1A T
THE, PR AT 1 g 5 VpdL X T HHEE
BRBIK P, 5 VpdL Xt T, ] 238 12 R B K,
IR ARBEEF N R, >R, >RT, >RE,,) 5 AT UL, 4T
T4 BHBRIME , g 5 VpdL %t T A W& WL e
L, P, 5 VpdL X} T, W52 0 3 2558 i) Rl 42 /E H S8,
FEPR N FIE g, FE 2 0, C M VpdL ¥ T B E
B AR R B, g M VpdL X} T IR 5848 R
R R R BT R, SR, >RE ) >R,
1B EA VpdL BYAEXHEREI 5 PR ) 2 BH S8R
T FEZ C M VpdL W ELIESEW , g 1 VpdL (1 [A] 4%
SN T VpdL & FE ARG AR & FEHL 3 h P X
T 0 HAZAE HE AR R BUEOR, g 1 VpdL XF T, 1 [A] 4%
AR RBBOR ISR R AR MR, >R, >RY, ) >
RY ) s VWA B RIRE P X T AR HAE T, g F
VpdL X} T A [R50, EEPJSRA T2 P,

2.3 OR[EIBREE S i R SRS L

XS LA LI B 3Ry TR A (N) (a8
(K) [ 8, 40 BT A [ RAHS B 395 1) 2% A4 % oA A 4
IFEM, S5 5 BN, RRIFEHL IR I R e R 1) LSD K
5 K TRIBF T 257 B &K (P<0.05) (K 3),
TN B 7 25 (B AT B B 22 5, R oT R AE
A RE M) 1 AR fh R A 3 R 2> FEHb 1> A b 3,
W BRI S ST b A% PR AN IR 1 B T SRS 3% 40 1)

Table 3 Path analysis in P, against photosynthetic ecophysiological factors

AT 71 7 2 G

HEEM EEEN R? HAEEM REEEN R? HAEEM REEEN R?
g, 1.128 -0.218 0.508 0.568 0.373 0.686 0.230 0.638 0.356
T, 0.400 0.728 0.468 0.068 0.416 0.066 0.754 0.16 0.808
C, -0.656 0.591 -0.333 0.022 0.799 0.03 -0.537 0.712 -0.393
VpdL 0.255 -0.329 0.202 -0.401 -0.488 0.524 -0.434 0.098 0.103
F4 HEREFEFUHEBERNEESNER
Table 4 Path analysis in T, against photosynthetic ecophysiological factors
HF HJr1 52 G

HIEER EEEER R? HIEER EEEER R? HIEER R R?
g 1.189 -0.187 0.686 0.205 0.550 0.175 0.243 0.805 0.356
P, 0.234 0.801 0.313 0.227 0.420 0.184 0.913 0.190 0.833
C; -0.127 0.305 -0.108 1.016 -0.121 0.039 0.153 -0.201 0.050
VpdL 0.546 -0.661 -0.167 0.552 1.164 -0.587 0.106 0.884 -0.056
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Fig.3 Leaf nutrient characteristics
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Fig.4 Correlation between leaf N content and photosynthetic physiological parameters
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Fig.5 Correlation between leaf K content and photosynthetic physiological parameters

O, RIS PRI - K B & 53X 3 MR R
WEMRIECES)

3 i i

3.1 AR R RURE AR G R ) 22 7

St VR v R K ik A 4 E 2B
HL G5 A B VERIE T RAR W R RO 7K B 52
AR CHE, BN PR A R B2
PR LR R, X AR ) — A E Y
PRI B 1) m] A B e AR, Ak T PH

IR T e sz I v, DRIV FE 28 R 3K, R ) 2
X} FAEZR KT KT I a1 52 T R b IXOR
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FE, 2 BHBRE 7 L& T B K43 FH & co, R
AE 5 BRI AT o5 L B i (1 2) , 2 BHSBOR B Y
AR BUAF T RS, R 5 BHSCAR LE 2 I &
THIBRAAC . G567 b FRBE A WL 45 51 | e op i
MRHL 9:30—11:30 FHIEYF RO ISR | 35K
SR EE Y T R, SRR B T B
PRI, FRAT I g 3 1] [ G B 5 TR ) 2 e S i T
JCE R BRAR bR Y 23 18] 5 B, R TS 0 1 i e A K
A1 B ( Colon et al. ,2003 ; Johnson et al. ,2004;
Bellot et al.,2004; Kayama et al.,2009) , Bellot 4§
(2004 ) 18 1k XiF 2 - 52 4y XA [] 33k 1) A il 1) 2R 155 4%
F RIEASCEAE T AT 5 B, B #1358 25 1 L
PRI A AR A SE A T 6 & ik, 5
KAAF (2005 ) 38 52 0 B A o Jit e e 74 4R XA [ 3
MO ZEPETT (BB 2 BRI 993 2 B3 dI R K 732
PRA ST ST A B, ST b AR A B A ] S BObk I BR B
PR~ it B8 R ASUAH S 188 B R /K o ) 2 5, Xl
22 it L T RIS AR BRAR BRI 25 57 . AT B BIFESRE
SERBAE TRATRYIEI, BEAE, XS LAY A B
SRR, BB RIAR P A7 A 5 o3 i e PR AR AR ) AL
1 CO, BERZARE ST (&1 2) , Wd WY Hh T BH3BEA vo 1~F- 24
AR A AR AR BE S ) T R Y A K
B, L HURIRE R T AERE F B K ST S T R
SER I8 T RIBCT — 5 B3 I SR

W AR B RS R K o 5 COo, 52
e A IE DS SR AR g 2
i — 3k R Y OC B A8 B (5K /N 42 A 20005 R FE AT
45 2004) IR P AN A0 B B AR BEAE bR (R AE
FE%% 2011) | RN B4 BT 200, VpdL 34 T,
FEREREZ—(X95,2009) , APFFRLER R, F
FHSORIRR g 3R P, [BIFESZI T, VpdL X T 1Y
MHIVE 3, ISR P, 37 o WITRIEVE I, T 3%
# g5 VpdL HTaEAE R, H kg Sz e AN [ 35 fi) 1
IR AT 1) LR TR AL i 22 5
3.2 MR AR R Y R

T 7 XERE A FT RE AL S /Ay
BRI A OGS A B i 2R IR OO & % DI I
F 3 H ORI A — A CHC B N A AT (Soy-
za et al. ,1996; Novichkova et al. ,2008 ; Merilo et al. ,
2009 ; Zheng et al. ,2011) , L SRRUIE 52 w1 F 7K Bk
AR A 2006 A (B R O A WFFER T MR
550 [k g 0 22 A7 FE 25 VDB AH G (Soyza et
al. ;1996 ; Merilo et al.,2009) . Z MR 5200, MO TE

AR KB BIAN R B Bz R BOAS [+ 4 7K 73 4 FH S s LA
TE N EREE  AERE 8 B 0 7K BT 15 R B R Y 8 itk 2L
it (KA, 2012) .
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