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Effects of soil water stress and atmospheric CO, concentration on photosynthetic and post-
photosynthetic fractionation. DING Bing-bing', ZHANG Yong-e’, YU Xin-xiao'", JIA Guo-
dong', WANG Yu-song', ZHENG Peng-fei', JIANG Tao', XIA Juan-juan' (' Ministry of Educa-
tion Key Laboratory of Soil and Water Conservation and Desertification Combating, Beijing Forestry
University, Beijing 100083, China; ‘Institute of Sediment Research, China Institute of Water
Resources and Hydropower Research, Beijing 100038, China).

Abstract; Analysis of plant photosynthesis and post-photosynthetic fractionation can improve our
understanding of plant physiology and water management. By measuring 8" C in the atmosphere,
and 8" C of soluble compounds in leaves and branch phloem of Platycladus orientalis, we examined
discrimination pattern, including atmosphere-leaf discrimination during photosynthesis ( AC ;)
and leaf-twig discrimination during post-photosynthesis (AC,, ,,) , in response to changes of soil
water content (SWC) and atmospheric CO, concentration (C,). The results showed that AC,
reached a maximum of 13.06%0 at 95% - 100% field water-holding capacity (FC) and C, 400
pwmol + mol™', and a minimum of 8.63%o at 35%—45% FC and C, 800 wmol + mol™'. Both stomatal
conductance and mesophyll cell conductance showed a significant linear positive correlation with
AC

SWC and C,. Our results provide mechanism of carbon isotopes fractionation and a theoretical basis

with a correlation coefficient of 0.43 and 0.44, respectively. AC was not affected by

a-leaf » leaf-phlo

for plant survival strategies in response to future climate change.

Key words: soil water content; CO, concentration; carbon isotope; photosynthetic fractionation;
post-photosynthetic fractionation.
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AR R OGS R R A
BALE I 87 C 5K €O, iy 87 C K,
SRAENBRSE . A ERT R co, PHLE
BAPE 3 B, BRI Co, Bk A
I, SR J5 ISR T E AN SAL , B 38 i S LBk 2%
BT P EATEAERY . RS Zm T R
AT BE (g,,) ROSER DR BRIE] CO, YREE(C,) T
BT TR N CO, YREE (C,) H g, A TCHR
KA, J2 52 5 E Wy P LA L R BE SR (1, 2008 T g, X
C.H C VARSI K S0 e AR C i e
WAl R, ZEF R E B C IRt B % o B
N 0 N SR ) 53 I e o= s 1 R e K 7 e
B A RAEAD R 87 C = E RIS Gessler
SEDOTEA Sy P 8B C SR AT R ES 8 C R
30% SRt E M Ba ., XA mMEEL, EbE
A3 UR G RS BIAR AT B9 5E L, Zhao %M I Badeck
2RI Ry, 5 e Ao T LAV R R R Z B
S B T AR RS> N AN]SR A B Ak )
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IR CO, BB RIA AR HEA S0, NIk, A A .
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AR C,, 4T B R R CO, YR FE 290 400
pmol + mol ™, H—MIEFREN CO, WRFEFRE 4EFF7E
400 pmol = mol ™' (C gy ) ; R KA CO, WRIE S FFEL
W, vl RE 2T 700 wmol - mol ™' | L — A4~ EE 5%
Y CO, HPEEAEFFAE 600 wmol + mol ™' ( Cy,, ) AT 800
pmol + mol ™' ( Cyy) (A HAPINEEFRE, LA Cy
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SEHRFIE
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Hh, g, ABE C I T TR, X5 g WAL
AARRLCIE 1) .
2.2 ANFEEHES KM CO, WETMAAN F Fk:
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HH 8 87 C, AT —28.18%0 ~ —25.18%022 [d] , Tiii
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B,8°C,, 1 87 C,,, Bk Bl A, —MIEA T, Y
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Table 1  Correlation coefficients between §“C,, and
8"C,,, under different CO, concentrations (C,)

C, (pmol - mol) 813Cph10
31C 400 0.95*
600 0.75"
800 0.82"

#* P<0.05.
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Fig.1 Gas exchange properties of Platycladus orientalis saplings under different soil water contents and CO, concentrations.

ARRIK NG FRE4r IR Al — CO, BT AN [A] 185 /K B AR — RS K B AEANIE] CO, MR B[R] 22 57 8.3 ( P<0.05) Different capital and small
letters indicated significant difference among different soil water content under the same CO, concentration and different CO, concentration within the same
soil water content at 0.05 level. g_: “XFLFJ% Stomatal conductance; g,,: " PIZHHE S Mesophyll cell conductance; P, 53 % Net photosyn-

thetic rate; C,: T[] Co, e Intercellular CO, concentration. SWC + 44 7K i Soil water content; FC; H[E]#F/K & Field capacity; C,: CO, e g
CO, concentration. Cy,: 400 wmol CO, - mol ! ; Cegpo: 600 pmol CO, - mol ! ; Cgpo: 800 pmol CO, - mol™!. # P<0.05; * # P<0.01. R[] The

same below.

2.3 HHESIKER CO, WEXTMIAN AC,,,  AIAEH.
YERLL R AC,,, SIS R0 S B R
AC, . MHATF 8.63%0 ~ 13.06%0 2 8] , 1E 95% ~
2 100% FCXC.yo I 35 B 2 KAEL, 75 35% ~ 45% FC X Cyy
o R B/ ME (B 3) . FIHAM TR, AC,,, 55
LS (g,) MM R A0HE T (g,) Z B34 5 B 3% IE
FHIE, R23M 0.43 F110.44 , %] g Fl g XF AC .
FISZ AL 4)
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HAEH
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El
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2 ANFEILHEE KR CO, WREE T M i B8 B vl i
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Fig.2  8"C of water-soluble chemical compound in leaf
(8"C,,) and twig phloem (8" Couo ) of Platycladus orientalis 3 R EHESKE CO, WE T ML AC,,.,,
saplings under different soil water contents and CO, concentra- Fig.3 AC, . of Platycladus orientalis saplings under different
tions. soil water contents and CO, concentrations.
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Fig.4 Correlations between AC,,,, and stomatal conductance (g,) and mesophyll cell conductance (g,,) (n=15).

#* P<0.05.

x2 ARELTEEZKEM CO, RETMHARE AC, om0

Table 2 AC,,,,, of Platycladus orientalis saplings under different soil water contents (SWC) and CO, concentrations (C, )
CO, W% THESKE SWC (%FC)

Cu

(pmol - mol™) 35~45 50~60 60~70 70~80 95~100

400 -0.73+0.09b -0.90+0.30b —-2.24+0.92a -2.13+0.22b -2.42+0.37b

600 0.92+0.34a -0.82+0.21ab —-0.84+0.34a 0.19+0.01a —-0.34+0.14a

800 1.40+0.13a 0.15+0.16a -1.31+0.39a 1.27+0.44a —-0.25+0.17a

SWC**, €, " ", SWCXC, ™. * P<0.05; # * P<0.01. FC; H[A]47K ik Field water-holding capacity. [F51A [6)/NG 11K R AL 3R] 22 5 1 2 (P
<0.05) Different letters in the same column meant significant difference among treatments at 0.05 level.

AC, o AR AEAE B Ry = 2.41%0 ~ —4.10%0, 1E TR F (35% ~45%FC) |, i RN g, /K
WEM C, T AC, 0 8 SWC B IIF B 2B FURISER A IRE COo, FALRE 2L P, ik 3 /)
B0 AL L TEZR E /Y SWC T KIETEIL &Y (5. 24 SWC KA RIGEN , P, 352 — B RRA%
TP C BEE C TR A R W A i BORACEEG PEFI SR CO, WREE (C,) MR, &
P, KU R BB R, A D BIE O T 1 WREER €, 7T DU T — W mRA% B W AR AL il % 1, (2
MUCHEMAR(EK2), C.HIH I, A Al Gk — 2B 0 €, , 8 P M C,
3 W B 1 SWC HHE s

EVER 2 T SN L g | WP S ES R A VS EN
3.1 MRS B SRS B RAE X AN R R K B A Bl 0.83 Fi 0.80, 1 P, Xt €AY [ IE R AR
CO, V& B 1y M iy 0.51, Uil g Mg M P MEENE, g 54,2

HPCE AR SZ AR =R (C, . AR B AL, X5 Ethier 257 BB 5Y
SWC 455 2R IR BE R 4%, B 5 % ) LIE ) F ik ZE 5 Bogelein %7 I Li £ Wk, 2. 5 g,
R R HREAM R R, AR EEIRE 2 REEELM SR,

FW,SWC R IR T g, g, P AT CRIMEIN 5K 3.2 KRR EESKEM Co, wET 8 C, , Fk
AKIRE MR WA RN ER, EEN TR 50C /Bl

W3t 26 P, 4IRS 2R e S R (5 0 240 A 31 C,. AL E I I T 48 AR HU KT X R
Jo A B, TG MK 3 AR M R & w2 L AR IR B 45 SR K B, SWC A
AL SWC I, g WHEZ I, BT ¢ xf8PC,, AW, 81 C,, 1 TR AT ¢, 4
g, X SWC HEMLEAT S g MFIHURIE, X — PR R B, TSR v ok or R
M5 Flexas 552 (R ML, AOATHBFTERM, ™ BREGZH RS Peuke 2577 X4 1 UK
KM E SR A A B g, M 0.22 HEASHIL BB (Fagus sylvatica ) F) B 57 45 S A0 1L,
mol - m™ s FFEAKE] 0.02 mol + m™ + 7' (HARZE Nie IR A, 76 BT, JLF- A ke P
PIRIKGIENG , g, BB B E G K-, /™ E B9 8°C, JEFFMRIAS LI F=HMN, 245 H
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1k IEZ IR C ARG TEM K AC,,, S5 MK
SRR Z R R A AR P AR5,
TE 95% ~100%FCXC o 5} AC,,  IKFNEAH , 1 35% ~
45%FCXC.go0 I IE B Fe/IMEL, BB C TH s 7T L 22 il T
BoEMECE WS, H 2215 68 71 7] B AR A AR
SRR g g, X AC,, B AR EALR
TR TR g M g, fH C AR, T B0
BEC RS XS AR AT R
2, H Warren™ AN, F 2B (ALY, AN kAR
( Eucalyptus robusta ) FE XA AE AL FE Y, I RIPTAE X
CO, ¥ REm L R T ALHHE, AT RE R M) A s 5+
PR3 B
3.3 A L HESIKEHM CO, WET AC,, ., 1Y
Ak

AWFFE T R SWC T AC,,,. 0, A B 51
AR, BARTEARWT &Y C AR C A ]
REMI & B IHA  HX —BH#E IR R &, 16
REBAEHT , 507 i S PrAR L ) K
e SN, B, Bogelein 557 & B, ¥
- RE A ) AC, o FEAR KRR E b 2352 0 J2 o B 1Y
s, RITE L B rh b3 et 2 i ASC 1) B 6 T ¥ e Ak
BRI ) C R A HAE T B2 b AR T 3
XFPE A, Eglin 2500 LB, BHOG T IR A9 11 B R 7
KAk 3P CER T & 8°C i, 7F
AWFFE R, B9 HROE IR IE A 200 ~240 pmol -
m™> - 87 BEAE /N T RPN S (FE A 40 ~ 1500
pwmol + m™ - s7' S Zh 350 wmol - m™ - 7)),
PR, ASAIE 5 HR AR B0 K AR O T oA o B f
MRC EEMLATRE S W = O A B A
Ko WA ORI MY B R 8 C 25 5% &
BZAFAL A=A S rysgm . BRGS0
AL ST 2, 75— 2D s AR DGR 5%, DL
— R T XAR ) A= BRI K 438 B A T T AT

4 & &
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(P,.g. %)% SWC il C,iusemi, H g, 5 g ¥ SWC
S B A AR B, AC,,, TE 95% ~ 100%
FCXC 0 BB AR, 7E 35% ~45%FCXCy ] 15 5]
e/IME, R CO, Wk AT LLGE it 1= 498 /K 43 1 3 X
A HNEIE R, HZE M8 ) T REORFe AR 5 T R,
g g Xt AC,, S5 AL, 81 R 5350 0.43

H10.44 R B2 - P A1 I X 65 Bk [ 5E 1 4
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