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3" C values of stem phloem water soluble sugars of Pinus massoniana and

Cunninghamia lanceolata response to meteorological factors
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Abstract: The phloem acts as the main pathway of long distance transport and allocation of nutrients, and as a conduit of
inter-organ communication in vascular plants. As a carrier of the dynamic photosynthetic and post-photosynthetic carbon
isotope fractionation signal, 8"”C value of stem phloem water soluble sugars can be a reliable indicator of whole canopy
stomata conductance ( Gs) to reflect plant responses to the environmental variables in the plant canopy. Therefore,
quantifying the stable carbon isotope fractionation of stem phloem and the extent such fractionation would be impacted by
outer environmental variables is the key to understanding plant stem phloem carbon pool discrimination, and interactions
between plants and outer environmental parameters. However, nearly all current studies of phloem carbon isotope
fractionation of conifer trees had been limited to only several conifers in temperate forests, and there is little information
about the impact of abundant availability of water and light, and higher temperature on different conifer tree species in

subtropical monsoon ecosystem. Given the importance of exploring plant responses and adaption to outer environmental
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variables, there was a need for more studies of phloem stable carbon isotope fractionation of additional plant groups in
additional ecosystem. The paper measured 8”C value of stem phloem water soluble sugars of Pinus massoniana and
Cunninghamia lanceolata for 6 consecutive days from April 20 to 25, 2011, and related such values to the daily mean solar
radiation(Sr) , relative humidity ( Rh) , water vapor pressure deficit( VPD) and air temperature ( Ta) calculated on the
sampling day and for 1—7 days before the sampling day, meanwhile combining precipitation ( PPT) data for further
analysis, in order to reveal the day to day dynamics of stable carbon isotope discrimination of newly assimilated
photosynthates in P. massoniana and C. lanceolata stem phloem, and its responses to the studied meteorological factors in
subtropics during the spring season. The study showed that the daily mean 8" C values of stem phloem water soluble sugars
of P. massoniana and C. lanceolata fluctuated between —=26. 81%0 and —26.49%c, and between —29.26%0 and —27.47%o,
with an average of (—26.580. 12) %0 and ( —28.67£0. 65) %o respectively. 8" C values of stem phloem water soluble
sugars of P. massoniana was significantly related to daily mean Sr, Rh, VPD and Ta, but with a time lag of 4 days. Except
Ta, such values of C. lanceolata stem phloem were significantly related to the other three meteorological factors, with a time
lag of 3 days. Among environmental variables studied in the paper, Sr had the foremost impact ond"C values of stem
phloem water soluble sugars both of two conifer species. Rainfall event on the day of sampling would change the day-to-day
dynamic pattern of the 8”C value of stem phloem water soluble sugars. The results suggested that 8”C values of stem
phloem water soluble sugars of P. massoniana and C. lanceolata can be a sensitive record of short-term weather change,
thus helping to understand and predict the impacts of the weather change on stable carbon isotope discrimination of plant

phloem water soluble sugars.

Key Words: phloem; water soluble sugars; 8" C value; conifers
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BRI 5 S REA R A RIE R 1 87 C EM5 5, REAE R WU 12 (B 448, 3 T LA SR 4 M Al 4 5
JE KXot B (14 0 [ R3S

H AR Z BRI R 40 K M 8 C (B AT DARIUBGC S R AL (R F 9 &
PR 4) B EB K PR 81 ¢ (-5 HAM e AR BE A A AE BRI 7 (B R ) 0, HAl, R E R T
1 Ez K M B L 8 C B Ao HUBR T IS ZRARI I LSRR, 518 25 S BT A AE K 4 R 7 2 T
28 e T I At 25 R XX PR 5 R 7 e i 7 1 SRR S % PR R B o, DA KA A o B £ 9
FE 7RIS WM BB T Y KA A S R G L IR A B L, i AR SE B R AR K 43 e
SR FE A TR A v A LR Y BRGHT 2 XU T A DX, DL [ R R R S AL ((Pinus massoniana ) F 2 K
( Cunninghamia lanceolata) ATFFER G, 5L 6d M E PIFPER RIS 490 Bz SIS VRS 85 C 18, ¥ (6 5 B
BRAZH 1—7d RS (Sr) KA EZTEH(VPD) AHXHEEE (Rh) 125 IR ( Ta) #EATH S ME 087, IF
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1.3 IR R
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HUREIIRI N 2011 4 4 H 20 FF4 3 25 H 450, 55K 900 FFUAEURE , 1030 DARTHUREZ, o, #5548 6d .
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1.6 Zkaba

{65 111 SPSS H 4 B 2K 5 7 224307 ( One-Way ANOVA) 20 BILARERE  H 102028 5 A3 b7 S R AA RIAZ
AR PRFREF AR ot P AS [ AR R LA AN [REBORE H 22 B0 B K I i 8 C (B 22 5 . X 5 R AA FIAZ A B2 348
IKEEPERE 85 C EIEF TR ¢ K50 A b ] 22 57

Xof By A FIVRZ A 40 Bz S K i Hp 81 C S5 R Y K DL 2 il 1—7d B4 IS4 1 F (K FHEE 5 . K
SR T R A 2S SORLEE ) AT SR B A G AT . AT R AR A TR R T H B ME
2 BEREHH
2.1 REHFIE

W5 A G R F3h A a1 IR . KEHERS (Sr) FHE R 181. 41 W/m®, H s miE I BIAE4 H 25
H {0 301. 13 W/m®, H S EARE B BAE4 H 22 H {8 32.28 W/m®, KIEZH(VPD) AR fki#asts5 H Y
KRS AR A A SEA — B P 3ME R 0. 59, H ¥ f s (B A S ARAE 530 0 1,12 F10. 11, AAXT L (RR) 1Y
SEYIE A 79.75% ,HARL S H KB5S (Sr) A1 H 87K %K 5 8 (VPD) M, H 3885 mi ik 94.30% ,
M H B ARAE A 66.07% , 23 SIRFE (Ta) EHIE A 18.43 °C, H Y& {H N 20.89 °C , H &K (4 16.48 C

4 7113 H—25 H 5K S (PPT) 9 34. 9mm, Hrir 4 7 17 HFEKE R 22. 5mm, 2L 6d HBRERIA] %
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*H 3‘%@ Fig.1 Day to day dynamics of solar radiation( Sr), water vapor

deficit( VPD) , relative humidity ( Rh) , air temperature( 7a) and

A5 A T FE RS ) B K PR B0 K
(8°C,) SIAH TH e B AR 87 C (8" C,) 4
555 H BB (Sr) KT 8 (VPD) AAX R
(Rh) A2 SCIRE ( Ta) HETRIDGPESR BT, R B 3 C, 1 8% C BRI IR T RS HEAT IR , 1P 2 Il 47 4
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®1 SDERWTHEEKBERECCESRELEXMZA 1—7d WEKEFHEXSH
Table 1 Correlation analysis between the 3'>C value of stem phloem water soluble sugars of P. massoniana and meteorological factors of the

day of sampling and 1—7 days prior to sampling

i/ d
3¢
P
0 -1 -2 -3 -4 -5 -6 -7

R 0.219 0.57 0.402 -0.658 -0.840 " -0.281 -0.02 0.168
KAET B VPD 0.039 0.566 0.271 -0.722 -0.814 " -0.29 -0.07 0.094
FAXTIRSE R -0.174 -0.586 -0.178 0.753 0.819* 0.334 0.085 -0.176
ZEIE Ta -0.452 -0.354 0.538 0.118 0.820* 0.627 0.201 -0.382

* FE0.05 K b A

Ll AR 1) B AR I PR 81 C -5 BRI T Z MR SC R ANER 1 s, 87 C, IUREZ HiT 2R 4 KAy K I
B AR KU e X B A s B 4 S A G AR S P RO/ N HES 2 A PH R S > 2 =l B2 > A X 2 >
ARS8, 8 C 5 IR PR S AR U 75 (R 8 A 25 SR O -5 AR 0 P B 23 Al B 2 Il e 3 A G
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Fig.2 Day to day dynamics of the §'>C value of stem phloem water soluble sugars of P. massoniana and C. lanceolata respectively

F2 EAMTHEHARERESCESIELYRMZI 1—7 XRNSKEFHHEXSH
Table 2 Correlation analysis between the 3'>C value of stem phloem water soluble sugars of C. lanceolata and meteorological factors of the day

of sampling and 1—7 days prior to sampling

A/ d
3¢,
0 -1 -2 -3 -4 -5 -6 -7
R 0.419 0.556 0.073 -0.824 % -0.538 0.1 0.189 0.165
KA RS 8 VPD 0.262 0.628 -0.073 -0.822* -0.512 0.105 0.117 0.13
FAXTIRSE RR -0.335 -0.584 0.171 0.820* 0.500 -0.058 -0.127 -0.237
ZEIE Ta -0.451 0.011 0.629 -0.038 0.746 0.343 -0.108 -0.577

w F£0.05 Kb A

F2 A 490 B R /K MM 8 C H SN F Z IR ANER 2 R . 8°C, SHUREZATEE 3 KA K IH4R
S KA 77 e RE ORI B 22 ) 8 2 A G A DG e R/ INHE S AR YR A K B 4 559 > 7K AR 77 k> ARV E
8" C, 5 R BHER S AR S 77 Bl Al 2 0 25 17 AH O, 55 R X b B I 38 TE R OG5 28 TR B =2 ) ) A R
.

B 12K, B RAAR T4 B K PR 8 C A5 B I 5T 19 4 TS5 IR 22 [1) 114 88 35 A0 DG PE A7 AE AR
() RIS | 2928 4d s AZ AR T B AR/ M 87 C 5 A BHR S K AU 5 B AR BE 22 [ 179 8 28 AR DG M
FEAEAR IR T 34058 3, X PR AR AR AR 450 B 7K P & C (B 2 ma e Y, BDAR DG PR S i I SR R 1
YR K AR S, ELY R B 25 Ok G 1 B K M 8" C (1 X4 I 25 A B S B 1 N T ARG, Ik 17 o A I 25
PERANZ A0, PR R B TR PVl 8 C B 5 R BRAR S 3450 W 25 SR OG , 57K U 75 B34y i 3 171
AHOG ;s AHX M BE 4 O W S5 AEAHOG . B AR T4 B Kk v M &1 C (B 523 A B W 38 TEAH G (HAZ R R T4
BRI TS 81 C (528 A BE Z [RIAH DG HEAS B35 W] AR 2 WL 3% 87 C (S HURE Z i 2H 4 R as
AR Z AN SC R BN 0. 746, IZ IEAIRC R
3 iR
3.1 BRI EIAFRZ AW AR KR C (Y 2 5

ARAGE K A 25 I AN FAZ AR T3] B oK RS 81 C (EAFFE 22 57, S R ) Bz oK s Ml 8 C i L
FARB &, A W5 & DAL #S (Pinus contorta) . A& 2 75 ¥ ( Picea engelmannii ) F1V. 5 111 & 42 ( Abies
lasiocarpa ) XTG4 | & BIX = FhEF B4 Bz 58K i A 8 C (HZ A 225 XA R A ( Pinus
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pinaster ) [IF5E , KB T P1Fh 22 5, ) B 3K HERE 87 C s T 42 AWK (Acacia longifolia) WIE™"

BEAN RIS 1) At I A4S 400 B K VA M 8 C (X TR I U IR - 1 A I A7 7 25 57, L ok
ISR 7 4 H 22 H R Z AT B0 A SRR RN I A AR RS T4 e KA MR 8 C H I B AN
— B0 B AR P A s 5E 4 — B0, B R AT IR B A R R R R 25 5%

3.2 FRAEI RS AR B KRS C E AR

Pt oE K BLAS IR G R Fad T R A M ) CO, AR B, TS €./ C, Skuleas 8P C (> > > | H
HI 2B R BAE A K 2T ) B 0 K A 8P C S € /¢, WM, v LI AR IS R 2 S AL
G, HYAEfES 1 vl

A G IR RS FIAZ A B K P 87 C H 5 T F R SR I F Z A L E A R e T
ZMETEAR KRR 52 30 IR S AR I 52, 3k — S 45 R 53 L AR Z 058 B AR — 34, 41 Keital AF57 & 30
BRI 1L B ( Fagus sylvatica) BT Be 3K PR EME 8 C 5 K B 51 =2 18] (9 RHOGHE R 1835, 3 R 2 AR AH X
T RE K SR 7 e 22 [ (4 H St B K, 5 2 SR B 8 38 M G Hu 98 1 3 FF b, RIVEL P42 ( Pinus
contorta) K Z A2 (Picea engelmannii) FIV. =5 LR K2 (Abies lasiocarpa) , & PiX 3 Pt BB 14 Bz 307K %
PR 81 C {E G IBURE A 1—5d 11 1R 28 A0 BE 38 AR 06, 55 IBORE T 1—5d 14 7K SO =5 ol B 35 A 6T
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