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Water consumption and annual variation of transpiration in mature Acacia

mangium Plantation

ZHAO Ping” , ZOU Lvliu, RAO Xingquan, MA Ling, NI Guangyan, ZENG Xiaoping, CAI Xian
(South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract; Granier’s sap flow measuring system was applied to monitor sap flow of Acacia mangium plantation, the pioneer
community of re-vegetation in South China’s hilly land, for four consecutive years (2004—2007 ). We aimed at
understanding water use by the 20—22 year old A. mangium stand that had already passed the peak period of growth.
Results showed that the diurnal change pattern of sap flux density (J,) presented a unimodal curve with distinct differences
between wet seasons (WS) and dry seasons (DS). The sap flow in WS was obviously more dynamics than that in DS, and

the peak values of J (J,,,.) during WS were higher than DS. Partial correlation analyses showed that J, was significantly

correlated with PAR or VPD, and such correlation for DS was much more significant than WS. Linear correlation analyses
indicated that the combined effects of PAR and VPD on diurnal changes of J, attained 62.7% —82.7% . For the whole tree
and stand transpirations, marked differences between WS and DS were observed in A. mangium, where the transpiration
during WS was higher than DS. Partial correlation analyses indicated that there was no direct significant effect of
precipitation on stand transpiration, while PAR was significantly correlated with transpiration and hence the most influential

environmental factor on stand transpiration. Annual water consumption by transpiration of A. mangium plantation from year

2004 to 2007 was 238.64, 136.39, 217.45 and 273. 85mm, which merely accounted for 24. 7% , 11.7% , 9. 8% and
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22.8% of precipitation for each year, respectively. The annual mean transpiration of A. mangium plantation was (243.31+
28.49) mm (n=3). Influence of precipitation on stand transpiration did not merely depend on the rainfall intensity, since
an increase in rainfall frequency often reduced the whole year’ s transpiration. Since the studied A. mangium plantation was
in its late stage of growth with a lower canopy leaf area index and transpiration, the current forest stand could not fully and
effectively utilize the local resources such as radiation and water. A stand conversion is required to improve the efficiency of

forest management and production in late stage of reforestation.

Key Words: sap flow; Acacia mangium; stand transpiration; Granier’s probe
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Fig. 3 Annual distribution of precipitation and PAR summation in wet and dry seasons
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Fig.4 Number of trees and sapwood area of each DBH class
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Table 1 Sample tree characteristics of A. mangium

ETRe) s AN ek i T AR Mz bR
Tree No. Height/m Stem length/m Canopy size/m> DBH/cm Sapwood area /cm?
1 19.30 3.05 17.35 29.30 200. 68
2 17.90 2.70 10.83 23.89 137.69
3 22.80 9.00 40.22 32.90 248.47
4 19.50 2.83 47.69 37.52 316.56
5 15.60 1.62 8.05 18.15 83.01
6 14.50 6.00 8.36 17.20 75.13
7 12.00 7.30 10.62 16.88 72.59
8 19.50 6.50 8.55 23.89 137.69
9 18.25 9.25 7.03 21.34 111.83
10 18.70 10.90 9.65 25.48 155.09
11 19.50 12.00 4.59 20.38 102.77
12 20.00 9.30 15.52 20.70 105.75
13 12.00 3.70 13.28 13.38 47.27
14 19.50 4.70 5.51 18.15 83.01
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Fig. 5 Daily variation of PAR, VPD as well as sap flux density of A. mangium in wet and dry seasons
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Fig. 6 Mean J,,, of three sample trees in wet and dry seasons
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JUERER 10 BYMAE B e AL T AR LU 6 O (B TR 0L (36 1) FARE Y B 480 ( 2R AR AT ) $60,
HER 2 1 25 IR

R2 #MBJ 5 PAR N VPD HRIEXX R
Table 2 Partial correlations between J,and PAR as well as VPD

5 FER4 A2t el it o T— !
Season Tree No. Variables Controls variables mAHA 3L Sig. (2-tailed)
Partial correlation
2007-07 FER 3 PAR VPD 945 0.680 *" 0. 000
VPD PAR 945 0. 685" 0. 000
R 6 PAR VPD 2117 0.535"" 0. 000
VPD PAR 2117 0.530 " 0. 000
FERY 10 PAR VPD 2029 0.481"" 0. 000
VPD PAR 2029 0.572** 0. 000
2007-12 BER 3 PAR VPD 2051 0.754** 0. 000
VPD PAR 2051 0.700 ** 0. 000
FERS 6 PAR VPD 1937 0. 567 ** 0. 000
VPD PAR 1937 0.749 ** 0. 000
FER 10 PAR VPD 1618 0.640 " 0. 000
VPD PAR 1618 0.648 " 0. 000
* o RIRTE 0.01 K EA R M AHSCE R
x3 WTFRRFE(,)S PAR K VPD WELEIFXZ
Table 3 Linear regression relationship between J; and PAR as well as VPD
&t FER 4 HZ&RIHIr 5 .
Season Tree No. Linear regression equation K Sig.

2007-07 B 3 J,=0.025PAR+12.121VPD+10.01 0. 807 0. 000

R 6 J,=0.025PAR+12.085VPD+4.329 0.633 0. 000

RERE 10 J,=0.013PAR+7.907VPD+10. 01 0.627 0. 000

2007-12 R 3 J,=0.058 PAR+27.459VPD-11.577 0.825 0.000

FER 6 J,=0.020PAR+19.137VPD-7.899 0.768 0.000

R 10 J,=0.011PAR+6.673VPD-2.985 0.739 0.000

2.4.2 MATFEBEFEK

9 R T i AHEAK 2004—2007 4[] H 2815 1, AN [6] T 43 2Z 1] 04 22 5 B0 &, KA B 2= T 40 (4—9
) BZEBFEK KR TTZEA G (1—3 AR 10—12 H) s &4E 1 H Z8 B FE K 18 (8 73 5124 37. 60 ,24. 62 .36. 89
F141.87 mm, 4B IE 2546096 5.7 AT H  f/MES IR 7.97 3.71 .6.24 F111. 18 mm), 4351 H PRTE Y
EM 2.1 AR AXET H A28 16 ok 30, IR K s 5D, H o #5 4R B ZE B FE K 3 1Y 4% —6% (
10) , FEAG MR AEZE S I AT LA Z WX N 143, T 11 R 4H4E TR 20 H ¥ 28 B K Rl AE YR 0 KT
T2, WfHIA 1. 5—2. 5 4R bR L ECKE R AT Z i R 4B 530 S BRAE 2004 4F((28.57+7.75) mm) 12007
AE((17.89+6.62) mm) , Fe/NAE NHAE 2005 4, 709K (15.48+5. 13) mm F(7.37+3.74) mm, {1& 12
FIim 45 IR 225 IS AR K S R 1 2% i i 4R B8 10 61% —T71% ; 2547 B 28 S FE /K 2 4 B [H] A B
225, 50k 238. 64 .136.39 217.45 273, 85mm, £ (5 4 AERFE M 1Y 24. 7% 11.7% 9.8% 22.8% , HIFR
2005 4 BYEEE , Bt A EAR O3 S AE 22 I FE K B0 (243.31+28.49) mm (n=3) , 455500 & AL Dy
(2433.12+284.92) t/m’, 2005 4FRYZEHE LU ST %, o /N T H B ARGy AR5 10 S B0 (0 7/ 72 48 T e T o B
SRIEAN AR 2 | R H 55 28 I 1) =22 )5 A

SR T AR AR ZE I K R S R FDG A A SR SR AR EOC R (R 4)  EERFIKE 7K
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Fig. 7 Daily whole tree transpiration in different seasons( note: blank for data missing)
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Fig. 8 Mean daily and monthly whole tree transpiration wet and dry seasons
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TR R A B, T MR ( Cyclobalanopsis glauca)) FIMRST 7518 5 i T AN AR XA 2 5 AR A0 E2HIA
ST MR EA RIS MR R, AT R A SRR R 2 03RRI, CRERT VR IE B2 s I RE K 7R 2 S Al
T A 70T, DA R B AR JEURK bl Ak A 5 30 R e TR AR ORI 26 A W 2 R e, B e i BB B A bR
CLANRETE /I 24 3t A 55 6 R K 7 B, S DO ot R REPR R A T i B PR 23 B, DA v s PR 30 1) A 7

W REBESRERFHREEXXER

Table 4 Partial correlation between monthly stand transpiration and environmental factors

Tr
o 2| TR =
R Variables iljﬁ varables af WA
Partial correlation
A4F Whole year [T T Precipitation HA A BERST PAR 45 0.210 0.156
HABRERS PAR [T Precipitation 45 0.596 ** 0. 000
WS [4 TR Precipitation B RS PAR 21 -0.060 0.787
ARG PAR [ FR Precipitation 21 0.573** 0.004
DS [% TR & Precipitation JAE ARG PAR 21 -0.056 0.799
SEF GRS PAR [ Rt Precipitation 21 0.327 0.128

# % FRTE 0. 01 KF I 5 #F mAH &

3 g

RS W 5 55 S 7R AR 9 306 DX 1 2R 0 B IR ZE PR T et 41 80% LA b s YA AU S 1t 1 15 4%
AFAXT 2], TR0 T2 A FR:, ANt () 7K A2 A 56 25 o AR SRR A RS i B 4

Iy AR SR B TR 2 B AR AR R R i = (A B B 2 25 57 B I E I B K F T2, HIB R
TR H AR AR EL T 2RO 22 RN T IS S5 . IR AR DG AT 45 R R J 5 PAR B¢ VPD Y1 2 TE A
3 182 vPD X J H ARSI R T PAR T T2 PAR F1 VPD 5 J HYHE X HEY R TR 2R, 81U 43 H7 45 5
FHH PAR 1 vPD ByAL[RI 2t H A8 A i RERR BE T 3K 62. 7% —82. 7% WHIE R KB A J X+ PAR F1 VPD
A 07 o R A, R YR 4 R X BRI TR A A e 1 R Y 2R 22 5 SRS ZR T KRR A ) B Ak H
SRS I 22 S Y

I b R SR RS> 5 I A BA S0 2T 25 53 IR B 2R B TG S B S R TR0 L IR T R B R
SN ZE TG S AT W RN T PAR 278 WS FE K St e AT 52 M I A5 [ AR SCIFSE Y 20—22 AR A
SR YA ZE I R AT AR, i AR e 1 S /KA R 2L M e RIOK ) S R R BRI IhAh
P A TR VAR R K R A2 B BRI, AN R 2 = KA AR 78 15 75 2K
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