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Transpiration of Pinus sylvestris var. mongolica and its response to urban

environmental factors in semi-arid area
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1 College of Soil and Water Conservation at Betjing Forestry University, Key Laboratory of Soil and Water Conservation & Desertification Combating , Ministry
of Education, Beijing 100083, China

2 Inner Mongolia Academy of Forestry, Hohhot 010010, China

Abstract: As one of the most important afforestation and greening tree species in the semi-arid area of China, Pinus
sylvestris var. mongolica has been widely used in development of urban forests. Study on the transpiration of Pinus sylvestris
var. mongolica and its response to environmental factors has essential theoretical significance and application value for urban
forestry practices. Using the thermal dissipation probes ( TDP) method, sap flow of Pinus sylvestris var. mongolica was
monitored at the Hohhot Arboretum, Hohhot, Inner Mongolia, China from August to October in 2012, and environmental
factors were measured simultaneously by using a portable automatic weather station and soil moisture sensors. Daily
transpiration of trees varied with weather conditions. During sunny days, the transpiration rate curve showed a single peak
and the transpiration rate was higher than that on the cloudy or rainy days. The transpiration rate was not significantly

correlated with the diameter of the tree trunk at breast height (P > 0.05). The main meteorological factors controlling the
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sap flow were solar radiation (r = 0.731, P < 0.01) and vapor pressure deficit (VPD) (r = 0.877, P < 0.01). The
correlation coefficient between the sap flow and wind speed was significantly low (r = 0.518, P < 0.01). In addition, the
soil water content did not influence the sap flow significantly. We concluded that VPD and solar radiation can explain 71%

and 68% , respectively, of the daily sap flow change.

Key Words: Pinus sylvestris var. mongolica; thermal dissipation probe ( TDP ); sap flow; transpiration;

environmental factors
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Table 1 Statistic of sampling trees

5% Wt/ om S/ Bt5/m B en? PREFCLE i
No. of sampling trees Diameter at Crown area Tree height Sapwood area Length of TDP
breast height (Heat dissipative probe )

Pl 20.4 1.5 12.2 186.66 10
P2 23.9 38.6 14.7 380.68 10
P3 24.8 202 142 424.47 30
P4 25.1 2.9 13.7 448.52 30
Ps 26 26.2 13.6 478.99 30
P6 27.9 403 142 556.24 30
p7 29.6 415 16.1 615.94 50
P8 32.9 52.5 16.8 706.43 50

Granier MR BARET (TDP) b F 2REF IR 22 25 504 T W0 % JEE (sap flux density ) B UIAH G Y I 2
SR T H S RINAI A
Js = 0.0119k"*! (1)
dr, - d7)
e 2)
Aot Js MR (¢ H,0 em™ ™) ;K WAHRN 1 9500 AT, 4 b FHREFZ IR BRI 22 4T 1
ARG Z ] R IR 2
FEAR R B B TR AL F A1

48

E =) Js, x As x 1800 (3)

=1

A E AR R R B (g H,0/d) ,As I R (em®) , 1800 M A [E]) 2240, ALK RE %
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Table 2 Average of sap flow density during experimental period

Ha#e/ em WA/ (g Hy0 em™ h™') H#z/ em W%/ (g H,0 em™ h™")
Diameter at breast height Sap flow density Diameter at breast height Sap flow density
20.4 1.30 23.9 4.85
24.8 3.11 25.1 4.33
26.0 2.14 27.9 2.28
29.6 2.49 32.9 5.51

I 8 H 0y 13 H &G (9.10 H 3 2548 B AR A Y Bk H S 78 5 18 | B bk B2 3 b7 1] AR AY 28 16 1
(% 3) KW, & A WIAE 32.9cm FEARZEIE RV & T HAMB A, ONBR T 904 BOR 100 % A1, Fapt i
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Fig.2 Daily changes of sap flow density and solar radiation in contrasting weather conditions
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Table 3 Averaged daily transpiration of sampling trees with different diameter classes in August, September and October

Wit/ em HEZRIB L (ke H,0/4) PR B B (kg Hy0 em ™2 d™)
Diameter at AT AR em? Averaged daily transpiration Daily transpiration of unit sapwood area
breast height Sapwood area 8 H 9 A 10 A 8 H 9 H 10 A

August September October August September October
20.4 186.66 21.89 12.81 5.31 0.12 0.07 0.03
23.9 380.68 26.27 14.64 3.94 0.07 0.04 0.01
24.8 424.47 42.09 20 9.74 0.1 0.05 0.02
25.1 448.52 72.64 36.76 12.42 0.16 0.08 0.03
26 478.99 44.61 24.11 9.4 0.09 0.05 0.02
27.9 556.24 31.64 13.48 4.38 0.06 0.02 0.01
29.6 615.94 56.43 26.15 7.77 0.09 0.04 0.01
32.9 706.43 80.44 45.13 19 0.11 0.06 0.03

F4 HBEHEEARSEES

Table 4 Monthly stand transpiration during experimental period

EVECONE] EPERZNE!
H 1y H 7 B /mm [] 41 R T 42/ mm iﬂﬁfﬁ'/(mm/d) %%E/(mm/d)
Month Monthly transpiration Precipitation Maximum daily Minimum daily
transpiration transpiration
8 H(8 H 19 H—) August 24.44 2.28 2.27 1.08
9 H September 28.96 41.65 1.61 0.20
10 A October 11.17 26.92 1.02 0.01

3.3 WX RGN T (4
Xt A2/ NI S B RO A [ N TR 25 PR A A 8l (2012 4R 9 H 10 H—9 A 22 H ) AT A Hr
(35) 15 2048 BRIFE A 5 X IO A2 i R L

x5 EFRPIRRATESHEERFEIRE(n=624)

Table 5 Correlation between sap flux density of sampling trees and environmental variables (n=624)

- e s ;e
R B oy B
WA T AR KL r o B ARG R KL I
Significant Significant
Factor Pearson Factor Pearson
.. degree .. degree
coefficient coefficient
KPBA%EST Solar radiation 0.731** 0.000 FKIEEZ Bt Vapor pressure deficit 0.877 " 0.000
JA# Wind speed 0.518 ** 0.000 - HE5 /KB Soil water content -0.071 0.076

x5 FRBUBKE Sig<0.01, = F/RIEKL Sig<0.05

LURKY], WOR B LS R PHARST \VPD A AHSE (P<0.01) , 15 WU B AR A0 (BRI R B r AT
0.518(P<0.01) , W% K5 T HEK P AFFAE B E MR R (P>0.05) o KUK FHERST AT VPD 252 A e
JRZEME R FZ AN T

FRIRVBCIAL it A B 8 S ) ok B DA (L L 90 % R 7 A DR R S K 5 i A A 1] B4 A7 A i
(K3), FEBA H R T, Js A — B T RBHFEST, 55T VPD 29 2 h ik FIE(H

IR LA NI S R BHAR S AT VPD A0 72848, SR sigmaplot10 X R A SR /NP 9807 85 204 T
WG (K 4) o GPREY], DURFHARSY Ra \VPD /120 SR IR0 BEAR D IR Z f 57 1Y sigmoid 12 pREL
TR RERS 7 0 it AR 1A 68% [ T1% (181 5) BRI ALt . PRItL, ] A LR K BHAR S A7 VPD A7 (A 2Rk
RRADURE 1 F BB RO
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Fig.3 Daily variation of sap flux density of examined tree with Ra and VPD
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Fig.4 Effects of solar radiation and VPD on sap flow of sampled trees (n=331)
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FEXFG, U0 Hb 553 T P AN [R) AR WA AN R X 88 B /N5 ) 2 5 A 25 A FRilE— D E

AHFFE 8.9.10 H & AR MR F AN Bbk H YHEK 243 518 21.89—80.44kg  12.81—45.13kg . 5.31—19kg, [
T X T G X BN 13.15em #E THABESE T & B 8.9 .10 H H H X B BRAE K 45 27.39 13.09
6.67kg , /N [FI M AR A% - FA BARFE /K B 2 A B T RV 2% B 2 R B8O s 1 28 s A0 B AR LA A K 1 41
MRS S AR R L . W RN E B SR DM A" ZERF R0 U H RS 7B A7 i AR
() H 286 5 (3 6) YR T B T-AA 25 1 1 5 VD M R BE T % oA B A0 25 57, A IR 36 B R 93 288 188 T L3 3
X2 202 3 ANERSE R AR 3 BE 4350 h 8001420 ,400 Bk hm? | MR35 BE A | BA07 4 b i AR 30
AEZWA, SEOLZEB DS MR R ER . B K, AT RE 231 ORI R K | (78 1 1 %
A ROIRIE 357 4 T 3B S2

R6 TRMREFHREBEBEI L

Table 6 Comparison of daily transpiration in different area

At RIS AR AR (BT BHHD FURIL

Month Hohhot Arboretum/ ( mm/d) Mu Us sandland/ ( mm/d) Herqin sandland/ ( mm/d)
8 1.88 7.18 0.81
9 0.97 6.67 —
10 0.36 — —

4.2 ZENE X R DA 1 o

ARG S IR T D 52 K B 0 5 5 i Bk 25 3K 5 LAt X 0 s PR 5 v s A I 9 — 3 R B e A
RE A% 1 Bzl TR 47 3 AL TF I, I AARE AR 14 28 I i S 1) T vy b= 0220 VPD S RE A TR (9 5% ) i A7 2
G AHIESE FP AR VPD oA IE RS, (A RS R B, KRR 5 B . E e SAL S R A AR
XU Wi, 308 1 s RS A2 B il ) 3R 8 A A 2 5 ) 0 M 4 B8 PR — BUR IR R TR 2B T
Je By T K 3 3] U 94 B[] 2570 1 DR BV , 3 PR H AR S, PR R PR SR 38 035 KL )R 2 22 1, A )
SALIEARSLRDATIT i B R B S I8 B B {E, SALB W T IF G A7 A4 W TG 2l . VPD 3k I (i (7]
TR T, AR AR AE A R R B, JOIe TR 2, Sy A SRR T A A S T K B R A, B AT
VPD, X % SRR YA K AT O, B8 R 5 R A PR B bk rb (o7 5t TS e I i A e, AR50 % B
AR HHOK AR B3 S Sk #7140 Y AR TAR IR AEAE 22 5. Trvine 557
W5, 4R)ZE 20em HHEREART 129% 0 AP A A 2 8T 558 . 5 1808 TR, BHEA SAK
AE S35 SR K A3 T AR B 2 AR S BGA 2 )2E H ARRR B K i — ELAERRAE 209% LA 1 T VD
I3 - 0K BE 0 30 A0 2% | X P REJE A I K 22 e 2R
5 i

IR T o R FA TR I 2 E H AZ A e A AT RIS R RA TR A 2 R B R AR, 2 KA, AR RS L
R B H AR LA RO 3 P RN AE—E 22 5, G RIS YU 28 5 LI il 2k, WU 2 T e
KEJA BRI B FE R/ NS AR WA R/ INIEAS s I . DI 5 B2 T3 i B 22 00 |, 206 T AR
OB A H Z I B R

ML AR O3 BT AT A VAL 5 R B AR AT VPD B B A D, 5 XU A e MR 2%, 5 K 4
AR R E MGG TR, XA B S 8 25 1) G K P R - VPD >R AR SR > XU, AR BRAR S Ra . VPD
YESh B AR S VR 2 A Ry R AR ST 1 sigmoid [ 2k pREICR Y BEAE 43 51 A AR T 68% (71 % IR A8 4k
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