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The stand transpiration characteristics of Pinus tabulaeformis and its influential

factors in a semi-arid urban environment

CHEN Shengnan', KONG Zhe', CHEN Lixin', LIU Qingquan®, LIU Pingsheng®, ZHANG Zhiqiang" *
1 College of Soil and Water Conservation ,Beijing Forestry University , Bejjing 100083, China
2 Inner Mongolia Academy of Forestry, Hohhot 010010, China

Abstract: The water vapor cycle between soil-plant-atmosphere is weakened and its ability for regulation is poor due to the
increase in impervious surface areas in urban environments. Therefore, it is of great significance to study the transpiration
response of urban trees to environmental factors amidst reasonable water vapor regulation in urban areas. In the growing
season of 2017, 58-year-old Pinus tabulaeformis Carr. was selected as a research tree species for sap flow measurement, by
thermal diffusion, at the Hohhot arboretum, Inner Mongolia. We measured meteorological factors and soil water content
simultaneously and estimated canopy stomatal conductance using the Penman Formula. The results showed that (1) stand
transpiration of P. tabulaeformis had obvious daily and monthly changes in the growing season. The diurnal stand
transpiration variation graph showed a single peak curve on sunny days. Monthly stand transpiration reached the maximum in
May, followed by July, August, June and September, which was 20.96, 19.89, 18.09, 17.25 mm and 7.49 mm,
respectively. (2) There were exireme significant correlations between stand transpiration and vapor pressure deficits, global

radiation, soil water content, and wind speed (P<0.01). Global radiation, vapor pressure deficit, and soil water content
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were the main environmental factors affecting forest transpiration (R*=0.47, R*=0.31 and R*=0.16) , and wind speed had
the smallest impact on forest transpiration (R*=0.12). Different rainfall events had varied effects on stand transpiration,
but a significant effect when daily rainfall exceeded 10 mm. (3) In addition to environmental factors, leaf stomata of P.
tabulaeformis controlled transpiration in response to environmental factors. Leaf stomata were more sensitive to vapor pressure
deficits when it was < 1.5 kPa, whereas, global radiation, when < 250 W/m”, promoted transpiration. When the threshold

was exceeded, leaf stomata would close to suppress tree transpiration.

Key Words: Pinus tabulaeformis; stand transpiration; environmental factors; canopy stomatal conductance

T ZENE b A S R G 2R WK W) BB 4y 22—, X R o - KR 2K ( Soil-Plant-Atmosphere
Continuum, SPAC) Z[A] (7K SO R 45 200, A AR Dy A2 25 ZR e v AN ml il /D 8 B 20 AR O, 52 T 46
XK G 4y B RRI 9 R 42 BB STRE  WIRZE IS HE/K 2 32 R B8 A A RIZE BRR BE (5 i, E AR
LRI FR I AR ZEIEFEAK t S PR B A R A 2B BRODR 00 [l 20 38 A AR Y 22 K PR AR 369 RN+
B KRR R A ZE I 1 RS R 0 IR AR A 7 1 (1 5 i A X 0N o R T e e K A3 A
RS A ZE XG5 (R 1oy A 270 PR PR X A A 2% I 194 5 Wi £ A DX Sl S i M P Vi i 8 Y
b DX AR AR R AT LA - S S A JE Y K A3, AR R PR 22 FUOR PR R SR BR SRR 22 11 1) E 2B R 7, +
B X AR ZE IS B B AR AN E TRl T R MK, B RN D H A AN R 25 I 7+
FK R B SEMAA , E A BRI T A AR ek R S i AL P DR i 13 A LRSS A A SRR AR ZE I
R ALK AR PR 220 R B AR S SRR M ik, B B 2 T R s R AR R A B N, - HEK St
BRI S AL S A — R R Y BOK A e i A S L 5 BB R B SRR AR
BN RS ERE WA ZE S RAFTE R B KT 3K o Bl Bl T 58 AR EE A ok, AL
X UL TR 9 25 R A B 2 S 1) R i, A AR 2 I 22 B

I, A A AR ZE IS AR 78 28 e el o a7 X T 7 38T B RO SR A A, R
TTPREE T 3l TR B 2800 23 I 25 AR BE b T 36 R AN 7K 43 SR G I, S SOR TR A FE AR I s DAY g
VN0 L A7) &7 It I e ot 71 7 L L 118 D A N o e AP0 B 7182 S R U i 3 I i e 3
255 SRR K IR R 25 R+ UK A3 e B s e 0 e T Rk R X R R A B 2 B il 2 R
. P BIFFE IR T AR ZE RS FE K LA T i ARl LRI 28 A PR S (E

TR TR A T DL RS T AR b | B B A 5 ANV g FRA AR 2 i 3 L DX i HoHAR AR
%, BA —E BN, I8 i 5 2 0 B A0 K R IRV E T # iz Tl sk Al . SRS RAE T
I W2 1 FE KRR IR S LR B 0 17 | AR SCIEREIMAAE AT 50 G2 05 HAR W00, 5 [R] 20 M Aff 51X - 43¢
IKATARBEFIG AT, BIEWTTIAEL T - (1) B A A K 2RI 2510 B 288 AR IE B 5 (2) 43 H7
FREE R XA AR 73 ZE 1 (0 5200 5 (3) BFE I AL X R I58 BRI 1 i g PR 250 DA B Xy 4 22 s e i 4R

1 HE5F®

1.1 W5 IXHENL

WFSE S T S B IR XIE RIS R 8 IR R Y (111°41°E, 40°49'N) 134K 1056 m, i X & i
RIS g F R Rl A, DU S B AR IR E I IR 2ZE R, HETHRER; EEEE R D, #hE
R TR , B AT R R s X BB R e D AEEARR 5.6°C, B A R - 12.7—16.1°C s Fe A F <l
17—22.9°C, T XAEEIFEAKE 410 mm, FFKEEHTE 7 M8 H ¥ 7Kk & 1784.6 mm, MKRFEN FTHIX, &
HTRIFRZY 27 hm? , Bel PR A BR3P 40 B IX I B PR 28 | W AR A2 3k T R i K, e PPl A vk
TR 0.6 hm?® 25 705 #h/hm? | SEXI 042 (22.3+4) em, SEEIR S (10.620.8) m,
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1.2 FEARIM TH A

HRARBIFTE ol AR PR A 5 50 B AR (468 m? ) AR IIAR I AT , 45 3 em R I— 2B, 3t 6 MER,
3 H 15—18 em  18—21 em 21—24 ¢m 24—27 cm 27—30 em F1 30—33 em, {EEENERY N B KR
RLAF A8 3 B IR A ST A AR RRIREAR (R 1) o A KW, FIFT AR A S 1 D7 2 2647 S0 HORE , )
FH G AT AS [ o 28 A8 A 19 320 b8 B O 31530500 b T AR, AT 581145 3 942 ( DBH, em ) 5 AL 4, ,
em®) (YRR ITHE

A, =0.2316 DBH*™  (R*=0.97,n=20) (1)

. A, AR A (em?®) ; DBH W AR KN (em) ,

IR 0) TR RE AR A B3R T AR, 72 BEAR B R 0 A T B34 A2 M i S M T L

R1 HRIEAREREE

Table 1 The characteristics of sample trees at the study site

FEAR ik i JEE R THEIAR
Sample tree Diameter at breast height/cm Height/m Canopy area/m> Sapwood area/cm?
1 15 10.8 7 123.3
2 15.6 9.8 13.8 135.1
3 20.4 10.4 12 251.5

4 21.4 9.2 13.3 281

5 24.4 11.2 13.6 380.9
6 24.5 10.8 14.3 384.6
7 27.6 11.4 25.4 506.9
8 31.2 11.9 27.2 673.5

1.3 AR E

7E 2017 4EA R T A 80 21 % 8 MRSHARRE AT ZE AR T T0AL , A28 R T Granier 4 Bt 20D B B
(Dynamax, USA) ,FIFIZA (D) TR AR R AR TS5 A TR (3 1) AR AR A A TR 12t
BB . T IRERA R R G — AR AL i BB = 1.3 m &b, FEIZAERIE — 4 5 emx
5 em P DXI, R LA AR A A K AR A BT e AR A A9 4 BE AN B AT 0 R R A T IRC S R B R AT A AL AR
JEREHRA IR Ty TR PR ST R AR 732 R R A I 58 235 58, ol P 000 JRoPs PR B -5 A 3 Mk A
B, I HEE AT SEM T+, SR BRSNS CR1000 X0 R A 4% ( Campbell Scientific, USA) A& E—
A O P s LR (A 55 H v R BH BB HEL M AR A 12, DR 12V AU AR i s, i B P A5 B 30
min E5%— R , I HASE e AR5 R T 208008

I RATRE 2 9 p = /NN

JV . [ATM_ATJ 1.231 <2>
' AT
K, J, HRREEARRR R (g m™ 87" ), AT HERETBERHR2Z(E(°C) , AT, M0 B IR E R 22 1 Bk
fE(C),
Moy HZE R A AR,
f (J, - A, - 1800)
E = x 1073 (3)

A,
XH, E, WM Z8 B8 1 (mm/d) 50 LR/, B IR EBUE S Bl (1—48) 5 J, AR ARBYREA I3 3R
(gm™?s™), A, AEANBAMER(m®) ; A, MFEE (m?)
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1.4 BTl E
] STE 38K 53142 ( Decagon, USA) 432 I i + 438 5% K 1 8 1k, AR S IAA AR 2R 114 53 A #3855 K
H(VWC) M E R R E N 10.30,50 .90 cm A1 120 em, HBf 3K /0I5 AL 5 EMS0 5038 K 4E %5 ( Decagon,
USA) #E4 , [AFE B & R 30 min 05—k EdE . RN A 3404 (Dynamet, USA) X4 147 1% 4k
WM | S5 3 2 S R AR el P25 B DX B TET 2.5 m AL, 8 5 B00H e SR B E) (E) B 30 min, 22 WG bR A
KPHEHRS (GR) (25 TR (Ta) HIXHRBE (RH) (RN 5 FURGE (WS) , AT 11 69 23 S AR AR U 2%
(VPD) ',
VPD = 0.611 em-5057( 1 — RH) (4)
K, VPD A FI/K VA2 (kPa) 3 Ta 28 SURBE(°C) sRH 28 SAXHREE (%) .
1.5 @R FEIE
RIS 2 0 A A ORISR 5 2L S B TS A R
y-A-E
Tp - C, - VPD - 24 - 3600 ()
K, g, FREIZTALTE (mm/s) y FR TRRERF L (kPa/C) |\ FaK AL (J/kg) , E, FRHRIr78
B (mm/d) p FR=UEE (kg/m’ ), C, FRE R A kg C™") , VPD ZAFUKIRIEZE (kPa) o Tl
P ST IR R 56k 230 B PR A, 25 SR 1/ M RIK YR R 25 7 el J22 TR OR AR e B0 B o A, 1 5 RS 5l
HRRN I, AR S T A,
FIH g, 5 VPD 256 56 3 7 A2 U9 6l |2 AL BERT RS M [ 6 3, G R R e 124
g. =— mlnVPD + b (6)
K, m J& g, X VPD MBUREREL, b 2 VPD 45T 1 Bf S %52 AL R,
1.6 Wnab Tk
e H RS b 200453 H AR 78198 1 AR BRSSO EHE H 5 2 AL VPD | R3S K Al
JRGHL , FERIF S 85 R XS PA 53 28 [ 118 5 M ) 6 38 R ID 5 28 R W SR ) 1 R AR 5, 18 e W i b 4 7% J 3
187 A1, 5 Ra R 2K 1) A SRS 5 FEBIF 5 56 2 AL 3 B X BR 58 B 14 i 1 F, Ay 9/ SR AR A X BIF 5 45 2R 1) 5
W, ife 326 540 420 Ay g RS
i2 ] Excel 2013 XFEdEEA TR B (i FH Baseliner 3.0 R /K J5 bk 1 22 5500 Ak RO 5440 M i 850 . R
SPSS 24.0 B E 2 /M Xtk 280 il 2 S AL B AR BE B 43 B HEA T 25 RS 50, O HEAT 22 T8 1A 43
B, R SigmaPlot 12.5 £ HilAHSCENGIFHEAT A5 .

g()

2 HR55%H

2.1 HAEHTEL

2017 AR FL LA FAEEI RN A (K 2,8 1) . MFZKREZEFRH SR 7E 5 A &K ,9
A /N MK R Z /R KN 1.51 kPa, fx/N R 1.0 kPa; K BH B4R ST K 256.92 W/m?, | /NN 173.76
W/m?, MIRKIREZE DL K B S AR S 7E 5.6 17 A Z ML I 8 A F 9 H Z i 2 5 A B 3% (P>0.05),5
A2 9 AWAUKIREZE (7 ABRSN) FURFH SRS IR 2 PGS (R 2) . WETES AR, i5 0.43 m/s( %
2) Bl BN BB 3 (B 1) B 5 A0, L A Rl 22 A i 3 (P>0.05) .

5T 1] b B R T R 240.3 mm, EEAATE 6 £ 8 H,8 AN ER K, 5F] 82.8 mm(F£2), #H
RUBE X et R et 1A 798 LR 43 BE RN L AE 2 mm AR IR B 2 | A BRI E 0 41.9% , BFABE RN 0 9.4
mm, 17 SRR Y 3.9% ; BRI 7E 20 mm DL A RE T ORBCR D, o BN BE T S 7% , R i 82
mm, 5 RN R 34.1% (K] 2) o FE & % R /INE I 1385 /K & 1R A8 Ak, 1 38 B /K o Bl R T 2 9 184 n oI
Tt HIEEIKEREE 2T R R (K 2) 45 22T Z R S K A B 3 25 5 (P<0.05)
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MIEHE< 2 mm H‘f 10 em AT T2 H7J($3{F5Ei"jm MIENE>S mm H‘f FRZK AT DL i AL T 2 3
RIZTHE .50 em FERE KR ETE YRR E>10 mm BF,90 em T2 & KR IR E T Y7 R &5k 21
mm 120 em + 2R &K EIFE I F— B ETE 0.019—0.025 m®/m’ Z[a] , 38 342 35 350 i W22 B il A
BIAR R FEEAE 30—90 em ZIA] 1% 3R A AR R EEWKZ

x2 UNPESKEFAER

Table 2 Monthly variations of meteorological factors during observation period

Ay TR 22 pNIEISE ) R [T 1k
Month Vapor pressure deficit/kPa Global radiation/ ( W/m?) Wind speed/(m/s) Rainfall/mm
5 1.51+0.49 256.92+63.76 0.43+0.19 28.45
6 1.42+0.61 253.27+80.66 0.31+0.07 61.21
7 1.48+0.5 231.60+67.42 0.28+0.04 49.02
8 1.09+0.4 193.36+59.79 0.29+0.05 82.8
9 1.00+0.2 173.76+36.9 0.30+0.07 18.8
400 ¢ — KFgEEH 7 3.0 12 ¢ T 112

— WRUKIREZE
350
= 25 10 H
a A g
£ 300 < E
= < ~
=Z 250 Ee E08 = S
B g 5 =53 B
WE 200 1525 2806 ¥
35 =7 & Rg
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= 0®s S04 <
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0 : : : : 0.0 0 : : : : 0
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Bl1 2017 FEKSAALSES BIKREE KEMKSZBENSE

Fig.1 The variation of global radiation, vapor pressure deficit, wind speed and stand transpiration in the growing season of 2017
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Fig.2 The variation of total rainfall in different rainfall classes, soil water content at different soil depths and daily rainfall
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AL 25 H PP 7 28 1t T R H A {4 B2 e il 24

[=}
(=}

(FE3),7 8 HMorZE)E st | 7 5 H .6 A A T esp
9 H S 4:30,3:30.5:30,5:00,5:00:9 HHAE 2 | =
AR BRI e T 5 5 6 A7 A8 A, 45 %g —9H
H14:30,13:00,12:30,13:30,13:00, 5 % 8 J, #ksh 2 E O
MRS BER T 9 A (P<0.05) I A B TE
MRITZERE AL R EF25 (P>0.05) o =3
BFFEIIT A M 2 2 i e B W g 2 fe, s & 00
A BZEBE R, 3K 20.96 mm, HUKARK N 7 H (19.89 L sasen . ™
mm) .8 3 (18.09 mm) .6 H (17.25 mm) 19 F (7.49 00:00 03:00 07:00 11:00 15:00 19:00 23:00

It fa] Time

mm) ,MRIr HZE B RN 7 H &K, Kk 6 A .8
H.5 AR H(E3), &AMty i EpgEs B3 201745 A% 9 AMIMHARBEEADSD
i%ﬁﬂ(%ﬁ)ﬂﬁiﬁ ,fk}ié;%m IS %%fm#ﬁlﬁ H lEE 6 Fig. 3 Daily variation of stand transpiration rate for P.
H 2 H ’ EE :J:F%ﬂji//l\ ’ i%é‘ﬂiiﬁ%ﬂi ’ M%%ﬂ%i tabulaeformis from May to September in 2017
R 6 H23 HE7 38 HWIRLERT7 H 6 H (K

M 21.1 mm) A, AR5 2805 5 B RS OK B AR INmIRg ;7 A9 HE 8 A 1 H B RHA  Akor 251 1l
TIEEREM DR TGS A2 HE 8 H 11 B, FERT s3I, Ak i 2218 5 BE T IE Sk s iy m £ 7
B8 12 HZE 9 A 30 H FErT RS /b , 385 /K i R K R 22 1K FHLE A S 02 T KA, AR o3 28 10
PR R (181,18 2)

®3 MNEANRSEBE
Table 3 Monthly stand transpiration of P. tabulaeformis

SE e L = 4 SE B
A Mo A ARG s AR LR U
Month Monthly stand traneoiration Maximum daily stand Minimum daily stand

on on Yy stand ranspiration/ mm transpiratiun/( mm/d) lranspiratiun/( mm/d)

5 20.96 0.86 0.40

6 17.25 1.10 0.05

7 19.89 1.14 0.24

8 18.09 1.02 0.02

9 7.49 0.41 0.04

2.3 MROFZERE X EREE R iy

e H RBE L XA M AA AR 73 28 1 55 25 FRBE IR - 64T 2R L6 20 B, 15 BT AR AR 73 25 10 55 45 30 0%
HFRORER, SRR IR 2818 SRR IR 2E R PHERRST | 1385 K a F0 JRUER 28 A7 R 2 A DG 56
R (P<0.01) B 4 FhABEAR i) BT E TR S S TR (B 4) o THFAMRS 2818 SR RIK AR 22 K BH SR
SHILA TR AR RN O R | 5 S K RN 5 Ul 28 56 28, K PHLAL AR S R AR/ 950 22 X6 bk 43 2%
JH (R R R PR A, 43 IR B 47 %1 31% , FLR Az - 358 3 7K f XU, Xof AR 0 28 0 1) it R AR B2 23 il K 169
12% , Horpr ) IXGHEXTRRA328 10 14 i R R B /)N, B XU ) 38600, MR 0 2% 1 1 10 A R B I B 1 T34

FIFH 2017 4 A K ZRIMAA AR 28 1 1 AN AEE IR 55080, LA H O B[R] RUBE , XP AR 2% 1 i oA IR 7 1647 8
A BUHHT A5 BN 25 1 SRS R T 1 5 R, =l (7) Fis .

E_=-0.887 + 0.02GR + 0.394WS + 0.128VPD + 13.838VWC R>*=0.72 (7)

K, E, FoRIMIMM S ZE B (mm/d) ; GR K BH SRS (W/m?) ; WS Fom K (m/s) ; VPD AR ATIZK A
#(kPa) ; VWC A HHEF K (mY/m?) |
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16 16 -
E.=-0.0785 + 0.0878(1 - exp(~1.0689VPD)) E.=-0.1106 + 1.5832(1 - exp(~0.0025GR))
14 b R=031 P<0.0001 14 | R*=047 P<001
12 + 12 |
1.0 1.0
0.8 0.8
_ 06 | 0.6 |
E
g 04 r 04
=
£ 02t 02 |
g
g 0 g 0 . . . :
E 0 0.5 1.0 1.5 2.0 2.5 3.0 0 100 200 300 400
e}
g MFIKIEEZ Vapor pressure deficit/kPa K FH AR5 Global radiation/(W/m?)
5]
1.6 1.6 1
0 E.=0.6173 - 11.4747VWC + 177.5456VWC? E.=-0.6374 + 6.166 WS — 7.1867WS?
ﬁ 14 L R?=0.16 P<0.01 14 L R?=0.12 P<0.01
A
B W) 1.2
1.0 1.0 r
0.8 0.8
0.6 0.6
04 - 0.4
02 + 0.2 r
0 ® 0, L L | 0 L L )
0.04 0.05 006 0.07 0.08 0.09 0.10 0.1 0.2 0.3 0.4 0.5 0.6 0.7
1387k & Soil water content/(m3/m?) JX#E Wind speed/( m/s)

B4 jhRSEE( £, ) MEFKSKEZ (VPD) (KFEREH (CR) . TEEKE(VWC) FRUE (WS) I B2
Fig.4 The response of P. tabulaeformis stand transpiration ( £, ) to vapor pressure deficit (VPD), global radiation ( GR), soil water

content (VWC) and wind speed ( WS)

ANTR 8 T 2 X ARG 25 I (R e A7 AR 25 57 o Bl RO RN S R34, YA MR 70 28 0 i B T e, 10 mm DA_E 1
Rof T S XA 2 1 ) 2 VR FH B 28 KT 10 mm DU RN & (&1 5) o YFEM & 0—2 mm B, LR )ZE 10 cm
Phb 9 3 S KN 0.119% , bR ZE B 3G N 6.7% ; KW &4 2—5 mm BF R R 2 30 em DL B Ry H3EE
IKEHEHN 0.83% , MRATZEBE EIE A 11.02% ; 4B &8 5—10 mm B}, R R 2 50 em LA _E ) 438 55 K &34 0
0.8% , WAy ZE 5 1NN 27.7% ; 24 FE R &4 10—20 mm B AR RJZ 90 em LA LAY 38 & /K B30 2.52% , M4y
ZEIE I 79.82% ; IR R 2 20—40 mm Bf AR FRJZE 120 em DL LAY IS KGN 13.54% , Moy 75 15
4 84.33%,
2.4 SERSALTEAREE

2017 AR ZE A4 A 2L S BRI B B A ARk (B 6) , A 4LE N 0.07—1.83 mm/s, S
H.6 A.7 A .8 Af9 AMEZESFLSE 2518 0.73.0.71 ,0.68 .0.80 mm/s F10.39 mm/s, 8 H R &K,
TIPSR 25 1 27 = 56K A3 (0 204 RSN ARRITK PR 25 F0 R BELEL AR S ARG AR (36 2) |, ik e RFL IR R 1
0, B8 H AT E AL TR, 35 0.8 mm/s ;9 H A FI/K IR 22 MR BH SR S 22 N a3 BE =/ (%
2) WEARA KT K S/, FEOMASIE ) LSRN, 355 0.39 mm/s,
2.5 )RS AL TR IR I A i i

SBFFE I AL IR AA R ST 25 I (R I AR T HIAA 6 2 AL 5 B 5 45 85 IR 2R AT i e 305 40 BT (1B
7)o GEREW A ST SWAUKIRE 2 KBRS RS K AR B A G R (P<0.01)
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Fig. 5 The increased percentage of stand transpiration at Fig.6 Monthly variation of canopy stomatal conductance for P.
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