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W E M AARILEEYEATKIR S 0EE, A EYR ARG EER . AT R R FUAT SR B S AR R 2R Y Y
SR, A [RI Fhed J2 SFL5 P A 358 R - e I 1) 22 S, DA RAE AR KA RIS AL i E 2 s R R RS kA
U, NS . BT B B R T & P R RS [P R S S AL 5 B AR Tk e DL L R 2 ) TR T
YEH, RN T YK R RPRIUANL X RS E RIS W . T 2018 A K2 DLAL ¢ )\ i [ SR AR AR el A (1584 A
A (Pinus tabuliformis) 3994 L E M (Acer truncatum) AW TR 5, FIH RS B A KW TR AT E B0, FHFP
TABER T, FIHE 2 A X HEERILTE(G) EEER: (DAt ERBRGIH . AN E LAEHEER. 57
F AR TC A H 23S GBI /KRR Z (VPD)FUK FHER ST (GR)WIIE N & IS, EIHrant a8 A oA K; AR
[EE, BEEVPD. GRIJBALA L58T B (VWO R T s, GHEH BIOH AR BT (2R 3G 58 B AR 43 $r 45 B Vv wCH VPDRY
GITTHRZE I K, FLUJRGR SR RGHE . VIWCHVPDFT A G TTRRER 73 7| 66.4%F117.4%, % 70 R MG TTHRER 4 5l h
54.8%#121.0%. (3)IHAAFI TG EMIAG/ANVPDIE S 52 7 B FL T Z M R 3 35 B2 5 1706, AL 1 FARX B0 .

25 b RTIR, ARFLN RS T B SLEE AR DR AR K ZE AN I B AR ZE 57, DB /Ko BE RO, PR FPTEAS IR 438K 43
AR S A S AL R A G =

KA EERILRE; BEmRL SFUT N, oA
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Canopy stomatal conductance characteristics of Pinus tabulaeformis and Acer truncatum and
their responsesto environmental factorsin the mountain area of Beijing

CHEN Sheng-Nan, CHEN Zuo-Si-Nan, and ZHANG Zhi-Qiang’
College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

Abstract

Aims Leaf stomata are channels for plants to exchange water vapor that affects transpiration and photosynthesis.
However, leaf stomatal behaviors are affected by environmental factors and tree species. It is still unclear whether
the responses of canopy stomatal conductance to environmental factors differ between tree species and whether
the stomatal regulations on canopy transpiration change with different periods of the growing season. The
objective of this study was to explore the relative contribution of environmental factors to canopy stomatal
conductance and the regulation of leaf stomata on canopy transpiration for different tree species, which could
provide references for further understanding the water use status of trees and forest management in mountain
areas.

Methods During the growing season of 2018, Pinus tabuliformis (58-year-old) and Acer truncatum (39-year-
old) at Badaling National Forest Park in Beijing were selected. Sap flow was measured by using the thermal dis-
sipation method. Environmental factors were also measured synchronously. Canopy stomatal conductance (Gs)
was estimated by using the Penman-M onteith equation.

Important findings (1) The daytime Gs of P. tabulaeformis and A. truncatum varied evidently at daily and
monthly scales. From May to July, daily dynamic Gs of P. tabulaeformis and A. truncatum increased with vapor
pressure deficit (VPD) and solar radiation (GR), in which the rising periods were longer than that during August
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and September. At the monthly scale, as VPD and GR decreased, soil moisture (VWC) increased, G generaly in-
creased from May to September. (2) VWC and VPD contributed to the major variation of the G, and then the GR,
air temperature, and wind speed followed based on the boosted regression tree method. The relative contributions
of VWC and VPD to Gs were 66.4% and 17.4% for P. tabulaeformis and 54.8% and 21.0% for A. truncatum, re-
spectively. (3) The slopes between dGJ/dInVPD and the reference canopy stomatal conductance for both P. tabu-
laeformis and A. truncatum were significantly larger than 0.6, suggesting that their stomatal regulations were rela
tively strong. In summary, the response of stomata to environmental factors differs between tree species and dif-
ferent periods of the growing season. Under different soil water conditions, these two tree species could control
transpiration through strict stomatal regulation to prevent excessive water |0ss.

Key words canopy stomatal conductance; environmental response; stomatal behavior; stand transpiration

Chen SN, Chen ZSN, Zhang ZQ (2021). Canopy stomatal conductance characteristics of Pinus tabulaeformis and Acer truncatum
and their responses to environmental factors in the mountain area of Beijing. Chinese Journal of Plant Ecology, 45, 1329-1340. DOI:
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TEYH F SFLE TS SR Y R IR A K
S, XA K SBR[ R LA EE B R
(Wolf et al., 2016). & 2T FL T FE(Go) KIS AL
BT IS FLAT RFIK T 5, e R
E AT TN R A e (R R e bR, IO
PR AUAT B 5 1 F ORI T b . K
WA TR 2 AL T BELEAS [P BS54 1A AR 22
FONP IR B AR B g N, AT A S ST O AR,
XFFIRN T SRR 7K 53 R FH 26 2 R0 1 MR P B 55
AAHEER .

WGBS Z Z A TR,
BT 78 R I Gs = A2 AN K ¥R T 22 (VPD) A K BH 4 S
(5, b S PR AR XSS PR 52 e A G B2 /N (Oren &
Pataki, 2001; Tang et al., 2006). £ & VPDAF TR, K
ZH RS FE TR, 289 531 hn(Grossiord
etal., 2020). NPHARSIGINTE —EfEE LA LLE S
SALTKRTF, FERRZNE &I N(Martin er al., 1997,
She et al., 2013), TI{Em ARG %4 T, Jfa
ok, FERALRERCG™ B %% 4%, 2000). It
A, G VPDFN IS BH%E S ) i 3 KA E A [RI B b 2
6] 7775 8¢ K % 5 (Tang et al., 2006; Klein et al.,
2013), BRI, fEAKZ, E R AL
Pl A FLI 1T BE VPD I 3G NI 3G 558, 10 PR FLAS B 2
PREFEE K. B AR B FL I 15 1E H (Peters et al.,
2010). Ewers®(2007) i 75 K 3 =1 G B A LEAIK G
FRIBE A B PR B FREAR GSLAMA K S5 7E R VPD %k
PEF, GsIIBE A% AT LLEE G A J5 35 42 %€ (Peters et al.,
2010). FEIS R EE I, 358 B th 2 5o et J2 <,
FLG R ) E B K & (Kumagai et al., 2008), AT
RIAE LR PR 261, AR AT DR FERR
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EMEESILFE(WU et al., 2018). 4k, HHFF
R AR 2 5 8O R R AL I AR
(Gillner et al., 2017) . X EEIREEAR &0} 76k |2 <L 3
(1) 52 1 ) 2 7 0] fe 5 W Bl 28 2 0 X B 855 A 0%
(Litvak ef al., 2012; Saito et al., 2017). #Rifi, &IF1E
PR -6} 5k 2 S L AR R Dk e LA R FEAS R Y
PR 2 S AL T B AR AR R M T SRS AN AE 1T

FRIE I K A ALI T T U E S, WART
K G R 5 2 ) A K AR AR S K A R A
(McDowell et al., 2008). £ T2 KRS, ZEKARA
ISR SFLID K A BUR LR R AR 2 1)
7K 4R 25 (Tinoco-Ojanguren & Pearcy, 1993; Bucci
et al., 2005), [F]I FEAIA 0T 0 & AR A ZE 1 XU, 4
AR A1 38 Y. B8 7 (Sperry, 2000; Zhang et al.,
2013). i S K BB A LI 5 1 AR 55,
K 3R] DA BORTE N A8k, B ZRFRE )+ 5
5 F N AR I K 437 5 IR B B A ZE B G2
(Franks et al., 2007). #A Tt A i 78 R A4 017K 73
FMATTRE - EHEKM T TR RAEZL
(Hochberg et al., 2018), %57l & EAE L3R E T
W25 5 R A 238 (Zhang et al., 2012; Gu et al., 2017).
H AT THE7K 53 R 77 R A AR A S R %
DNBEAR, TR AR A IR IE FOAE X o DR, WA
P A 3R B T S FL YA 5 1 A & K R
LA R — DA, Rl LK e 2 52
At b AL TR ) 2R 1 TR AR AR

DR T I P LA A K 2 ) FH ) 1 4
F, 9 1L X3 BREEAL R i (1 3 B4R L 2 5 (4,
AT IR PR B E G T7 1L XCH SR Tl i # (Pinus
tabuliformis) ¥ 76 E Wk (Acer truncatum)i3t 1T # T
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T, FRICbR 5y 281 AR 2 S AL S E SR
I R0 M SRR AR R A A2 . WA
e (DB e EMGEE AL Agh
AR S22, (7T B A BE A XA
AT Mo 2 AL B RIAR X DTk Q)R TT A
ANTEE M AT B R e 2 2 R R

1 MRFAE

11 HREX#ER

A FLIX A T30 5 T 2E PR IX )\ 0 [ S AR AR A [
(116.02° E, 40.33° N), #4780 m. ZIX 1<%
PR D iz 3 e 0 i K i v 2 RS . AR B AL X
19814 %2 20104 (1) K HA W I £ 4# 0 7 (R A2 7 v
2020), ZXIBAETERIE4 C, FE T IEE
K 55%, 4 BEK & N430 mm, P XGE N 2.0
m-s, 4571 H R FHEE S 8142 MIm2, BRFEIX +
BRA L+, T2 EREAE30-50 cm,
BET 2 - 2920 cm Bt 5 DXCAE B = A i P A1 T 5 0
PPN AR, HAb7E M Ha (Larix gmelinii vax. principis-
rupprechtii) FVN 1 (Platycladus orientalis) WA /b &
I3AT IR AEY) I B WA (Jasminum nudiflorum).
TR A (Ziziphus jujuba var. spinosa)s .
12 REMRERE
121 RIEM B 5IRIE R

E AR MR G S AR AR 2 R LA R, B b
TR 43 39320 mF1400 m?, 4 8 P A RE R A4S
PR IR FRBIR A KR I R 47 I ARAE bR A
HEAT WA E (R L)
122 HMERFHNESIHE

201845-9H , EFEMAIN W11 Hh 2 2% N Y
H 55, %35 (U30, Onset HOBO, Bourne, USA), % kX
PH RS (GR, W-m™2). SUR(T, °C). AHMRE (RH,
%) KGE(WS, m-sHFFEKEP, mm)ikiTiEs: ik
WMo PR30 sHFHLIK, id3%P K 830 min.
Rl AL IR U RA T AR S AR CP I (B AR U 22)

Table 1 Characteristics of forest stand for Pinus tabuliformis and Acer
truncatum forest in Badaling, Beijing (mean + SD)

o o BE o MAEE M

Forest stand Diameter at Tree Forest stand Forest
breast height (cm) height (m) density (Ind.-hm™) age(a)

A 20.3+6.1 87+18 1625 50

Pinus tabuliformis

TCEM 152+4.2 78+14 1125 39

Acer truncatum

VPD (KPa)FI|F TFIRHT )5 453 3 (Campbell &
Norman, 1998):

VRD:a@m(li;ja—RH) D

T+c
K, a=0.611, b =17.502, ¢ = 240.97.

[ 19 P R = 338 /K 43 £% 3% 2% (BTE, Decagon,
Pullman, USA)JE Ak 3385 7K &, IEIR SN
2041140 cm, fif A 45 >Rk & 4% (EM50, Decagon,
Pullman, USA)%:30 sHffi— X, £30 minidsgk—ik
HHE o T IEAR XS AT IREL B K B (REW) T H A K
(Granier et al., 1999; MacKay et al., 2012) 1 F:

VWC —VWCpin
VWCoax = VWCiin
X, ywCiRF 20140 emify F ¥+ 5 K&
(M), VI 75 8 22 AF I 2 1 3 5K
BNAE; VW CrmintRn 82 I e 1 LI B /K B i
/ME.
1.2.3 M ERHITE

IRIEARB 20 A0, E I Fa AR 0 AR 41 5
5l 196 B AG K R 250K A A, I 5 L i 4% R B R
A8 P A A HE A 1 o A B EDURRE S, e 4. O
W AT Yutt,(Spicer & Gartner, 2001). H-T-# F#k i
Ry 0o b R A A B B B X 43, b RO a4
JEJE, TR AL TR (FLES S, 2020). FI A
MR (s, om?) 5 B AR B 42 (DBH, cm) ff1% &,
Iy VST A TG T I A THT ARG 42 1) Sl 2R K
o

Agp = 0.540(DBH -

REW = )

(R*=0.98, p < 0.01, n = 46) ©)
Ag = 0.383(DBH >
(R*=0.96, p <0.01, n = 25) (4)

K, Al AR TR (cm?), Aes J97E 5 BRI
FHEIR (em?).
124 WFRRHNEMKRSZEBITE
TE2018FAEKZRGH EIH), FIH MY BUEREr
(TOP)X M4 T s R gh A7 2, BT T Rg R 52
AL A aE, A ek 55 FA B IR B T VAL T R L
AP BORE g — W AL =13 mik, FER
PEREA DAL T8 1 IR B B (20 mm) o 2225 58 il e
HB R IR ST &b % E . HB RS
TEAT IR ET S L8 AT AT S B, 8 K
FH GBS, JBl/N PS5 i B U Bl AT B R 52 o B4R
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&F 5 H04E 742 5% (CR1000, Campbell Scientific, Lo-
gan, USA)EF:, ¥ R 10 SKAE LR,
30 minid LU EE . Bl RS 5 4ME12 VI
VRIERE, fRIE24 WA NTIZ AT .

FRYEGranier (1985)%2 Hi i3, FI R ZHE T
A BB RV 2 (Js, g-omT287):
ATm _ATJ1.231

()

X, ATy B NREN 2 (R BRI IR E 22, AT, AR
P IRIR AOR R AT o ST 1244 98 B 68 3k 20 mmit)
WA, 25 B IHAR M B4 1 22 57, B AT It 3ok %R
I~ X i R B AT IE (Pataki et al., 2011).

PR3 RUBE 1 75 s B (B, mm-d )5

n 48
D (Jg x Ag) x1800

E = k=1i=1 (6)
¢ 10004

X, nRREN R JOA SR AR IR
(g m s, AN BRI TR (MP); Ae
NREHL TR ().«

125 "RESILSEHTE

K2 AW A 30 BT SR FG
W B S (G, mm-s?), 52 X (Brito e al.,
2015) 401

G, -—LLe ™

pCoVPD
A, LK R IEI(2 465000 kg™, y TR
#40(65.5 Pa 'C™), pfRF S E (125 kg:m), Gy
REZS A E(L010 Ikg™C™. BT HAARG
TN TG Z AT, S, A2
VPDEA T BB, Gs(mm-s™) 1] F GRFRAE .

P 3 528 90 B 7 10T T2 G A= B3 5 4
(Oren et al., 1999; Schéfer et al., 2000), Gs5 VPDI]
KREFFRWT:

Gg = —mINVPD + Gy (8)
K, Geg 4 VPD = 1 kPaliZ % E S AL G
(mm-s™Y); -mFERG5In VPDRIFIZE(-dGJ/dInVPD),
m(dG4dinVPD) X3 Gt VPD ISR 1, I B3R
2L &R (Ewers et al., 2002).

1.3 #HiELE

M4 Daley MPhillips (2008)4% 1 8 7% %Il 43 77

W, ¥ KB B SRT5.0 W-mP2 I BE N HE

Jg= 0.0119[
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Ko AHFFASFBaseliner 3.0. 781, M4 A Bt
I 22 BRI AR T MR AR B SO FT R E,
W PRENR ZHHE T 5OV A (Oishi et al., 2016).

] FH Excel 2016% 145§ 20184E5-9 H HIAE M K A
REAEIAT IS, FIFHISPSS 19.0iE47 4810 #r, %
F 8RR T 2 53 BTk o it LU B AR 7 7 2 S AL T
FER 22 S0k, SR 2 E R L % H )2
L FER A Z R . K H]SigmaPlot 14.0% {1 2 il
B B IR AT 26305 .

SR FH 184 558 [ U= b (BRT) RS 284 43 BT 4% PR 858 [ -7 %
et J2 AL T BE AR DURR AT bR 2080 38 58 ] )
W A A T 43 2R [ A B 7% (CART) B it 2 B —
Bl E 2 2 05k, Eo B B LG BN 2 2] 7k
FEAEZ E B, BEAEHE R A AR E P ARSI AR
J¥ (Prasad et al., 2006). {Eiz 5+ 2 ) E LA
HE— B A, b B AR S R AR 1 RS
FREE, Tl 08 ok & 45 AT A IR iE, &%
Je A R 22 B R A R IO E S, TR R
A 5 R AR A B R (FHFEEE, 2014). BRT
ATUAEEAHARZ M BEAERH, B
A PR X TRk AN S 8 2R (B BR %, 2017) 7
R 3.5. 144 18 F gomE FIBRT /7 2 EL(Elith et al.,
2008), 3 E 2 > % 0.005, & UK B 50%f AL
AT 40 B, BO%IMEHE H T2k, FFEEATBIRAS
B .

2 RN

21 BXRIMERE-FB A BREFHE

20184E5-9H, VPDFITE J¢ 7t = 5 B AR fa 25
(E1A. 1B). HKVPDTE6H HfHi, N1.54 kPa; 7H
f%, N0.53kPa. 5H f16H IVPDE. % =17, 8F
9H(p < 0.01). THETHIE, 72407 C; 9H &IK,
N17.78 C. 6. THIBHMTE.ZEm THSHMIOA (@<
0.05), GRIEMREIEFKE FA (K 1A), 5H
GRE K, %3226 8W-m?, &% KT6.7.8f19/.
7THMIGRE /N, H136.49 W-m 2. 9 HIWSH K, N
016 m-s*, BEmT5. 6. 7H8H (p <0.01, [¥1B).
S5HKIwWSHE/N, H0.03m-st.

5-9H, AT TG FE BRIy W CEEAR 2 S
H(KE1C), “FHywesy 1 40.13F10.12 m*-m2,
AR (P >005), SHH6HVWCEZENTT7. 8
MM (p < 0.05), Wtk VwCIHITEBH I8 2 K,
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Fig. 1 Variation of environmental factors from May to September in Badaling National Forest Park in Y anging District, Beijing.

4399)790.188%10.164 m*-m>, 6 f/y, 43 %1°450.083
#10.085 m*-m3,
22 HMFTEREERSTLSE BRI LFE
5-9H, WIAFITTEMGIIBEVPD GRIFIE N2
T, PR R & H G5 VPDAI GR 3k W AR )
I AEAE 2 5 (82) . 5-TH, GJH7E5:30/4 4 T4 I
T+, M8H FI9H th T KFHAE ST - FHBf [ HEIR, Gt
b Th i TR)Z G A S HEE, 8 A9 H GJTih T [a]
4399 96:00816:30. 5H M6 H s G KT o E M, 5
H IS G 8:301% | it KA, TC 5 M GsfE9:301k 3|
KA, 6H PIt Al GH 76 14:00ik 21 ¢ KAH; 7H W
WM G387 12:301% 3 fr KAH, 7 H 6:300( 78 F M Gs
AN, BEJS A G R T IuE M 8H TTEMGHE
6:302 Hii A118:302 J5 K Tl 2, 2 GofE 12:30i4
BB KAH, 17170 E B GSEAIE A X 8, e K AE
H BLTE 18:30; 9 H It = Ml Gs7E 8:00 LA Fif & - v 42,

10:00iA 2 e KAE, JHAA Gsle RAE HI B 13:000
5-9H, PG 25 ETFass, fE5H
/N, 4r5124(0.8 £ 0.5)#1(0.6 + 0.4) mm-s™, 9/ ik
B KAE, 834 £ 1.3)F1(1.7 £0.7) mm-s* (&
2). P FIS HGHITFEREZR(p < 0.05). %7
HABASL, WA & H GIIFEREZER(p < 0.05),
MG EMAESH M6, 7TH8HZAIERALE @ >

0.05).
23 ZBINBERERFIHENFTEWGT FAEM R

TEEK TN, A GaEZZ VWCHVPDI R4
YER, VwCHVPDXTiFs GsHIAH X 5T 8k 2 43 73 A4
66.4%F117.4%, FIRIEGR. TRIWS, FXFoiwkE s
HINT.5%. 6.4%F12.3% (KI3). 1MICEMGsE E 57
VWC. VPDFIGRIFIESTH, VWC. VPDRIGRR IG5 M
G A X BTk 23 531 954.8%. 21.0%41116.7%, THI
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Fig. 2 Diurna variations in canopy stomatal conductance (Gs) of Pinus tabuliformis forest and Acer truncatum forest, vapor pres-
sure deficit (VPD), and solar radiation (GR) in Badaling, Beijing (mean £ SD).

R2 LR\ GRW AR T TS A 82 AL AR P B (R

i)

Table2 Monthly variation in canopy stomata conductance of Pinus tabu-
liformis forest and Acer truncatum forest in Badaling, Beijing (mean + SD)

Htr kA T 2 SAL T JoFARGE 2 AL T
Month Canopy stomatal conductance Canopy stomatal
of Pinus tabuliformis conductance of Acer trunca-
(mm-s?) tum (mm-s™)

5 May 0.8+ 0.5 0.6+ 0.4%

61 June 1.2+ 09 0.7+0.6%

7H duly 26+21%" 1.2+0.8%

8H August 2.7+22% 1.2+ 0.9%

9] September 34+13% 1.7+0.7%

TR KREF R RFAABHNMZ B EEIILSEEREEP <
0.05), ANFEf/NG TR IR [F— R A 4 2 W e 2 AL Z R
B3P <0.05).

Different uppercase letters represent significant differences in canopy sto-
matal conductance between two tree species in the same month (p < 0.05),
and different lowercase letters represent significant differences in canopy
stomatal conductance between months for the same tree species (p < 0.05).

WSHIFXS TTRRZR B, 7351 9 4.5%H13.0% (1&13).
ARBTG5 % FREE R 2 [A] (1) 26 /AR
1L(El4, E5). H4ywCikT011 m>m3 A, 3%
K3 R SRV AA G ELAT BRI 5 T 4 VW e T
0.11 m®-m 3, 45 KR KT A G IE
50 . IKVPD (VPD < 1.5 kPallh ) A4 Gote e i3t
1EH, 4vPDi#E1.5 kPai, Ffids VPDIIF 51, Gs%
FHHIVER . 4T < 18 °C. GR < 100 W-m2BL K&
WS < 0.6 m-sH, WHiAGsthSZEI 7 AR, it

i
VU G, TR GEA IEFFENE, K RHAR AT XGE XS G
FIRZHE N (B 4) o

1=
52

=
W
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JLFEH Acer truncatum

54.8% \

YA Pinus tabuliformis

m YWC VPD w== GR W T == WS

B3 AKIEEZE(VPD) . KIS (GR). TIE G KE
(YWC). BT FIRGE(WS) Xt il A Rl 7 F e 2 S FL S E
HAX TR

Fig. 3 Relative contributions of vapor pressure deficit (VPD),
solar radiation (GR), soil water content (VW C), air temperature
(7), and wind speed (WS) to canopy stomatal conductance of
Pinus tabuliformis and Acer truncatum.

Mywe < 010 m-m 3, BUG R IR 4%
TEEMMGEA TR, 4y wCHEd0.10 m®mLL
Ja, TIEEIKERF RN T EMGEH IE R,
HVPD < 2 kPallf, VPDX} It FEMGEA IE 5,
#t2 kPaii, VPDIIE it GsELAT S i, 24GR
<200W-m?, T<20 CLAKEWS<02m-s* i, 0%
MG B s, iz S, GR. TUAKEWS
pareRinp-AY PO ESUN(SIDB
24 GHRFITTERMSEBSH R SALAETSER

2018 AR KRS H MRy 285 R B E K TIuE
1 (p < 0.05), I H bk s> 715 8 435 9(0.58 + 0.36)
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