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Photosynthetic characteristics and ecological service capacity of

five Quercus species in Beijing region

Wang Yuerong Wang Qian Hu Xuefan Shu Jianhua Li Zuzheng Liang Fang Jin Yingshan®
( Beijing Institute of Landscape Architecture, Beijing 100102, China )

Abstract: The investigation of photosynthetic traits and ecological service capabilities of Quercus species is crucial for their
cultivation management and carbon sequestration assessment. In this study, five major Quercus plants in Beijing, including
Quercus dentata Thunb., Quercus variabilis Blume, Quercus acutissima Carruth., Quercus mongolica Fisch. ex Ledeb. and
Quercus aliena Blume were investigated. The diurnal variation of photosynthetic characteristics was measured using LI-6400XT
portable photosynthmeter, and the ecological benefits of different Quercus pecies were estimated by combining their green quantity
calculation model, carbon fixation, oxygen release and transpiration evaluation model. Our results showed that: 1)The diurnal
variation of net photosynthetic rate and transpiration rate of the five Quercus species exhibited a a distinct bimodal curve pattern,
characterized by peaks and troughs. 2) The daily variation range of net photosynthetic rate was 1.05~12.20 pmol-m s ', and the
daily variation range of transpiration rate was 0.48~5.46 mmol-m *'s"'. The average daily rates of both were as follows: Q. dentata,
Q. variabilis, Q. mongolica, Q. acutissima, Q. aliena. 3)According to the green mass of an individual plant with a diameter of
20 cm, the daily carbon sequestration and oxygen release were as follows: Q. mongolica, Q. variabilis, Q. dentata, Q. acutissima,

Q. aliena. Regarding cooling and humidification benefits, the daily water release was ranked as follows: Q. dentata, Q. variabilis,
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Q. mongolica, Q. acutissima, Q. aliena. The order of daily heat absorption is: Q. mongolica, Q. dentata, Q. variabilis, Q.

acutissima, Q. aliena. 4)Based on the current total area of 122 700 m’ of the five major Quercus forest types in the Beijing region,

the total ecological service capacity was estimated. The annual carbon sequestration amounts were 3.55 million tons, with annual

oxygen release of 2.58 million tons. Annual water transpiration reaches 6.54 billion tons, while annual heat absorption totaled

1.756 x 10" k. These findings provide a scientific basis for the selection and application of Quercus species in afforestation and

greening initiatives in the Beijing region.
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PR B & 7 31 Bl Fagaceae #J8 Quercus LAY # 1) 52
PR, ISR A AEW FIAR RS o MR )R e se Sk R b i R £
3 A 30 R de KA S, 42 BRI A 3R 600 42 (22
W, 2018; ‘75 ¥ FUEA A %, 2019; ¥ # AR 4F, 2022) .
YE R IR 5 0 BT il DX b e g UL B R e, AR
B AT A A FLS e R AR SR o E T, R AT
HR IS S HAE Rl 60 A3, Forh AR &7 Ll K . VR 2 HR
FAE TR 221 1 XA O S e ol b A 5 9%
R, Q04 B2 8k Quercus variabilis Blume ., WKk Quercus
acutissima Carruth., 5¢ % 8k Quercus mongolica Fisch. ex
Ledeb. ., #i#: Quercus aliena Blume FIMiH Quercus dentata
Thunb. 55 Cifi #1 %, 2021; T34, 2019) .

BRA DT AR, A A RABEIR . M 1E
Y. Tl JSORHAAR B A, SEAE SRR IR 3L A A B 2
ob B OC B b 7, [ e R A s 0 SN (B S AR 2 IR 5
#1 {8 ( Nechita et al., 2017; Gerasimenko et al., 2022) , A&
Z LR PN R AT T IRAWITE, A
HE(5K A, 2022) | HUER IR A (RFR, 2021) A B L
Fe F At 2545 VO (BT H 55 0 T HRAS 1 R e (A
Sk S, 20145 5 SCHR S, 2016; T AT, 2023; P i
2024) ; WA 7 X BRI 0 A S R 55 e S kAT TR AP
W, AR AW ZHEVE L O G Rtk 45 (5K & B,
2018; 1T = U145, 2023; FEbk 54, 20255 £ & 45, 2024);
A F S VEAG T EARARAE “ Tl IR
AR 55 Prhe, 4R BoR AR B IR E] 1.397 17712
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Yol A v KRR 3G AR 28 IR 55 D de (A [ ik R 4
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R AR 2 b 5t DX R 55 — R 2B A, R AR T L
12.27 75 hm’(Hu et al., 2025), /i 4 7 7% A Ak i A2 1
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3 AT AR I A R A b, A 9 i IR T Bl b A
A RE 2 B 5E B 2R AL M0 BR AR L P, B % 20 4F (2004 4F
FiAe ), BLA AR IR O MR | R B AR L RRBR . ST R
M AR A S i A Rt o A A TR B0 55 2% 40 R D AN () R
KW IOCETRIR, 456 S BRI 51T, #iE 5 F
BRIEAE W 1 HE 25 55 B 7, 07 2t e T A AR 2 Y A

7 AR bl DX R AR v B b e R A
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1 AR D5k

1.1 B XIEEER

b 5T (1) s AR A5 N 39°26'~41°03" N, 115°25'~117°
30'E, BB 16 410 km®. Horb, (b 1 AL 10 200 km®,
- JEU TR 6 200 km®. b 50 A Ab A AL S TR AL I, Hh 34
VO AL 2, AR AR GE, JE IR A 2 10 A B 1 2 R
g, UZr W BERER . XA EEK . FERHAR
10~12 C, Z 47 B[ K R 406.3~700.0 mm, 4 35 %
KN 6263 mm(# 2 2023 4K ) . MK & TE 5—
8 H, BEFEBKEA N 2ERKEN 80%, 7 H Fl8 H
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A% 52 8 ff A LI-6400XT fifl 4% 5t & I 22 X (36
), %5 AR 28R P 1Y O G 3 2R (net Photosynthetic
Rate, Pn) . Z& Ji% j# K (transpiration rate, Tr) . M F < fL
5 & (stomatal conductance, Gs) F1 Jfg [&] CO, ¥k J& (inter-
cellular CO, concentration, Ci) %5 4 Fh 36 & 48 5 S B3tk
F1 70 5E o Rl 4 1 I 2 ARAC AR v L B A
OB S BN PR ER, BRI 3 h AR K R AT,
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Tab.1 Experimental material specification parameters of 5 kinds of Quercus species in Beijing
F 258 I /mxm T BT
¥ Ty Average crown width 5 /m Byt Yyt by ¥yt Ty nf
4 Ff 4 8 /m Jitg 4% /em ] Average K /em 58 BE /em J&JE /mm & *D’/sz
Tree species Average tree  Average chest KN LRl height Average blade Average blade Average blade A Al ¢
height diameter East-west  North-south under the length width thickness verage feat area
direction direction
branches

ik A 9.83+2.37 11.1742.57 4.31+0.17 3.86+0.57 2.38+0.50 17.07+£2.93 8.53+2.16 1.07+0.04 136.63+31.25
Q. dentata
B #R 11.13£1.52 11.70+4.25 5.23+0.58 4.51+0.45 2.18+0.38 16.97+1.86 5.40+0.17 0.83+0.12 58.83+5.49
Q. variabilis
AR 12.00+0.42 11.75+0.35 3.78+0.01 5.58+0.51 2.11+0.31 15.85+1.63 5.40+0.42 0.83+0.04 84.69+14.30
Q. acutissima
ELRE 13.07+1.12 15.97+1.78 5.23+1.22 6.15+0.60 2.01+0.57 16.93+1.31 7.30+1.22 0.86+0.07 116.70+8.57
Q. mongolica
Hit R 14.43+2.48 17.60+5.93 4.26+1.38 4.43+0.89 2.26+1.25 16.45+3.32 9.87+1.00 0.95+0.11 149.51+11.88
Q. aliena

T RPN PR fERE”

Notes: Data in the table are presented as “ mean valuetstandard deviation” .
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133 #etmAm g

2023 4F 8 H IS, IEAH 5 FlBR 28 b AR i S B, HL
S8 2 5 A W SRR R R B o R A
G B4 BSR4 A BURE o AN PR 3~5 Ak, 430l
AR b H R 3 2 BY B 20~25 A fil B BB K
INEE) — I B, B AR R A T ST R IR AR S
K LI-3000C 73 f5 #5 2 it 17 AR S0 47 B0 - T R 22
bR~ RO 5 FEm J J5 B S5 T8 A R AIE
134 #4%® (Frb@fR) ae

2023 4 9—10 J1, AERTHIXT 5 T AR 2 A8 ) R A R
TEAE 8 A FE il 1, R E AN T 1/4 W) 5e A E AL 4
I ERRE 4 B 4 bRk, 1k U 50 M R bR R R AR U 1
T AT HE PR (456 74 Ll G AR MR A Bl Lt 20 37 g T
BRI AR A R KR A A b R ), A
P 15~20 B AR HEA B I 5, R Bk i AR A
i 4% 46 b 2 ST B R T AR — OT I3 5 R, 45 A R A
B AE (1998 ) N7 114 b 5% [l AR ) 2t [l 51 A5 780 £k 5
g (B mBOBIE(R2),
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Tab.2 Regression equation of leaf area per individual plant of
five Quercus species

T Fif

Tree species

— G [ A J7

Univariate regression equation

Wit B} O. dentata

e B2 Bk O. variabilis
AR Q. acutissima
5¢ 1l Bk Q. mongolica
W5 0. aliena

§=8.164W—42.83 R=0.718 3

§=10.180W—47.35 R=0.628 2
§=11.670W=50.10 R=0.671 8
§=10.550-10.75 R=0.764 7
8§=7.620W+- 42.34 R=0.507 9

e SR (m?), wR A (em), RV I3 R %K.
Notes: S indicates leaf area(m’) , W indicates chest diameter(cm) , R
indicates regression coefficient.

135 A AREGFRATHT &
LRI A K S % i1 i 55 (2018) 19 1k .
R R AN RS R AT
P = B4 R x LA BT x 3 600x 107 (1)
W (CO,) =Px44x107 (2)
W (0,) =Px32x107° (3)
i Py HFEME B (mmol-m™-d ™), W(CO,) N i
1 AU A H 2 CO, R A (grm >d ), 44 2 CO, 1Y
JEE IR 5 £, W(O,) Sk B T AR B H ORI O, 1Y
(gm>d"), 328 O, By BE/R &, 107 4 1 pmol #i54
A mmol 5 mol B BAAV o
B T 1 0 A S R 55 BE T A T

E = HF-RZEB A OOLA I E] x3 600 107 (4)
W (H,0) =Ex18 (5)

0=W (H,0) x4.18xL (6)
L=597-057xT (7)

A ERHZEEE (molm>d™"), W(H,0) K ¥ [fi
T Fr H OB HOK 9 i (gem>+d™), 18 i H,O 1Y BE /R
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fii 1] SPSS. EXCEL %K {1 % # LI-6400XT # 4t illl
FE 196 A B, 38 FH Python3.3.3 #E 47 4H 56 M 20 B - il
&, ffi F R 15 5 agricolae G i#F 17 HL K 2 J7 22 43 #T -

2 R 550

21 REEBEHESW
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5 A BR 28 W Bl Y ¥ O A R Eaﬁ%ﬂzmm%
2 o UE(H Y I BLTE 10: 00 F 16: 00 /247 . #Ht A
FAE 8: 00—10: 00 34 i1, 10: 00 Ji5 ik ﬂm@MﬁﬁF
46 T B, 14: 00 42 47 th B4 {BL, 14: 00—16: 00 i1 31
o5 AN, 16: 00—18: 00 19 F B Hy . ot 4
R Jg1.05~12.20 umol-m s ', i 75 5 % M5 W {8 43 9]
e R BR S MHER (& 1) o N [EFPAREAEY), H P50
A R AT I B 25 5 (& 2), S R ERISHE Y H F- 2

a 14 —— HiiA
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Fig. 1 Diurnal changes of net photosynthetic rate of

five Quercus species
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2 5 FERSEAEY B RS AR
Fig. 2 Average daily net photosynthetic rate of
five Quercus species
TE: AN b 3 W] 3 05 45 B AT AN [R] Al ] 7 78 2 35 22 S+
(P<0.05),
Notes: Different lowercase letters indicate that the average net photosynthetic

rate is significantly different among different tree species (P <0.05).

£ 8 K MK K N : M 6.85 pmol-m s, 2
K2 HE 5.96 pmol-m s, 52 i A% 4.66 pmol-m s, JE Bk
3.71 umol-m *-s™', M #k 2.57 pmol-m *s',

212 AW FH TACHIE

75 V6 T A8 A ) TE — 5 I [) P B0 i T B 2R
7K i, 5 FIAR IS ) 0 26 1 T F A b 1 St X0
o LA K2 BT 10: 00, 55 2 AN fH B
E 14: 00 B 16: 00 25 47 ; 25 i 38 H 28 46y il 0.48~
5.46 mmol-m s ', M4 | # B BR . BRER . S AR MR A
WA 3 591 S 5.32, 4.83. 2.94, 3.84 F1 1.95 mmol-m s ;
TE 16: 00 H B Yy 0 2 DX Ry A7 R BE T B 35 R
T, AR (B 3) o A AR [ B T) B, S TR
BRI HE W) 1) F- 349 28 1 o 3R [R] (&1 4), il R B /MR TR
e W R 3.92 mmol-m s, ¥ & Ak 2.77 mmol'm s,
52 W Ak 2.23 mmol-m *s ™', FRAER 1.75 mmol-m *-s ', #if #k

0.92 mmol'm s ',

~ 8 —o— AR
e T —a— 1 AR
EE6 — JFEHE
= = e B
S g5 SRk
§§ 4 —— HitiE
153
3 g
g 1
¥ 0=
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I [A] Time
3 STHRREYMAEBERATL

Fig.3 Diurnal change of tree transpiration rate of
five Quercus species
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Average transpiration rate
Sm=bhw
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Fig. 4 Characteristics of average daily transpiration
rate of five Quercus species
TE: AN ) /N5 o5 B 36 W) S 49 2 T ol < 7 A () %) b 18] 47 75 b 25 22 5%
(P<0.05).
Notes: Different lowercase letters indicate that the average transpiration rate is

significantly different among different tree species (P<0.05).
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SRR, HHKERECH 0.58; 5 CO, W & &2 IE
FHIE, A E R BN 0.50; 550 BRSR B 2 A OC, AHC &R
Boh—0.33, HACHER AR (K 5),
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Fig. 5 Correlation between photosynthetic characteristics and environmental factors

T *RUDCEFHERE R S PREE T 78 3 22 57 (P<0.05)

Notes: * indicate significant differences between photosynthetic characteristics and environmental factors (P < 0.05).

R R 5 R T B B OE A, MO RN 0.93;
510 R 5 AR O, A OG R BN -0.90; 5 A ALk
e RE 5 53 BORH G, A OC R B —0.92; 550 s 5
TEAHIG, AHE R BN 0.63; 506G iR 2 FUH G, A1
KFERHCH-0.18,

H13.02, 9.47 gm >d 'y HROER R AR, 485108 11.34,
8.25 g'm d s JBRAK 55 5%l MR s MR SR AR, 43
H5.01, 3.65 grm >d o 45 B[RS B B bR S 0 1A
HCRRR A [ Bk S ORE R, HOERR B R BRI R
ST BR, B ECBR, MRRE, AR, MR HOBE SRR IR A

22 ATRFENST S HR, M BCER, AR, RRER, AR . REIKE, L
22,1 BHRBEBEBAESRE RS R ) B TET AN, AR A [ B R SR R v T

5 Fof R 2SR W 1 [ fe R 4 AR A5 AR 55 BiE O R 3
BIt7R o 5 iR [) RS B A i, G B B B L PR
37 TG AR DAY S T R S BN AR (R o M AR A
(A T L A T N A DN R ST = TSI o

AR o5 T AE R KT, SRR L R Bz AR AR R ) H
B e 5 B SR I R TORRAR AR . SRR, ok
AR Gk TR W Rl ] AR A A A S I 55 RE
B4

R3 SHELENFESERRERE

Tab.3 Green content, carbon fixation and oxygen release of five quercus species

PR LA

M EAREEE AR BA FRR FIE

. H [ 4/ o o = 4 o R HEBRO,
. Ty (mmzjl;,?d,l) COMFER  FEOMTR Mot B em cofymli it E I
Trees pmol'm >s™) Dail W(C0,)/ W(0,)/ Diameter at A S m’ W(CO,)/ *( o :
ecios Average daily assimilaiion (gm™>d™) (gm>d™") breast height ~ Vegetationquantity (g:d") Thegmass of
P photosynthetic volum Daily fixed CO, Daily fixed O, specifications The mass of 0. released
rate mass per unit area  mass per unit area CO, fixed :
0 ﬁintata 6.85a 295.99 a 13.02a 9.47a 20 12046 d 1568.79 b 1140.94 b
T K2 ¥R
K EL . 597b 257.69 b 11.34b 825b 20 156.28 ¢ 1771.89 ab 1 288.65 ab
Q. variabilis
R
iR L 337¢ 14541d 6.40d 4.65d 20 183.30 b 117277 ¢ 852.92 ¢
Q. acutissima
Fil bR
0. mongolica 4.66 ¢ 20131 ¢ 8.86 ¢ 6.44c 20 200.25 a 177376 a 1290.01 a
HiH R
0. aliena 2.64d 11396 ¢ 50le 3.65¢ 20 19473 a 976.45 d 710.15d

e e [R50 B0 5 b A TR 57 B R 1 18 bR 7R A [ ARl 0] 22 5 AN 35 (P>0.05) , AN [F] 5% BF 3 7R 124 B 75 AN [a) AR Fl fi) 22 57 1 3% (P<0.05) o
Notes: The same letter in the same column of data indicates that there is no significant difference in this index among different tree species ( P>0.05) , while different
letters indicates a significant difference in this index among different tree species ( P<0.05) .
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5 AR 2 HE W B0 I R] P B I T AR 2R S
FAAER 2R (R A) . Hob W H 205 & fom,
K F] 169.42 mol-m >-d'; 1 Mt A% i) H 2% 5 1 e 41K,
7 40.10 mol'm *-d™' LA 4% 20 om 1Y B — A Bk Ky A7
HETT B g i, MR Y BBk AR OK i S, MR B AR,
S B JE 367.33. 140.57 kg bk -d . BARR H B OR
BN : WA, A B AR, SEh Bk, RRAR, M BR . 52

AR R T B S R, MR S K, 43 i Dy 923.84,
340.41 MokJ, R BN/ - 5230 AR, MR, 18 S AR,
JRBR, WBR . EAR G, BRI (] B T FR N 25
SRR iR R BRI WA, 1 B bR, 50 Bk, IR
PR, MR o AESRRRK T b, Sl AR S 0 T L
b AR ol T M ARS B HORE K R T AR A L 4
SR WY, 52w AR S AT ) R R 1 1 BE 0 (Y 32 25 e [
FoEH &M & Mo,

x4 SHHELENEESHRIGTE

Tab.4 Green mass and cooling and humidification capacities of five Quercus species in Beijing

RAEBE  RRIEEE
H - 35 25 i 1 A/ e K BT W Wi A . 2 BRH SRR
i A D H 2% 5 &/ o R FA%/om  RRGE/M e
(mmol'm~>-s™) o W(H,0)/(kgm™>d") Q/(kI-m?>d") . . BEK i kg /(MK
Tree . (mol'm*-d™) . Diameter at Vegetation . .
. Average daily . L The mass of Heat absorption . . Daily water ~ Daily heat
species e Daily transpiration . breast height quantity .
transpiration rate water released per per unit leaf . ) release absorption
. specification
unit area per day area per day
B
392a 169.42 a 3.05a 7.38a 20 12046 ¢ 367.33a 889.53 b
Q. dentata
L
S 2.77b 119.66 b 2.15b 5220 20 156.28 d 336.61b 815.13 ¢
Q. variabilis
IR
o 1.75d 75.60 d 1.36d 3.30d 20 183.30 ¢ 249.43d 604.03 d
Q. acutissima
25 g
i , 245¢ 105.84 ¢ 191¢ 4.61c 20 200.25a 293.68 ¢ 923.84a
Q. mongolica
. 093¢ 40.10 ¢ 0.72¢ 1.75¢ 20 194.73 b 140.57 ¢ 340.41¢
Q. aliena

T R MICF 1070 [R50 8O0 5 4 AR 7] 45k 38 705 12 38 AR 76 A [ Al ) 22 57 R S 35 (P>0.05) , A [ 52 8 3R 148 b 6 A [ A i 1) 22 53

1% (P<0.05) .

Notes: In the table, M represents 10°. The same letter in the same column of data indicates that there is no significant difference in this index among different
tree species( P>0.05) , whiledifferent letters indicates a significant difference in this index among different tree species( P<0.05) .
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Tab.5 The total ecological service capacity of the five Quercus forests in the Beijing area

o b 5 AR 2 Ak AE 3 [ Bk 4 /(thm ™) AR R A/ EERRK R AR R
LTI (H%%ﬁ(?lm’z) ST AL/ hm?) Annual carbon (thm™) (thm™) (10°kJ-hm™)
Quercus Forests Densit The total area of Quercus sequestration Annual oxygen Annual water Annual heat

CNS1

¥ forests in Beijing capacity release release absorption
Hil ) Ak 1068 12.27 301.58 219.33 70 615.52 171 003.25
e K BR bR 748 238.57 173.50 45321.17 109 749.10
JBR B AR 537 113.36 82.44 24 109.90 58 385.54
55 il BR AR 1832 584.92 42539 96 843.92 304 645.48
B B Ak 1173 206.17 149.94 29 679.95 71 874.17
Ty 1072 288.92 210.12 53314.09 143 131.51
R / 35577 t 25877 t 65412 t 175.6x10'°kJ

TE - BRIEMR I 7 i i i bR, — 4R 42 29180 diy A= KIWITHSRDOE S AT

Notes: Quercus forests are of the deciduous broad-leaved forest type. Photosynthesis is calculated based on a growth period( approximately 180 days) in a

year.
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