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Impact of logging intensity on leaf functional traits of conifer-broadleat mixed
forest in Jiaohe, Jilin Province

YANG Zhiyi', FENG Xinyi', SHU Ting', ZHANG Meng®, FAN Xiuhua'

(1. College of Science, Beijing Forestry University, Beijing 100083, China; 2. Forest Management Engineering
Research Center of National Forestry and Grassland Administration, Beijing Forestry University, Beijing 100083,
China)

Abstract: [Objective] Logging is a critical disturbance factor in forest ecosystems. This study aims to
investigate the effects of logging intensity on leaf functional traits in a coniferous-broadleaved mixed forest, so
as to provide scientific basis for post-logging species recovery. [Method] Four main tree species (4cer mono,
Fraxinus mandshurica, Tilia amurensis, and Pinus koraiensis) in the conifer-broadleaf mixed forest of Jiaohe,
Jilin Province were selected as the research subjects. Four different treatments were set up: control (ck, logging
intensity was 0), light logging (T;, 17.24%), moderate logging (T,, 34.74%), and heavy logging (T3, 51.85%).

Samples were collected and data on photosynthetic characteristics and leaf structural traits were analyzed. One-
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way ANOVA and least significant difference (LSD) tests were employed to compare inter-group differences.
[Result] Different logging intensities significantly affected the photosynthetic characteristics and leaf
structural traits of A. mono, F. mandshurica, T. amurensis, and P. koraiensis, whose maximum net
photosynthetic rate was the highest under logging intensities of T, T,, T;, and ck, and the lowest under logging
intensities of T,, Ty, ck and T;. Through the analysis of leaf structural traits, it was found that the leaf mass per
area of A. mono, F. mandshurica, and T. amurensis was the highest under T,, while the leaf dry matter content
of A. mono and F. mandshurica was the highest under T;. The leaf tissue density of F. mandshurica and T.
amurensis was the highest under T;, while that of 4. mono was the highest under T,. The relative content of
chlorophyll in the leaves of each tree species showed no significant differences among the species.
[Conclusion] Logging affects the photosynthetic characteristics and leaf structural traits of various tree
species. Broadleaved species such as A. mono, F. mandshurica, and T. amurensis have the strongest carbon
assimilation ability under T;, T,, and T, intensities, and logging can improve their leaf structural parameters.
The photosynthetic capacity of P. koraiensis decreases with increasing logging intensity, while leaf structural
traits do not change with logging intensity. Low-intensity logging can promote photosynthetic capacity and
efficiency of resource allocation of broadleaved species, while high-intensity logging can lead to the
maladaptation of P. koraiensis. [Ch, 1 fig. 4 tab. 48 ref.]

Key words: logging intensity; conifer-broadleaf mixed forest; leaf functional traits; photosynthetic properties;

leaf structural traits

rh [ R b X A B TR S MO IR AR B R G DA ST, TEAEP R R AN A iR IIfE
FRAF L AR 7 T A AT EZAE Y, MR R A MOR LRI ZE . DLZIARS Pinus
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F 1 FEHEDR

Table 1 Survey of sample plots

TUEE MmO _ %E/(Tﬂi'ilmjz) ” _ j@%ﬂfﬁﬁfﬂ/(inzihm’z) “
201 AERARAT 201 4ERARIE  20214EZ00  20114ERARAT 201 4ERMRIG 202145510
ck 453 1 987 987 952 28.875 28.875 31.266
T, 443 4 965 784 903 28.731 24.627 27.849
T, 430 5 947 653 798 29.968 21.151 23.601
T, 497 3 1152 586 655 30.247 15.007 18.433

1.3 AXEHBEBRESLIE

2023 4F 7—8 H, #EEUITAIE K 7:00—10:30, i FE # XA 1E I E R4 (Li-6400XT, Li-COR,
L) TR A ERE I o FH R B B T 62 0 R R A AR T K KA N AT R
B AAERAAS S5 N K 3, B DR SE I B i . AR I I RRAR R I 3 R SE SR R A I B, AR IR AR
HU 4 HO3E 20 MR SERLAEE A ET I, A T A SR E

i ] Li-6400 S A A3 HE B SEHR 7 16 000 pmols m 2+ s™ BYFRUECIRLT W IR, BEEAHRNEEE 50%,
BRI =R R 25 °C, MHHSME RS A0k (CO,) /INMIIAE ] CO, BEIR M 400 pmol-mol ', {4
i B AE O 500 pmol-s ™', H R FE 55 KK B E G il 5% Y 2000, 1500, 1200, 1000, 800,
600. 400, 300, 200, 150. 100. 75. 50. 20. O umol-m-s™', AF VI 7E 2 000 pmol-m 2+s™! Yk
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pmol-m2+s™', Fi¥E CO, FE/R4MEA 400 pmol-mol ' B}, i 5% 4 Fh F B FFDEE RIS H, 1uHh
HEE R (P, umol-m 257", SFLFE (Gg, mol-m 257", Jiig[a] CO, BE/R43EL (C;, umol-mol "), ZE [
& (T, mmol-m 2+ s™") FI/K5FI FHRCE (WUE, mmol-mol ™),
14 MEINEEMRRESLIE

bk AR BEHLEEER 15 Rl R SE B nt i, (i FRErt 48 23T (SPAD-520PLUS) X £L#4 LMY
3 AR R R E AT I SR R ARG i (SPAD) F R, DU SRR TR Rk, AR ERERE IR 3 UOTIE SR,
BifiJ 37 R R N6 B4, 3R 1] 5286 25 5 A FH 0 A OB i o i 5 4 i A S i (LFM, ). fiff (G
it i, (] Image J A, FIFHRERME o0 AR (LA, em?®). A R - RO £ il i i )5
BE (LT, cm), $f 15 5 iF R d BAR RN 7 S, ki e ik ik, Adimt R 3 vk A HEAR R &
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JH SPSS 26.0 % s #4740 B A7, i B 3R 5 22 70 BT (one-way ANOVA) LA S fie /) i 25 22 57 1%
(LSD) #F47 A [RI 4 ] 2 5 3 (P<<0.05). FIF GraphPad Prism 9 il {5
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Table 2 Photosynthetically gas exchange parameters of 4 tree species under different cutting intensity

- At {%%ﬁ%%/, AL ‘iﬁi 1 H@IECOZJ?ET\?%&/ ?ﬁﬁéﬁf/ } 7J<5M'JFH'§&:‘%/
(umol-m™-s™) (mol*m™+s™) (umol-mol ™) (mmol-m™+s™) (mmol*mol ™)
ck 4.67+0.32 Ca 0.06+0.03 Bab 252.61+61.16 Aa 0.84+0.36 Ba 6.13+1.77 Aa
o T, 5.2441.60 Ba 0.06+0.02 Bab 247.91£10.32 Aa 1.30+0.47 Ba 4.09+0.35 Ba
B T, 4.56+0.22 Ba 0.05+0.01 Bb 243.64+32.43 Ba 0.76+0.16 Ca 6.29+1.63 Aa
Ts 5.91+1.16 BCa 0.13+0.05 Ba 306.98+41.35 Aa 1.49+0.60 ABa 4.63+2.14 Aa
ck 11.2240.27 Aa 0.20+0.01 Aa 295.74+5.76 Aa 3.03£0.86 Aa 3.87+1.18 ABa
T, 8.84+0.92 Ab 0.16+0.07 Aa 281.43+52.43 Aa 2.80+0.93 Aa 3.51+1.43 Ba
) T, 12.03+0.84Aa 0.29+0.15 Aa 307.33+36.75 Aa 2.54+0.35 Aa 4.7740.55 Aa
T 10.94+0.50 Aa 0.24+0.03 Aa 314.74+11.77 Aa 2.09+0.30 Aa 5.35+0.87 Aa
ck 4.7840.61 Cc 0.10+0.02 ABa 310.12+10.67 Aa 2.01+0.33 ABa 2.40+0.24 Bb
s T, 9.19+0.06 Aa 0.13+0.01 ABa 268.08+7.40 Aa 1.19+0.11 Ba 7.72+£0.74 Aa
T, 5.46£1.01 Be 0.10+0.02 Ba 299.53+19.92 Aa 1.75+0.78 ABa 3.81£2.06 Ab
T 7.08+0.53 Bb 0.16+0.06 Ba 311.17423.44 Aa 2.20+0.60 Aa 3.37+0.73 Ab
ck 6.35+0.54 Ba 0.11+0.06 ABa 279.23439.75 Aab 1.46+0.68 Ba 5.04+1.88 ABab
" T, 5.46+0.93 Bab 0.07+0.02 Ba 253.30+32.27 Ab 0.81+0.21 Bb 7.06+1.66 Aa
T, 5.25+1.11 Bab 0.08+0.02 Ba 281.77+16.99 ABab 0.97+0.20 BCab 5.49+0.78 Aab
T 4.75+1.12 Cb 0.09+0.04 Ba 306.67+15.67 Aa 1.02+0.40 Bab 4.91+0.79 Ab

VLT Bl N PR EEAR R . R R NG FHRFOR A FRHGR B ] 22 52 .3 (P<<0.05), AN[FIRE FHREFR A A W Rl ] 22 53 135

(P<0.05)
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(P<<0.05), {N7E T, AbFEF 54T 25 . 7ErAAH K G <L T B2 RN 2% 1 6 35 Sl d g
H R ZFHRTHABMFD (P<0.05); SMRA/K A RIHRCRAE T, AR 1 35 & T HABM D (P<0.05); XF T
] SRR BE R A0 AR, A RAKR FE Tl A W BRI 22 52, (A (R BRTE T, Ab B Hh 5 25 (KT K il
W5 248 (P<<0.05).

RS AR T S ) SR A B 1] LAk B, AR BT K I 0 45 3506 & SRS e S 50 5 e, W
A O ABIY S AL ETE T, A B b B2/ T Ty 4B (P<<0.05), 7K HIMIEEA BARTE T, Ab3h 535
FHABAHE (P<0.05), HASEFRGRE A B . LB . M SRR EE R B 7%
it AR AR A AL B ) O AR M, OGS R 5K R CR I AE Ty b 2 T A 4k
(P<<0.05), AIUL, SEARCAE 1h) % SR A o i 2k 4R TF X K 2 R RCR B2 T T HOG A RE S . Z0R 4 T 2
e A5 b BRI 25 5 80 2 (P<<0.05): oA R Bl 25 SR AR BE B i TR, T A B /T ok b3
T Ab 35 6] — S AL BR BE IR 0 B B R T T 4, K R AR S B T, Ab B W 3 OR T TS AL BE
(P<0.05); T, AbFRZERHE R B & /N T ck AL (P<0.05); AL EEAEAS AL BN G % 22 57
22 FEREZEEXEH AR th &0

B 1R BEECA ARG R, SRR A R AL — B TR R A AR SN
0~200 pmol-m s Ff, BRI 56 A R R YRR K . FEE A A SR IR, dob AR
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Figure I Net photosynthetic rates of the four major tree species at different logging intensities

T AR AU SR AT B R . K SR . Z0AN 4 MR B SEm N S 8L, R R 3 T
No MNFRENHCE KRB, AE BT A AL B ok il i K e A i R S R TR B R T H Al b
(P<<0.05), {XFE T, AbHh 5B EFARDBE . 16 ck 5 T, AbIH b &4 8] 155 1P 0 2 5 B A S T i 3
2S5 T, 5 Ty A3, ZEAN A GARRN A5tk 25 5 T 3 Al s 4% (P<<0.05). ck 5 T AbBErr, 24 F
[EDEAME ST 25 5 1F Ty AbBh, ZDROEAMEE T B KT 3 R B (P<<0.05); 7 Ts 4l hnFn
AR BOEAMEE A5  2E R T K S 554 (P<<0.05),

AN [ Ak BT B4 FE SR TR, 45 B ol i IO P 8 56 W0 i T RICRFE A A R ) 25 S R 3 . AR
M OGRS A AL ER A 22 AR B, T A R ROFOL A BRI E KT T, 40 F (P<<0.05). 7K Hfi#)
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Table 3 Light response parameters of 4 tree species under different cutting intensity
- I ) 42/ STPNE D Nt g ISV JeAMEE R FW TR/
B ORHBE s B G g
(umol-m™“+s™) (umol-m™“+s™) (umol-m™“+s™) (umol-m™-s™) (umol-m™~+s™)
ck 0.68+0.22 Aa 4.94+0.28 Cab 1538.21+661.82 Aa 20.27+£22.30 Aa 0.02+0.01 Ca
- T, 1.194£0.14 Aa 6.17+1.09 Bab 1341.36+103.88 Aa 22.28+1.94 Aa 0.02+0.00 Ba
, T, 0.78+0.42 Ba 4.87+0.68 Bb 1 719.69+1150.68 Ba 12.91+£6.29 Ca 0.02+0.01 Ba
T, 1.26+0.90 ABa 7.11£0.18 Ba 1773.224333.35 Ba 20.98+£19.98 Aa 0.03+0.00 Ba
ck 1.51£0.53 Aa 10.57£1.40 Aab 1 335.97+473.77 Aab 21.73£10.80 Aa 0.04+0.01 Aa
K i T, 1.35+£0.35 Aa 9.174£0.67 Ab 928.98+85.38 Ab 17.12+4.20 Aa 0.04+0.00 Aa
7] I
T, 1.37+£0.20 ABa 12.26+0.72 Aa 1 505.02+£199.00 BCa 20.83+£3.18 Ba 0.04+0.00 Aa
T; 0.99+0.26 Ba 10.96+0.62 Aa 1253.41+113.48 Bab 13.30+£3.51 Ba 0.04+0.00 Aa
ck 1.08+0.16 Aa 4.95+0.57 Cc 699.23+36.82 Ab 14.18+£3.48Aa 0.03+0.00 Ba
s T, 0.81+0.10 Aa 9.5240.25 Aa 1 859.17£703.38 Aa 11.56+£0.42 Aa 0.03+0.00 Aa
E o
T, 1.10+£0.28 ABa 5.76+1.15 Be 780.74+168.10 Cb 15.16+4.26 BCa 0.03+£0.01 ABa
T; 1.15+0.37 Ba 7.28+0.51 Bb 1 084.89+370.58 Bb 15.30+£1.98 Ba 0.03+0.01Ba
ck 1.24+1.07 Aa 6.61+0.66 Ba 2 953.144971.84 Aa 25.80+23.92 Ab 0.03+0.00 Ba
—_ T, 1.15+£0.38 Aa 5.65+0.70 Bb 2 132.14+1377.96 Ab 23.82+12.63 Ab 0.02+0.01 Ba
EAR VA
T, 1.46+0.39 Aa 5.60+0.63 Bb 2 525.07+1532.40 Aa 35.53+9.64 Aab 0.02+0.01 Ba
T; 2.28+0.99 Aa 5.89+0.32 Cab 2 858.82+1587.13 Aa 53.95+10.09 Aa 0.02+0.01 Ca

Ve BRI AREZ . ARVNG RN AR FER SR 22 57 5.3 (P<<0.05), ANFKE A RR AR R 25 B
(P<0.05)

FEAME S FEAC AR FRR 22 AN, Ty, T3 PR R EOEAHER B E KT T, 408, T, AEL G A
MEERT T, 43 (P<0.05). SRMAYCAME S a4 b BRI 22 SR B3, T, AbEL i RigHE A R
oA AN S R T HAB AL B (P<<0.05). ok AbBELT AN B fie KgAK i 3 K T HoAh b B (P<<0.05),
T, ARG AN S 5 T HAB AL B (P<<0.05), Ty ABBEYEAME S B3 KT ck 5 T, 4FE (P<<0.05).

2.3 AR FAREE SR SRR EHRER T

ST N NP A /N 1 N = s SNy i B 7/ D 0 iy s R a2 o o B =i = L B i R
(P<<0.05), HELLFAE 3 Pt S5 HRAE A RAKGER BE TR 22 3808 3, R EF i 2549 A e
PEo RS FR AR X R, (A Ty Ab3EN O AH LG 32 10 25 K /K il (P<<0.05), LA NG
FhIA] 22 5 o 45 W R b ik =0 Jo o 0 B AR AR — B0, REI/ NS R A hR . S5, K. 7K
T 20 2R B 2K T AR Rl (P<<0.05).

AR [) 4 B ) HE 50K 7, 3 b I AR b ) L i B R AR R A AR B, IR BN T, Ty, T,
cko AT AR A T4 S i B0 KA BRAE T 4B, H W35 KT T, ZbBE (P<<0.05). 7K HI#IfY
-9 G SR A 505 Z AR, e KA BUAE Ty Ab B . o A %) I 4 05 8 ot R A5 %) 348 Jon i 335 o
FE Ty Ab 3L 2E KT ok Ab B (P<<0.05), ZKHIMIS St iy i 2l 2 %% B de KA B AE T, b3, BB KR
F ck AbFH,

cke Kb B € A B S 2 AR R B a2 R T R AR T (P<<0.05); T, Ab B %) (A -t AR %
I ERTEM (P<0.05); Ts AL (AR 2% ZAH X i i 2 K FoK il (P<0.05). 25 B 2¢
FAX & ARG T AN 22 538 03

3 ik
3.0 RAREE X R TR &R R0
RARIE— P E A AR BT, 5 PHOR B AR AR BB OS5 55 4 . DGR AR PRI T K HE 45 1%
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Table 4 Leaf structural traits and SPAD of 4 tree species under different cutting intensity

Gl R B eI H /(g om™?) T BT S H 9% AV (g cm ) LR AR
ck 23.31+2.18 Bb 0.35+0.03 Bab 0.24+0.02 ABb 40.33+3.23 Aa
1 T, 34.11+6.52 Ba 0.33+0.01 Bb 0.27+0.07 BCab 43.42+7.54 Aa
B T, 28.53+3.19 Bab 0.38+0.01 Aa 0.31+0.02 ABa 40.9443.17 Aa
Ts 32.18+5.94 Ba 0.38+0.03 Aa 0.34+0.05 Aa 41.85+3.43 Aa
ck 20.95+2.48 Ba 0.22+0.01 Cb 0.17+0.02 Cb 34.98+2.68 Ba
T, 29.24+4.86 Ba 0.25+0.01 Da 0.20+0.02 Ca 37.94+4.54 Aa
e T, 22.26+6.00 Ba 0.23+0.03 Bab 0.18+0.03 Cab 37.08+4.36 ABa
T; 23.56+3.67 Ca 0.24+0.01 Bab 0.18+0.02 Bab 36.51+1.90 Ba
ck 18.21+1.73 Be 0.32+0.04 Bab 0.18+0.02 BCc 34.85+3.96 Ba
s T, 31.71+£5.84 Ba 0.30+0.03 Cb 0.29+0.03 ABa 36.70+4.83 Aa
T, 23.13+3.22 Bbe 0.34+0.04 Aab 0.25+0.03 BCb 34.16+2.72 Ba
T 27.45+3.81 BCab 0.35+£0.04 Aa 0.25+0.02 Bb 38.26+2.46 ABa
ck 122.04+2.23 Aa 0.39+0.01 Aa 0.29+0.08 Aa -
T T, 126.10+1.93 Aa 0.40+0.02 Aa 0.35+0.04 Aa -
T, 125.42+6.30 Aa 0.39+£0.04 Aa 0.39+0.14 Aa -
Ts 124.63+3.37 Aa 0.39+0.02 Aa 0.36+0.08 Aa —

VLI B P BIESR M2 . AR R/ING FRERIR N IR AR SR BE (7] 25 53 835 (P<<0.05), A[RIRS F-RER RN [F B i) 22 57 . 35
(P<<0.05), —K/RTCHIA,

MW AR BERRAR A 7 SR TN ARG B . MOLSEBEDT R UL, SRAKS 4 FhA AL &Rk
FEHE T RN, ELASAR O AN [ SR A i R A SRR R, AR S AR [l TS PRI AL AL IR 5 SR g
HUP=E7

ARG ERETT (R KA & RGOS R 78 B R AR T 38 T AR B, i b
BSBIIRBERAGRE A AR, RITNIRVEN 2P AR S HO & R T R 2R . R
FARRM T OERUK o BRIRASFES BRI B B R AR AR, W2V . BB A B
FHm, P BRI BE AR T O MR SR B AR AL, i T DGR, W&
SETRG BT A L ARG IR R MM IR T, AR R e G s 4 1 25 5 THOLSRELSS UK Rk
2, NARBEGEHERHR L T HE— e . COARNRAE R A B i & R R T AR R,
] AR BE IR BN S T AR R, AR R AR dee ey, IR R SCALRRA 1 i S5 A0 I 0 A S e A
WEAER, M R TR SR HRCRAGE RGPS 12,

KM O AR | AL IR | BREOL R R LR T RCRIEA A SRR R 1
T IABR R, S AR5 1465 BE T AN BRI AIE B AE ST o K MR G BUR A ALIT P BEER R
AR T SRR 5, EL P O AT A SR A DGR, XN 1 I g I TR i A ) 5 R SR A X R
AR PR S FLEESEDY ABFTE B A B . K AN A AOC G R T PR R G RS B2 A4 T B PR, ik
TR BRAR S TR B PR T A A A7 RE ) 5 5 T, DT EGIE 1 AR B WL

S RO 5 R K MR RAE AR SRS el BRI . EAHETERAL
FEHLAY 5 — TSR . ARRARM I I R AR S BOE A AT WU SR T M X0, Al BES | & HOBER
HON S b, EEEAERT ABFTIE LI EEDCE VT O, RIS BUEERADL S RE 1R
58 2 SR AR Tk J A P B R SR AT 7 A 3 AR e

CLANA G R X SR AR5 B8 A8 e 17 S B HE B2 2 A A S TE AL o B RS EERE N, ZIARRGHOL S
MR R, O MR B iR RO L A BR R, 5SROI S5 A T Ao T R A AR T AR il A%
ik, AR TSRO HRI UK orad BEZE 0, Wik T L0 & aR R RE Y B2 R A2 R DGR A A
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GG SRR T 3 B NIRRT SRR . BRI AR ARG L TR I MR R TR 50t
GRESr, RO T RBUN I AR R | A SR, I T SR B HE A T 4R Y A T
SO ARGOR, 3 R R L T 1B SR ARR T RO B, T MR RV A B0 O A
We: BAHETH T ORI T BES0 , I H ok i B PR AR IR op B R T
it RS, (LT A DR LIRS 3 80K S EL 0 A LM T B — A TS, S, e AL IR S
BERG . ERRRRE, MR TSR, AFA I AR AR, IR R , (ARG L
A E TR R H A R B TR B 5 50 TR 5 A LA 3R DRIE DR s R BAE
P ok I LI R e (ISR T LI T T K 18 4 2 s 2 5 T K )
I

o T 5 B I BV AW, B T BT R AR b bea . (IATEN8 , i
RIS TRAE K Ay, (FIRE A A B, 4 RABRAE T, 3 RIIHRERR T4 T R 42438
MORE N G S0 K, B — i R, T AR th T G A M AT TR
S A T AR TR B AT WA I VR RO s S AR 2 BRI T4
PR, UGB T4 R 43 B L1 T D KR 4R 2 BB B B 0, AR 7
FRAGU L EA 2 5 FERREERART . K I T4 Tk SR, 35T A 5K MBI S P
B M EIERR, LR T AR b B Y IR B B 3%, I ARSI T £ L R
SRR, AR AT Rt Foof, ET At T R, St R R o 4
RO, BABIGCRI . W THTOE A S R e, ABFS R I: SRDEA R
KA FIPECRAE B RAR T FIR A, 0 AR R AR B GORI , TR0AI—B0, fe T
T, AR SR T T A TR (1, T A 090 T A0 D 6 - B 53 B
B, T R 5 MO o 4T 20 8 R SR T, TR AE A 5 i LS I Y
U I, AR TR 1 T AR TR, R R G AT oL L 8 L
A O BORUR FHISROG , TTE 0 5 3 B 0 T 2

L AU S LB 506 A3, 5 A T A P 41 5 A 2 e
B, (AT AP S, (B K S I T K A 20142 i R 3 (T 4AR
AR, SHCHE  OF T RSB A (0, S B I 05E18 T et il 4
SBR[ HENE Y, BI04 B TR R H kB, T A AT, S T
A SUREUATE T ORI, S5 R R AR 1 5 H R WA BRIP4, R BF 9t
KB SR A PR R i A R A MG IRARAE 77, MR ARG £ 4 7 5 45
TARBFGCAE R, WP OF T R RS 0 = R R e T U A YA . BRHE
L B RS A M ] F

IR A ORI A o T H R YR SR T 035 I AT, R G SR H ik 044
BRI A R IR, X TTRE R IR R A fE R 2, FORI & i 3
PRI RIS ER A Bh, BURIEI  REE AKSRREEIN T2 R A, fEL s LT A
A B G A,



55 42 5 X ) Wit —5 s SRAER BEXT T RIS B R TR SR D BEFEAR B R 9

4 Hi

AHEFERGIR T A ()R A5 BE XT3 BRI 4 B 2 ZR BRI OG- HEVE L IS TRR DL R 2 A 5 i
A . EBEEUNT . ORMABEE T 3 FRHAFOLSRES, GAM, Kl SBoornITe R |
HE | R RER AR T R R RE T daeoit, SRARE B AR TE 1T 3 b AR A ) LI B I S R 2 BOR
M LURE . QLIRS RE I BICR AR BERE AN T B, 2 M IR BE R A B G hnimi A2 £k, B
SLRMET I 25 PO PRI AR P A PR AT SRS o (DSBS /A I3 e £ T D' P A A 1o P ARSI BE SR, BT
IX 2 BRI T SROE R AR TR AE . @R AR B 0F 4 RIS ZOMD 5 i IR A AN 2. B
M5, PSR R SR A AT (2 HEET R TR AR i B A OG5 B R BT IR I BACR, (HR iR AR i
JRALRATE A K

5 HFEU

(1] RECH, skRKR, E4E, 5. RICHXBMAES RG-S RS TR SRR )] . Rt A A5 R 585 2741, 2022(5):
41-48.

ZHU Jiaojun, ZHANG Qiuliang, WANG Anzhi, et al. Suggestions for improving the qualities and functions of forest
ecosystems in Northeast China [J]. Terrestrial Ecosystem and Conservation, 2022(5): 41-48.

(2] @GR, RICK, KT, 5. G REE R SSARMIZER XA 7 J R (1], AR 2274, 2021, 41(5): 2024-2032.

LU Junyue, WU Zhaofei, ZHANG Chunyu, et al. Influence of forest strate structure on productivity of coniferous and broad-
leaved mixed forest in Jiaohe, Jilin [J]. Acta Ecologica Sinica, 2021, 41(5): 2024-2032.

(3] AR, 2RI, AV, 5. S E RAC I R A S TR S PRI RE S5 A6 FIE R 454 1520 [T]. Mol B, 2018, 54(5):
1-9.

HAO Minhui, LI Xiaoyu, XIA Mengjie, et al. Effects of tending felling on functional and phylogenetic structures in a multi-
species temperate secondary forest at Jiaohe in Jilin Province [J]. Scientia Silvae Sinicae, 2018, 54(5): 1-9.

(4] BKHE, X T, LB A LLANMRTR A BBl fift ek AN X6 SR Aot B2 o 10 (0] b sl 2224, 2022, 44(10):
23-32.

GENG Yan, ZHAO Xiuhai, AN Lizhe. Responses of tree aboveground carbon storage and carbon increment to logging
intensity in a broadleaved Korean pine forest [J]. Journal of Beijing Forestry University, 2022, 44(10): 23-32.

(5] EHM, VERFF- AP R PRRT AL A i i STt e 0] Af) 4 25241, 2015, 39(2): 206-216.

WANG Changshun, WANG Shiping. A review of research on responses of leaf traits to climate change [J]. Chinese Journal
of Plant Ecology, 2015, 39(2): 206-216.

[6] JONES H. Stomatal control of photosynthesis and transpiration [J]. Journal of Experimental Botany, 1998, 49(Special):
387-398.

(7] ZEWras, S2WIMR, SZUIAR, S5, 20 2t ] i ARt ) B PR PR 5 0 88 118y o 107 B 1 9 4 4 AIE [I/OL ). A= 32k,
2025-03-06[2025-05-10]. https://link.cnki.net/urlid/21.1148.Q.20250305.1847.005.

LI Xinrong, PENG Mingjun, PENG Mingchun, ef al. Leaf functional traits response to environmental gradients and
community assembly characteristics in semi-humid evergreen broad-leaved forests [J1. Chinese Journal of Ecology. 2025-
03-06[2025-05-10]. https:/link.cnki.net/urlid/21.1148.Q.20250305.1847.005.

(8] XUBH, VFmR#, BLGEH, 2. 4 b i D REMEAR MO R X 22 A iy R B2 L] AT, 2023, 43(2): 242-250
LIU Yang, XU Liying, WEI Tongchao, et al. Response of leaf functional traits and their relationships to seasonal changes in
four Acer species [J]. Bulletin of Botanical Research, 2023, 43(2): 242-250.

(91 AEWEIH, R R, skHate. AR LK IR T K NS (e G VE FRAIE (D] A4 2577412, 2004, 28(6): 794-802.
CUI Xiaoyang, SONG Jinfeng, ZHANG Yanhua. Some photosynthetic characteristics of Fraxinus mandshurica seedlings
grown under different soil water potentials [J]. Acta Phytoecologica Sinica, 2004, 28(6): 794—802.

(107 AR, TR AENE, B, 25, TR E IR A AE I 5 A B Y IR D] A= 252441, 2017, 37(10): 3437-3444.
HAO Minhui, ZHANG Zhonghui, ZHAO Shanshan, et al. Habitat associations of tree growth in a coniferous and broad-
leaved mixed forest in Jiaohe, Jilin Province [J]. Acta Ecologica Sinica, 2017, 37(10): 3437-3444.

(1] DA, IARTL, SRR, &5, [ LI AR A K XERAR T PR A R [T]. A= 352541, 2024, 44(5): 2019-2028.


https://doi.org/10.12356/j.2096-8884.2022-0052
https://doi.org/10.12356/j.2096-8884.2022-0052
https://doi.org/10.11707/j.1001-7488.20180501
https://doi.org/10.11707/j.1001-7488.20180501
https://doi.org/10.12171/j.1000-1522.20220403
https://doi.org/10.12171/j.1000-1522.20220403
https://doi.org/10.17521/cjpe.2015.0020
https://doi.org/10.17521/cjpe.2015.0020
https://doi.org/10.17521/cjpe.2015.0020
https://doi.org/10.1093/jxb/49.Special_Issue.387
https://doi.org/10.7525/j.issn.1673-5102.2023.02.009
https://doi.org/10.7525/j.issn.1673-5102.2023.02.009
https://doi.org/10.3321/j.issn:1005-264X.2004.06.008
https://doi.org/10.3321/j.issn:1005-264X.2004.06.008

10 WroIL R R K A R 20254E X H 20 H

YUE Qingmin, HE Huaijiang, ZHANG Chunyu, et al. Responses of tree growth and stand productivity to harvesting
disturbance in Korean pine-broadleaved forests [J]. Acta Ecologica Sinica, 2024, 44(5): 2019-2028.

(12] AEE e, JE LA, JDBAE, 45, KA B A2 TR AN TARGIAR A= 9 i BB AR 2w (] ARl B2 05T, 2021, 34(4):
128-133.
WU Zhilong, ZHOU Chengjun, ZHOU Xinnian, et al. Effects of harvesting intensity on fine root biomass and morphological

characteristics of mixed plantations of Cunninghamia lanceolata and broadleaved trees [J]. Forest Research, 2021, 34(4):

128-133.
(13] R, R, ZETTIR, S5 P07 SR AN 3 bR TnT 4 ] 968 S bk 4 o 583 B B2 (0] b mUpRll 2 2441, 2019, 41(5):
159-169.

MI Shuang, SONG Zilong, QIN Jianghuan, et al. Effects of tending thinning on seedling regeneration in a mixed conifer-
broadleaf forest in Jiaohe, Jilin Province of northeastern China [J]. Journal of Beijing Forestry University, 2019, 41(5):
159—-169.

[14] HE Zhibin, CHEN Longfei, DU Jun, ef al. Responses of soil organic carbon, soil respiration, and associated soil properties to
long-term thinning in a semiarid spruce plantation in northwestern China [J]. Land Degradation & Development, 2018,
29(12): 4387-4396.

[15] CACHINERO-VIVAR A M, NAVARRO-CERRILLO R M, CABRERA-PUERTO R J, et al. Impact of thinning on leaf
economics, plant hydraulics, and growth dynamics[J/OL]. Forest Ecology and Management, 2024, 562: 121914[2025-01-
24]. DOI: 10.1016/j.foreco.2024.121914.

[16] 21, BRAA A, 2RI, KA B RS2 (1], ARl RHSGE TR, 2024(1): 11-16.

LAN Qian, CHEN Shaozhi, LI Tingting. Effects of logging on forest development [J]. Forest Science and Technology,
2024(1): 11-16.

(17] P RL, 3K, TR T, 45, SR AR BE X ZR LB IR SRR I 2 (R A 2 R PR Y S0 52 ) [T]. Aol B2, 2019,
55(2): 1-12.

HE Huaijiang, ZHANG Zhonghui, ZHANG Chunyu, et al. Short-term effects of thinning intensity on stand growth and
species diversity of mixed coniferous and broad-leaved forest in northeastern China [J]. Scientia Silvae Sinicae, 2019, 55(2):
1-12.

(18] XUR, AT, BT . Tl THO0d 5 AR BT FTR S A= ™ e R s L] bl B, 2022, 58(3): 1-9.

LIU Chen, ZHANG Chunyu, ZHAO Xiuhai. Effects of disturtance by thinning on productivity stability of conifer-broadleaf
mixed forest in Jiaohe, Jilin Province [J]. Scientia Silvae Sinicae, 2022, 58(3): 1-9.

(19] ¥—2&, BHER. ARMOCEMEXS 4 FhTEARLIBDE S FOGHE SRR 2 (1], 25774, 2022, 42(22): 9121-9129.
HUANG Yixin, CHENG Yanxia. Photosynthetic characteristics and spectral reflectance characteristics of four natural tree
saplings under forest light environment [J]. Acta Ecologica Sinica, 2022, 42(22): 9121-9129.

[20] M3 E, BRI, R, 55, AE KEUEE R LIPS K LI Z PR Z AR A D RE MR 1], Jbatholl R4k,
2024, 46(6): 38—47.

FENG Haoyu, CHEN Sifan, SUO Aoli, ef al. Species diversity and leaf functional traits of shrub layer in Pinus tabuliformis
forest under different fire intensities in Taiyue Mountain, Shanxi Province of northern China [J]. Journal of Beijing Forestry
University, 2024, 46(6): 38—47.

(21 AP PRTL. SRAR T YRS 75 ARE T B TR S MR B At B AP B Y520 (D] b st JE ikl A, 2018.

HE Huaijiang. Effects of Thinning Disturbance on Carbon Storage and Carbon Balance in Coniferous and Broad-leaved
Mixed Forest in Jiaohe, Jilin Province[D]. Beijing: Beijing Forestry University, 2018.

(22] BRI, SRELIE, BRAE, A5 A2 AR N MM R 22 A R L BRI Xof A [ ) A i B A 2 ey 1oz [0 A= 2852741, 2023, 43(24):
10274-10284.

CHEN Han, GUO Hongting, CHEN Rui, ef al. Understory plant diversity of Cunninghamia lanceolata plantations and its
short-term environmental response to different thinning intensities [J]. Acta Ecologica Sinica, 2023, 43(24): 10274—10284.

[23] JIANG Hangjin, SU Jinghan, REN Zirong, et al. Dual function of overexpressing plasma membrane H(+)-ATPase in
balancing carbon-water use [J/OL]. Science Advances, 2024, 10(45): eadp8017[2025-01-24]. DOI: 10.1126/sciadv.adp8017.

(24] A5 2C, HEA. [0 BE X 7 AU AE MR JZ S A AN AR OEEREE A2 (] JE bl R 2224417, 2018, 40(10): 13-23.


https://doi.org/10.1016/j.foreco.2024.121914
https://doi.org/10.11707/j.1001-7488.20190201
https://doi.org/10.11707/j.1001-7488.20190201
https://doi.org/10.11707/j.1001-7488.20220301
https://doi.org/10.11707/j.1001-7488.20220301
https://doi.org/10.12171/j.1000-1522.20230324
https://doi.org/10.12171/j.1000-1522.20230324
https://doi.org/10.12171/j.1000-1522.20230324
https://doi.org/10.1126/sciadv.adp8017

55 42 5 X ) Wit —5 s SRAER BEXT T RIS B R TR SR D BEFEAR B R 11

GUAN Huiwen, DONG Xibin. Influence of thinning intensity on canopy structure and light environment inside Larix
gmelinii secondary forest [J]. Journal of Beijing Forestry University, 2018, 40(10): 13—23.

(25] FL#&, ERE, M) A, 5. K MMl ik 01 a5 A6 G Az G B AR AL R G ma iz [T, R st ol R 224 (A 48
B, 2023, 47(1): 83-91.

KONG Xin, WANG Aiying, HAO Guangyou, et al. Coordinated responses of hydraulic architecture and photosynthetic
characteristics in Fraxinus mandschurica seedlings to change of light intensity irradiance [J1. Journal of Nanjing Forestry
University (Natural Sciences Edition), 2023, 47(1): 83-91.

[26] trfeds, BAE. KBS EEI F 12 s 5EEER (V] AR 2575741, 2001, 25(4): 488-493.

XU Chengyang, ZHAI Mingpu. Leaf movement and sunlight interception of Tilia amurensis seedlings [J]. Acta
Phytoecologica Sinica, 2001, 25(4): 488—493.

[27] EE P, 53, WA, ZRACR - ZLA AR 4 FhRE AR 2 8065 DOCRHE XS ZAS I e 7 (1], Lm0kl o741, 2024,
46(3): 69-79.

WANG Xuanying, ZHANG Yi, FAN Xiuhua. Response of photosynthetic and fluorescence characteristics to nitrogen
addition by seedlings of four dominant tree species in broadleaved-Korean pine forest [J]. Journal of Beijing Forestry
University, 2024, 46(3): 69—79.

(28] BRI5¥, EAmBy, BHEEE. RAGREXLIANKIN . N TRAEA DA R BRI 1], JEatpoll 2741, 2022, 44(9):
21-29.

CHEN Qiaoling, WANG Lifen, CHENG Yanxia. Effects of cutting intensity on photosynthetic physiological characteristics
of natural and transplanted Pinus koraiensis seedlings [J]. Journal of Beijing Forestry University, 2022, 44(9): 21-29.

[29] WAZRA, WR¥53e, TR ¥F, 5. e - ZERA bR 2 B Rl & 15 0I5 SO R DG A 7 It 52 (0], JE stk R 22741,
2020, 42(5): 12—24.

HU Chengfeng, CHEN Qiaoling, QIAO Xuetao, et al. Photosynthetic, spectral reflectance characteristics and primary
productivity of main tree species in broadleaved Korean pine forest [J]. Journal of Beijing Forestry University, 2020, 42(5):
12-24.

[30] SE DN, Preras, 20, HYDE RGERDGE N HLE AT L] AR A= B2l 2016, 52(11): 1725-1732.

DONG Xiaoxiao, JIN Honglei, WANG Hongbin. Research progress on adaptive mechanisms of photosystem to highlight in
plants [J]. Plant Physiology Journal, 2016, 52(11): 1725-1732.

[31] JRLLFE, LSS, PR, 25 AEPDC A ARG 3R SAE g A T T g (U] AR 252441, 2023, 43(12): 5186-5199.
XING Hongshuang, WU lJiamei, CHEN Jian, et al. Research progress on limiting factors of plant photosynthesis and
vegetation productivity [J]. Acta Ecologica Sinica, 2023, 43(12): 5186—5199.

[32] TiscAk, HORAE, FISCHE, 25, FIRRG G R T — S AR B2 94 R B2 T3 fty o 157 [T] . # AR = B 2441, 2004, 21(3):
247-253.

XIANG Wenhua, TIAN Dalun, YAN Wende, et al. Photosynthetic responses of Quercus fabri leaves to increase in CO,
concentration and temperature [J]. Journal of Zhejiang Forestry College, 2004, 21(3): 247-253.

[33] skl 7, RIS, TR /NG LEIRLTRARIRE R IR SR B DA 7 O 2R (7] Moll B IR B, 2015(2): 150-153.

ZHANG Haijun, ZHANG Shulan, WANG Changbao. The natural regeneration and its impact factors of Korean pine
population in Xiaoxing’anling mountain [J]. Forest Resources Management, 2015(2): 150—153.

[34] WHRKLL, s R, FAIH, 25, P AU IR AT DR B A A D BE PR R i ma iz (] 2R 252441, 2010, 30(21):
5781-5789.

FENG Qiuhong, SHI Zuomin, DONG Lili, et al. The response of functional traits of Quercus species to meteorological
factors in temperate zone of NSTEC [J]. Acta Ecologica Sinica, 2010, 30(21): 5781-5789.

[35] FAGUNDEZ J, SANCHEZ A. High variability and multiple trade-offs in reproduction and growth of the invasive grass
Cortaderia selloana after cutting [J]. Weed Research, 2024, 64(3): 251-260.

[36] PRIGE:. AR S R i AROR A A 0 568 J2 IR B2 ik Ty R R OKT s A 50 8 i 7 AU 4 135 (D AR - A R i R 2,
2022.

CHEN Xiaoping. Regulation of Leaf Functional Traits on Carbon Metabolism-temperature Response at Canopy Scale in a
Subtropical Evergreen Broad-leaved Forest[D]. Fuzhou: Fujian Normal University, 2022.


https://doi.org/10.3321/j.issn:1005-264X.2001.04.018
https://doi.org/10.3321/j.issn:1005-264X.2001.04.018
https://doi.org/10.3321/j.issn:1005-264X.2001.04.018
https://doi.org/10.12171/j.1000-1522.20220488
https://doi.org/10.12171/j.1000-1522.20220488
https://doi.org/10.12171/j.1000-1522.20220488
https://doi.org/10.12171/j.1000-1522.20210088
https://doi.org/10.12171/j.1000-1522.20210088
https://doi.org/10.12171/j.1000-1522.20190364
https://doi.org/10.12171/j.1000-1522.20190364
https://doi.org/10.1111/wre.12631

12 WroIL R R K A R 20254E X H 20 H

(37] WISZAL, BEPRPH, B, AF. ORI AL BRI DI REMIRARAE (1], A4 Z R4k, 2019, 27(3): 286-296.

XIE Lihong, HUANG Qingyang, CAO Hongjie, et al. Leaf functional traits of Acer mono in Wudalianchi volcano, China
[J]. Biodiversity Science, 2019, 27(3): 286—296.

[38] ALI A M, DARVISHZADEH R, SHAHI K R, et al. Validating the predictive power of statistical models in retrieving leaf
dry matter content of a coastal wetland from a sentinel-2 image [J/OL]. Remote Sensing, 2019, 11(16): 1936[2025-01-24].
DOI: 10.3390/rs11161936.

[39] FRESCHET G T, CORNELISSEN J H C, van LOGTESTIIN R S P, et al. Evidence of the “plant economics spectrum” in a
subarctic flora [J]. Journal of Ecology, 2010, 98(2): 362—373.

(401 Sk, WICAFIE, BiRfi, 45 W s0e 11 Fof i 5 A 2R S A0 Aol A 7 ik 0t S HO0S 1 SRR HE I ) BR800 (] AR 25274, 2024,
44(8): 3397-3407.

CHAO Lin, OU Mengfei, CHEN Jian, et al. Leaf litter decomposition and its priming effect of eleven typical ecological
restoration tree species in the karst area of China [J]. Acta Ecologica Sinica, 2024, 44(8): 3397-3407.

(41] BEZ 2L, A PRI, b 75, 55, I P E AR T e X 9 D ALE RO S AR Y LIS (1], PE MO 127, 2020, 49(3):
36—40.

HAN Duohong, ZHOU Defeng, MENG Haojun, ef al. Comparative study on photosynthetic characteristics of 9 pear
varieties in arid desert area of Hexi Corridor [J]. Journal of West China Forestry Science, 2020, 49(3): 36—40.

[42] KIM S, HAN S H, LEE J, et al. Impact of thinning on carbon storage of dead organic matter across larch and oak stands in
South Korea [J]. IForest-Biogeosciences and Forestry, 2016, 9(4): 593—598.

(43] BhI5IE, XS, VFEE, F. B R R RA Y SRR AR S B HGE SR (0] A AR A5~ 412, 2018, 42(5): 562-572.
ZHONG Qiaolian, LIU Libin, XU Xin, et al. Variations of plant functional traits and adaptive strategy of woody species in a
karst forest of central Guizhou Province, Southwestern China [J]. Chinese Journal of Plant Ecology, 2018, 42(5): 562—572.

(44) H AU, FIERE, MO, &5, 35 AR £ e 1R SR D BE PR 20 A1 1 J S LT b JE A3 dty i 7 (D). A= 252241, 2021,
41(7): 2794-2802.

XIA Mengjie, WANG Xiaoxia, HAO Minhui, ef al. Distribution pattern of functional traits and its response to topographic
factors in a conifer and broad-leaved mixed forest in Jiaohe, Jilin province [J]. Acta Ecologica Sinica, 2021, 41(7):
2794-2802.

[45] TRFeH. ANRDCIREE T SRS RIS TS5 8 08 P8R 1 (7] 0 A= 2527441, 2001, 12(3): 339-343.

XU Chengyang. Response of structural plasticity of Tilia amurensis sapling crowns to different light conditions [J]. Chinese
Journal of Applied Ecology, 2001, 12(3): 339-343.

[46] TLEFV-. AEALTEHFA R IR BT PEE 1) e ma i S FREE AR R (D], R4 ivaflk K%, 2023.

WEI Shuping. Response of Natural Regeneration of Larix principis-rupprechtii to Tending and Thinning and its
Environmental Explanation[D]. Taigu: Shanxi Agricultural University, 2023.

(47] U, REHEET, BHWTAG, 55, 5 ARG EH A TR AR S i AR R P RO el )2 e 11 g BE AR AR iR 17 [0 2B 72
ik, 2025, 52(1): 9-15.

SHU Ting, CHENG Yanxia, FENG Xinyi, et al. Response of leaf trait of dominant broad-leaved tree species to canopy
vertical height changes in coniferous and broadleaved mixed forest in Jiaohe, Jilin Province [J]. Journal of Anhui
Agricultural University, 2025, 52(1): 9-15.

(48] BHE, TAEHT, Mh, 5. FBEH B XT 2 F FA A -2 3R 5 i B S U KOG FR s D). P R ARl R 24 (H
KRB, 2023, 43(3): 33-41.

HUANG Jian, WANG Dexin, YANG Song, et al. Effect on chlorophyll content and allometric growth relationship of Pinus
yunnanensis seedlings by foliar spraying of nitrogen and phosphorus [J]. Journal of Southwest Forestry University (Natural
Sciences), 2023, 43(3): 33—41.


https://doi.org/10.17520/biods.2018300
https://doi.org/10.17520/biods.2018300
https://doi.org/10.1111/j.1365-2745.2009.01615.x
https://doi.org/10.3832/ifor1776-008
https://doi.org/10.3832/ifor1776-008
https://doi.org/10.3832/ifor1776-008
https://doi.org/10.17521/cjpe.2017.0270
https://doi.org/10.17521/cjpe.2017.0270
https://doi.org/10.3321/j.issn:1001-9332.2001.03.005
https://doi.org/10.3321/j.issn:1001-9332.2001.03.005
https://doi.org/10.3321/j.issn:1001-9332.2001.03.005

	1 材料与方法
	1.1 研究区概况
	1.2 监测样地设置
	1.3 光合数据采集与处理
	1.4 叶片功能性状采集与处理
	1.5 数据处理

	2 结果与分析
	2.1 不同采伐强度对各树种光合气体交换参数的影响
	2.2 不同采伐强度对各树种光合-光响应曲线的影响
	2.3 不同采伐强度对各树种叶结构性状与叶绿素的影响

	3 讨论
	3.1 采伐强度对树种光合特性的影响
	3.2 采伐强度对树种叶结构性状及叶绿素的影响

	4 结论
	参考文献

