EMNLEFH A K I g Vol. 41 No. 6
202511 8 FOREST ENGINEERING Nov.,2025

- 4.t A% % & 32 ¢ Construction of Forest Resources In Northeast China *

FE T 2R L B B AR IR B2 A2 K S K

WA, KRE, 1574
(BAITEEEFH, Rk 150081)

W O ROMEBEMRILLEY (Taxus cuspidata) YKDHEMKESEMNSEZTANEM, EFRERURREAR
MAREETH. URILLAEZARRNSR, BENEED AR KMLEBKNEEUELKE (3D) MEaFUEE
(3%0) &, MAEEMEMSTEEREAEE (Iso-Source) PHFILLSIKDKRMAKDFI ALK, EREH, &
LS4 0~40 cm £ B 1B K BIR T E H 32.69%~54.29%, 25&EEFHMEE; 40~100cm T BT EEKSKITEE
7922.55%~2573%, THERERN; 0~40mEtBETEEKEXF40~100cm BT EEKE. FRILLEZ420~100cm LB
T IEKAY SD A1 80 E % Bl 9 -84.26%0~—52.17%0 F1-11.69%0~—7.49%0, B L IR EILZFHE /)N, Heh, T1E/KAISDH
3POMEE0~40cm T EEWRIZY, T40~100cm T ENTHIBER/N. RIALGHEEKHKIED0~40 cm £ E L EIK,
FMAE%E/989.55%, XJ40~70cmF170~100 cm = E L FEKBIFIBERD BN 515%F1530%. ARERRMEKTESST

FULSLRKDERER, TAFERESEZUTRILLSELESRREORERRERFKIE,
XigiE: R, RILLEY,; S8RERNME; K9 KR, Iso-Source
hEHDES: S71845; S791.49 X tRIREG: A DOI: 10.7525/}.issn.1006-8023.2025.06.006

Water Sources of Taxus cuspidata Based on
Stable Hydrogen and Oxygen Isotopes Technique

HAN Lidong", WO Xiaotang, DIAO Yunfei
(Heilongjiang Ecology Institute, Harbin 150081, China)

Abstract: The water adaptation strategy of extremely small population Taxus cuspidata is the basis of its response to cli-
mate change, and studies based on isotopes are still blank. By measuring the 8D and 8'®0 values of plant xylowater and
soil water, direct correlation method and multiple linear mixing model (Iso-Source) were used to analyze the water
sources and water use strategies of Taxus cuspidata. The results showed that: the fluctuation range of soil water content
in 0—40 cm soil layer of Taxus cuspidata was 32. 69% to 54. 29%, and the trend was first increased and then decreased ;
the fluctuation range of soil water content in 40-100 c¢m soil layer was 22. 55% to 25. 73%, and the fluctuation range was
small. The soil water content in the 040 cm soil layer was higher than that in the 40-100 ¢m soil layer. The 8D and
3'%0 values of soil water from 0 to 100 cm of Taxus cuspidata were =84. 26%o to =52. 17%o and —11. 69%eo to =7. 49%o, re-
spectively, and decreased gradually with the increase of soil depth. The 8D and 'O values of soil water changed
sharply in 0-40 cm soil layer, but changed little in 40—-100 ¢m soil layer. The main water source of Taxus cuspidata was
0—-40 cm soil water, and the utilization rate was 89. 55%, and the utilization rate of 40-70 cm and 70— 100 cm soil water
was 5. 15% and 5. 30%, respectively. This study reflects the water adaptation of Taxus cuspidata under the background
of global warming, and the results can provide scientific basis for assessing the stability of Taxus cuspidata ecosystem
under future climate change.
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VTSR, EBERAZ IR AN, A R SIUA , B2 T 42
BREEAKAS SR, BEPE K IR il R A2 A, gk se
MBI AR B AR R I g K T
LU & B 5 A A KT K, HoK R RSz 2%
KK MBS SRR R R, K
SRR L T AR R G K S A BN RL , AR
18 WL 7K A% R A2 A A B B2 3RATE , B IR E 5 R—
B RTER (R — 0 R AT A T R AR T A
TEREK HOK HR KA K 2T, £
AR R LR AR S R ZAEII 3 BK SRUR AR
BT AR S L AR BRHE R S DN AN F] 1+ 2 K
(7K 5> R R BE T IHF AR 22 ek 1012,

RGAEYIK S RIFSRIER 775, R A 2R
TR SR FIE Y K BE TS  FEFE TS, AT
A s KE RN RIERRARER, AT LAER
THAEDIIR R AN A KRR T RS vERTE HE YK 53 7]
FAORE , AN — Fh B8 2 A8 0 7K AY e R OBCME B 1
AU TR ER AR, AR [ B K s ) S R T
N RFHEAFE B 2 =, XE R AIE KA E
BAELE AR AR LRI BN AT RE . — Mok, 1Y)
AR R 7K 53 188 I 7R o ik AR AR A A A
R R A A RN R, mT UR A BT E
EMZ e &R & B (Iso-Source ) 73 T AE I K 735k
JEAIZK 53 A SR o R FH B XS ELTE BT Ayl 28 ]
TEPIAR 2R ISR 73 B8 38 DX S, — i d it xof BEAE IR
JERES K S A R AE AR B &L R 4 2 B AE (8D) FH4AL ]
L EAE (30 ) SR FMEYI K 73 R FRIR o (B AE)
TETEZAKIF AN R 122 3K, S HEIR s 7K B & TR
R A (D) M A R ELME (310 ) S 3 — 1 )= 1%
JKE 3D #1180 (HA 2 XEAHIE I, RBA PRI T
A EAKIERY B R b H AR5 i E A
TR, T A % 2% VB R 7K B 1] FH 28 T 55 22 A A
B, e 2 n R RGN — PR
KIFHI BRI R . T8k, FE AL R BRI N
WK 53 AR B 7 Y B B TR Bt T R T
TR AT B A A AN 7] AU R 1 2R 220 TR 5T
TP K ST 18 NAFAE™ X T REZE R AR MK S -+
- EYIRE T ARSI A EVEA .

W/ NFhEEAE D) 2R AL S A2 (Taxus cuspidata) =23
[E & AR, X AR R ESR BN T, IR
FEBREREL 5N RIS K IS R, B A
RACLL T AZIK ST R R M ML, 2 AR AL AL SAZ R OR
PRIRE B ETF B, R RAL X A 2 - 1R T

TARE T SL i R TT o BT, AR ST DA/ N
HHERALLL SR NN R s A A E R AL R
R E P A SEF] L K RAL R4 R, SR E
Xt EEEEMNZ e MR A AT RACZLEAZIROKZ
AL, BARTEAE KRR DI IR A REREIEE R TR
ALLLEAZAR I SRIEFK ST R RIS o BFFRES SR AT R
ACLL G TR RAT K B8 PR (R R B S5, M
PHEASR R LA T RIS R G RE TR
R o

1 ARRBRERKHIE

1.1 RRXHER

HRXN T BT AR R G EREE AR
747 X (130°00"' —130°28'E, 43°49' —44°06'N ) , i
R N 500~700 m, J&& i A Bl 1 2R KU L B IR
T-44.1 C, BEERIR35.7 °C, FEEHI /K E 530 mm,
TR EAZ 126 d, HFEESE] 2 613 h, TIFERMEHAE, Hhiy
MR DILTAA (Pinus koraiensis) 3 B IRH # - e HE
KMo FRACALGAZBNAS MO (R 757, AR 25 hm?,
FEHB AR S A FIIA S S E ERE 4, 2 U
RSB 2018 5, WA T AR T 1 em Y
FTRARBITE DA  ICFM G SRR R EEAE R,
FHERARIC K A IS, AR G SRS MR 516 8K
1.2 HRBE
1.2.1 FERRE

H T R K TR a1 T KA se iR R, AT
FUILPRAERG R TRE R G , BRI ZHTH 5 d RARE
R KA, DRI AR B 58 R R AEL D AR SR B A A - A
S PEAT SREE R AT SR ALLL S A2 B K 3 SRR, A R K
ERNFEICA GAZ R E KR

)RR R e, F20224E7 H FA) EEIAT
TAZEA RN R E A BB D RRILA TR
R Y (30 mx30 m) iR BGAE ML, 75 b e B S #R g
7 v TR ME A T AR AR AR AR, B 5 AR T
EEDE R 5159, 20228 H 5 H, Nt
FEE VIR A e A 52, b 5 B[] 08 1 00—10:: 00
FERERS op 50 A B B EUE 12 0. 3~0. 5 em Y 2 FFEAEAY
% (it | FAM & FRSRALZABER SEE AR
REH) T B 5 bR 24 B B0 (1 L) iz BB id it B
FLIR KIS Je R ER) B8 R AR ES 3~5 emo B J5 Ri 7
BA RSB 32 HD AR N T B9 2R 208606 (50 mL) H L
Parafilm 3 F RS 155 AME#ERIK &P 1R R R
Wz RS =R F . BRI NEE
TEPIEES,, HEHT 15 MEM
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2) TEEAE AR A . AR R EURE N (R S AE AR
AR [E] — 2o ZEAERT 1 m &0 P10 em A [A] FR &S L
0~100 em FRER LA 3N EE ., BREMTIH
e RTR A FE 2 BIBR , — 8873 S RN AT R
Z N (50 mL) 1, FH Parafilm 3 F R Hf, A
fEHE UK & B 1R AL R 3 28k i R T = R VR AR
17(-20 C), AT E 5K 8D FI 80 (& ; ;5 —&h 7>
NS HTE HESKE,

1.2.2 FERNZENE

K2 B3 B2 R B2 & 45 (Li-2100) #E177K
SrHIER o R B 2 B N (] AT RE 2 S M AR B R /K AN 1
FOKBERECR , K3 BUA T8 4R B S BT [E A 2=
18 5 SERR R R AE HERES | S aS R A v e,
A, AR 78 IR ACEL SAZ AR o A 1 S8 A Feh F st (]
#1206 h F2BCR AT 99%.

FIFH R RE A 2 T (X (1soPrime 100 ) 1l E S A Fal
EEALZE(GRAFIE 8,188 o HHEAZN

81, (%0) = (R i1/ R uiura = 1) X 1000%00 (1)

85 (%0) = (R e/ Rosniara = 1) X 1000%00  (2)
R, N E PR E AR E R E R EAL R EE
ZHGR,, HFERTR R ERFEM R FEREZ .

NT EBRBENE RPN A E R E AR ENE
Ml , ZSBFF 5 R TRV 25 B 5 DG TS AR IE B 2R AR T o
1.2.3  KIERISY

KA G AR S - 5 i A 8D A0 800 B KB 3R
BN AR, K53 3 R ARIE Q0T ik o

1) 7% )2 137K (0~40 em) : 3D F1 50 {E fifi T IR
RGN, AR A Ko

2) 2 1 587K (40~70 em) : 3D F18"°0 {EHKE T IR
FE RGN, AR RN

3)RJZ T 587K (70~100 em) : 3D F18"0 {i il 1 5%
BRIEROR N, 22 i B N FFUE

IRALLL GAZ AR ER K [FAL ZE AR & T A KA []
N RFEEEA™ . R Iso-Source JE A AL BAL
FALL S AN S AE AR BRI R, KRB 58 A
R BUHE 45 0~40,40~70.70~100 cm £ JZ 138K
3D 130 AR IR &P N IR EAZ R ER
ZKFR 8D F1 8"0 [EH £ # . SR JH#Y = (source increment)
BN 1%, i &2 (mass balance tolerance ) % &
N0.01%°, HEARXN

a, X, +a,X, + a; Xy + - +a,X, =X, (3)
ta,=1lo (4)
KA X NERACLLEAZ AR KA 8D 58 8"°0 1H , %o ;
XXX X, I3 B B8 AR KR A 8D 55 80 1 , %o
@~y ags e a, 73 AN IR ACEL GAZ AT B 1 K B A

a, ta,+a;+ -

WA
F#%,
1.2.4 SREHEFEN
fEFHMARZEMM ARG RILA G2 ES R G

AR AR A T A M
1.2.5 THESKENE

A LT =0 2 1 8 S K & (soil water content,
SWC, Z= N Sy ) HEAFH

Sye = (W, = W)W, = W,) % 100%. (5)

A woNE LA SRR, o W, N TR SR E,
o W NERE R, g
1.2.6 EdESHT

12 FH SPSS 19. 0 R4 % B 3k 17 434, 15 A HL A
R EEN R GAZ&E LK D #1180 Hifk 1T
M ZE R HT (P<0.05) , 32 A SigmaPlot 14. 0 814
TR,

2 ZR55H

2.1 HRRKRBENERSTHISFE

fifF 75 X 2022 /SR R S 2 I AR AL,
LRR, Rl EHEE 7 B, 21,94 °C F/IME
(=20.19 C)HEIMEL A THBEEWERSH
3,9 199 mm, (HAEREE(709. 6 mm) ] 28. 04%,

250 30
S
tat
200k %c;ﬂg;pl ation ™ 1o
£g Air temperature %,
5o {0 9 &
o L o
= =y
=0 - =R
5;& 100 b 8
L /mm Iin
/ Y
1-20
1 23 45 6 7 8 9101112
ViR
Month

1 20225 EMEMEZMN
Fig. 1 Variations of temperature and precipitation in 2022

2.2 TEEKSTHISIT

HE 2 750, RALAL G AR L2 LIS K ER
EARR . HEALLLEAZ 0~40 em HE TS /KEZIMNA
PREE % B s K, AR B I B i 236 [
32. 69%~54. 29% , S fE Ik B, 20 em R ELL 1
O KE RS, 40 em B EE T HES KERMK. 40~
100 em 12 HHES/KEREAK FREE L ERE R INE
U B, AE AL R RN BN TE Bl 22, 55%~
25.73%, B NFAE . 0~40 em TE HEESKERKT
40~100 cm 12 IR EKE,
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2.3 FRKGESERMEEMN

KR 1%
Soil water content E(EI 3 Hf%ﬂ ) Ej[ﬁé’lﬁ*ﬁ*}f’ﬁgﬁﬂ( E(J 3D ﬂ] S50 fﬁ
ol 20 30 40 D SRIN=T1. 20%0 F1-9. 46%00 TRALEL SAL 11K 5D

1880 {i B 1 S8R B B HG i S22 W ek /D B A AR
0~100 em + 2 1 1 /K £ 8D F1 8'°0 18 73 51 73 15 1£
20 ~84. 26%0~~52. 17%0 F1-11. 69%0~~T1. 49%c, H 1,0~
40 em £ 231K AT 8D F1 80 E AR LB MR, 73 7
1E -84, 26%0~—52. 17%0 Fl1~11. 69%0~—T. 49%0 i 51 , B
40 | T ERERINEHZ R/ NES . 40~100 em 12+ 5
K () 3D F1 8'0 fE 73 A 1E —83. 83%0~ —80. 09%. #ll
-10. 97%0~—10. 30%0 1% 511 , BUE L IR E /N, T
60 FATE

FIH B AT i 18 2R AR AL SAZ AR R ER KA
AN TRIR £ - K (R 28 28 st [ET AT B WA BL 43 A7 2R
801 AL G R AR FRER AR %% 2 13K 8D .8 "0 1H , PA
1M Sfe 9 25 ) Wt 7R AR 21 S A2 ] BE R A K 43 SR U o

10

30

50

T IEREE /em
Soil depth

70

90 r
WL A5 R R, R IR ACLL SAZ AR 5T AR 7K B 8D A
100 - 80 {5 1 0~40 em 2 /2 13K 5 8D F18"0 {5y
B2 FIOSHIESKEET B, W2 FI R AL AL S A2 T ER A 0~40 em 2
Fig. 2 Variations of soil water content of Taxus cuspidata 1=K,
0D /%o "0 /%o
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0 T T T T 1 0 T T T 1
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20 + »7/ 20 F i
30 HH 301
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235 2=
a =
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6o} = T 6o}
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100 = H 100 -
(a) oD (b) 610
—o— -5k —m— RJRHRK
Soil water Xylem water
B3 FItOSHZEEKMEYAREEKIDMS0EEN
Fig. 3 Variation of 8D and ™0 in soil water and plant xylem water of Taxus cuspidata
2.4 FIASGEZNFEBEKENFIRAER AR R X B T AE 7K IS O FH 2R A R B 73 I e A A

EHEELIE R IS R A TR IO, SR . AL M AR B K
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HhE KRN = 130K, Rl A Iso—Source A AT [
E RSN RALA G AE - E KR A%, H
TR A 8D 8% 8" 0 [ T EAE 1 )2 LK F %
N &5 SR, AR 58 A SEEMEE AR 2 R IEKE
FAZR, HE4FH, RGBS AE L E LK

A HRGFEER, KALLSEZEERHEE (0~
40 cm) 1 K, I A % 5 ik 89. 55%; ¥ A1 2 (40~
70 em) T3 KFIE E (70~100 cm) 357K A9 FI FH 2 43
BH5.15%F15. 30%,

100 100
80 80
=2 6ot SE 6ot
=) =)
20F 20
() | | —
0~40 40~70 70~100 0~40 40~70 70~100
A HEGRIE /em A BEGRIE /em
Soil depth Soil depth
(a) SLF DG H 45 1 (b) T30 H 25 R
(a) Calculated by 6D (b) Calculated by 6O
[ 0~40 cm B 40~70 cm  [170~100 cm
E4 FIELTSEZWUFRLTIELEKBFIAZR
Fig. 4 Utilization rate of soil water in different soil layers of Taxus cuspidata
3 i FERREF LB R LAY B B AR PR R
LA, IS SRR R AR K 53 A B O B
3.1 EKNESREMEERK R 2 ARG HK S ES DS EYIK
EHUKEEHESAGRENH RS, 2 FAW, EUERT LR, DR AL M

SR A KA B R R 7, 2%
KIS AT LI AR B & 5, AN [ER S LIS KR
FEEZR, SECRARE LK SD M B0 EFEZE
S RS, B 11K (0~40 em) 8D 1
(=52. 17%0~—84. 26%c) 11 8'30 1& (7. 49%0~—11. 69%o)
BB R, BRI Z, o 2 K AR 2 50K
(40~100 cm) [ 8D F11 80 1 I ¥ 5 82 /N (-80. 09%0~
~83. 83%0 F1-10. 30%0~-10. 97%0) » X EH TiRE+
R 52K AR MARIE S E LRI EEDIA R
BN, b T AW AR 2 SRR E 1
oK Z AP RIA R IR /N, R 3D #1180 [HE N fa
L BNE/NS ek, RALL S AL 1K A A
fRAREREELN, 5HEZE KD AIS"0
{EFAEE RE BRI RN R E L, S TR A
i, £k R R AR S AN AR, 3D A1 80 fE
BRI/ X S a7 NRIRFFTES SRARML, BIvRE 3K Fa
ERN ZERTRE IR, G L EERERM, 15
KB Ra R R R AR N 3
3.2 FILLA S KD EKIR

FE) ] A BV AR K TR AR5 BoK L 8K R K
FOTRIACEE ), RE7K 53 ) FH SV — ez B oK RS

AR GAEYIR E B SRIE " AR R 1 1
7K IR 0 0 L AR T ek K O A A A TRz K
VRN o AR ST B PR AL RE R EATRE SOR G, ELRAE T
5 dINAR R A 7K S R AR B KA N AR AL S A2
HITEFE KR o B FORRALAL EAZ I T AR KRR 3
RETHOK B LEKARE LK, —RIEHT,
Lk 2 KGRI, R AR &0 R 2 1 1
FKUo71 LR B AR 9% S B, B (Robinia pseudo-
acacia) FIMAH (Platycladus orientalis) EEFFHERE 1
HUK . ZEfEREEN TR IR, A (Ziziphus jujuba) %F
R ELHOKER A ERERRL. AR AR
FER RV SR RE (0~40 em) BHEKIFIHR
1K 89. 55%, X2 KNV )2 - BN in A 7K AR i R8¢
U, 32 [ KAMESF RN, IRACLL GAS IR E TR S K
Rl 80, i BEOK B A BR JZE L 5 AF AR I (A
FEIRIS,

IRALLL T A2 0~40 em 1+ 2 L& K E KT 40~
100 em /2 HHES/KE, RE LHOKR R HENRE,
MTRILEL G S R R LK RER 2 5 54
KA B ZRBFIK ST, T ELIRUSCR] FE 2 - B KA X
TFHE HHUKERE MR R B, X5 R IHE T



6858

HWEEF ETEERERURRARNFILLGIZKT KIR 1161

RBEYIN T ERIEFE, — IR & K ER
A PR K BYR T 45 R — 2, 2R K RS
ORI R , AR B T ZRACLL BASRT K 43 o AR
A EPIRBUK T B £ E  MAK T MRS
RE AR, MR ITHFAEE —EREE_EJE =K
SRR . NP S MR FRALLL AL 53 45 X A0
igEdE t RALLL SR N AR A XN HA A R E
TR KRR T AT AR A . H AT L, AT
RETHOKRRACL G B B AR A AR S AT
MEILEE RO 25 R

4 ZHie

FRALLL G2 AE 12 LB S K ERHEA . 0~
40 em 1 2 1 58S K & A N R ZL (32, 69%~
54.29%) ; 40~100 ecm = 2 LIS KB N E
(22.55%~25.73%) ;0~40 cm B & K ERKT 40~
100 em 2 TS /K E B LRI, R4S
2 - HEAK Y 8D 1 8"0 8 Z Wi /)N . T 587K B 8D F
8"O fHTE 0~40 cm T /ZAFLJRIZ, 7E 40~100 em £ JZ ]
AR RN s IRALAL BAZ E EK 3 SRUE B R AR
2517 0~40 em T B HHK, FIFHZ 89. 55%., XER
AL T2 B G A B A E A S T S PR S [ A B 25
Ro AR RMAEIRAZIEL 5= T RACLLEAZ KT IE
RLTE #7E RALLLEAZ K S R, AR N — 2
HFRIRACA GAZ A BAETRE  IR AT A 322 ot
RACLLEAZIK S T R R 2R 15 sh AR 52 , R ARAL
AR R AT R A4S P AR A R A R S o
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