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B BWAES RS ERE KGR R A A A, AEA K IR T T A SRR . T A2 (Pi-
cea schrenkiana ) J&= T8 [ R I FRMAE S R G AFFRR , 08242 B /K 2 A IR 58 A B T BRAR AL T 521X 1 b AR
B o SR 8 AE R 22 Hil TsoSource TR -A TR 2200 m . 1800 m A1 1450 m 3 MR BB A E K ZE(4—9 H)
RIZR A AEI T B2 b, S5 REM : (1) 34Nk KRS "0 7E 4 A 204k, 5—9 H B4, 1450 m ik Z5FF /K60
{EAEH 0 Z B AR AR e K, 6—9 A 3 MBI R IE 2 225K "0 Bl s 45 (2) #AEKZF20~0.2 m 3K Ry 34
TR RIS 2 A2 BTk —2F LA 1 /KU, 362 1 3EAKOF- 24 STk % i TR BRI R MRl 61.37% .51.35% 1 58.42% ,
TE 5—6 H FWe AL P39 A2 HHOK T A2 AR KRR Z AR B B RS . Fe 242 T2l
0~0.2 m - HE7K , 78 S A B T Ak ] DR W RO K 4, A3 7K SR , D/ N i A B 940 1 3, DRI, D 508 = RS MK
B ST, o USRS T ARMOKIRIREE T, Foor KA SRS .
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Bl FRAR A S RGBT T L 45% BT, 5T LU X ZRAROK IR 37 5 AR AR I B VAR O, 16
Bk T 29 50% M Rl g L 7= 1 FESERRE 2 ORSEIIBISIN 508 2 A2 BV R IN 1%, KI5 5
REPE B RRHE K S AR R e AR RS )y ARMOKIR TR R S T4 0.437%10° m?,0.522%
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SRR AT KA R AR ONFNER TS SAZ WO 4 R A IRl 3%
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Fig. 1 Air temperature and precipitation in the

study area in 2021

1.2 HRFRE
FESCRELE 2021 AR AR K ZR A H 19 10 H 547,
TERFSE X B, 1% 4% 2200 m . 1800 m F1 1450 m 34>
TR AR BE | B IR FE B LR 4 1 SRAE X, A~
RAE DX N BEALE B 4 PRI FRIR DL R AP 5148 = A2 0
[ EREEXT S (F 1), ZHITE SR BRI, 3R
FEIEARL], A S0 48— 1250 0~0.2 m
0.2~0.4 m.>0.4 m 1SS o R AR B HORE B/
ke, RBRM R, BY RN B AL AR SRS 2D
FH Parafilm %5 3, BRUSCHE A - SEFIAR AL i TR
Bl S AT UK G, SR 7 BV VKAR

#F1 FEEHRBIR T EZHERMER
Tab. 1 Characteristics of Picea schrenkiana

at different elevations

4R /m M /em SEE MR /m R E/m
2200 92.31+£3.77 6.11+0.46 50.75+2.28
1800 83.00+10.45 6.21+0.65 45.19+6.16
1450 119.13+9.14 6.69+0.25 67.81+£6.48

T BRI bR DR  n=d

1.3 HmilE

435 7K Z(Soil Water Content, SWC)% FHE+
P RE R A DX R [l ) 9 1) - 498 G AR
W ET R ERENR (S, ), Z E AR S AR
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105 CHETZfHEE, JLiT T8 (S, SR E HE N W,
M SWC i HA A

swczgi':$x100% (1)

[F) 57 22 A o P b B2 R 2 T AR AR b B B 22 e
S i L B TE B A A AR 0 I o Y AR 2 O I B 5
AT o A MR A il R 58 (L1I-2000, S5t B
REPHEARA T, e nl ik 98% L |, 1%
FRE Py 4 ) AR B E S %SGk (19 ] R R A
s RO 5 o R RO A7 R £LAME s R i il A 7K
[l R AL (LWIA , DLT-100, Los Gatos Research,
Mountain View, USA) , 80 1B 43 B I 12 4 B 122 2% /N
F£0.25%0. AR LREFIRA
8"0 = { Ko _ 1) X 1000%o (2)

Rstamlard

K Rop M P ET R W ERFEMRFEZ
FE 5 Rusniwa A2 FEI B 3E FHFREY) HAEOC R B E R R0 3R
£ Z L, bR R H V-SMOW ' (Vienna Standard
Mean Ocean Water) 7 45 H 1) T 43R (%0 ) o ASBFST
rh, FH B £ B o et 2 SR Sl 2, R, >R
RAE M Zont 52 3075 G i AE f EA TR E , BA S 2% 5C
k21 ],
1.4 HHEALE

YK 23 H 5 R FH TsoSource FERIHE2 incre-
ment 5 & N 1% , tolerance 13 'H N 0.1% . H:JFEH A
)5 2R e S AR, X RS SRR O [R] - JZ R e =
F2 198" 0 (B B U d 7 5 AR A5 2 T A AT Re MR, 2 )5
SRAFITA 0 O M8, R AEASREE X A2 AN
[ £ R AR I3RS BTk . 7 2270 R SPSS 21 4%
1, Z 8 AR LSD i, EITE 25 £ ] Origin 2018,

2 FHRE55H
21 EKFEHRELTENTEEKSOEMSWCH

=AU

2 2 v AT, 0y g A A 2 X SWC A4 35
RSSO ME & A 25 ,  H A W& s BAEH .
VLR A Oy L )25 SWC HIS"0 {f 2 18] BE A7 7E
fAT B AN, NAFAESS HAE R o 0y GRS Wi
22 H AR R B ZEFF 7K 80 (i A W i 2 300 (P<
0.01),
22 AERAMEBKIESKESTH

P AR 2 3 NS B AN ] )2 SWC g H
AL AT (B 2) o 2200 m 4K 0~0.2 m + )2 SWC 7E
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Tab. 2 Differential contributions of factors for SWC, soil water 6O values, and plant water 6O values

- SWC +HEKS 0 H#IK8" 0 1A
FAH A5 S ST/ % FA A5 5 BT/ % FIH A5 5 BT R/ %
Ay 12.25° 13.59 54.95" 35.28 44.32" 56.67
Tk 17.94" 7.96 13.59" 3.49 5.18" 2.60
T2 35.02" 15.54 5.63" 1.45 - -
A GyxifEdk 6.13" 13.61 18.87" 24.23 11.21° 28.16
A xR 2.02° 4.48 6.49" 8.34 - -
Tt 2 6.26" 5.56 2.26 1.16 - -
A g+ 2 0.75 3.33 2.04" 5.25 - -

TE #3398 P<0.053%4387K P<0.01, 8 53 STIRA A R 707 22 BT 2 43 b

VE /NG FRE R A R IR ) 22 T e s K5 R AR RO ) A 419 2 T He B (P<0.05)
K2 AR 3 AR L2 i T kR

Fig. 2 Soil water content at three elevations and soil layers during the growing season
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4—7 A B3 5T 1450 m A1 1800 m ¥E44 0~0.2 m 1
JZSWC,8—9 H 3 & T 1800 m ik 0~0.2 m + )2
SWC, 5 1450 m ¥ 1% 0~02 m + JZ SWC Z R A B
. 1800 m ¥k 0~02 m +JESWCHE4—8 H 5
1450 m i3 0~02 m + 2 SWC R AR &, 9 H i
F/NF 1450 m iR 0~0.2 m +JZ SWC., EIAFIX
FE 16 3K 1450~2200 m, Fifi 6 35 7+ &, 0~0.2 m £ )2
SWCATHE IS (H R AR A 22 57BN

2200 m 144 0~0.2 m 1) SWC 7£4—5 H il 7—
SHEZFMT6H0~02m HZESWC, BEHTIH
0~0.2 m 3JZSWC, 31K 0.2~0.4 m F1>0.4 m 1)
SWCTEH Al iR L% 5 0~0.2 m 1JZ A . M
4—9 H SWC Bk LA TR, B ARk, 6 H
=, 9 Hik gy, 5 H Bk E AR RLI(E 1),

0~0.2 m.,0.2~0.4 m F1>0.4 m + 2 [1)F 1 SWC
43 51°M 20.58% . 16.15% 1 14.39% , SWC B 1 JZ fin i

A F R R IE X SWC B+ )2 in % i
W/

23 AEIEKEREAB G LK EHKSOER
Al

A K 2 3 ANl N 1 )2 380K S0 {5 H A8 1k
AL (& 3), 1450 m ., 1800 m F12200 m K ) 34+
J2 158K 60 fH 1 F- I E R -10.99%0 .~ 11.39%0
F1-12.48%o , Bl %5 V4R T 55 187K S"™0 (H5 i/ )N
1450 m 5 1800 m V4K 1 587K 80 22{E/N T 2200 m
F1800 m ¥k 2 [B] (1) 25 H, R IR 4R I 5 , 480K
SO Hik /N, +- 3K i 0 B Wi AL .

TERFE A Gy, Tk O (A2 AL I 58 24, A
4—9 H K& O (EKEH I sh3s K, W 0 & ¥
B 1450 m K T HEKS O (E ARG F-19.79%0~
~5.15%0, 1800 m £12200 m ¥ 427K 6"0 (AT
Bl 3 ) 2 — 6.82%0 ~— 15.36%0 11— 9.68%0 ~— 14.91%o .,

T NE T REFORMR A R R R 2 % (P<0.05). T,
B3 K2 3N 42 K60 [

Fig. 3 Soil water 6'*O values of three elevations and soil layers during the growing season

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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1450 m {4k 135K 8" 0 (B % sl BBl R T 53 A Hi A1t
Ko 4 H 1450 mifE4% 0~0.2 m.0.2~0.4 m A1>0.4 m +
JZ 3K S O {5/, 5K 1800 m 12200 m 1 3
A1 )Z B HEOKS O H2E 5 3, 5 H 1450 m ifEdk 0~
0.2 m.0.2~0.4 m f1>0.4 m + )2 + 5 /K8"0 [H& K,
H.5 1800 m F12200 m 4%} 1 4 2 3 /K80 1
Z5 B3, 5H 1800 m ik 34+ )2 1K 0 H
Y15 T 2200 m V4R 4 K80 {H, PANIEE4K 0~
02 m TR THOKS OHZER B, K¥4—5H,H
- S5k 2 (078 2 HAEHT, B 1450 m 4R X 828 .
YEHIR T 1800 m 4K X I, )2 H IR H 45 5 2 3 H
By SR TAE S o B A RAF I A 2L | WA
55 1 0y Z 181952 5 AR FHIZ 880

0~0.2 m.0.2~0.4 m F1>0.4 m 1 )7 -4 4 1k
8"OH /35 A —11.06%0 .~ 11.82%0 F1-11.99%o , B +
ZIMZRE AR /N, UL AE L X 322 85K 0w
)2 IR B0 AL,

ANFER U8 K2 25 FF K SO (EAF1E 22 57 (&
4)o 4 H 1450 m {3 ZEFFKS™0 {E 12 K T 1800 m
F112200 m #34k Z£FT7K 6" 0 1A, 1800 m F12200 m ¥4k
Z IR ZEFF RS O HZE AR . 5 3D IGIREEFT
RSSO MBI T 4 HXHRAE, 1800 m I ZEFT /K80
{8 5 3 v T AP AR, R 4—5 A FIE k2%
FFK S0 Bl s 5, HAN RGN & S FEE AR, 6
J 1450 m 33k 2257 7K 60 (i 5. 35 v T HoAt 9 A4 165
5,7 111450 m VR ZEFF/KS 0 1B 18 3 M4 iR
/o 1450 m AR ZEFFKS"O (EAE B 43 2 A A AL g i
K, 6—9 H 3/MNEHREEF K "0 Bl s 4R .
24 FERABEBHRAKIFARKE

I H IsoSource FE AU EAS 3] 3 MK I H IR =

K4 ARKZE3IFIHRTIE ZAZZEFKS O E
Fig. 4 Xylem water 6"°O values of Picea schrenkiana at

three elevations during the growing season

AR R X 45 )2 - K W L 5], 235 SR 3 B
BHIFR TS = A28 E R 0~0.2 m + 2 1K
(#3), BN EKZE0~02 m.0.2~0.4 m FI>0.4 m +
7+ 5K - 2 BT Bk 2R 4 0 Sl 57.0% | 25.8%
17.1% , RTEBANERKF 0~02 m 2 ERFIR =
EEERIKIR, 0~0.2 m BHKAE4—9 H iy 5Tk
W R K 61.8% . 42.2% . 37.1% . 60.1% . 59.5% FI
81.6% 5 T K Ja bRy i, 5 A File J oTik
FALFHADA 43,9 A m T HAA 0, RIATFIE 42
1) E K SRR 5 R sl A G, 3FPIR
ZAZXT 0~0.2 m 5K (R I HAERAE H (813 30 7
] AH R], PR AN 5], U B 4 5 H 0 Z [ A7 e 28 |
YEM.

4 7 1450 m 4R = A2%F 0~0.2 m + )2 3K )
R T 55 SNBSS A ; 5—6 H 45 1k = 42
BIXF0~0.2 m K FIH R T B, = 2000 73]

R3 ERFERTHENKS KIFEGETT

Tab.3 Water sources used by Picea schrenkiana at three elevations during the growing season 1%

g VEE
5 AT 41 5 /1 61 7H 8 1 9f1
2200 0~0.2 49.0 54.8 38.1 67.1 61.3 97.9
0.2~0.4 329 28.1 46.7 17.8 29.6 1.3
>0.4 18.1 17.1 15.2 15.1 9.0 0.9
1800 0~0.2 47.5 29.5 43.7 65.9 71.4 50.1
0.2~0.4 29.9 374 38.1 15.7 15.7 28.3
>0.4 22.6 33.1 18.2 18.4 12.8 21.6
1450 0~0.2 89.0 422 29.4 47.2 45.8 96.9
0.2~0.4 53 344 36.4 26.4 39.2 1.8
> 04 5.7 234 342 26.4 15.0 1.3

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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A2 50K 7—8 A BRI K TX1R)2 -
HEK B A FHFLEE (51450 m HEHR B3GR 22 /N T 55
NPIANEESR ;9 H 1800 m A KT 0~0.2 m 1 )2 1= 487K
WSO R (U2 53 SN AR R R %

34 #

3.1 AEARMBOEZ

- - RAGE SR (SPAC) R Rl
D A Py N N Y N R SR S RErE S
KK AE SPAC e =g HIAE > . Bk s 0 i
AR AL B R IR K80 (H AR Ak , Rl db s 4—5
A UK K (R4 ZEREK) #M A 400K, 18 ks ™0 1A
B E /N, 6—8 A (HZ)6"0 (HAXMm K . ASHF5E
4—9 H +5E/K6"0 (AL AT LIAAIE R 11 b X oK 4
T, R E R IEARRHE,

1E 251, 3 AR KRS O (H R 1 )2
TRIZHIR/N BV K 0 H 5 + R IRE XL R
FRIA) >, BT S IX A VD SORT LU X K T iy 0 #
ZHRREW, AR RIERZE L,
3.2 KERBESHT

Ko £ I XA 7E W MR R A A
[ A 7K o R 7 = IR A5 2 A F 5 VT it 3
K2 (Picea crassifolia ) i & L, 225 A2 £ 8
FIHI15~90 em 1Y H 387K, B 2= F 2 H 0~0.2 m 1Y
HIAK . Zha 85 HRGE KR BT I AL AR TR 2
2 80K e R B RIRZ £3K, 554 F ok
FHHE A2 B ST AR AT 35 33% . TEAHF ST ip &A1
K2, B4~k EEHH0~02 m + )2 1K, 1
5—8 A%t 0~0.2 m 4 )2 3 HEAK WS 55 , A AR AK
b S . SRS, K E
L7 3 PG KA 5 20 A K FE R R A 2 )1 0~
02 m+ 2 HHESKES, a2 BAZRH RN T2
fipats , R IE , T4 2 42 BRI ER )R LKy . 7E
T 250 A AR FE LB X, KRR TR AV
KT AN I8 i P 2 AR AR S 23 KUK 9, B R B
IR B R I —2F DAY 2 XU R 3 1L
XAWE TRELERE .. HiBEoZHETHER
TR W N5 U 2 A2 1 2 2K SR B T 4% 1 6 38
B3 I

it A L B TR BR T R R K K LR
JIE W AR ) W4 1450 m W3R L RE B v L VK

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

FIFRJZE 3 e — A5, 11 1800 m 1 2200 m = i
PR AN R T 242 R iR F I 242
Je— RIS R)Z TR K IR IR & A A s 3, R
ZEFFARS"O ARG . A K22 1450 m 3R IR B &, +
2% S K AR T 55 AR PR AN IR N 5 8
AZHE BRI AR R K . 2R K
PIZEAAERBK 45 25 57 i B WG A2 6B 1E
FHIZE I SRR, i — 2B S R [R)4R = A2 E
R PR AN R AR 08 S A2 X K 43 T oK 2
S D R S e B R K o
3.3 Ko kiESKIE S

TR 225 HOK A3 R R 2% VIAH 56 , 3 5 Fa 4
VE R ZR A T L A s RE K A B K A ATR L R
AT REAE S8 i rh 1) 22 0 A0 0, 3R AR R AU
AR Tl A P e AR A 5 e AR
A HRTFREN SR s BT B
JEIR IR )Z I, 76 3R)Z 0010 AR Z AT LA KA ] A
A BRI, FWe AR RIS R G
ME— PP, & R IR AR 2 1T LUAE S 4 vp S 34
AT, TP RINACBE T = AZART £ 38 F= Y i fe
FZRAE TRIER R AT F7 53 FK 53 1 [ s 1
W, FEPIHR ZR 3B G A T AT A W AR A R 55
PEEE LR, B SR A LR RE,
FEWL 0~0.2 m HHEAK , 7 K Az R W B AT APk
WK A3, Dk 3R TR A28 I 5 -5 2 0 4o 25 s 1 R 412
HEIBAKAIEIR . FIS BRI E R K & gk
SCIRIE B RE 1 AT LK 5 W G AS DN it B
WfEE, FImmHE SRR S5EE &
L, 0] LU RO i AR MOK IR SR RE T, T AL
B

4 4 i

58 DI 3 AN TR K 80 [ AR # /K 60
{EREA Gy sh B84k, 4—9 H8"O (H A ZHIE K, 5
WFFEIX K B98O MERFEMI 7 , R tEER 0~20 em +
JZ L HOKRS O EHE RS Z 2 Ay Sk s HAR I
SO A AR R T DY KAl [ K B2 TR, 3R Y
i K2 AR KA AR L RS ROR , B I YK Ry
B, FI m A RFEA Z RN TR0,
W A2 FEA A 0~0.2 m + )2 HHOK ANEHR =
FZEK I WORZ A SR o T iR = A2 o
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Water source of spruce (Picea schrenkiana) at different altitudes in the

Tianshan Mountains during the growing season

TIAN Shengchuan'*’, ZHAO Shanchao’, ZHENG Xinjun'*’, WANG Yugang, LI Yan"’
(1. State Key laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy
of Sciences, Urumqi 830011, Xinjiang, China; 2. Fukang Station of Desert Ecology, Chinese Academy of Sciences,
Fukang 831505, Xinjiang, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Natural
Forest Protection Center of Xinjiang Uygur Autonomous Region, Urumqi 830001, Xinjiang, China)

Abstract: Picea schrenkiana is a typical constructive species in the Chinese Tianshan forest ecosystem with
important ecological values. In this study, P. schrenkiana at three altitude gradients were selected to study its
water sources during the growing season (June to September) in the natural forest conservation area of the
northern slope of Tianshan Mountains. The hydrogen-oxygen stable isotope technique was used to determine the
0"0 values of xylem water and soil water levels. In addition, the relationships between xylem water or soil water
0""0 values and altitude were analyzed, and the IsoSource model was used to quantify the water sources of
P. schrenkiana at different altitudes. The results showed that: (1) the 6O of soil water at the three elevations were
depleted in April and enriched from May to September. The 6"°O values of stem water at 1450 m elevation
showed the greatest variation between months, while the 6O of stem water was gradually enriched at the three
elevations from June to September; (2) the 0—0.2 m soil water contributed more than half of the P. schrenkiana
water requirement at the three elevations during the growing season, with the surface soil water average
contribution rates of 61.37%, 51.35%, and 58.42% in the high, middle, and low elevations, respectively. In May
and June, P. schrenkiana tended to use soil water in all layers equally, and no significant shift in the plant water
uptake was observed during the growing season. In addition, the water absorption of P schrenkiana mainly
occurred at 0—0.2 m soil water level, suggesting that it could rapidly absorb rainfall water, which can improve soil
hydrology and reduce the damage caused by extreme rainfall. Therefore, strengthening the protection
management of P. schrenkiana forests can effectively improve the water conservation capacity of forests and
enhance their ecological benefits.

Keywords: Picea schrenkiana; stable isotopes; IsoSource model; water source
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