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Estimation of ecological water demand of a.desert riparian forest using tree rings

of Populus euphratica in the Lower Tarim River

ZHOU Honghua™ , LI Weihong, LI Yupeng,WANG Yuyang, HUANG Xiang
State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgi 830011, China

Abstract: Estimation of the ecological water demand of natural plants is a key issue for the restoration and reconstruction of
a fragile ecological region in arid<areas. Tree rings of Populus euphratica in the Yingsu section of the lower reaches of the
Tarim River and their responseés. to climate change and hydrological conditions were analyzed using the nonparametric Mann-
Kendall trend test, Mann-Kendall-Sneyers test, moving t-test, one-way ANOVA, and Pearson correlation. The ecological
water demand of a desert riparian forest in the Yingsu section was then estimated based on the tree ring characteristics using
regression and stepwise regression models. The results showed that the abrupt temporal changes of temperature and
precipitation were different from that of the standard chronology of P. euphratica in the lower reaches of the Tarim River.
Moreover, there was no significant relationship between temperature and standard chronology of P. euphratica or between
precipitation and standard chronology of P. euphratica in the lower reaches of the Tarim River. The Pearson correlation
analysis also revealed no significant relationship between temperature and groundwater depth or between precipitation and
groundwater depth in the lower reaches of the Tarim River. However, the width indexes of tree rings of P. euphratica were
significantly and negatively related to the groundwater depth, and they were significantly and positively related to the amount
of ecologically conveyed water from August to July in the Yingsu section of the lower reaches of the Tarim River. These

results proved that historical information regarding water conditions could be accurately reproduced by the tree rings of
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P. euphratica in the lower reaches of the Tarim River. Therefore, the tree rings of P. euphratica could be used for
quantitatively assessing the restoration effects of ecological water conveyance to desert riparian forests and calculating the
ecological water demand for natural vegetation in the lower reaches of the Tarim River. The average contribution of ecological
water conveyance to the increased tree ring width index was 42.96% in the Yingsu section of the lower reaches of the Tarim
River. Estimated from the equation of the tree rings of P. euphratica and the amount of ecologically conveyed water, an
annual ecological water conveyance of 0.84 x 10° m® was expected to maintain the average growth (i.e., average tree ring
index of 0.997 during 1933—2015) of P. euphratica in the Yingsu section within a distance of 300 m to the river channel in
the lower reaches of the Tarim River. Furthermore, an annual water conveyance of 0.91 X 10° m® was estimated to keep P.
euphratica at an average radial growth rate of 0.972 during the period of 1933—1974 (i.e., before the main channel of the

Tarim river near Yingsu section dried up).

Key Words: Populus euphratica; chronology; ecological water conveyance; ecological water demand
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Fig.1 The sketch map of study area
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Fig.2 Standard chronology of Populus euphratica (A) and Moving t-test technique of standard chronology of Populus euphratica (B) in

Yingsu of the Lower Tarim River
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Table 1 Statistical information on the standard chronologies of Populus euphratica in the Yingsu section of Lower Tarim River
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Fig.3 Mann-Kendall-Sneyers test ( P>0.05) of temperature (A) and precipitation (B) in Lower Tarim River
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2015 in the Lower Tarim River
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Table 2 Contribution of ecological water conveyance to ring width of Populus euphratica in the lower reaches of the Tarim River

A= 2K G S Wy a] A 2 K B AR BT sy ERST - L] He A 7K X AT
" SRR SE IR B 2R (i T2 BTk A/ % " SRR S R R E I BTHRR %
4 . L 4 . L
Yer Difference value of chronology Contribution rate of Yer Difference value of chronology Contribution rate of
et between ecological water ecological water conveyance e between ecological water ecological water conveyance
delivery and dried up periods to xylem development delivery and dried up periods to xylem development
2000 0.219 27.04 2008 0.101 12.47
2001 0.607 74.94 2009 -0.045 -5.56
2002 0.873 107.78 2010 -0.010 -1.23
2003 1.158 142.96 2011 0.688 84.94
2004 0.791 97.65 2012 0.189 23.33
2005 0.185 22.84 2013 0.079 9.75
2006 0.309 38.15 2014 0.012 1.48
2007 0.309 38.15 2015 0.107 13.21

DL b Bt SR 3R I AR AR N AR 7K B R SRR A AR BT AR K R OGS R 2R, IR A A i ReiA g e w

B B — AR AR N T BRI T ik 2 /0 A oKWy il AR (2) THE, QSR ELARE IS B T iE

YT WT T A AE 47 22 4R (1933—2015 4F ) -3 48 1 AR K (RERAE§8 58 BE 4R £ 0.972) , I BRAERR T b A= oK &=

0.84x10° m’ ; 4N AL ZELRUREE HLRI] | I 75 W7 171 5 47 35 BT 38 110 ( 1933—1974 4F ) (1 F- 3948 ) A= K (AR AR
S TR 41 0.997)  MARARTE Tt AR /K & 0.91x10° m?

4 THe54ie

4.1 SRV AR R B IR B

WA VE SR B ORI Yl S 0 R AR E— TR A, ILAIE 1 8% FUARR] R i 2R A8 BRR A AT 0 A i e, e SRR
IR i B2 HoA: KR S R 1 2 RO, X B AR R w1 IR A B B LA ]
FUEBI AR RS IR XK PREE I S AR T A5 L s ki i 12 e lie T g 22 AT R Y AF ORI
A3 K S AR A AR 1) A KA B I G 2R 5 Schilling 557 AL 5 A7 A AR 48 S BE T LA Ay # R K -
AR - BN A RS EL, AN SO I 78 53 M FIAH S 0 A B, B B A 9t 88 e /K 58 A2 1)
] A R AR R S I A — 2 (2, 8 3) |, R AR 5 4R 48 S BE A8 BUM SCHETF A .25 (18 4) , AU
FHREIK 553 T /K BERAR SIS B2 (18] 4) | (H3 R K SR A 25 /K B 5 WA AR R AR R 2 12 B 35 AR G
(K 4) ik ik— RS20 BRI T B A A AR AR5 I3 AT o A0 S s I 30 ) iR AR K, 5347 AR B
T R B 2 DR SCERE ) 17 S AR A A L, DRI, Az AR AR e T DAAE Sy 1Al B B AT 906 1 R 35 1A

http ; //www.ecologica.cn



224 JElBtAE A TR R HOR I IE BURTH R i) B S bk A A K RS 7583

IR BRIRAR A A 2 KRB R B 1 A 2SO0 BB A
4.2 BEBURT T W A7 AF e Xk A 25 K H A i o

HE A KO 1 BT WA A 0 AR A 6 B 1A BB F 2 A 7 20 A SCRAF 2 RABTIE S 13X —
S518, WrEh o KRR R BE HUARTR] I 5 5 W 1 4% 41 S8 A AR AR 2000 AR T IR S8 AR A K TR A A
TRAZ 2000 4FJE AR SERE AR B E AN, AR K Rl A T R KRR | DK BRI SR Al ]
BIABAE R (HAE SR 53 T KSR TFHATER A Al R I A SR AR AR S K 5 0 R K BER 946
THA 1 ARRH ROV (B 4) , B BARAR R T8 5 2594 FARAF AR S Rk QRN B 3, (05 A AR
Ak K 5L E ARG (] 4) 3% Hao 552 BFSTHR Y 9 B N IR B NDVI X4t T /KB PR (9 MR A 1
AR R ASE R IR — AT . NI BRSO 1R 20 A AR 25 K BRI A2 A A28 DA I AN REFHEL AR AR B AR 25
K T A AR AU E S K, A AR R A K Y S A B B WS 25 W A A B
A1 T8 PSRRI AT DX T 30 T 0,348, Az AR A 8% AR 285 il 7 Xk W A% 47 5 9 B 98 KO N A F 2 T RRR O

42.96%
4.3 B HURTAT T i SR I i 1Byl o AR A A K B B
PHAL T R X B A A5 T K 0 2 — B TR B E S R AW e R Fu 5524 LR K i

i KOV AR LS A ARG SR B T AR, ST R R i A AR R A AR T KR 2 3.91x10°—4.05x
10° m* ; Zhang ™' FATEK ZE R AR TR 7K SRR 7R 3150 48 1 Ay 2 o PRET I 02 M 2 65 KT 160 1940 1 SRR e Pk
FIFaSE YL N K , 78 2020 A1 2030 4EAHETT BAE ST K 6.35%10% m®; 7235 BRI Fii7, Ye 25007 5@ it
WK ZE AT TAH 2005 438 LA U ie Bl bk SRR AR T /K 02 2.4%10° m? | [R] I Ye 4517 5
IR BT T Ui A A5 7K 5 b /KRR B A8 A, B 4E ¢ BEIRT 1 500,1000,1500,2000 m Z AR R G
WA T K9 1.61x10% 2.48%10° 3.19x10°m® 3:82x10°m’ , XS4 28T /K B8 75 1 FE R /K &
SRR ATV RS R G RUK SCR G B RIBLE] AT 5 BRSSP F AR Z R E R fﬁi&zéﬁ%ﬁﬁ*ﬁ%
A A SRRSO RS R R SR E A HIAL Y o D AN, s A AR K SCAR A k- B K AR R R
PSR A AR B ST 1), B T ORI 0 S5 K fr) A FR | 30k S 7K ST A 155 750 O 514 B K S R AR 28 Jiﬁﬂ’bc
HAEH, WS R AR G A AR R 5K G RRAE B, N IER T B R AR S T K R R T B 4845,
WA 2 T R AR A ME— TR AR R SRR A A M S T K B A BB AR T B R AR AR S T K i, g
X EA R I A AR 10 AR A K S WA K 25 5 S K B O R I AR T3 R AN SR RAIE R BUACT] S i S e
T B AT E 300 m Bl A7 24042 1) AR KR BT 90 4E Y (1933—2015 4F ) A K iR | 45— A4 AR KT
W7 T R A AT /KE 0.84x10° m? 5 W AR ZLAIETE B 3E 300 m v [l P 8 4% 25 2 W7 i (1933—1974
AE) (AR ) AR K Mg AR TR AR ST K 0.91x10° m* . X NEUE I Ye 25028 19335 45 /N BT
BTk 2e S, HonT e IR R A A HE T T R R A T T R AR A A TR K, T AT R 5 AR 4
5 VG T 281 8T T 5 9T AR A A TR K

WIS A A B3 AR R K 4 THEE 11, BB 38 i F2 AR AN AR KR IR 2 1 87K ORI b T 7K 2 T B ik 7 5
A FRT 4 m BN A 60—120 cm P42 3807 + 2 0 + 58K 50 I 4] DLEESS B AR ) sl iR AR R AR
KER ., —Wmis  7E3 B R, S K 0008 B A S KA 2—4 m, BB KA 6 m, FRAT#A % 4 K
bR F KRS8 m > Wi AR R AETE 1 1) A AR 120—170 em P BPAMNE A & B R R E
FEOWGE 6 m L L, ARG SR, AR R OK EZORIET 375 em PUFAYH R K DR, AR 35 61
Wb 2R 53 AR FRAE K 43 RS o5 BT S IR 1 R 7K SRR 28 4—6 m B o S R AT AR A3 K, AR T T K
PR RUE S AR R BE 1 5 IR K 4

25 LTI A SCHE I T SR FHEA B A AR R A A 2 R VPAN A A H 7K AAB R R B2 800 A A5 75 K s TR A
FEAR , o0 BT T DX W T3 SRR A A T K A R AT 5 A A B —— R S B S UK S R AR IL
MR HE T — AR Tk, (BRSO 45 & SE AR P 6 /K 2 31 55 95 8 T HE T 38 300 m 3 il N 4%
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7584 JAE = 378
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