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Abstract: A network of six tree-ring width chronologies for black locust ( Robinia pseudoacacia) plantation on the Loess

Plateau along the precipitation gradients (from 420 mm to 600 mm) was constructed. The dendroclimatological techniques

BE&WA:FEARPHA ST RINE (41991233) ; E A RFBFER4 1 I H (42071125,41877539)
ks HER.2021-11-23; 3% FA B #3:2023-01-03

# WIRAER Corresponding author. E-mail ; zsli_st@ rcees.ac.cn

http ://www.ecologica.cn



15 4 ZEoat Ao I AR RORE N TSRO A i 17 A SR 23 # 6455

were used to assess the impact of climatic factors on radial tree growth of black locust trees exposed to the increasing drought
stress. The results indicated that tree-ring indices of black locust plantations in the north of Yan’an ( annual total
precipitation about 500 mm) had experienced severe growth reductions since the 1990s, and the signal of tree growth
decline was evident. In contrast, black locust plantation in the south of Yan’an (annual total precipitation more than 500
mm) have experienced overall positive growth trend since the 1990s, and no signal of tree growth decline was found.
Correlation analysis between tree-ring chronologies and climatic data ( monthly and seasonally) indicated that radial growth
of black locust trees in Yan'an site had the higher climatic sensitivity, representing significantly negative correlation with
temperature and positive correlations with precipitation and Palmer Drought Severity Index. However, the radial growth of
black locust trees sampled from north and south of Yan'an site both had lower climatic sensitivity, and no determined
associated patterns between tree rings and climate variables were found. Multiple linear regression models between tree-ring
data and the climatic variables most influential for radial growth indicated that the explained variance of climate for radial
growth of black locust trees was highest in Yan'an site and reached the significant level. In contrast, the explained variance
for sites northern and southern of Yan'an sites were comparatively lower and did not reached the significant level. Yan’an
site is located in the forest—steppe transition zone in the middle area of the Loess Plateau, where tree annual growth is most
sensitive to fluctuations of external environment factors and climatic signal in tree rings is strong. The sample sites south of
Yan'an site is located in the typical forest vegetation zone, where climatic conditions are suitable for radial growth of black
locust plantations and climatic signal in tree rings is weak. The sample sites north of Yan'an site are located in the typical
steppe vegetation zone, where climatic conditions are harsh and black locust trees maybe has developed adaptable strategy
dealing with dry climatic condition. Consequently, the climatic signals of tree rings in those site were also relatively weak.
Our results should benefit the understanding of site-specific growth-climate patterns for black locust plantations under

drought stress conditions on the Loess Plateau, China.

Key Words: tree rings, climatic response, precipitation gradient, black locust plantations, the Loess Plateau
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Fig.1 Location map of tree-ring sample sites and meteorological stations for the black locust plantations in the Loess Plateau of China
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Table 1 The basic information of tree-ring chronologies for black locust plantations in the Loess Plateau
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Regions Sample site Type Longtitude Latitude Elevation Precipitation
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K F B R 108.16 34.83 1080 600
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Table 2 Main characteristic parameters of tree-ring chronologies developed from the black locust plantations of the Loess Plateau

A P A /N 21 0.257 0.396 1.879 0.22 0.773 3.411 1967—2016
71 N /NI 15 0.499 0.446 1.777 0.376 0.909 10.039 1968—2016
SIEL: /NI 45 0.513 0.456 1.406 0.444 0.975 38.498 1980—2016
CE3 EREMG 38 0.557 0.363 1.315 0.558 0.976 40.827 1980—2017
HAE BRI 45 0.395 0.43 1.906 0.251 0.953 20.084 1985—2017
K MFEHIZ 42 0.517 0.408 1.384 0.473 0.975 38.578 1968—2017

S EIAH S 225X Rbar: Mean inter-series correlation; SE34 UK MS: Mean sensitivity; 7725 SD: Standard deviation; — B F M1 &2 %L ACI .
Autocorrelation order 1; FEARREIR T R (ES EPS. Express population signal ; {508 1 SNR, Signal-to-noise ratio
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Table 3  Most supported ordinary least-squares regression models of climate on tree-ring chronologies of the black locust ( Robinia

pseudoacacia) plantations along the south-north transect in the Loess Plateau of China

RAESA FEMIE/mm 2RO

Sample site  Precipitation  Linear model k? Adjusted R* P AlC
A 420 Y=-0.568 x TMP_¢+ 3.34 x PRE_o+ 1.658 0.068 0.045 > 0.05 -139.9
g1 450 Y=-0.158 x TMP; ¢+ 1.25 x PRE, + 4.514 0.208 0.174 < 0.05 -134.9

Y=-0.711 x TMPJ ¢+ 1.61 x PRE, + 1.61 x PRE’+ 0.574 x
REZ 530 0.645 0.596 < 0.01 -117.3
PDSI; + 2.333
W 560 Y=0.179 x TMP;_¢+ 1.44x PRE_,+ 0.888 x PDSI,~ 2.67 0.197 0.119 > 0.05 -86.8
HE 580 Y=1.453x PRE_o+ 8.43 0.074 0.042 > 0.05 -82.2
P& 600 Y=- 0.895 x TMP5_,+ 6.362x PRE; +1.01 x PRE_s+ 2.577 0.201 0.154 < 0.05 -149.8

Z e NARIALE A A Dk U R AR i (V) 2 A (X, Xy, o X)) KRG RREE RN Ry 25 5 11 78 5 1 K78 d 22 [l
HIARADGFEEE IR B 95% M 5 /K s R? R J7 25 1k 5 Adjusted R*,TR%E [ 1R B2 AOAR RS J5 25 1 5 AIC, SRPERETY (RIS LU ALC AR

3 it

T e B R AR RS A TR A AR AR AT A e BHE 22 AL )RR 1 (2208 AR
TE 1990 AFARLIA H B AR RO iR A 3, JE 22 DU iR MAE: il (RE 22 & L VB KA ) AE 1990 AR LKA
ML RS JoA REEIR G . T B b e SO A AR AR 3K 23 8l 25 5 R T ST W], 284 DL
DX AOMR M 8 th B E IR A, TR S KR 7= AR M 5 R AE 1.6—2.0 m LUR HY B TE TR, B0
IR AL E AT 3.0—5.0 m PRy S K B T S S K ™ E S WA BN TR R AR A R e R
FER AR R B 8 R R 2 BOR T AR A A AR AL IR /N Sk ™ AR B2 O A8 S 0
BRAL B - R b 6 AN N TRIBEAREE M BEAT bR v IR 25, 20 A 1 N TRIRRARRY & A b R A8 A i A G
RS B R 7 B OCFR W50 & B vy S R AR Y BB 5 (4.5 m) 4 (5.8 em) (B AR
(10.79 m*/hm® ) K- ZEW] AR T B A IR AR (S 2 e A2 A A 53008 11.8 m 11,5 em [ 1.62 m*/hm®) ,iX
B A R S E AR R A2 1 52 2 S 9 T R R BRI, L T A A RO IR B G, X S AR SE (B
ARAFF AL R A B IR R AR

AR 58 AT 32 5 U0 2R W N A AR | Ak T B e D v 0 94 S 22 s, DX SRR 8 A 0= e o A
Mefem , AR R SR E 2 FUHSCC R SRR PDSI T S8 8UE IEAHSCOC R, B H % 2 b < B A
RS I R A 0B 22 DX Ak T 8 o D AR B B 1) e AR 1 Ao s T AR B R B R ZAAE 500 mm A2
A1, WEIZIEAL T e ON TR ‘B A R DX T 5, — BB A AR A R A s ] A ) 1 5 iy, B R
AT P DA Bl i R MY, X DSBS A AL et Ay SRR, R U R A A VA L IR 4 RS A A K X 3l R )
B SRR TRTARAR A3 A MR R AT AR A KXo A o i 7 e AU 54 T S 2 g U T Ml X R R L R AR 11
PEARAEREIRL, SR Y« SEARARAE ™ R B2 DXL AR AR AR 1) AR 0 Ak o AU BAT IR DA R 2 AP
FIUAE UL E rh TEAH OGHE S SR OG | 55 a6 T TEAH 5 5 28 UL T T it , 1o 3 W 3B 22 s IX R SR T AR PR bR AR I 2 2

http ; //www.ecologica.cn



15 4 ZEoat Ao I AR RORE N TSRO A i 17 A SR 23 # 6463

SR K 3 30 2 BN T X O S AP S YA

FEZE DLAEHB IX S T SR B AR O | AF [ — AR 450 mm 2 XML IX A K IR 60 E A R LIS
THIBAREY IE T AT AW TR FEAF R 73 2 3t DX RS A A= < A | A A A R R A i o7 SR P
QAR PRI AR A RO AR AR L R ) — 2 ROIE PR RRAE . A VF 2 WT TR v e b Al 1 5
DXHREAR R T AEF5 70+ 5250 T BB BRI, s AR 0B (e — ZR A AR 28 A BRI b AR B HE X = 5 ek
(35 A B G Ll I TETRR AR /N (I RIS I RS L ik AR AR RN ATV A o B A AR o
RIS 5 A (4 28 7 SR I e 5 S 22 9 00 S5 2 WSRO /K o B L UM B, TR SR A K B B A
Bl AR A A RS H T R0 25 A B U AR 722 LR 3t DX T M R bR A
A AERRE R R —MTE 550 mm A2 A7 1Ml DX AR AR AR R D8R, 1238 7K 3 Z A J2 DASCHE N THRIBAMR AR KT 3R
ASHIFSE 2 T2 DX IR A8 41 3R A 1 AR b AR SRS UM 22 38w o7 SRR A, o JE ]+ R 55,
X 2 RPN O SiE 22 DA i DX SR N TR AR A O R X, SRR A K R 52 B K g3 A B BIR A R e Y
JEA P

4 Zig

WIS AAFRE UM AL GEBR FNT7 vk, 76 2 w8 JsUis B U Al ]UBE (R R B 2 0 180 mm 2, A
420 mm %] 600 mm) MEE T 6 AL (KA VEAH R B R AR MOR) N TTRIBEMA R AR R SR R A, OF
X I B8 AR AR R A LR AR SR A mig o SO R R AR AT T 0T, 4 R R WS 22 DAL B B AN ACSRAE 11 (I
AR 450 mm) Ji& S8 G FRIYEH , SARFRAFEON T 52855 MMAR R 4 Bu ke T T B A R
WA AE R IR B G RIRLAR 2R i U5 5 058, PR B R AR A R0 TR0 U5 — o & L PERFAE 5 3822 2R
PR (R EERZ 500 mm) {37 F 3 b i SO aR i T AR A 1) R SR Y | SO A I v, IR A
HFEAHRAT L TH RS B AT 2 X g i o RS A ey, AR AR A RO 5 3 W [ e Ay AR S 22 A B
B MR AR A A5 (P TR ZY 550 mm) J& TSRS ZBRARAELBEAT | UM S5 AR BN DU, JIBRR A A 1 A |
Tl AR A R S A i) O SR PR AR, e ph T S s AR o R A 7 A R o 52 i ) i A

LB e R XN TORIRAR 8 R A T 1 T 5, 2 vy D S (i 22 LA g 3t X ) N TR R R e A 2
TR [ B3, SRR 8 A T Mg i 157 A5 A A PR B 1 B 2 1) 1 SRS AR AR (B oy T BRI AL 2 R e ey |
TN TR AT 15 45 IR v 4 R e R A G, DA SR PR L JFC A i ) 30 P 300 R T BR AR iR [
R 5 B e S (HE 22 LA X)) N TSR 2 0 I S A A Sl R AT, 0 A o R Pt A 2, SR
ARA AL T I AR PR, HLRAT B /N2 Sk RERAAE AR & 4 AR 250 AR | T8 AE 22 DALl DXV 5% 20 AFE K
e NIRRT R =S AN L 7% 7

22 3L Hf ( References) :

1 T, BRI, sRE N Bdbsr e R TR I A A SRR L. ARSI, 2004, 15(3) ¢ 436-442.
] BRRE, BRSBTS RIS i A R N S R R T OC R PEHURAMRIBOR 22 i BARBRAR, 2006, 34(11) : 93-96.
[ 3] XWTAR, 25, XEW, 20001, GEfEit. BRI HEBE Y /K o328 25 BRI AR TG B SRR AE. P /K R, 2008, 6(2) @ 95-99.
1 Rt skman, SEETS, RIR, SEERE, ZE 0. 3 LR ORI AR R 4 AL A A SR T SC R Y. RHEAEAR, 2014, 51(1)
133-142.
1 ZAEE, BIE, LR B R AR AR R R B AR AT, AR, 2019, 39(21) : 7996-8002.
1 ARG, AL, AR, T8, Bt b BRI R SRR R TR, K EAREERISE, 2013, 20(3) : 125-130.
1 R B S R ORI A KR F A S XK. K R AFTSE, 1994, 1(3) ; 43-47.
1 Fritts H C. Tree Rings and Climate. New York; Academic Press, 1976.
1 Schweingruber F H. Tree Rings and Environment. Dendroecology Bern: Paul Haupt Verlag, 1996.
[10]  BAUTHL. % vt DX [RIAR AR A8 R A 25 SO AR SCHE RS . RERAOIALE, 2013, 19(12) : 95-97.
[11] ZEH RERAESE A  BUR TR S AR ARG P P AR [ D] RA . thipall k2%, 2013.

http ; //www.ecologica.cn



6464 R B

[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]
[29]

[30]

[31]
[32]

TAAZS. 28 B AR T BT, AEER, 1983, 2(1) : 44-48.

%, BUME, ERW, KoUK, Wb s E LT ROk R S R MR R, 2016, 31(1): 14-22.

A GESEBTACRY B L R A SR S AR AR, HERIRRE 24, 2019, 10(3) : 316-322.

Stokes M A, Smiley T I J. An introduction to tree-ring dating. Chicago: The University of Chicago Press, 1968.

Holmes R L. Computer-assisted quality control in tree-ring dating and measurement Tree-Ring Bulletin, 1983, 43: 69-78.

Cook E. Methods of dendrochronology. New York: Springer, 1990.

Harris I, Jones P D, Osborn T J, Lister D H. Updated high-resolution grids of monthly climatic observations-the CRU TS3.10 Dataset. International
Journal of Climatology, 2014, 34(3) : 623-642.

Biondi F, Waikul K. DENDROCLIM2002: a C++ program for statistical calibration of climate signals in tree-ring chronologies. Computers &
Geosciences, 2004, 30(3): 303-311.

Wigley T M L, Briffa K R, Jones P D. On the average value of correlated time-series, with applications in dendroclimatology and hydrometeorology.
Journal of Climate and Applied Meteorology, 1984, 23(2) : 201-213.

BCih, DR, wE, R, B R R O AR R OK A E S S KT K AR R, 1994, 8(1) ¢ 1-9.

BAE. BRI EAETT X TS TR, MRk Bl 1996, 32(1) : 78-85.

Korner C. A re-assessment of high elevation treeline positions and their explanation. Oecologia, 1998, 115(4) . 445-459.

EmeF, AL, NERE. WIS RS RBI TR, A2 2%0K, 2005, 24(3) : 301-305.

Keyimu M, Li Z S, Jiao L, Chen W L, Wu X C, Fan Z X, Zeng F J,Fu B J. Radial growth response of Quercus liaotungensis to climate change-a
case study on the central Loess Plateau, China. Trees-Structure and Function, 2022, 36. 1811-1822.

Wright I J, Reich P B, Westoby M. Strategy shifts in leaf physiology, structure and nutrient content between species of high- and low-rainfall and
high- and low-nutrient habitats. Functional Ecology, 2001, 15(4) . 423-434.

IO BN MK SRR, BB T SR 0 R SR T A 4 B AR S PR OK AL S W AR X NO B R A 252241, 2019,39(21)
8068-8077.

1R R E R, Vi, IRE R SRR SR T, KRR, B 4 RS XE T SR 4 2 A0 A ) i AR 2SR, 2015,35(15) 151315139
Westoby M, Falster D S, Moles A T, Vesk P A, Wright I J. Plant ecological strategies: some leading dimensions of variation between species.
Annual Review of Ecology and Systematics, 2002, 33. 125-159.

Bt BN XA, Rz, AR, R HE. 5 38 0T 52l R A K R AR ER R AR AR A A . A R, 2016, 36 (14) ¢
4415-4422.

AR, EE AP 8 I A ORI I R A BIE A He. R AR AR, 2007, 18(1) : 16-22.

kb 3 R K BE T IR SPAC R GEAK MHERT T SRR RUIE R PE[ D] A  BEALARAMBHE R ,2020.

http ; //www.ecologica.cn



