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Abstract: Under the context of climate change, the relationship between high-altitude tree growth and atmospheric
hydrothermal conditions became increasingly complex, while our understanding of tree growth responses to hydrothermal

variations and drought adaptation strategies remained insufficient. The subalpine region of western Sichuan, as a critical
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component of the eastern Tibetan Plateau and a key water conservation area in the upper Yangtze and Yellow River basins,
provides an ideal area for studying tree growth-climate relationships. To address this research gap, we analyzed radial growth
data from Abies fargesii var. faxoniana at 6 sites in northwestern Sichuan and Abies forrestii at 4 sites in southwestern Sichuan
using dendrochronological methods with 514 tree-core samples. After confirming chronology robustness based on key
statistical parameters of tree-ring chronology ( expressed population signal >0.85) , we established correlations via Pearson
analysis with climatic factors to investigate growth responses to atmospheric hydrothermal conditions, integrated SPEI with
tree-growth trends to define and identify 18 past extreme drought events across these sites, and quantified tree resistance and
recovery during these events to assess adaptive strategies. The results demonstrated that; From 1970 to 2010, drought
intensified in the northwest ( SPEI declined at 0.02/a) while A. fargesii var. faxoniana maintained stable growth rates; in
contrast, moisture improved in the southwest ( SPEI increased at 0.02/a) with significant growth acceleration in A. forrestii
( growth rate increased by 0.03/a) , suggesting long-term water balance dictates growth trends. Radial growth of both species
was significantly correlated ( P <0.05) with winter temperatures ( October-February) and growing-season hydrothermal
conditions ( May-September) , particularly minimum temperature and diurnal temperature range, indicating these as key
limiting factors. Under stronger drought stress ( mean SPEI = —1.63), A. forrestii exhibited resistance comparable to
A. fargesii var. faxoniana ( mean SPEI = -1.36) but significantly lower recovery (P <0.001), with only 35.8% of
individuals achieving line of full resilience within 4 years versus 58.2% for A. fargesii var. faxoniana, reflecting distinct
“high resistance-low recovery” and “low resistance-high recovery” strategies. The linear resistance-recovery trade-off of
A. fargesii var. faxoniana (k=-0.9) approached closer to the line of full resilience than that of A. forresiii (k=-0.26),
implying increased drought severity disrupts species-specific trade-off balances. Winter temperatures and growing-season
hydrothermal balance jointly drove radial growth, yet extreme droughts reshaped adaptation strategies, particularly under
asymmetric diurnal warming, thereby influencing long-term growth dynamics. Consequently, this comparative study on the
two Abies species (A. fargesii var. faxoniana and A. forrestii) in western Sichuan provides a species-specific theoretical

foundation for precision adaptive management of high-altitude forests under climate change.

Key Words: hydrothermal changes; drought adaptation strategy; resistance; recovery; Abies fargesii var. faxoniana;

Abies forrestii
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FTZ ;#4628 ; BSH: F/KI ;SDG : = 1K ; GGL: S AT ;LT BRYE  DC. Rk ; 475 445 O BCT I T X 0ok A Rl — X RO A R AE A 40 @ 4R
AR R ZER 5°C (IR B{H

1.4 WARHIT AR E J1 il

SPEI & TAEPR T 5451, Ak K Fmll T 5, I Z BB i ASCH TR T 52450 SPELEH T
IRFAEBRAK AT 12 S H R SPET, Hii ] K 545 4 ol — ﬁc[” 0= 1970—2010 4E AR (19 SPEL
BRI THFHER BT A0 XN SPELEAR T4 10 AN E ML IAEGY o [RIEF Sy g0 52 R0 78 52 v
AR B 1B AR € R SPETEAY T H 434 19 WO 2 BOR1 L 00 o5 B2 (Bl B9 4R Ay, 7R LT 5
FER, SR A S AR AR A R B A RO, 2 A R UK BOAE S B, IR B RWI 7 T FRA4F T R LA SRR
HiSF-44 RWI BARAY Sy, AR L — TR 48505 , 4 FE AN B BUR ) T 2510, 5 )5 222 b4kt 11 fn
PR ST )2 2 A — 55, FLREAR 205 T 52 25 [ 16 £ 2 1y o 8 ) R

T RWI E s AU a9 T2 344 ARk TS ROR T e s . IR IR e kaF R R,
R A YK 52 388 B E AT P R AT SE R (R R A 52 A AR X 3 A A AP S P st 33 SR FH 4 AR RO PK R
SHT LI A SRR & I A DR RS AT bR, ARRSE R T 4 ER S W RO

http ; //www.ecologica.cn



24 PMEC 25 PE R LR TV A2 55 ) RV A AR 1] AR K B8 K A A i 17 R 5723 7 SR s 987

HF
RWI,
Ri=———
RWI,-RWI,
o VL —RWI,
c ==
RWI

n

o, Re Fl Re 20 DR A B4 AR S F7 , RWI, RWIF RWI,, 20 Bl EH 4R T R4ERI T 545 15 4 4F
1) RWIPHIME, Re<O BEREMAREA AT RFAh R AR TR, 1M Re<0 WIZRARAACEA T H
HRAE RO AR T 22 AT RE A T A K iR AR % S8 T S0 ) 0 A KR B R 7E T 545 i R A2
FIR A, AR, D Re F1 Re BUUE A4 IE 257045 ( Shapiro-Wilk #56, P<0.05) , % F Wilcoxon BEHIKG I /347 T
THRINESR

BEAT T T BRI 58 AR A2 T 43 LR AN AR R W B2 236, DATEA B AR 2 381 1 5 A KOS R 2
HT Schwarz 285 2 U« S22 5111487 (Line of full resilience ) &5 Lloret 28 ™ $2 A3 f1 (Rs) 2T
Bt I 5E S TRFL, B Rs=RexRe, TRAMBEM A R4E 0 A K BERETE T 525 56 2 E, MR T 530
[B) 2 Bl R A K, BPIR 3 RWI, , = RWI I HAEUIRASES Rt 5 Re Z IR R W2 :In(Re) +In(Re) =0, FIfH
R A stats™ [ cor DIRETEIRBT I SR 1 Z (A T2 IR E | DA BT — 38 8] BOASUA G 2R | DA SR SR B AR &2
FAFI S8 WK AT LU

2 ZER5HH

2.1 WIARAERRAERIFIE 542 m) A K o

SACKE  URTLYR A2 3R DI H] 25 2 (1690—2019 4F) B /NF IR AZ (1380—2007 4F) . PIMAEREY
SR HURREE (0.16—0.37 ) 373 B AR R0 (14 ey 1 5L A A g 1) i o el o s P9 17 1 L (8.70—60.05) 3=
BT AR50 K A2 SR 5 I, BEAS B I H S Be X S M i SR B . — B A AHE (0.59—0.85) s/ T
AR AR ) AR RN A AR K sE B B3 P34 F IR 561 (0.39—0.74 ) RS N IR AR AR 4R R
B BIAH SRR R, BT B 58 s AR AS B 0 30, BEAR AR PR (K T 0.85">Y | FR I 13 SLAT 40 404G 7 Aiof
6] 781 b A e i A A T S T T — 2 s (£ 1)

R1 WAERERFIHTSHER

Table 1 Statistical parameters of tree-ring chronology

) BES BRI R HURE ' (L34 ' fm F ARG $ﬂﬁfﬁﬁ%’iﬁz FEA SRR
Jone Site  No.cores Time span Mtéz.m. Slgnal—tr.)—nmse Flrsl—orde'r Mean chIT.elatlon Exp.resse.d
sensitivity ratio autocorrelation coefficient population signal
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