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The impact of hydrothermal conditions on the radial growth of Larix gmelinii var.
principis-rupprechtii plantations

LIU Qingyuan, SHI Qian, TONG Xiaojuan® , SHI Manhua, WANG Yin, TAN Ningning
School of Ecology and Nature Conservation, Beijing Forestry University, Betjing 100083, China

Abstract: Larix gmelinii var. principis-rupprechtii, widely distributed across Northern China, possesses substantial
ecological value for soil and water conservation, water source preservation, carbon sequestration and oxygen release. In this
study, we collected tree cores of Larix gmelinii var. principis-rupprechtii plantations from 11 sites in 7 provinces.
Chronologies of earlywood, latewood, and total ring were established to assess the responsiveness of radial growth to climatic
factors, and discuss the differences between the responsiveness in different regions under the background of climate
warming. The results showed that the expressed population signal ( EPS) of the tree-ring samples of Larix gmelinii var.
principis-rupprechiii at all 11 sites was greater than 0.85, and the mean sensitivity (MS) was above 0.15, indicating that the
radial growth at each site were greatly influenced by climate change and contained a considerable amount of climate
information. Temperature and precipitation from December of the previous year to March of the current year promoted the
growth of Larix gmelinii var. principis-rupprechtii, while high temperatures and droughts in summer typically restricted

growth at most sites. Research sites across various geographical locations exhibited varying outcomes. Water condition was
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the predominant limiting factor affecting the growth of Larix gmelinii var. principis-rupprechtii at sites in the central and
northern regions. In the northwestern sites, the promoting effect of temperature increase on the radial growth was more
obvious than that of precipitation. BY was simultaneously restricted by both temperature and precipitation. After the warming
abrupt change, the correlation between temperature and the radial growth changed from a positive correlation to a negative
correlation, and the promoting effect of precipitation on the growth of Larix gmelinii var. principis-rupprechiii was gradually
manifested. The growth differences under different levels of climatic factors fluctuate slightly. When the maximum
temperature was under 10 °C , the increase in average temperature and maximum temperature had a promoting effect on the
growth of Larix gmelinii var. principis-rupprechtii. Sufficient water conditions can lead to a small increase in the radial
growth. When 0.5<SPEI< 1, it was the most suitable dry and wet state for the growth of Larix gmelinii var. principis-
rupprechtii. When average temperature was under 4 °C , the response of earlywood to the increase in average temperature was

more obvious than that of latewood; at other levels, the responses of both to each climatic factor were basically the same.
Key Words: Larix gmelinii var. principis-rupprechtii plantations ; radial growth; earlywood; latewood; climate change

AR w5 T R R 2 RIR S X BUA FRRES ) T BE B A A R e A g R
O I, FHES A T R RO R o i il & IR S ZEmii AT 2 A 2L W aa T #AS
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Fig.1 Locations of Larix gmelinii var. principis-rupprechtii in this study
PSR SL; (A BY ; FEML A WYD Bk 1L TS AR 22101 . DLS; 43t Jy . HDF; 7% B X 2804 . QL; & 898 . DDG; P . XX K F 1 . TZS;
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Diediegou: DDG; Xixia: XX; Taizishan: TZS

x1 BHRULERER

Table 1 Basic information at each site

EHR ERER FERIGR

YRR i
W g mEoy e e A b T e e Ny
Sites Longitude Latitude Altitude/m temperature/ temperature/ temperature/ precipitation/ DBH/cm Height/m (B/hm)
€ < < o

P R/SL 118°44 44013 1181 4.3 313 -23 381 17.34 12.6 1424
HERG/BY  117°19 43025 1469 33 30.8 -25.9 383 18.56 14.1 1301
A f/WYD  118°28' 41°41" 1251 6.9 323 -21.6 427 29.96 16.4 373
BELL/TS 117°5' 42°6' 1488 54 317 -21.3 448 25.78 18.2 555
A RI1/DLS 115°42' 4000 1220 10.1 33.7 -153 469 17.34 13.6 1024
477 /HDF 112°1' 36°47' 212 11 33.2 -13.9 508 25.68 13.5 576
R %) 111°3' 36°7' 1600 10.5 313 -13.1 549 19.42 11.2 1088
I/ QL 108°29' 33°28' 1995 12,5 32.1 ~7.4 920 23.60 17.5 640
FW/DDG  106°9’ 35°58' 2005 7.1 2.5 -17.1 457 14.90 12.4 789
P/ XX 106°16’ 35°33' 2194 5.8 25.7 -17.1 513 23.20 17.7 741
KT 1l/1Z8 103°26' 35°16' 2381 59 217 -16.9 610 24.74 15.8 539

LRI IR FRIRYIX (SL) BTS2 7 11 76 0K AR 17 A 8E TR At M, TC A0 100
JeAT. AEERCAL(BY ) BT IS E AT R doF F e, 8 SR Bl 2 A A IR 0, 5—9
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REIK 5 AR R K 1 90% , JCAR 1 78 d Z2Ay . BEMLAR) (WYD) 7 F P 52ty TR X AR 04 117 1 W1 V0 BEE , J A i 1 2
WA K Z8h T 7—8 Ao JCREM 117 d Z2f5 . BkILdR3Z (TS) A T AL & /R FE T Bl B J& KRt 2= A
RIS A5, 6—8 H BE/K 5 2 AR R K 1 70% , AR 67—128 d, ZR AR 1L (DLS) A7 FAb a1 TR0 X, & BE i
P RBEEZE XA, TR 195 d 224y, DL A5l i 60 T /NS 2208 B B AR AE P TR BT, AR B 7K 24 400 mm
ZEA7  BRZR RAINAF B IK ] 10 CAb, Horul st ARSI AE 3—7 C 218

KAG I GFHT7 3037 (HDF) A2 TIPS KA i IR oK 2460 T 6—8 A, JLfhl 125 d. KM
(IXO) AT LG4 e 3 1 o B, Jm e Jiaty >+ SRR Bl U, JCRR ) 150 d, P ALARARBFF R 7 K Il il
B pkdg (QL) AL T RRpE 4 £ e T 77 B B J 6 B s e i A I, TE R 199 d LA & ol mUAE S TR
10—13 C, RIGAEFEKE R T 900 mm , 43175 15 7 BAFREK BN 500 mm 7647

AELINEZ AR (DDG) AL 77 B R A DX ST S X, s S B Ay 2 5Ot 1 2 XU, K
e 7—9 A, JCFRI] 130 d ANELLPHWebkds (XX) A0 T 7 Z R A i X TR R E | Ja By i <
fe, FEK A T 3—9 H, JTEAE 100—130 d, K510 (TZS) £ T H R4 e 2 g B G M AR B R Tl R
Bl PR KA, L LA il A T 3R E P AL X, AR R 5—7 °C AEREK R 400—600 mm 7647
1.2 HEahcREESFERE

FE T [ PR A AR 28 2 (International Tree-ring Data Bank, ITRDB) #x7, F 2023 4F 4—6 H 75 #E 11
AUl AR TE A N TR EE 3 A 25 mx25 m AREHD , B RN EA T R AR R, 852 TR0 A K
RAFRY 23 BRACAE TS AL (4045 3 BROCEAR) , A KREETE R RRAE AR AU M A (1.3 m) AL B IBOREES , B LA PG J7
] 2% R — i, PS8 e R AR B8 2 WF ) 0 1 48 By 1k i £ PR AL BURC A S N % 3, 10 5%
AUl R E R REER AR AR AE(E L

[ 1) S 56 3 i FH A4 o T T i B AR v, T8 XU A T B, R (R H R AR S TS ML A T
HUES  FH & HAPAETF 4TS . HH Lintab 6 4E48 /0 #71X ( Rinntech, Heidelberg, Germany ) F1 TASP—Win {4l
TEAFRE TR IENS B0 0.01 mm, TS XOEAE SRR SE I S A3 IR R A AR A R, AR SORIT R IR
A9 dplR f” g7 AU IE A A TMAREZR il F < dplR A7 Hh B8 IE Y £ 16 500k B0 SR 2% R B 22 PR A AR B
AR 3517 DR 2R AR 88 HE DA ST 4 7 AR AR OB 3 (TRTFR B 38) | I xh 25 3 0 5 91 LUOSUER - 2k 5 i
PREAEZR(STD)
1.3 Seitorthr

ASBIF G FH 8 G B SR VR T 45 3l A BRE I 1) R R RO 5 ol A48 P38 L H e <l H iR
T H BEK R AR BE | BRI ] KUGE S5 AR B, TH 54 B 45 il a5 b o 1 5 7K 2% A 2X( standardized
precipitation evapotranspiration index, SPEI) , [R5, 25 J& 2S00 P X AR [a] AR K AFAE “ Hir JE 200, A9
TEHEFE R P A Y, b —4F 6 H 224948 12 A 198 A V3 0R s R R AR K & R I 2 A
SPEI 3L 6 G480k, M SPSS BT HEAT B2 ZHMAR SAE 73 M7, #58 Ufe R - X AR AL 3 e N TRRAR 1] AR 1K
(52, F FH OriginPro 2024 K PRl F 14314

BT 0l i P SR , R Mann—Kendall YEJEAT 58 AL HG 50, 8 5 £ 0 o R A2 AR 2872 1 AR SR 0y o
ABFFEAE ] Python T2 PP BFHEATHE 3 03B , 25 IE BT IS RO, IR EBGEFCY F—4 10 H 22449
TERABAFA TG A LI 15 a, TS LT 31 a, W8P KO 1 a, JEATINEE 58 BE 4R 325 IR E R AT SIAH G
3T, LA E IR 9 AR T AR b 7 A AR o) A AKX A PR 1 1A Wi oy 22 5

2 HREHSH

2.1 SMEETFAL
Ful SAEYRITE 0 C UL, HAFPR LA B A B i — 20 (K 2) o BR A B A8, 8% 0l 25 4 e
FHIRETE 10 C UL, FEFE S A Ha sl Akl AR EAE 0 CULT , il i i sim 1 0 °C
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Fig.2 The trend of annual average temperature, annual maximum temperature, annual minimum temperature, annual precipitation,

annual relative humidity, and annual SPEI at each site
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Al ORI SRR S AR R AR LT AR R B X R R A 2 R RS
P | AT FCEL R ) Sl Bk Lt R AR SR 1Lty S5 T A b DB ST A4 s A R R A B A A e B 5 H At
BRI FE SR 450 25 A 2007—2012 4ETEE H BUKIR T R a2 Tt T 2808 45 3l i ok Bl i 3 T e
TR T,

i KA SAAEAE 22 5, ZRIG AR R K B 22 KT 800 mm , o T HoAthh 15 ; FEZE 5 f b 5 1 3 B A0 i 4F
Rk A /b, A/ DT 400 mm ; HAYU s AR A R K R AE 400—600 mm 22 [i] 28 U4 sl A 2 8 i K, 45 4 1y 35
RKT 75% ; KF ISR Z. A 70% ; Phlesst 5 B B 0 sl AR EE 43 5 64% 55 60% , HAxul s X 8 AR T
60% . FEFELh0ul | FE A WMLl R R Lk Bl & SPEL 4 TR T B B 2 ]
(—1<SPEI<1.5) s Bkiliuh ZEW& sl Pkt SPEL ¢ T H BT A BRI Z 8] ( - 1.5<SPEI<1.5) ; 4 Hb Jy vl
SPEI A\ T4 B T 2 AU BRI P [B] (- 1<SPEI<1) ; K+ 11135 SPET A~ Hf B T 2 AR BEVRIE 22 (8] (- 1.5<SPEI
<1) o 11 ABRFE S, b Y TeM st 2 oM i S i B4, AF 5 s 1R 7 1) P 7K 43 A S A S A
2.2 ARICTEI R N TARAE R ARIE

ERGIT R HE A SRR (EPS) E Y BUREE (MS) 5 MR L (SNR) R AR ] 7 4 40 ¢ R 4K
(RBAR) . —Mr AFHC R B (ARL) (3R 2) . EPS B TARREE LA AT HE1E, 11 i S 4F 3R EPS 47F 0.85 L)
b URBHRE A HA et | 38 X A R T e R AF 5 o P Y REURR R DR R i Py A S AR SR AR A
B2 KUk SRR IR L 0.15 DLE R IALEALE s AR AR K A i 2 RS B H 2R
(R PR W G, REARIRSE A 56 RS — B FH G R B, A0 3R M I XHAE 8 A K A S ok
11 3 5 RBAR 7 0.119—0.491,AR1 4 0.268—0.797 . 4% 3l (5 W e 940 T8 /K, Fe i3k 63.81, %1
FAEF I RE S S R AT AE AL, 450 a5 AR R A M5 R Ll A ] S 244 S 2R B0 3 A I b A 2R K, Uk
AR X S M PR T R

L1 AN 5 B AT M MR RIS A e 22 53 (/1 3) o REAb A sty Bk oty | 2oy by S A L 94 I A A 2 48 500k
Sl T A s SR SR Ak | B YAl A U SR B R T A K B 5 KT L AR R
TEECB A BAR L, BRI T T - BTk BB AR (a3 s, BEAD A | B ekl
b 75 3 A A R 8 S A 03 A8 Ak R SN B b | A sy o A SRR B0 2 3 Y P B ) 2
2.3 ARAGTE IR ) AR S A R 1 i
2.3.1 AR BAER TR AR 15 R

Sl AR IE M AN R K R AR KR S Y AR AR K K AR R e (B 4) BRI AR
5 A& EAuE R AR KA 515 M4 2 3 HIRE R B IEA DG (P<0.05) , AR L (P<0.05) 7Y
B3 (P<0.01) K F 113 (P<0.01) Fedb gt infg m B K 5 BAR K CYAR 12 ARERIEHEKE R, EHGREXT
FEFE LR AR 1wk 35 B b fedbyg mas R 1 A K AFTE B35 M H /R HT (P<0.05) |, % 8 B V) il 1K 7 1L sl v
ARARINAG B2 ER (P<0.05)

A A5, KA SRR P AR T A K s i SE 2 4R HL B % . b YRR MY HR K4
PRI TSI A AR R B 3 FEE SR, | R AL RS AR R 1L A IR A b b DX R 1 3
BRI A K AR A K ZE R K A3 S R SR IEAH DGO 2R | I A M 3t | o Lol B 8 04 ol S 1 3R 1] v
Hiu DX F 3t 1 0 5 7K A 2 A R A SE O R KA 3Rl i AR AU IE AR A K i B R BN & . KTl 4
eI AR ) AR K A R AR OGO R 855 , A0S H4F 9 H K 2 i A OC (P<0.05) . 11 D ufidirh, &
B RACIE AR ) A K S S R F A GO R o 3, 5 AR RO AR B RO B A 3 E A OG (P<
0.05) , 5[F| 1] SPEI 5 i 25 sl b i 2 A G

Al s AR T AN A A R A2 AR AR K AT TR B | AR B Y AR A K ZE o A R B AT SPEL 5%
KK S) , FEVHIL S RACHLIX  Fobf A 232 0B 29, e A2t 5 rh 3 i DX ] 52 K A ma K, 1 &
Ak MDA | Bk 5 S S A (P<0.01) W AR 5 Y 4R B I 5t B IE AH DG (P<0.05) , Z8 U4k 1 55
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Table 2 Statistics of standard tree ring-width chronologies

v FEARIREE
. LT I ffﬂf@ TS (O WRE DL
Sites Type Time Number Tree age population Mean Signal to Mean inter- First order
series of plants signal sensitivity noise ratio serle&:. autocorrelation
correlation
A H SL RW 1983—2022 119 26—40 0.985 0.395 63.810 0.465 0.667
EW 1983—2022 26—40 0.982 0.409 54.978 0.426 0.656
LW 1983—2022 26—40 0.977 0.525 42.657 0.360 0.656
FIEAUEL BY RW 1982—2022 107 27—41 0.968 0.32 30.274 0.491 0.668
EW 1982—2022 27—41 0.965 0.347 27.571 0.462 0.653
LW 1982—2022 27—41 0.954 0.389 20.889 0.271 0.381
A f) WYD RW 1964—2022 111 41—59 0.927 0.437 12.724 0.190 0.620
EW 1964—2022 41—59 0.905 0.519 9.549 0.147 0.590
LW 1964—2022 41—59 0.929 0.531 13.176 0.197 0.437
Bk TS RW 1971—2022 133 35—52 0.977 0412 42.101 0.287 0.657
EW 1972—2022 34—51 0.975 0.468 38.84 0.267 0.639
LW 1971—2022 35—52 0.964 0.378 27.051 0.192 0.402
LRl DLS RW 1977—2022 129 27—46 0.900 0.282 8.985 0.179 0.729
EW 1978—2022 26—45 0.882 0.537 7.480 0.162 0.594
LW 1977—2022 27—46 0.879 0.297 7.299 0.155 0.666
Y47 HDF RW 1976—2022 60 38—47 0.919 0.375 11.414 0.239 0.690
EW 1977—2022 38—46 0.895 0.425 8.494 0.205 0.647
LW 1976—2022 38—47 0.878 0.365 7.218 0.189 0.540
R X RW 1986—2022 112 237 0.892 0.382 8.278 0.125 0.482
EW 1986—2022 237 0.895 0.386 8.494 0.132 0.464
LW 1986—2022 237 0.851 0.429 5.689 0.088 0.268
4 QL RW 1967—2022 122 35356 0.930 0.265 13.346 0.122 0.797
EW 1967—2022 34—356 0911 0.348 10.233 0.263 0.774
LW 1967—2022 3556 0.933 0.394 13.958 0.119 0.610
&& DDG RW 1986—2022 106 2137 0.889 0.351 8.043 0.339 0.636
EW 1986—2022 2137 0.985 0.419 8.559 0.380 0.600
LW 1986—2022 2137 0.855 0.512 5.920 0.263 0.453
g XX RW 1981—2022 117 26—42 0.953 0.455 20.279 0.315 0.603
EW 1982—2022 25—41 0.943 0.465 16.396 0.258 0.525
LW 1981—2022 26—42 0.958 0.370 22.988 0.345 0.508
KT TZS RW 1980—2022 106 26—43 0.897 0.554 8.735 0.180 0.669
EW 1980—2022 26—43 0.898 0.662 8.799 0.164 0.585
LW 1980—2022 26—43 0.900 0.569 9.038 0.166 0.517

RW . 4450, EW . A6 LW . 66, RW . Total ring width; EW; Earlywood width; LW ; Latewood width

AR 6 HOF YR R WA U DG (P<0.05) o AR B BRI BE 0 M AR K AR AR RZ I, AE SR L A A Ak
LAESG , FARE BBk R A AR AR VR, 018 Yl ) 5 FL A IR AH O (P<0.05) o &3l i M 5K 4%
PR (A AE DG G R R R R 2L, B8 vl R AR K 5 2948 3 H Bk &2 i 3 IEAE G (P<0.05) , I AUt AR
Rl -4 75 5 SRR AR B X SPET 2 I 3 IEAH G (P<0.05) , H3 5 FARA K v 5 WKk o 2 1
W FEEF(P<0.05), ZFSH R AERKS FAE 12 XA (P<0.05) 75 B3k 544 3 J] SPEI 42 1
FHAHRRKZR(P<0.05)

Kl A AR B A7 PR YA R BT RS AR KR F PRI TR (B 6) . FHLE
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