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Abstract: A tree-ring width chronology of Mongolian pine ( Pinus sylvesiris var. mongolica) in northern China was
established to analyze the tree growth response to climatic variation. The widths of Ringwood (RW) , Earlywood (EW)

and Latewood (LW) of Mongolian pine trees with the same wood density growing at Mu Us Desert and Saihanba National
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Forest Park were measured from tree-ring chronologies. Differences in the response of Mongolian pine trees to climatic
variation were analyzed by measuring basal area increment. The results showed that the tree-ring width of Mongolian pine at
Mu Us Desert presented a trend to initially increase and thereafter decrease with the increase in tree age, whereas at
Sathanba tree-ring width showed a linear decreasing trend with tree age increase. The variation in basal area increment of
Mongolian pine was similar to that of tree-ring width at the two study sites. The proportion of EW (as a percentage of RW)
ranged from 65% to 70% at the two study areas, which indicated that the growth of EW made a greater contribution to RW
than that conferred by LW growth. During the growth period, the relative percentages of EW and LW in the RW of
Mongolian pine at Mu Us Desert showed only slight variation, whereas at Saihanba the percentage of EW decreased and the
percentage of LW increased in the tree RW. The percentage of LW in the RW decreased during three drought events at Mu
Us Desert. Correlation analysis showed that the radial growth of Mongolian pine at Mu Us Desert was positively correlated
with the rainfall in April and July, the standardized precision evaporation index (SPEI) in July, the average temperature in
December of the previous year and in March of the current year, and the minimum temperature in March and August, and
was negatively correlated with the maximum temperature in November and June of the previous year. The radial growth of
Mongolian pine at Saihanba was positively correlated with the rainfall in July and August, the SPEI, and the minimum
temperature, and was negatively correlated with the maximum temperature in March and May of the current year. Structural
equation modeling analysis showed that the annual average temperature and annual SPEI at Mu Us Desert had significantly
negative effects on RW growth of Mongolian pine, the annual average rainfall had significantly positive effects on both EW
and RW growth, and the annual minimum temperature and the annual average temperature had significantly positive and
negative effects on LW growth, respectively. The responses of radial growth of Mongolian pine to the annually meteorological
variables at Saihanba were generally similar to those observed at Mu Us Desert, but some differences were noted. The annual
average rainfall had a strongly significant negative effect on LW of Saihanba, whereas the impact on EW did not attain
significance. The drought stress effect of annual SPEI on RW and EW of Mongolian pine at Saihanba was significantly

smaller than the impacts on RW and EW at Mu Us Desert.

Key Words: Pinus sylvestris var. mongolica; radial growth; residual chronology; climate change
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Fig.2 Average climate trend chart of Mu Us and Saihanba sites

http ; //www.ecologica.cn



4484 JAE = 40 4

B E AN IR S U] B TSR 15 10 £249 N 3.40% , T 28 =S8 T, 45 10 4629 T+ 0.50%, &
53K SPEI £ BT E ., T2 AEZ W i, ZE T I A FS A
22 FEFMETEAR

3 RPN BREE S AR ka3 R 45 R on |2 M A FE vE AR A S OS[BS AR T AR
TR R MR E IR ZME TGS, BESREE PR RW EW il LW 958 58 8 fb i S5 AR — 50, il
30 FEMAETE LG M ZORE T4 RW EW Al LW %898 7E 1989—2000 4F-H[H] I 7, % ¥ A 1989 41 2.34 |
1.51.0.83 mm 431 I FH5] 2000 4E£#% 3.02 ,1.98 1.04 mm, 43 5134111 29.06% 31.13% 25.31% ,2000—2018 4E 4
] R B, 2018 4E &5 1.52.1.27 .0.25mm, 735 F & 49.67% .35.86% .75.96% . 45435 M5 Fa S B ds 73
B, B E 2000 4FJE TEET5,RW 855 H 1999 4E R T 6.49% , LW 5858 TR T 23.36% , 1 EW £ 98 I-F+
16.45% , F RS FAAE AT AR 1) A2 K A2 AR IR I R A K, MM 40 58 & oy LU IR 45 SR R B S R
FLIGE A %6 S8 Ik ShAR XT8N EW/RW BTG BN 59.65%—71.36% , BI{H M 64.26% , 2155 T FE#a#, 30 44
TRE 0.64% , EW/RW HAETE A 29.38%—41.64% , ¥ K 35.74% , S 10055 b FHiad

o &MRW o HHMEW A Wk LW

4y Year
1988 1992 1996 2000 2004 2008 2012 2016 2020 1980 1988 1996 2004 2012 2020
5 T T T T T T T 1 5 T T T T T 1
BLH ZEFEH
E 4 RZRW =0.76 chw =0.66 RZLW =0.68 4 te ° ° RZRW =0.82 RZ)‘,W =0.78 RZLW =0.81
g o ®e P<005 o P<0.05
~ 9
£
2 3 3
z
Ei
= .o
S 2 > 2 o
P o, o A Oo~ _ o
§ 1 *// ° = Sy “‘AA 0535 % P00 1 4 } 20
ares 4 Atas g A aA \O"’;.o
A A A “ 2 A
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 1 1 1
0 24 6 8101214161820 2224 26283032 0 4 8 12 16 20 24 28 32 36 40
MR Tree age
X
= BO% S5
E 100 - 100
2 gL Ry =0.004 Ry = 0.004 00 L Ry =0.035 R’y =0.035
5 P>0.05 % P<0.05
2 80 B i o
BT 70 |- 52020000 %. 0 ° o
&2 0F° . 0 ° o 5022 e
= 0l ® a0 0 o, oS 4| °o %o
== 60 Yo %0 oo S 0 5 000 ‘o0 O o
el ° 50 |
SN 4
E 40 - A A 4 a,—A A
< A A A A, _oa,
5 40 __A-A-_‘__A:___A‘A__A Aaa_ a4 4 30 _AA_‘““"‘_“ZM_‘A:k—‘iA -A-;AAA a
o b el a i a A" La AT a a 4
& 30 a A 20
= | 1 | 1 ] | | 1 1 | J
Q
% 1988 1996 2004 2012 2020 1980 1988 1996 2004 2012 2020
-

Ay Year

B3 ELRMEFUNETRREEE

Fig.3 Ring-width variation of Pinus sylvestris var. mongolica of Mu Us and Saihanba sites
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Fig.4 BALI variation of Pinus sylvestris var. mongolica of Mu Us and Saihanda sites
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12.56% ,iX 5 T2 Wie F 15e ve A ARARL , Ui BH TS 0030 X e bt 08 1 5 AR K e R, At BATL HAE &
G IR  FEE IR AN R A BAT B 43 LU E S A X 8K, EW/RW I 33 [l 55.36%—74.79% , ¥I{E N
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68.32% , 52 I . T RE#EH 40 2 % 9.60% , LW/ RW I LN 22.76%—45.64% , HI{H 1 31.68% , 5 1 &
I
2.4 AEREFEGET

WFFEEE R B UHER 5 5 B TAR R ORI, S B BUEEE (Mean Sensitivity, MS) 88 ] AH 5 R 4L ( Mean
inter—series correlation, RBAR) {5 M [t ( Signal to noise ratio, SNR)  FEAS B A& 4R P4 ( Expressed population
signal , EPS) 2B AR PPN AE L BTit . RBAR JEF5 11 RAE £ N INAS A A AF O AR50 T B2 47 8] 1) A G | ARG
P AR RS IR S TA] A A58 58 B A8 Th EL A g ) — B0, B o B b 7 . MIS T SNR S BRAHABAE 8 2
RIAE56 581 (AR AR O, 5 SRR A 0 S 928 Ab sl s A8 Ak, MS KT 0.15 RREEBFE R T i ™, EPS
JEAR TR FEAKT A IR AR il 5 EPS KT 0.85 MAER T m ™

% 3 FRGIHEE B8, 4% RBAR ABLE 0.5 Db B[R] — SRAFE 55 PR A A% 6] A8 1K BLAT L [R] 0 <A
BRI 7, SRR TEAE I DR A . TEARMIR BT A 4R 3R D | P I U AR S 1 0.15,SNR L,
HAB R, Fom M AR L S SR A5 582 IR T & i U A5 R AR AR B 5 AR R
FHOCITHTER . A 3R EPS $RT 0.9, R W BT RAEAT XN TR (b BAT B a7 i AR

R3 ERFITHEE

Table 3 Statistics of chronologies

P ——— P .
Site Type comelation (RBAR)  ean Sensitivity (MS) signal (EPS) ratio (SNR)
B ZE Mu Us 22FF Ring wood (RW) 0.78 0.21 0.97 30.82
ELHF Early wood (EW) 0.76 0.25 0.98 42.03
i F4 Late wood (LW) 0.75 0.24 0.96 26.31
FEZEM Saihanba  Ring wood (RW) 0.76 0.22 0.98 45.96
Early wood (EW) 0.75 0.24 0.97 31.83
Late wood (LW) 0.72 0.17 0.98 39.23

MEL(S)RES B E ]l A 1, 2% 556 RES 3R A76 s i AR fb b0 S — 350, Ui B 458 AR M 4 v
P & i SAAE BT RETE AR, A5 SRR RUARE SRAE RS Ry R I A KA fb i) — 3t in B 2 E M RW
EW LW 7E 1999 2005 F1 2016 435 H BLIEAR , 78 2010 ,2012 F1 2006 £33 H 3LAE ; ZEEHAY RW EW LW 7E
1991 F12011 4534 HBLIEAE , 7€ 1983 1986 F12002 4E¥ HIAHE . RBAR REUMIR/NERE, KL g A 7 51 i) A2
I EA BAF ) — B (HRI LT 248 (R 3) . = WA, &M &7 91 ) 22 A0 [F] 20k B b, B Wb 4F 3R
1) MS \EPS ¥ L, W TR FFARL W 0 S0 A28 A URk 40 5 28 A5 8., b 5 i A2 Akl
FHT AR S M7 50T
2.5 RES H5HAMHFRILR

Kl(6) FmEZEFRGUERRBMLREE  Z5R K, ESERBTH RW B RES 5 L4 7 H X M4E4 7
ROy R 2 B ARG, 5 AT 8 H RCYAE 3.8 A P34 A i 25 IE ARG, 5 254 7 H O AH X B i 2%
IEARSG, 5 B LCYAE 7 Ay SPEL S E A DG, 5 B4R 12 A ANYS4E 3 A M iR B2 IG5 BAFE 11
H KBAE 6 A iR B MADC . EW W RES 5 B4R 7 A XCY4E 4.7 A F8 W B8 IEAC, 5 1
A8 H M M43 4.8.9 A F3IRE B IEAE, 5 LAE 8 H M AHXHE B B 3%t 56, 5 LAR & C244FE 7 H 4y
SPEI &} % ARG, 5 _FAF 12 H FIPY4AE 3 4 A SRR 035 1A OG5 B4R 6 H KU 6 Ay e s i e k2%
FAK, LW Y RES 5 AR KCYAE 7 A AR B 102G, 5 B4R 8 A KC44E 3 8 Ay F 1R %
IEARSE, 52445 7 Ay SPEI B B C, 5 25945 3 A R BE W 2 B AR OC, 5 2448 8 H e i iR I 35 1
A,

FEFHIEFHY RW (19 RES 5§ BAE KCHAE 7.8 A5 3R 25 IE ARG, 5 AR 9 H R X B i 2 1 AR
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Fig.5 Chronological Index trend of Mu Us and Saihanba sites

X, 5 1AFE 7.8 7 SPEL W3 IEARSC ; 5 44F 8 AR iR A W 3 EARDG, 5 5 A i E A, EW
B RES 5 F4E 7 H K448 5 8 A O P40 38 IEAHSG , 5 14F 8 H Oy X B B B 35 IE A, 5 F4E 7.8 A
FCH4FE 5 8 A SPEL 3 IEASE, 5 FAE 7 A KCY4E 5 7.8 A RARTRE 0 2 IEAHDC , 5 BAE 10 HFPY4E3 .5
Ay B MG, LW 1 RES 5 _E4EKCS4E 7 8 A FYREN B 5 1IEM 0, 5 B4 7 A 4437 A
SPEI B IEMIE, 5 LA K4 7 A i ARIR B W38 IE A6, 5 2445 5 H Oy fe i iR (3 Uk o6
2.6 RES H4ES LMLk

K7 Fom B EMIEFTIRE T RES 5L F A 58T, I A AMOS FEx £ 5 5 5 FHIE T
AP HE T 254 AR A Y T A S8 M R R A RS IR R AR £, HE— 4l Ay AR A AR P v Xt
RW EW LW (52 IRZR I BTy R 7 FoR B9S2 1k T R 4840 5 R 70 18] 1 R OR R I R SRR T4
SRR, G5 R EAERE I SPEL X B SRR RW Ak I 2 7520 (P<0.01) , 800 155 0.92,
YRR XS B S R A RW A T2 (P<0.01) RN IAF 0.77 , F-RIBEF X RW A i 3 1E 520 (P<
0.05) , NIk F 0.31, FHIFERXT EW A B 1E 0 (P<0.01) , R 5 #] 0.44, SPEL X} EW A ) i 3% 5%
Wi (P<0.01) , %0 ik E] 0.99 , FeARTEEEXT LW A1 2 3E E52 0 (P<0.01) , 3400 55 0.49 , F- 3R EEXT LW A
i E N (P<0.01) 800353 0.84, FEZEI SPEI % RW A% 3 71 500 ( P<0.01) , 508 353 0.58, -2 i
JEXT RW A 835 T (P<0.01) , ZUN A F 0.66, - FEMIXT EW A 1) 835 520 (P<0.01) , 50K 8] T
0.72,SPEI X} EW £ #3520 ( P<0.01) , R0 ik E] 0.58 , SR X LW A 8% B 2 U200 ( P<0.01) , R
KENT 0.61, FARIEEEXT LW A1 5% E 5200 ( P<0.01) , U8 355 T 0.57, F-IRE R X LW A B b 35 17 5%
(P<0.01) ,ZNiiEE T 0.75,
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Fig.6 Correlation coefficients between the index of the residual chronology (RES)and climatic factors
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Fig.7 Path analysis diagram RES of Mongolian pine trees and meteorological factors of Mu Us and Saihanba sites
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