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Abstract: Global climate change has caused changes in the structure and function of forest ecosystems, and even tree

mortality and forest decline. Studying the response of forest growth to climate change, especially to extremely drought
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events, will help predict the stability of the ecosystem under future climate change. In this study, five Mongolian pine
(pinus sylvestris var. mongolica) plantations of different ages were selected in Zhanggutai town, Liaoning Province. We
analyzed the response of radial growth of trees to climate factors and groundwater level dynamics. The results showed that the
autumn temperature, especially the minimum temperature, significantly affected the growth of Mongolian pine forests
(except the 44-year-old stand ) ; The growth of Mongolian pine forest with lower ages (i.e., 36 and 39 years) was
significantly positively correlated with the precipitation in current summer or growing season, while that with greater ages (1.
e., 52 years) was significantly positively correlated to the precipitation in current spring, especially in current February and
current May; The chronologies of 36, 39 and 52 year-old Mongolian pine forests were significantly positively correlated to
Palmer Drought Severity Index ( PDSI) in current summer, while the chronologies of 44 and 58 year-old stands were
significantly negatively correlated to groundwater level. In response to the early drought event occurred in 1997, the growth
resistance of Mongolian pine increased with increasing stand age, while the recovery decreased. In the subsequent two
drought events, the resistance of Mongolian pine forests with greater age was no longer significantly higher than that with
lower age. It might due to the obvious decrease in groundwater level, which affected root the water absorption. Affected by
cumulative drought, the resilience of Mongolian pine plantations with five ages to the 2007—2008 drought event was less
than 1, and the radial growth was significantly reduced. Groundwater level is an important factor affecting the growth and
drought resistance of Mongolian pine plantations at different ages. Considering the effect of groundwater level can further

improve the accuracy of research on forest ecosystem response to climate change.

Key Words: pinus sylvesiris var. mongolica ; tree ring; climate factor; underground level ; resilience
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Table 1 Basic information of Pinus sylvestris var. mongolica plantations of different ages

i/ a RSy &) afes SRR ST NE Average crown/m
Stand age Density/ ( #&/hm?) Average DBH/cm Average height/m 7775 East-west #idt South-north

36 460 17.30 8.06 0.91 0.95

39 780 17.41 10.60 1.00 1.00

44 468 20.18 10.18 1.08 0.85

52 312 23.68 11.08 1.01 1.05

58 328 23.56 12.20 1.01 1.07

DBH: 4% Diameter at breast height
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MPEHE . Palmer T 23550 (PDST) Il F faf 2% 2 5 G0 58 BT 800 4 22 M (hitp < // climexp. knmi.nl/ ) H1 A9 %
SUBE  ZBdESE M AI A CRU TS 3.26 THETEAY A K IE PDSI EUE (sePDSI, B 1901—2017) , 25 4%
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3 ER509M
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TE 1966—2016 4F  HFFE AP 4R & THE (P<0.01) AU R 54 0.329C/10a, 1990—2016 413
SRR TR AR SE O 0.08°C/10a (B 3) ; 4F B K & A8 Ak A 34O B 2, 1966—2016 4F: [ 7K A5 1k i 4  h
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Fig.3 Change trend of mean air temperature, annual precipitation, PDSI and groundwater level in the study area from 1966 to 2016, with

the graph at the lower right showing the trend from 1990 to 2016
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Fig.4 Standard chronologies and sample numbers of Pinus sylvestris var. mongolica plantations of different ages
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BRI N T KRS S, XHAERFESATE T R B, 5 DER T [ B A OC R 50 0.321—
0.664 2 [8] ARIEZETE 0.173—0.263 Z ], - HURETE 0.185—0.256 Z [A], BRI I | 4F 2 (1) - Y AU
IR I 2 S ks 3 | 3 0 R RS (AR T MRORT A0 A 72 1 o g S ARR REAR BVARAR  E J FTR
A HOREA KT LA XSk A A QAR 38 W FEAS BRI R MR T 0.85 AR R IR, B 39 AR A B TR 48
TR AYEEAR(0.836) Fh , HARII KT 0.85 5 MM A 4732 (1) (5 M FLAELASE /N REAKT AR I AR e M (B A AR,
KT 0.85 AUbRIE , WIS P AL K AT RE T 25 5 A2 AL S RS, WA Sa g™

5 ARET SN TR B A S BT R S5 36 T = KT A M SR TN TR KAE A —E 22 5%
SR 39 4EAE N 44 AFAE RIS TOMB 48 58 B4R 3R 22 1] 52 0 35 IEAHOCE (r=0.577, P<0.01),5
JEYETF TIX Y 3 AT N TMAER A A I AR B35 J5 38 7l 36 X 19 36,52 1 58 A AR T-Fs A TR
WA i B AF 26 5t I 2 mli 38 TE AR OE |36 4E 2R 15 52 F1 58 AR AR T N TARAE AR R B 31 °h 0.512( P<
0.01) 1 0.384( P<0.05) ,52 Fll 58 4FAEfR P N TAMRAER A C R ECH 0.832(P<0.01)

F2 AERBREFRANIHEEERNGEITISE

Table 2 Statistical characteristics of the tree-ring width chronologies of Pinus sylvestris var. mongolica plantations at five ages

£/ ot K ST bl s e LU i 22 —Br AR R
NS PR R BT . .
Number of Length of Mean Standard Autocorrelation
Ages/a : Mean e .
cores series/a sensitivity deviation order 1
36 66/33 1990—2016 0.985 0.185 0.219 0.330
39 83/42 1987—2016 0.990 0.206 0.173 -0.030
44 52/26 1982—2016 0.990 0.191 0.201 0.227
52 28/17 1974—2016 0.992 0.256 0.248 0.204
58 59/30 1967—2016 0.992 0.252 0.263 0.427
FralaF- SR A SR 1) . v N
o % o R LL FEA SRR Hi— F T
e HX R WX RH I R
. . . Signal-to- Express population o
Ages/a Mean correlations Mean correlations Mean correlations N . .
. o noise ratio signal PCA1/%
among all radii within trees between trees

36 0.441 0.730 0.428 8.971 0.900 49.18
39 0.664 0.801 0.629 5.093 0.836 73.33
44 0.321 0.780 0.305 6.576 0.868 36.72
52 0.384 0.759 0.371 8.852 0.898 43.61
58 0.487 0.804 0.479 18.395 0.948 51.85

PCAL . 2E—E WA 5 7225 Variance in the first principal component

33 TS ATARA RSB RO 5 R

AN N TR 1) RS A P2 A P38 ey R A P 2 e G B S R 2 AN 3% (181 5) 43 39
ARLERE AN N AR R 5 244F 10 AP 235 IEARSE (P<0.05) ,39 58 4R AR R 1R N TMRARE R 15 25 4F 10
HPE i Ul B IEADC (P<0.05) |, 52 AFAE R TAA N TARAE R 5 2447 5 7 P2 (B Ul 35 1A ¢, 39
ARAE R T IAN NTTAMRAER S 24F 10 AR 11 AP BRI GR 23F IEHE (P<0.05) o 54F 10 Al XF 39 4FR4E
158 AFLE AT IA N TAMAE A BB, R TA AN TARARE R 5 0 Gl ] AR SC MRS R R AR R 2 5 2
AERERME (K 6) ,39 AR5 58 AR R AN N TMAFER S ARk S 0—11 A M- -5 F s <
T2 3 TEAHDE (P<0.05) ,36 .39 ,52 58 A AR AR A N TAMRAE RS M 4ERK S 9—11 H Y-F- i AUl 2 2 1E AR
*(P<0.05),

AR BR A Fs N T ARAE XK BRI AN TR] L 36 AF A b4 N TTARAR 3 5 29 4F 11 A Bk I 25 TE AR &
(P<0.05) (181 5),39 AR TN N THAER Y B4R 9 A 5 B4R 12 HFOK B EIEMSE(P<0.05) ,52 4R R T
AN TMAFER S M4F 5 H B i3 1IEAHSE (P<0.05) , 58 AFAERE s N TAMRAER 5 244 2 H 5448 5 AREK
BFIERR(P<0.05) , AFMERL AN TARAER S 0 5 4 KR EOKE R A SCHE B AR (K 6) 36 4F
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HERE TR N TARAE SRS 5 24 4F K 8 I 3 TE A (P<0.05) ,39 4FE A R A8 N TR 54 K 2= 4—10 H K
3 TEASC(P<0.05) 52 4FAEREFAS N TARAER 5 Y4B R K & IEAHDC(P<0.05) ,44 4F4E 5 58 4R %
TSN T AR S 2 | R KR ARG A 2

BTSN TR Z 5 MAEE 2R PDSI B EHHE (B 5—6) ,36 P T N TAMAER S 44 7—8 A
PDSI 3 IEAHIE (P<0.05) ,39 AFAE R A N TAMRAER 5244 7 J PDSI 2 3 IE A OC (P<0.05) ,52 A%+
PANTARAER S M4 6—9 H PDSI W3 IEAHIE(P<0.05) . 36,39 5 52 R4 A8 N TARAER Y 5 Y4E 5 Z=
PDSI i 2 IEAHE (P<0.05) ,52 FAE IR 5 YA K 2 (4—10 A ) 19 PDSI 3 1EAHE (P<0.05) .

FRARES AR T-FA N TARAE 2 5 1 KA 0] B AH S PEAS B3, i PRI R A8 N TARAF 32 5 bR /K A7 (B A 5 5%
Z0 3 (F5—6) , 44 FFER TN TR S 44 8 A i F /KA MM & (P<0.05) ,58 4EAERETAAAN T
MRAE 5 44F 1—6 H H N /KA B E A DG (P<0.05) . 58 SRR TS N TAKEER SHiT—4EA T YEREY
220 R K A7 I 3 A DG (P<0.05)
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BXRH
Fig.5 The correlation coefficients between tree-ring width standard chronologies from Pinus sylvestris var. mongolica plantations of
different ages and monthly climate factors ( air temperature, maximum air temperature, minimum air temperature, precipitation, PDSI, and

groundwater depth)
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Fig.6 The correlation coefficients between tree-ring width standard chronologies from Pinus sylvestris var. mongolica plantations of

different ages and seasonal climate factors ( air temperature, maximum air temperature, minimum air temperature, precipitation, PDSI, and

groundwater depth)
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Fig.7 The average PDSI for June to August during 1990 to 2016 and four drought periods (1997, 2000—2003 and 2007—2008 )
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