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Abstract: Pinus sylvestris var. mongolica is vulnerable to drought stress in summer. The healthy growth of the tree variety is

anticipated to be affected in the Bashang area of Hebei Province owing to increasingly warm and dry climates in this region
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and increasing tree age, which would decrease its resistance to drought events. Hence, in this study, the response of the
radial growth of Pinus sylvestris var. mongolica to climatic factors was investigated and the ecological elasticity was studied.
Prior to the analysis, the tree ring width of Pinus sylvestris var. mongolica in the Zhangbei area was measured using the
dendrochronology method, the basal area increment ( BAI) was calculated, and the residual chronology of the tree variety
was established. The results show that the age of Pinus sylvestris var. mongolica in Zhangbei area is approximately 28 years,
and its growth stage can be divided into three periods: fast growth (0—10 a), growth decline (11—20 a), and stable
growth (21—28 a). The tree ring width of Pinus sylvestris var. mongolica increased rapidly from 1992 to 2000 ( (4.49+
1.15) mm/a) , decreased from 2001 to 2010 ( (3.62+1.39) mm/a) , and grew steadily from 2011 to 2019 ( (2.21+0.68)
mm/a). The BAI of Pinus sylvestris var. mongolica showed an increasing trend from 1992 to 2000 ( (5.09+2.26) cm’/a) ,
and a stable characteristic from 2001 to 2019 ( (10.46+0.67) c¢m’/a) , indicating stable and sustainable growth ability.
Correlation analysis between the residual chronology and climatic factors showed that the radial growth of Pinus sylvestris var.
mongolica was mainly negatively correlated with the average temperature and maximum temperature in September, October,
and December of the previous year and July of the current year, and the maximum temperature had the most significant
impact. The radial growth of Pinus sylvestris var. mongolica was significantly positively correlated with the precipitation and
relative humidity in September of the previous year and May and July of the current year. Pinus sylvestris var. mongolica had
a significantly positive correlation with the PDSI from September of the previous year to October of the current year. Drought
stress would significantly inhibit the radial growth of Pinus sylvestris var. mongolica. With increasing tree age, the resistance
of Pinus sylvestris var. mongolica to drought events decreased, while the recovery showed an opposite trend. Thus, the
growth of Pinus sylvestris var. mongolica in the Bashang area of Hebei Province is mainly inhibited by the late growing
season of the preceding year, the dormant period, and the monthly maximum temperature of the current growing season. In
the current growing season, precipitation would promote the growth of Pinus sylvestris var. mongolica. From about 30 years
time scale, Pinus sylvestris var. mongolica grew well in the Bashang area of Hebei Province. Radial growth was observed in
the steady state, and a distinct recession was yet to occur. Hence, the findings of the study will serve as a theoretical
reference for the suitability of using Pinus sylvestris var. mongolica to renew the degraded poplar shelterbelt in the Bashang

area of Hebei Province.

Key Words: Hebei Province; Pinus sylvesiris var. mongolica; residual chronology; tree growth; climate response;

ecological resilience
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Fig.1 Location map of tree—ring sample site and meteorological station in Northwestern of Hebei, China

30 - - 140
25 - —e— g
s L AT BRARE 1120
Wk
o 15 . 100\5
B 10 F g
g - 80 =
g s
g S &
5 ot Jeo £
i &
®o-5 |
e 4 40 §
_10 |
-15 - 20
_20 =
72 0

H 1 Month

2 1992—2019 AL LK BEMEKETHH
Fig.2 Seasonal distribution of temperature and precipitation in Northwestern of Hebei, China ( 1992—2019 a)

b —EHE B T B A RS 5, 2 P S E 5 R ARSTAN RJF @ 438, Kk h
TR ECREL, 12075 AT 0 A B] 5 4 R | 30 45 DR 3 0 4F 3R 48 B0l B i S e 205 B RE TR PR MEAE R
(Standard chronology,STD) | H [ElJH4F 3 ( Arstan chronology , ARS) 122 {H 4F- 3 ( Residual chronology, RES) , 74
WFFE e RES SEATH A A K 5 ] (AR DG 3T, RES S 7E STD [3ERE - | %5 Fe B ZRAR A 540 (1035 4 LA K
FIREAAAE ST 2l 3 B REAE 5 B2 e 4 (R AR A2 Ak, DA K BsF ) e 4 9 L TRDE A6 STD #EA 748065 I FHR
PR, 250 A AR AT (T 30 A 2R A T I 30 A A i ) 3 P S o T A7 i) — PR R S A R
AR =LA
1.3 Jf sy b RRLG

MR B P AR X R TR A I, B A A R R T BE AR SR K Ry T AR B A A A B R A K B e 1 £
B AR S BAT SR PEAG BT X A P A AR A R AR A A i 38 AR A i g D T A

BAl =7 (R -R._))

K, R, JE n FEIREREAR; R, & n -1 FRIRER AR,

http ; //www.ecologica.cn



&
H
=il

1834 2 R 25

— FHEE — BNiRE — RREE 550

@) g
< 9 £
e = 450
2 % 2
5 400
=} &
£ 3 5
S £ 350
-
= 0 300
- by
3 250
200
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
4 -
s 66 .l
~ ()
Z 64 2
=) o Zo2¢t
£ 6 ) E
E 'S gL
2 60 o %
E £E of
2 22 1}
2 56 £3
& g 2t
' 54 =
S ~ 3L
52 A
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
Ay Year

B3 At bR SEEEEREHERE(1992—2019 4F)
Fig.3 Climatic changing trend of Northwestern of Hebei, China from 1992 to 2019

1.4 SZHEARRI

AR R F B A0 2 s R IR Tk AL R4 0 (114.42°E,41.09° N, W4k 4 1393.3 m) , B [H] 25 5
1992—2019 4F, SR H IR ] B RSB T S8 mii B ] YA i B Ak &, DL s P
G EE M (hitp - // data.cma.en/ ) FRIC,  H T B2 TR K S5 25654 HIO 38R 200 7K 2 14 5% i B ) A B
e FHIABRR T 5245 8 (PDSI) I Wifs FAAAE K S B HEK 43 B ¢ & LB >R IR Ty 22 2 KR4 R il 55
(http://climexp.knmi.nl/start.cgi ) H ) PDSI A% R AR AR (114.50°—115.00°E ,41.00°—41.50°N) , [ [R] 25
FER 1992—2017 4%, % R A K A9IE ST SRR A K0 8 A2 BT —AE SRR 52 MW, 72 HEA T 0 1 53
Mriskde FH E—4F 6 H #244F 10 A3 17 M A S L5808,
1.5 HdEab

ZHL XA T T R IX T RO H B RAE £ T FAR R A AR K A2 2™ F 52, 1A AR 1]
AR T G5 AR PR 2E(HAE R BAT 4R35 PDSI 4F PRt sh 8 , B o i 14 A= K8 1 R i AR S
B EERESTAS 3 A KK S AE Y 2000 4E (PDSI=-1.92) 2007 4E ( PDSI = —3.34) #1 2014 4E ( PDSI =
- 1.54) KRR FHA AP ) WK T RS T

FIH Lloret 25 A SRS TR FARMIEHL 1 R E F1 Ansibk B8

R=G/G, ;R =G,/G ;R =G,/ G,

Kb, R R F R G BIF NI WK AL ST 6, FnE K B E T RENEUE; 6, 1 G, 43 313RR
A 2 T 3 AR RS 3 AEMEIAME, R, >0.75 BRI AT T R B AR & WAL R, >1.25 Ul LA T
R AA A BRI T

ASCRIH Excel 2013 F A3 AT L300 1 1 DXAR TP (4% 1) AR A A, 8 s 12 b KRS A A AR ROTR B, i
FHl Dendroclim 2002 [E PR ARG > S0 M 4F 26 5 8-S A B0 18] () A 61 ,IFH Origin 2018 2R RN 22
(AR BAI 4R LS S R R hIME

http ; //www.ecologica.cn



51 XPFe A5 AL I E A A AR [ A R R R A AT 25 A i 1835

2 HIR&ER

2.1 P IFERGIHE
ABIFEHESL TR TARREAE RN ZE(H AR AR R

R R IEE BTSSR T U, R bR 2 Sy £ 20— MRS — Rkl *
R 79 IR 6 380 M50 He REAS B pR 1 e 2ok § L foo g
PEOERIR (R 1) o FREZRIERI TS b 2 | |, 2
M R R AP 700 R A 3P g b
BROS BT A PR AR P22 (AR R AR 22 50 0 E o3 20 =
0.35810.308, —/ MK RBOLME F—FRBL E S .
Xﬁi’;@@%ﬁfﬁi{éﬂ@%ﬂ@ﬁ% , E{E%%Uﬁﬂ 0.295 ﬂ] 1990 1995 2000 2005 2010 2015 2020
0.063 , 4 W1 T 2 11 8 K- 3% 1 40 15 26 P 10 e

W20 TR A ) AR G 2R B4 31k 0.579 F10.607, H4 AL EBRETREESR

Fig.4 Residual chronology of Pinus sylvestris var. mongolica
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Table 1 Statistics of the Residual chronology of Pinus sylvestris var. mongolica
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