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Influence of climate and neighborhood competition on radial growth of
Pinus koraiensis in eastern Heilongjiang mountainous areas
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Abstract: [Objective] The study aims to investigate the effects of climatic factors and interspecific competition on the radial growth
of Pinus koraiensis, and to provide scientific support for predicting forest productivity and carbon sink potential under future climate
change, as well as the conservation and sustainable management of regional forest resources. [ Method] Pinus koraiensis trees from
two national nature reserves (Xiaobeihu and Xilinhe) in the mountainous eastern Heilongjiang Province were selected as research
materials. Dendrochronological techniques were adopted to acquire radial growth data. Combined with meteorological datasets and
neighborhood competition indices, correlation analysis and linear mixed-effects models (LMM) were applied to quantify the independent
impacts of climate and competition on the radial growth of Pinus koraiensis. Variance decomposition was further performed to calculate
their relative contributions, so as to explore the effects of climatic conditions and neighborhood competition on radial growth as well as
corresponding regional disparities. [Result] 1) The radial growth of Pinus koraiensis in the Xiaobeihu study area showed significantly
positive correlations with temperatures of the previous winter and current spring. Linear mixed-effects model (LMM) outputs indicated
that the diameter at breast height (DBH) of competing trees achieved the optimal fitting performance with cumulative radial growth over
the past 20 years; 2) Radial growth of Pinus koraiensis in the Xilinhe study area was primarily controlled by March temperature of the
current year. LMM results revealed that DBH of neighboring competitive trees had the best fitting effect with cumulative growth over
the recent 10 years; 3) The contribution proportions of climatic factors and inter-tree competition differed along the latitudinal gradient.
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With increasing latitude, the relative contribution rate of climate rose from 39% to 88%, while that of competition decreased from 61%

to 11%. [Conclusion] This study indicates that the dominant factor regulating radial growth of Pinus koraiensis shifts from biotic

competition to climatic limitation along mountainous eastern Heilongjiang. Thinning can alleviate competitive pressure in low-latitude

forest stands, while high-latitude forests should be alert to growth stress induced by spring warming.

Keywords: Pinus koraiensis; radial growth; neighboring tree competition; climate response
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Table 1 Basic information of sampling sites

X o 2 ST ST 445 R ST 5 e B J o
B B i e S I e A T
. Latitude  Longitude Average Mean Average .
Site . . S Mean DBH /cm Mean tree height /m
N) (E) elevation /m temperature /C  precipitation /mm
/ML Xiaobeihu  44°107 128°37' 645 561.82 14.73+11.08 10.93+5.29
4H#% 7 Xilinhe 47°36’ 129°57" 339 534.90 18.73+11.37 12.934+6.24
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Table 2 Main statistical characteristics of the standard chronology Pinus koraiensis in Xiaobeihu and Xilinhe research areas

TN R
b FHKIE R T AR it 2 TR
Site Chronology length (Year) Mean indices Mean sensitivity Standard deviation .
autocorrelation
/ML Xiaobeihu 1976—2024 0.970 0.171 0.164 0.259
4Rt Xilinhe 1915—2024 0.731 0.257 0.293 0.725
o FEARFAR R EL HoENBETTE - FEA S e
PRI . . o (L ;
. Correlation coefficient Variance in first . . . Expressed population
Site . . Signal-to-noise ratio .
for all series eigenvector /% signal
/ML Xiaobeihu 0.302 39.53 9.095 0.901
2% Xilinhe 0.197 31.78 5.297 0.855
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Table 3 Characteristic parameters of competition indices for Pinus koraiensis in the Xiaobeihu and Xilinhe research areas

S S A% 2 AR i) T TR 2 A
STRE N /( #k-hm?) Spr /(m-hm %) Spa/(m*-hm %)
Site &/ME KA YoM &/ME I SONE BLIER i/ MA NAE YA
Min Max Mean Min Max Mean Min Max Mean
/B Xiaobeihu 400 2400 1266.7 33.6 263.8 167.8 2.0 60.5 30.9
2] Xilinhe 800 1 800 12782 101.0 478.8 281.6 9.3 135.1 66.9
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and precipitation in Xiaobeihu and Xilinhe study areas from 1980 to 2023
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Fig.2 Dynamics of annual average temperature, annual precipitation in the research areas of Xiaobeihu and Xilinhe

from 1980 to 2023
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Fig. 3 Correlation between tree-ring chronologies of Pinus koraiensis and monthly climatic factors in the Xiaobeihu and

Xilinhe research areas
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Table 4 Results of linear mixed-effects models for competition index and cumulative basal area growth in Xiaobeihu and

Xilinhe plots
R CTICTIE R T 1 /M E# Xiaobeihu S Xilinhe
Time Competition
interval /a indices a b R,’ R’ a b R,’ R}
N 3.521 5*** -0.000 59 0.042 0.591 3.065 55 0.000 752 0.006 0.679
5 Spen 3.704 2***  -0.000 06 0.073 0.686 4.236 19 ** -0.000 052 0.025 0.728
Sea 3.264 2%** 0 0.053 0.639 4.396 77 ** 0 0.015 0.689
N 7.227 5*** -0.001 17 0.059 0.578 7.654 45 0.000 431 0 0.541
10 Soei 7.920 3*%*  -0.000 13* 0.136 0.650 8.945 98 *** -0.000 159 0.055 0.665
Sea 7.021 0***  -0.000 O1* 0.127 0.616 9.533 11 ** 0 0.038 0.590
N 10.278 3***  -0.001 35 0.048 0.523 11.597 43 0.000 475 0 0.604
15 Sosi 11.167 8***  -0.000 16* 0.121 0.691 13.039 25 ** -0.000 188 0.032 0.652
Sga 10.173 6%** 0* 0.126 0.673 14.103 78 ** -0.000 001 0.032 0.640
N 14.265 1*¥¥*  -0.001 47 0.028 0.405 14.377 14 0.000 788 0 0.646
20 Sbex 16.431 9%**  -0.000 25%* 0.149 0.670 16.165 44 ** -0.000 181 0.030 0.613
Sga 14.905 6%** 0* 0.163 0.632 17.710 98 ** -0.000 001 0.032 0.693
N 16.788 7***  —0.000 88 0.006 0.365 17.836 85 0.001 001 0 0.640
25 Sosn 19.960 3***  -0.000 27* 0.104 0.574 19.935 14 ** -0.000 187 0.015 0.683
Sga 18.353 8***  —-0.000 01* 0.115 0.555 22.204 15 ** -0.000 001 0.029 0.693
N 19.530 4***  -0.000 94 0.005 0.385 22.869 61 -0.000 025 0 0.626
30 Spn 23.067 9***  —0.000 30 0.091 0.569 23.814 20 ** -0.000 213 0.016 0.673
Ska 21.213 3*%*%*  -0.000 01 0.095 0.543 26.679 20 ** -0.000 001 0.029 0.692

Toa b OIRG AR PE E B EG R, ONILES R R NZAF R o LY A4 RO AR B (R & R, =, P < 0.05; **, P <0.01;

Rk, P << 0.001. FIAl.

a, b: fixed effect parameters in the mixed effect model; R,*: Marginal R*; R.”: ConditionalR’. The bolded sections are well-fitted mixed-effects models; * P << 0.05,

** P << 0.01, *** P < 0.001.The same below.
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Fig. 4 Relationships between basal area increment (BAI) of Pinus koraiensis and climate factors and competition index in

the Xiaobeihu and Xilinhe research areas
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Fig.5 The relative contributions of climate and competition
to the radial growth of Pinus koraiensis
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