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Response of radial growth of Pinus tabuliformis plantations to climate change in
loess area of western Shanxi Province of northern China

Liang Longyue' Zhang Jianjun'? LiYang' Hu Yawei' Zhao Jiongchang' Yang Zhou'
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;

2. Jixian National Forest Ecosystem Observation and Research Station, Beijing 100083, China)

Abstract: [Objective] Pinus tabuliformis is an important tree species for soil and water conservation on the
Loess Plateau of northern China. Studying the response of radial growth of P. tabuliformis to climate factors
is beneficial for deeply understanding the adaptability of P. tabuliformis plantations to climate change.
Moreover, it can provide a basis for management and response to climate change of existing P. tabuliformis
plantations. [Method] This study took P. fabuliformis plantations in the Caijiachuan Basin, Jixian County,

Shanxi Province of northern China as the research object. Tree-disk samples of 49 P. tabuliformis trees were
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collected. Based on the characteristics of changes in radial growth rate of trees with age, growth process of
P. tabuliformis was divided into three stages: rapid-growth stage (1—7 years), growth rate decline stage
(827 years), and growth-plateau stage (> 28 years). By establishing a standardized tree-ring width
chronology, interannual variation characteristics of radial growth of P. tabuliformis were analyzed, and the
response laws of radial growth of P. tabuliformis to climate factors at different growth stages were
identified. [Result] (1) During entire growth cycle, radial growth of P. tabuliformis was mainly affected by
temperature factors in March and June of current year, as well as relative humidity in May of the previous
year and March of current year. For P. tabuliformis in rapid growth stage, its radial growth was mainly
affected by precipitation in March of current year, and the relative humidity in March of the previous year
and January of the current year. For those in growth rate decline stage, the radial growth of P. tabuliformis
was mainly influenced by temperature factors in March, May to July of the previous year and the current
year, as well as the minimum temperature in August to September of the previous year and current year. For
P. tabuliformis in growth plateau stage, there was no significant correlations between its radial growth and
various climate factors. The results of sliding correlation analysis showed that the sensitivity of P.
tabuliformis in early growth stage to the maximum temperature and precipitation decreased, and the
sensitivity of P. tabuliformis in mid-growth stage to the minimum temperature and relative humidity
weakened. (2) Before the abrupt change of temperature, the radial growth of P. tabuliformis in the rapid-
growth stage and growth rate decline stage was significantly affected by precipitation and relative humidity
(P < 0.05). After abrupt change of temperature, the sensitivity of radial growth of P. tabuliformis in rapid-
growth stage to precipitation and relative humidity increased. However, the sensitivity of radial growth of P.
tabuliformis in growth rate decline stage to precipitation and relative humidity decreased, while the
sensitivity to temperature factors increased. [Conclusion] The sensitivity of artificially planted P.
tabuliformis forests to climate varies at different growth stages. In the rapid-growth stage, its radial growth is
mainly affected by precipitation; in the growth rate decline stage, by the maximum temperature; in the
growth-plateau stage, the interference of climate factors is relatively small. If the climate continues to warm
in the future, the radial growth of P. tabuliformis will be further restricted.

Key words: Pinus tabuliformis; tree ring; radial growth; temperature rise mutation; climate response
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Tab. 1 Basic information of sample plots

s ESLL A Rl 5 /(bR -hm ) #4/m WP/ W PRUEALE PRAEARZE
1 IRV 1100 1125.0 31 2853 36°16'26"N 110°45'33"E
2 ThAA B 1025 1087.0 28 FH 3% 36°16'28"N 110°45'31"E
3 TR b 700 1212.0 27 BRI 36°16'25"N 110°45'32"E
4 IRV 1250 1278.0 30 2853 36°16'26"N 110°45'31"E
5 ThAA B 1125 1267.0 32 FH 3% 36°16'24"N 110°45'30"E
6 Ee7t 2150 1075.0 30 BRI 36°15'45"N 110°43'46"E
7 HIHsy 1875 1171.0 27 2853 36°15'16"N 110°43'46"E
8 HIn sy 2100 1196.0 30 FH 3% 36°15'09"N 110°43'46"E
9 AHE 4 475 1252.0 34 BRI 36°16'60"N 110°41'34"E

10 AW 4000 1290.0 29 FH I 36°17'00"N 110°41'33"E
11 AAH L 3600 1255.0 28 FH 3% 36°16'53"N 110°4128"E
12 AW 3 600 1304.0 26 PR3 36°16'56"N 110°41'30"E
13 AW 4000 1240.0 31 FH I 36°16'57"N 110°41'34"E
14 AAH L 4000 1298.8 31 FH 3% 36°16'57"N 110°41'33"E
15 AAE 5050 12773 28 BRI 36°16'51"N 110°41'19"E
16 A 3200 12842 25 FH I 36°16'50"N 110°41'18"E
17 AAH 4775 1308.3 25 FH 3% 36°16'49"N 110°41'16"E
18 AHE 5550 1307.0 25 BRI 36°16'50"N 110°41'16"E
19 AW 5900 1273.0 28 FH I 36°16'49"N 110°41'15"E
20 AAH 5900 12771 33 FH 3% 36°16'49"N 110°41'16"E
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Fig. 1 Changing trend of climate factors from 1977 to 2020
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Tab. 2 Statistical characteristics of Pinus tabuliformis chronology
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Fig. 2 Standard chronology of Pinus tabuliformis tree ring width
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