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Daily stem radial variation of Pinus koraiensis and its response to meteorological

parameters in Xiaoxing’ an mountain

LI Xinghuan', LIU Ruipeng',MAO Zijun"* SONG Yuan',LIU Linxin*, SUN Tao'
1 Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry University, Harbin 150040, China
2 College of Life Science & Agriculture and Forestry of Qigihar University , Qigihar 161006, China

Abstract; In the Xiaoxing’ an mountain of northeastern China, the primary temperate forest is dominated by Korean pine
( Pinus koraiensts Sieb. Et Zucc) mixed with some deciduous species. Furthermore, Korean pine is a major source of timber
production in this area. In spite of the importance of this tree species, no published data are available on the daily stem
radial variation of Pinus koraiensis and its response to meteorological parameters in northeastern China. In this study, we
measured the growth patterns of stem diameter of Pinus koraiensis between April and November 2012, in Liangshui National
Nature Reserve. Automatic point dendrometers were used for the continuous monitoring of tree growth. To perform the
statistical analyses, the data were split into 15-day intervals during the growing season. The relationships between stem
radial increment rate and meteorological parameters were assessed using the Pearson correlation coefficient. The
meteorological parameters measured were mean, maximum and minimum air temperatures, soil temperature, air relative
humidity, vapor pressure deficit, and precipitation. By dividing the dendrometer day-night data, our results demonstrated
that the diurnal growth pattern was resolved into the three distinct phases: (1) radius contraction phase, (2) radius
expansion phase, and (3) radius increment phase. During the period of measurement, the diameter of the stem usually

exhibited daytime shrinkage and night-time expansion. An entire circadian cycle was constituted of a phase of contraction
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followed by a phase of expansion, plus a phase of radius increment when present. The stem circadian cycle generally lasted
about 24 h, but heavy rain could cause irregular cycles of more than 24 h, largely due to a longer expansion phase. The
growth of stem diameter of Pinus koraiensis started in late May, and ended in late July. The largest stem growth rate was
obtained in mid-June. The cumulative radical increment of Pinus koraiensis between April and November 2012 was 800 pm.
There was a markedly difference in the growth of stem diameter of Pinus koraiensis between tree sample individuals. In
addition, evidence form our study suggested that the Gompertz growth function provided a better fit during the growing
season. And this Gompertz growth function could explain approximately 90% of the variance of stem increment. We
separately used two kinds of extraction methods of stem radius variation to examine the relationships between stem growth
and meteorological factors. For example, for the diurnal growth pattern described by the three previous phases, the
meteorological parameters of each phase were compared with the stem radius increment using simple correlation and response
function analysis. The contraction in the first phase was primarily influenced by relative humidity, soil temperature and
atmospheric vapor pressure deficit. During the second phase, precipitation and maximum air temperature were the main
factors which influenced the radial recovery of stem. In the period of increment, minimum air temperature and precipitation
had a significant effect on the growth in stem diameter. Furthermore, we used the daily maximum approach to extract the
maximum of all daily stem diameter variation data. The difference between two daily maximum was the daily variance of the
stem. Through analyzing the relationships between daily variation of stem radial and daily meteorological factors, we
concluded that there were significant relationships between daily radius variation and relative air humidity, soil temperature
and precipitation. The multivariate regression model showed that the daily analysis method could explain only 34% of the
stem radius variation. However, the separation of the circadian cycle into distinct phases allowed the extraction of the SRI
and allowed precise summaries of the meteorological data, and this method could explain 58% of the stem radius variation.
In conclusion, our results suggested that meteorological factors during periods of expansion and increment played an

important role on the stem radial growth of Pinus koraiensis.

Key Words; dendrometer; Pinus koraiensis; stem radial variations; growing season; meteorological factors
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Table 1 Characters of the 6 sample trees of Pinus koraiensis for diameter change monitored in 2012
FERS 2 Wi Wz et e
Sample tree number Tree height/m Diameter at breast height/cm Crown diameter/m
1# 27.0 52.5 8.0
24 24.0 39.5 6.5
3# 29.0 71.6 8.5
A# 28.0 44.4 7.0
S# 29.0 56.1 8.0
6# 25.0 37.3 6.0
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Fig.2 Daily variation of stem radial of Pinus koraiensis; The
stem radius increment ( AR+) was calculated when the stem
radius exceeds the previous cycle maximum, A AR - was
calculated when the previous cycle maximum was not reached.
A regular cycle ( REG) lasts about 24 h, while a long cycle
(LG) lasts more than one day

FCFBOTE TR s, B 3 A4 K FLAMm
B2 2R A AT WL 6—T7 H Gy 2T BAR
AR EZERS, A4 a3 10 Jda), ]
15 dA I [A] ROBE X 200N ) A8 AL i AT T 20T, 4%
mE 4 s A4 P TaA -5 0 A B EER
MYIEME, X & T REEZT KR EN B, ZJFEMN S
AW FaFFRES B2 50 A BEEFMWIE
B, 727 A TR HRRE 150 A B%&2E51
IEE, 2R HIWT LA 9 AR 1] AR KOT 6 5 5 H Ay 7
T HARERKBE TSR,
3.3 amiEmAERKmE

i Gompertz BIRIXFZIAME M A K 4T T HIA
(K'5), MWIEIHATLIE H Gompertz A= K AR IR 419
PG T LRI AR 3 BRZDAMEAR 1 7 B L6 B
IKEN T MK (P<0.01) AT LASRRE 92% LA E 1Y
gL el LoRnR I A KR AE 5 ARG,
5 AR (55 150 KAeA) JH s A K 72 6 H 10 H
(55 160 K) Ze A A ) A R Rk Bl e RAH, SRR
T—8H Rz A KW NE S AT LLFE ) 3PRAL

1200 ¢ - 100
1000 4 9%
£ WWMLVN\ 1 80
< 800 £
[=]
£ 600 17
E N =
bl e _E
RZ 40 B 3
Mé%’ - 50 &g
= & 200 m g
w2 40 i
~ -g 0 30 =]
_— <
a @)
6 -200 20
-400 10
-600
04-15  05-15  06-15  07-15  08-15  09-15  10-15  11-15
H i Date

3 ARMTEEEREL

Fig.3 Cumulative radial variation of Pinus koraiensis in 2012
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x2 EKFINMNNBREAZTUESHEEHERSEEFH Pearson tHXESHEXRE
Table 2  Pearson correlation and partial correlation coefficient between three phase radial variation and the corresponding phase of

meteorological factors during the growing season

. IR . - o KIRET -
. sl R RIEGR e b 0T g
KB ) . S . . . . Vapor -
Average air Maximum air Minimum air  Air relative  Soil tempe- Precipi-
Phase . pressure .
temperature  temperature  temperature humidity rature . . tation
deficit
4 Pears Y . . . .
i carson ALRAREC 0.074 01527 -0.196%*  -0.439""  -0.195"°  0.347""  -0.150°°
Contraction ~ Pearson correlation coefficient
Wj*ﬁﬂé%ﬁ . - 0.150** 0.132* -0.124" -0.282"" -0.307"" -0.248"" -0.104
partial correlation coefficient
7 Pearson X5 , ﬁ . . . .
il cason HIXAEL o Gom -0.380""  -0305""  -0.292°"  0.211°" 0.221°*
Expansion Pearson correlation coefficient
M*H%/‘?ﬁ . - -0.078 0.233 %" -0.069 -0.077 0.043 -0.047 0.385"*
partial correlation coefficient
K Pearson MR % . . . . .
K carson XA 0.148 0.214** 0.072 0.2767* 0.219"*  -0.236"* 0.700**
Increment Pearson correlation coefficient
X R 0.232**  -0.049 -0.307 """ 0.013 -0.052 -0.150 0.637""

partial correlation coefficient

* P <0.05; = %P <0.01

®3 ERKFINBREAEALSBSKETFH Pearson HXMESHEHEXRY

Table 3 Pearson correlation and partial correlation coefficient between daily stem growth of Pinus koraiensis and daily meteorological factors
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P2 Uil Jo i ﬂiﬂi i fﬁ ng TR KR 75 Ve
Average air Maximum air Minimum air Air relative . Vapor pressure .
. Soil temperature . Precipitation
temperature temperature temperature humidity deficit
Pearson AHIC R % - ‘
carson fCHEC ~0.103* ~0.420** 0.199°* 0.421° ~0.103" -0.485° 0.335°°
Pearson correlation coefficient
TRA SRR 0.111 = —-0.152 % = -0.031 0.120 -0.221"" 0.027 0.195"*

partial correlation coefficient

#* P <0.05; = * P <0.01
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