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Abstract

Aims Forest fire plays a complex and important role in affecting forest regeneration, tree growth, and stand
development. Despite the importance of forest fire in modulating forest dynamics, researches on the response
patterns of trees of different age-classes to fire disturbances are scarce. This study was conducted to determine the
growth patterns of surviving trees of different age-classes in an alpine pine (Pinus densata) forest in the
southeastern Xizang Plateau, where a moderate surface fire occurred in 2005.

Methods We collected tree-ring samples of P. densata in the Gong-Zi-Nong valley in Nang County, Xizang
Autonomous Region, in western China. Based on the diameter at breast height (DBH), the sampling trees were
divided into saplings (DBH < 10 cm) and mature trees (DBH =10 cm). The tree-ring samples were subsequently
polished, measured, cross-dated, and detrended to produce sequences of tree-ring width indices. The detrended
tree-ring sequences were averaged using bi-weight robust method to develop chronologies for saplings and mature
trees separately. Pearson correlation coefficients and response coefficients between the sequences of tree-ring
width indices and climate factors (air temperature and precipitation) were calculated for examination of the res-
ponses of tree-ring sequences to monthly mean air temperature and monthly total precipitation both before and
after the fire event. Indices of growth resistance and growth recovery were calculated based on the relative
changes of trees’ raw ring width before and after the fire event, for trees in different age-classes. These indices
were then compared between the trees in different age classes to assess the impacts of fire on trees.

Important findings Before the fire event, the radial growth of saplings showed a significantly negative response
to the monthly mean minimum temperature of the preceding November, whereas the radial growth of mature trees
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showed a significantly positive response to monthly mean minimum temperature and monthly mean temperature
of current September; following the fire event, radial growth of both the saplings and the mature trees showed a
significantly negative response to monthly mean temperature and monthly mean maximum temperature of Janu-
ary of the tree-ring formation year. Based on the ratios of mean tree-ring widths of 5 post-fire years to those of 5
pre-fire years, the mature trees were significantly more fire resistant than the saplings. Moreover, the mature trees
also showed greater ability in post-fire recoveries than the burnt saplings. Our results demonstrated that moderate
surface fire stimulated the radial growth of both saplings and mature trees, and that the mature trees better recov-
ered from the fire event than the saplings. The changes in growth-climate relationships following the fire event
may attribute to changes in understory vegetation and microenvironments.
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Fig. 1 Map showing the location of sampling site and the meteorological station in Lhiinzé County, Xizang.
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Fig. 2 Mean monthly temperature (T.,), mean monthly maxi-
mum temperature (Ta), Mean monthly minimum temperature
(Tmin) and monthly precipitation (P,,,) for the period 1959-2013
at the meteorological station of Lhiinzé County, Xizang.
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Table 1 Statistics of the tree-ring width chronologies for the saplings and
the mature trees of alpine pine (Pinus densata)
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Fig. 3 Tree-ring width chronologies and the corresponding
number of samples for saplings and mature trees of alpine pine
(Pinus densata) in Nang County, Xizang.
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2 LR BRSBTS R 98 P SR AR S AR B CP I AR v i 22)
Table 2 The mean tree-ring widths, resistance and recovery indices for saplings and mature trees of alpine pine (Pinus densata) (mean + SD)

6311 PR RS: (%) RS2 (%) RC1 (%) RC. (%) RCs (%)
Age class Mean ring-width (mm)

JRAER Mature trees 0.86 +0.15" -42.03 £9.24° -31.98 +9.55° 57.25 +18.32% 172.07 + 43.43° 48.22 +21.07°
#iFf Saplings 1.38+£0.14° -46.39 +5.06° -51.65+4.41° 88.06 + 14.36% 146.76 + 21.00° 8.92 + 13.40°

RS1. RSz. RCiv RCay RCa7MHMREE St KHTLAE LEE KRBT it KATSAE AT i KIELERIRE F1. S KESERKRE 1. 5id kKHTs
L KSR 15 SRS R AOH R F BRI AN EME 22 7 A 2.2 (p < 0.05).

RS1, RSz, RC1, RC,, and RC; represent the fire resistance of trees relative to the preceding year and preceding five years, the recovery of trees after one year and
five years of the fire event, and recovery of trees after five years of the fire event relative to the preceding five years of the fire event. The same letters within
each column indicate no significant difference between trees of different age-classes (p < 0.05).
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Fig. 4 Correlation coefficients of the standard chronologies of saplings and mature trees of alpine pine (Pinus densata) with
monthly precipitation (A1, A2), monthly minimum temperature (B1, B2), mean monthly maximum temperature (C1, C2), and mean
monthly temperature (D1, D2) in the periods preceding the fire (1970-2004) (A1, B1, C1, D1) and following the fire (2006-2013)
(A2, B2, C2, D2). The asterisks indicate the significance of correlation at the 95% confidence level.
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