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Differences in response of radial growth to extreme droughts for the main

constructive tree species on sunny and shady slopes in eastern Tibet
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Abstract ; Tree radial growth may respond differently to extreme drought events on different slopes and at different altitudes,
but this is not well understood. In order to reveal the differences in growth response to climate warming, we selected the
constructive tree species Picea likiangensis var. rubescens and Juniperus tibetica of the forests from the shady and sunny
slopes of Zhujiaola Mountain in eastern Tibet. Tree-ring width chronologies were established for the two investigated tree
species at different altitudes, and then used to analyze the climate response of tree radial growth. Furthermore, the
characteristics of resistance and resilience to extreme drought events were then explored for the studied trees based on tree-
ring width data. The results showed that there were strong similarities in the responses of junipers on the sunny slope and
spruces on the shady slope to the climate variations, both of which were significantly and positively correlated with the
temperatures in March-June and November-December of the previous year, negatively correlated with the temperature and
positively correlated with the precipitation and Palmer Drought Severity Index ( PDSI) in April-May of the ring-formation

year (P<0.05). Besides, temperatures in the previous growing season and winter, temperatures and moisture conditions in
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the current growing season were the main limiting factors for the two tree species but the growth variations of junipers on the
sunny slope were more sensitive to drought fluctuations in the growing season as compared with spruce trees. In addition to
the climate response analysis we also investigated the differences in the resistance and resilience of the two constructive tree
species in response to extreme drought events, which were defined by PDSI according to the growth-climate response results.
We found that the resistance of junipers on the sunny slope was significantly lower than that of spruces on the shady slope,
indicating that the junipers on sunny slope would be more sensitive to drought extremes, and thus facing greater risk of
growth decline when severe drought events occurred. Our results also uncovered altitude-specific differences in resistance
and resilience to drought events for the two tree species. With the increase of altitude, the resistance and resilience of
individual spruce trees on shady slopes increased significantly, while there was no significant difference in resistance and
resilience for junipers on sunny slopes at different altitudes. Therefore, the spruces on the shady slope at low altitudes would
be more sensitive to drought extremes. The mixed-effects model further revealed that tree growth resistance was significantly
limited by the average maximum temperature in April-May in the drought year. Tree growth resilience was significantly
limited by the average April-May maximum temperatures in four years after the drought event (P<0.01), suggesting that
climate warming would lead to a decrease in tree radial growth to extreme drought events and inhibiting growth recovery

afterwards.

Key Words: Juniperus tibetica; Picea likiangensis var. rubescens; redial growth; climate response; extreme drought;

resistance ; resilience
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Fig.1 Location map of the sampling sites and the weather station
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Fig.2 Variations of temperatures and precipitations from 1954 to 2014 at the Changdu climate station
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Fig.3 Tree-ring width chronologies for the five sampling sites on
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Table 1 Statistics for the tree-ring width chronologies of the five sampling sites on the shaded and sunny slopes of the Zhujiaola Mountain in

eastern Tibet

4£2 Chronology PIU PIM PIL JuU Jul,
FEA K Number of tree/n 34 29 27 32 20

SEARY Average age/a 349 443 230 1218 835

JF 3 B M1 K 22 BL Mean inter-series correlation 0.498 0.512 0.583 0.518 0.554
SEHURSE Mean sensitivity 0.158 0.157 0.175 0.217 0.294
44K B Mean length of series/a 125.5 246.9 120.1 715.3 574.5
—Br F K First-order autocorrelation 0.852 0.884 0.861 0.835 0.864
FRif2 Standard deviation 0.324 0.251 0.724 0.149 0.238
B4R T B Mean ring width/cm 0.84 0.52 1.41 0.33 0.38
FEA BRI BB Expressed population signal/% 0.896 0.903 0.902 0.927 0.899
{5 LL Signal to noise ratio 8.622 9.328 9.196 12.738 8.869

AAERILE X B BN 1954—2010 45 PTU I P8 2 AZ 5 1 R A 1 Upper-elevation sampling sites of Picea likiangensis var. rubescens; PIM ; JI|
PO 2 K2 H g R AE 15, Mid-elevation sampling sites of Picea likiangensis var. rubescens ; PIL: JI| P8 5 AL AR RAE 1. Low-elevation sampling sites of Picea
likiangensis var. rubescens ; JuU ; K [RIAA 5 4R R AE 5. Upper-elevation sampling sites of Juniperus tibetica ; JuL; KSR B MK I35 R AE 15 Low-elevation

sampling sites of Juniperus tibetica
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Fig.4 Correlation coefficients of radial growth of trees with climatic factors
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Table 2 Results of the linear mixed effects models of resistance and resilience

- HEHLFT Resistance % E 71 Resilience

Vol pome S0 Y " e m Y r
Intercept 1.769 0.292 12 <0.001 2.158 0.453 5 0.005
Species 0.088 0.027 652 0.001 —0.014 0.040 603 0.722
Pspr 0.004 0.008 3 0.529 — — — —
Tspr —0.055 0.014 650 <0.001 — — — —
Tsprpost — — — — —0.086 0.019 589 <0.001
Psprpost — — — — 0.001 0.012 3 0.911

B gy =

Pspr: MAE 4—5 ARk Average precipitation in April and May of the current year; Tspr: MAE4—5 A PR ESIR Average maximum
temperature in April-May of the current year; Tsprpost : T- S35 {4 )5 PUAE 4—5 H SR the average April-May maximum temperatures in four years

after the drought event ; Psprpost: T2 FH )5 PUAE 4-5 H V3[4 7K i the average April-May precipitation in four years after the drought event

4 i

4.1 PR ) A R U PR 1 A8 i R 22 5

PSR 1] AR R I TSR TR T, PSR AR 1) A2 I B 5 29 4F 4—5 F kit AR |
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