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Distinctions in drought adaptability and growth decline of Larix gmelinii at

different latitudes in Greater Khingan Mountains

YAN Hong, SUN Yingjie, ZHOU Wanying, LIU Binhui *
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract: It has been widely reported that the frequency and intensity of drought events caused by climate warming have
increased, resulting in the decline and death of some forests in the world. However, due to the different adaptability of
forests to deficit in different regions, the characteristics of forest adaptation to drought events should be carefully studied at
the regional scale. Among the forested regions of Northeast China, the Greater Khingan Mountains have seen the fastest rate
of warming during the past several decades. The Greater Khingan Mountains forest, dominated by Larix gmelini, has
important ecological significance as the only boreal forest in China. Understanding its adaption to water deficits is important,
especially as global warming greatly affects water conditions. In this study, we analyzed and compared the radial growth rate

and adaptability to extreme drought ( resistance (Rt), recovery (Rc) and resilience (Rs)) of Larix gmelini at different
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latitudes (47°17'—51°17"). The results showed that the coping strategies of Larix gmelini to drought in different latitudes
had common characteristics; (1) the growth of Larix gmelini at different latitudes in the study area was significantly positive
correlation with Palmer Drought Severity Index( PDSI)in July and August of current growing season (P<0.05); (2) Large
size trees had lower resistance and resilience to drought, and weaker adaptability to drought. The coping strategies of Larix
gmelinit to drought in different latitudes were distinct; (1) the resistance and resilience of Larix gmelinii to drought
decreased with the increase of latitude, while the recovery was on the contrary; (2) the adaptability of Larix gmelinii in
higher latitudes to drought was weak, resulting in the highest frequency and intensity of growth decline, while those in
middle and lower latitudes were on the contrary. Based on these results, we can infer that radial growth of Larix gmelinii is
more sensitive to water deficit during the rapid growth period of the year and certain biological factors are important to
regulating adaptation. Climatology conditions affect adaptation; at higher latitudes or higher altitudes, Larix gmelinii may be
more susceptible to declines in radial growth when droughts occur. We can predict that the adaptability of Larix gmelinii
could be enhanced when to water deficits are accompanied by temperature increases, but as water conditions continue to

change, further increases in drought intensity or frequency may complicate the outcomes.

Key Words: dendrochronology ; latitude; growth degradation; resilience; drought; global warming; Larix gmelinii
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Fig.1 Sampling site information of treering at three latitudes in Greater Khingan Mountains
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Table 1 Information of sampling sites and chronological characteristics
2K Type KA JEHRIR WKL
R F species MAZYEN RS Larix gmelinii
£ Latitude 51°10" N 50°7" N 47°17' N
2% Longitude 123°7" E 121°32' E 120°28" E
T4 Altitude/m 1230 959 1112
I Bt (FHEAE 5 >0.85) Time length(SSS>0.85) 1943—2019 1941—2020 1920—2020
FAEHE Mean age/a 74 68 58
FHI 4% Mean DBH/cm 19 27 31
SEIR E Mean height/m 12 12 16
S5 R Mean crown/m 3.8 2.6 3
S E AR L Average competition index 2.4 1.6 1.7
FEA R (WKL) Sample size(tree/ cores) 28/42 52/93 45/90
FEA B F M Express population signal (EPS) 0.974 0.973 0.979
#rifE2% Standard deviation (SD) 0.3685 0.3388 0.2468
W . Signal to noise ratio (SNR) 37.317 35.833 46.940
SEHHURE Mean sensitivity (MS) 0.2192 0.1580 0.1982
—r HAH2E Autocorrelation order 1 (AC1) 0.7654 0.8514 0.5774
HEUNE] S 4 A0 228X Mean interseries correlation( MC) 0.483 0.521 0.494
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Fig.2 Comparison of meteorological data changes of Larix gmelinii sampling sites at different latitudes in Greater Khingan Mountains
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Table 2 Correlation between adaptability index and biological factors of Larix gmelinii

SR A Eisn P ) PRS0 Ti (] L SR AR
Sampling site Index Rt Re Rs Competition DBH Hight Crown Age
Rt 1 0.01 0.89"** 0.25 ~0.49 *** -0.31 -0.51*"* -0.57
BT 75 1L Re 1 0.35"* -0.09 0.12 0.18 0.06 0.12
Rs 1 0.18 -0.35*" -0.13 -0.39** -0.39**
R 1 -0.19 0.8 0.06 -0.4%" -0.327*  -0.33%" -0.52""*
PEARIK Re 1 0.34** 0.06 0.09 0.11 0.04 0.17
Rs 1 0.02 -0.27** -0.19 -0.19 -0.35*"
Rt 1 -0.19 0.84"** 0.09 -0.53*" -0.31 -0.51** -0.09
pNEN Re 1 0.05 -0.02 -0.19 -0.27 -0.25 0.16
Rs 1 0.37 -0.69*** -0.55""  -0.52*" -0.09

Rt HKHT T resistance; Re: Pk 11 recovery; Rs : K E 577 resilience; DBH: {45 Diameter at breast height. Pearson AH3&, N F/RFEA I = f0F
P<0.05, =% {3 P<0.001
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