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Variation in plant phenology in the Qinling Mountains from 1964—2015 in the

context of climate change
DENG Chenhui' , BAI Hongying'* ,ZHAI Danping', GAO Shan®, HUANG Xiaoyue' ,MENG Qing' ,HE Yingna'
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Abstract; In the context of global climate change, plant phenology has become the subject of intensive research. Mountains
are considered indicators ‘of global climate change. The Qinling mountain region, known as a unique geographical unit in
China because of its ecological sensitivity and vulnerability, underwent a significant temperature increase in the last 50
years. Based on phenological ‘data collected from 1964—2015, 17 plant species, including trees, shrubs, and vines, were
selected as the subjects of the present study. This paper analyzes and discusses changing conditions and changes in plant
phenology in.the context of global climate change in the Qinling Mountains. Our analyses generated four primary results.
First, over the past.52 years, the beginning of the plant phenophase has advanced at a rate of 1.2 days decade™ , and the
end of the plant phenophase has delayed at a rate of 3.5 days decade™ , causing a significant prolongation of the growth
period. The primary reason for this prolongation is the rising temperature in the region. There was a inconsistency on the
response at the beginning and the end of the phenophase to temperature. Second, the abrupt change of phenophase occurred
in the 1980s in Qinling area, the start of phenophase occurred in 1985 andthe end of phenophase did in 1984. After the
abrupt change occurs, plant phenological characteristics changed significantly, compared with abrupt change before,

showing that the advanced rate in the start of phenophase was faster, and the trend in the end of the phenophase turned into
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a very significant delay; the rate of change and the significance at the end of the plant phenophase were higher than that at
the beginning of the period. These changes in the beginning and end points of plant phenophases manifest as a " convergence
effect" . Interdecadal variations in phenology indicate that the rate of advance in the beginning of plant phenophases slowed
from 2001 to 2005, and that the response of plants to climate change showed qualities of adaptability and hysteresis. These
results indicate that the dominant factor leading to changes in the beginning and end points of the plant phenophase was
temperature, and that the response of plant phenology to changes in temperature is particularly sensitive, further
demonstrating that there is a correlation between plant phenophase and climate change. Third, changes in phenophase varied
by species. The advancement of the beginning of the phenophase promoted the prevalence of shrubs, trees, and vines, /in
this order, at the beginning of the phenophase, whereas the delay in the ending of the phenophase decreased.the abundance
of trees, shrubs, and vines, in this order, at the end. These differences in abundance are related ‘to differences in
physiological characteristics between the different species in response to climate change. Finally, plant responses to climate
change in the Qinling Mountains differed along a north-south axis. The rate of advance in the beginning of the phenophase
was higher in the northern slope than in the southern slope, whereas the rate of delay in ending of the phenophase was more

severe in the southern slope than in the northern slope.
Key Words: plant phenology; variation in characteristics; abrupt change in phenophase; difference; the Qinling region
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Table 1 The mainly observed tree species of phenology research in the Qinling Mountains

phpa S iy 15 Xﬂliﬂlﬂlﬂ; iﬂﬂiﬁ%fﬁ @uz.!iéérﬁ ‘iﬂﬁﬁ‘?@’ffi -
Tree Species Type ‘ Leaf Life form Obser\‘/allon latll-ude of Longl.lude of Almhude of Time series
life span station station/N station/E station/m

B Populus tomentosa A HbFp & EIWN -9 34.3° 108.93° 438 1964—2015
1Bk Prunus davidiana A B wnt A 7S 34.3° 108.93° 438 1964—2015
238 Cercis chinensis A HbFp M WEAREUNMEA PR 34.3° 108.93° 438 1964—2015
T Salix babylonica A B Tt EIEN 7S 34.3° 108.93° 438 1964—2015
¥aB} Broussonetia papyrifera 2l il #t TrAR (15 34.3° 108.93° 438 1964—2015
FBE Robinia pseudoacacia 51 HEF #t EIN 7S 34.3° 108.93° 438 19642015
FM Morus alba A M WEAREUNMEA S TR 34.3° 108.93° 438 1964—2015
R Ginkgo biloba A B wnt AR LR 34.3° 108.93° 438 1984—2015
itk Juglans regia A HbFp it A ik 34.3° 108.93° 438 1982—2015
B ! o .

Cotinus coggygria var. pubescens A HbFp o EAREUNMEAR R 34.3° 108.93¢ 438 1988—2015
¥ BBk Quercus variabilis Al il A TR LS 34.3° 108.93° 438 1997—2015
WA Paulownia A ot FrAR J A 34.4° 108.72° 472.8 1984—2015
INA% Populus simonii A b Fp #t A R 34.25° 108.22° 447.8 1985—2015
B Melia azedarach 5| el ot EIN H 34.52° 109.48° 349.8 1990—2015
T * Salix babylonica ™ 5l & EiZN E35 32.72° 109.03° 290.8 1982—2008
Wbk * Juglans regia * A n EIwN % 33.87° 109.97° 742.2 1982—2015
W% Vitis vinifera 5| & A K Tl 33.17° 107.33° 486.4 1991—2015
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Table 2 The change trend in the start & end of plant phenophases during 1964—2015
WFh LN =Ry <k R® B #EME T AR I i 4 R® J bk
Tree species Trend in the start of phenophase R® & sig. Trend in the end of phenophase R & sig.
HI#8 Robinia pseudoacacia ¥y=-0.1050x+313.33 0.072 y=0.1511x+10.48 0.071
W Morus alba ¥y=-0.0538x+210.84 0.014 y=0.3621x-403.47 0.178*"
KB Broussonetia papyrifera y=-0.2262x+555.58 0.238 " y=0.4387x-560.52 0.389 "
EAW Populus tomentosa y=-0.0486x+197.58 0.015 ¥=0.3887x-466.09 0.424 %%
898 Cercis chinensis y=-0.1411x+380.46 0.091 " y=0.3472x-384.62 0.283 "
WMk Prunus davidiana ¥y=-0.1527x+391:42 0.091 * ¥=0.2740x-232.00 0.103*
FEM Salix babylonica y=-0.1049x+289.94 0.054 y=0.4928x-654.81 0.547"*
* P<0.05; ** P<0.01
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Fig.6 The change in the start and end of plant phenophases during 1964—1985
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Table 3 The change trend in the start & end of plant phenophases during 1964—1985
WFh LR =Ry 2k R* RBEM YRk R® J w2
Tree species Trend in the start of phenophase R & sig. Trend in the end of phenophase R? & sig.
HI#R Robinia pseudoacacia y=-0.0332x+170.05 0.0018 y=-0.4260x+1152.7 0.4765 "
ZEW Morus alba ¥=0.0182x+66.977 0.0004 y=-0.7252x+1746.8 0.2450 "
FB Broussonetia papyrifera ¥=-0.1749x+452.61 0.0834 y=-0.3804x+1059.0 0.1488
E ) Populus tomentosa ¥=0.2830x-458.59 0.1519 y=-0.2166x+729.38 0.0673
896| Cercis chinensis ¥=0.0457x+10.075 0.0028 y=-0.2645x+826.15 0.0614
1#k Prunus davidiana y=-0.0743x+235.19 0.0102 y=-1.2748x+2836.7 0.4617 "
T Salix babylonica y=-0.0923x+264.01 0.0095 y=0.083x+154.87 0.0068

* P<0.05; **.P<0.01
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Table 4 The change trend in the start & end-of plant phenophases during 1985—2015
R Fh LN GEIV SRS IS ATE S Y~ SV EE R® s
Tree species Trend in the start of phenophase R & sig. Trend in the end of phenophase R? & sig.
H48 Robinia pseudoacacia ¥y=-0.3597x+823.53 0.2865 ™" y=0.7027x-1094.2 0.4021 "~
ZEB Morus alba ¥=-0.4161x+936.97 0.3100 ** ¥=1.1499x-1981.3 0.5606 **
KB Broussonetia papyrifera y=-0.5517x+1207.9 0.4111*" y=0.9170x-1518.2 0.5915 "
B Populus tomentosa y=-0.3518x+804.90 0.2530** y=0.5300x—748.86 0.3487 "
898 Cercis chinensis y=-0.3723x+843.37 0.2292*" y=0.9238x-1539.4 0.6596 "~
1Bk Prunus davidiana y=-0.4886x+1064.6 0.2635"" y=1.0316x-1748.7 0.5732*"
FEMI Salix babylonica ¥y==0.3788x+838.9 0.2355** y=0.6475x-964.54 0.4760 "

* P<0.05; ** P<0.01.

Kl 8 BT R T A5 7 DRGSR A G 5 AEXHE AR AL, WoR |, Wi n I AR AR s
A Ak A 5 B i ) SR R B R 2 A R iR R i L, A A R AR X A B AR R 2001—2005 4
IRPE AT R, T 1T, X S5 F SRR T —E BTG N M, BESE i B B TR ML, SR B
A S A AR SR I PR AR A AT O A — O T, OB R A ER R R [ AYAIR A 1998 AF LUK H B AR
W I 52 3R IR Y Wy o AR AL Pt <A AR Ak T A8 4k, BLAFAE— 8 i Ja e
2.4 YEAs iz bk
2.4.1 WS

9 R 15 MR R AR e AR fbka s, IR 9 Fnge 5 K3 4 A, BiIE B/ A AR EHEARY),
3 IR WA 1 B T, P-4 T 3.9d/10a; PR IR P 39HEIR 7.5d/10a; A K HIAEK

11 TR R Py i 45 3017 492 55 3.8d/10a, PR A 344EIR 6.8d/10a, A K Horh Wi b
11, AR A AR AL R R K 5.5d/10a( P<0.01) , MK 0], SRR A 5 5 K 17.2d/10a( P<0.01) 33 AR Fh
o WL AT YRR 4.8/ 10a ; PHEAIAT-HER 8.9d/10a, 2B KMIFEK: . Hid Wy th i | B b it 728 1k
RIFEK6.7(P<0.01), Wi K, ZRAYHERHE K 11.5(P<0.01) ; Lh S e A ) 4 29 19 4 e 0h 10 32 1
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Fig.8 The interdecadal variation in the start and end of plant phenophases after the abrupt change
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Table 5 The change trend in the start & end of plant phenophases about 8 tree species during 1985—2015

R Fh Wty 1 e R K REW YR R* w3k
Tree species Trend in the start of phenophase R? & sig. Trend in the end of phenophase R? & sig.
B Ginkgo biloba y=-0.5352x+1170.1 0.3739 ** y=0.4718x~637.65 0.1936 *
Btk Juglans regia y=-0.4245x+945.47 0.2863 ** y=0.4501x-602.05 0.2031*

E W cotinus coggygria var. pubescens y=-0.6748x+1446.70 0.4606 ** y=0.5468x —788.00 0.2126*

¥ J MR Quercus variabilis y=-0.1509x+397.66 0.0096 y=0.6654x—-1018.7 0.2332"
W Melia azedarach y=-0.1266x+363.10 0.0391 y=1.7189x-3134.6 0.8877
INHAF Populus simonii y=-0.2423x+580.87 0.0982 y=0.2133x-118.10 0.0433
%] Vitis vinifera y=-0.2877x+679.45 0.0662 y=1.1523x-2033.3 0.1850 *
YoM Paulownia y=-0.5101x+1125.3 0.4820** y=0.1384x+293.81 0.0257

* P<0.05; ** P<0.01
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Fig.10 The Comparison of the start and end of plant phenophases in South & North Slopes of the Qinling Mountains
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