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Phenological Characteristics of Representative Woody Plants at Different Altitude
Sites in Jinnan Region and Their Response to Climate Change
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Abstract: Based on the phenological observations of six woody plant species in three stations in the period of
1983-2016, characteristics of phenology and temperature and their relationship were studied in different period. The
results showed that: (1) both annual and seasonal temperature increased significantly during the study period. The
warming trend was more obvious in the lower altitude areas such as Yudu, especially in Spring. Monthly temperature
also increased in most areas except Xixian. Monthly temperature had increased more obvious in March, resulting

increased yearly temperature. (2) Variations of phenological phase up to 1-2 months were observed in different areas
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and for different plants. The phenological stage happened earlier (later) in spring and ended later (earlier) in fall,

leading to longer (shorter) growth stage, in Yudu and Anze (Xixian) with lower (higher) altitude. (3) The start of

leaf-out had been occurring earlier in spring corresponding to higher yearly and spring average temperature, and the

higher temperature a month before for all woody plant. End of leaf fall had been postponed in response to the higher

yearly and fall temperature, and the temperature a month ago in Yudu and Anze but not in Xixian, where the plants

were located in the highest land in three stations. The study showed the obverse variation of temperature change in

three different stations. The responses of woody plants to climate change were different.

Platanus orientalis; Populus tomentosa; Prunus armeniac; Robinia hispfda Linn; Salix matsudana
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Table 1 Observation stations and representative plant species
X3 sy Ykt L/ &% (B 4 (N EHkEE (m)
Zone Station Species Phenological data period Longitude Latitude Altitude (m)
I ¥ % H Linfen basin X Yaoduqu XK Albizia julibrissin Durazz 1983-2016 111°29' 38" 36°03' 41" 4495
B Suspended Suzuk 19882016
KAF 1l Taiyue mountain %2 Anze E 14 Populus tomentosa 1983-2016 112°14' 45" 36°09' 46" 860.1
4k Prunus armeniac 19832016
B 2% 1) Lvliang mountain P2 Xixian LI Salix matsudana 19832016 110°56' 49" 36°42' 09" 1052.7
il ¥ Robinia hispfda Linn 1983-2016
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Table 2  Statistics of annual temperature in the three sites from 1983 to 2016 (C)
Ui 2 iy B IR AR e dot i i B (G
Station Average Average maximum Average minimum Extreme maximum Extreme minimum
SE#IX Yaoduqu 13.3 19.7 8.1 423 ~19.0
. Xixian 9.7 16.7 4.2 38.5 —24.2
PR E Anzexian 9.5 17.4 33 38.7 —-26.6
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Fig. 1 Change trends of the annual mean temperature in three sites from 1983 to 2016
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Fig.2 Comparison of seasonal average temperature in
three sites from 1983 to 2016

T T TR % ST IR S A A S E
KPR 0.01 KT B35 TR
Note: *,**

seasonal temperature at each site test through 0.05 level and

T 0.05
indicates that the significance of linear trend of

0.01 level, respectively.

MR 0.01 AKF MR, Bt
0.354°C-10a', KRR THIER IS 0.05 KT &

KF (P<0.01), FHEHEMWEKZE 3 H, JHiEA
1.461°C-10a"; 2281 . 5 H AR/
I N S E R 7 B M oA AN (E A R < i 5 R
ﬁ?%ﬂgwa3ﬁ¥w%ﬁ\¥w%%%ﬁﬁ6
H T35 e i SR AR AT ) 2Rk W 25 /K (P<0.01),
FHR R 3 H, PSR THIE A 0.839°C-10a s B
BARARRER, 5. 8.9 M 12 HKPEHSIE, 9
H P, 1. 4. 5. 6 A K 12 A FHAES
E%T%%%sﬁ%ﬂ%ﬁ%ﬁ?%ﬁﬁi%*%
(P<0.05), H4x A 2 EoHEs, 3 AFHEE,



#
I\
u

RN AR R M DA AR s R SR ARA A e T S 6] A AR A R i) [ © 69 -
£3 19832016 F=ihE A REIEFHENEZMEMEE (C10a™)
Table 3 Linear trend rate of monthly average value of daily temperature data in 1983—2016 (°C-10y_l)
3l g5 Tii H 1H 2 A 3H 4 J 5H 6 H 7H 8 A 9 H 10 1A 124
Station Item Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
AKX Yaoduqu T2 Average 0451  0.8877  1.460™ 07907 0.7917 0796 05177  0402° 0.538™" 0806 0.712" 0.582"
B Maximum 0240  0.641 1544 0762 0785 07677 0402  0.124 0136 0523 0349 0379
Ml Minimum ~ 0.374°  1.206”  1.492"  1.029" 0978 0972 07877 07357 0943 1.1277 1.105" 0.773"
2P Anze ¥ Average  0.084  0.623  0.8397  0.131 0091 0.8  0.137  0.054 0213 0391° 0312 0211
B Maximum 0347 0.698 13917 0420 0423 05967  0.182  0.153 0131 0554 0237  0.235
Ml Minimum ~ —0.098  0.638 0401  0.074 —0.158 0.012  0.381° 0227 0477 0378 0366  0.171
B Xixian ¥ Average  0.001 0431  0.8777 0225 —0.020 0.191  0.056 —0.051 —0.007 0.141  0.128  —0.005
I Maximum 0242 0.693 12607 0394 0207 0443 0069 0000 —0.069 0402  0.169  0.187
I%fIk Minimum  —0.160 0253 0.490" —-0.039 -0.338" -0.073  0.081  0.045 0177  0.045  0.143 —0.138

P T TAMFR P<0.05. P<0.01. Rl
Note: “is P<<0.05, " is P<<0.01. The same as below.

SRR T e R AR A AT ) R A KT
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Table 4 Mean phenology date of typical woody plants in the study area from 1983 to 2016 (Platanus orientalis is in 1988—2016)

FHFIX Yaoduqu
L/

P Anze P B Xixian

SR BEA

Phenophases
Albizia julibrissin Durazz

S=1=L] Pk Ry S

Platanus orientalis Populus tomentosa Prunus armeniac Robinia hispfda Linn Salix matsudana

JEM- 4 3] First leaf spreading

04-24 04-09 04-14 04-21 04-26 04-03
J A ] Full leaf spreading 04-30 04-16 04-18 04-29 05-01 04—07
FFAELR ] First blooming 06-02 04-14 03-19 04-25 05-11 04-12
JFAE3Y] Full blooming 06—11 04-21 0324 04-30 05-14 04-16
FFAEA I Terminal blooming 07-10 04-29 03-29 05-03 05-20 04-20
AR {445 First leaf coloring 10-08 10-13 09-27 09-26 09-27 09-26
-5 8K 1] Full leaf coloring 10-25 11-09 10-06 10-07 10-16 10-06
P& H443Y] Fallen start 10-05 10-16 10-11 10-11 10-04 10-09
Y& A Fallen conclusion 11-04 12-09 1026 1023 10-30 11-02
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Table 5 The linear trend rate of the typical woody plant’ s phenology in 1983—2016(d-10y™")

. Fe#X Yaoduqu 2P Anze P B Xixian
Yt : - :
B BEA BEW %k IR A
Phenophases
Albizia julibrissin Durazz Platanus orientalis Populus tomentosa Prunus armeniac Robinia hispfda Linn Salix matsudana
JEIUA 0 First leaf spreading -3.297" —4.468" -1.994" -1.302" +0.066 +0.739
JE& 2K 1Y) Full leaf spreading —4.012" -3.852" -1.867 -1.502° +1.015 +1.079
TFIESR ] First blooming -5.152" —5.468"" ~1.589 -1.346 +1.934 +2.830"
FFAE A Full blooming -3.847" -4.985" -2.975" -1.4417 +2.448" +3.474"
FFAEA ] Terminal blooming -2.286 -5.128" -4.170" -1.665 +2.680° +4.032"
A5 {64539 First leaf coloring -0.726 +1.030 +1.045 -2.113 -10.406"" -12.850™
125 5 A 1 Full leaf coloring -0.403 +2.739 +3.248" -0.223 -4.018" -12.069™
¥ H-4519] Fallen start +1.661 +6.951" +2.029 -0.711 -9.300" -6.875""
YK 1 Fallen conclusion +0.191 +17.079" +1.374 +0.617 —0.585 -1.745

7 o DEIHEE, I
Note: “+” is delay and “—" is advance of the phenophase.
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Fig.3 Interannual variation of growing season days

of the typical woody plants at three sites from 1983 to 2016
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Table 6 Correlation coefficient between the leaf opening date (the first phenology) of each woody plants and temperature

during different periods

i A L/ 1A 2 A 3H 4 HEE iE
Station Species January February March April Spring Year
SEH0IX Yaoduqu & %K Albizia julibrissin Durazz -0.225 —0.153 -0.472"" -0.523" -0.566"" -0.562""
AR Platanus orientalis ~0.366 -0.130 —0.636" —0.353 —0.624" —0.700™
%P Anze 14 Populus tomentosa —0.068 -0.419" -0.637" -0.249 -0.577" -0.431"
¥k Prunus armeniac -0.072 -0.378" -0.625"" -0.456" -0.682"" -0.408"
B Xixian L0 Salix matsudana -0.129 —0.453" —0.354" -0.123 —0.493" —0.384"
I #2 Robinia hispfda Linn -0.162 -0.054 0.020 -0.219 —0.164 -0.220

ik AN R I = R S A # Y 8 TE Y PN
(P<0.01), A5 AKBAE 0.497~0.612, A FHIF
SRR P I A5 AT B AR A AN B

T REREREN S, PR AR A%
A TRt AR 2 A T e S IR A, BEROR
B AP )7 AR 5 KR 1P 2 AR AR
FHOG (P<0.01), AHXREAE 0.497~0.612; B
AR TR SEERIX RN e P R AR AR T4 R 1 3%

AR G, B B RAR ) T4 A IR I 0 S 1
A, R ARSI 1)V AR 5 AR 1) R AR
K2, A RE B4 0.748 F11-0.520, &A1
R IR P8 I R 5 34 B A OG, A R A )
9 0.343 F1-0.4.01, AL, ARAKFED ¥ HAIHBES
ARG FATAE B B 0 DX SRR AE, B B R A )
AR IR $E T E S, X RS B AR AR L
BORIE . IR 2 RE A G, AP
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Table 7 Correlation coefficient between deciduous date (the last phenology) of each woody plants and mean temperature

during different periods

3l a5 L/ 8 H 9H 10 A 1nH *F 48
Station Species August September October November Autumn Year
Fe#iX Yaoduqu ¥ Albizia julibrissin Durazz 0.104 0.011 —0.068 —0.081 0.063 0.048
B4 K Platanus orientalis 0.269 0.268 0.497" 0.373" 0.525" 0.748"
¥ Anze &% Populus tomentosa 0.036 0.612" 0.321 0.272 0.567"" 0.343"
KMk Prunus armeniac ~0.059 0.503" 0.418 0.243 0.513" 0.130
B2 B Xixian 400 Salix matsudana -0.195 -0.301 0.142 0.012 0.079 -0.520"
H1 Robinia hispfda Linn -0.106 —-0.192 0.177 —0.049 —0.047 -0.401"

233 AR Y

8 nld, BBRA. A, BAM. T
A KR B AR T R K A SRR SRR 1
AR KR R B R T o R Bk i g A, b
B OR A K ZE S A AR A e Y B U, PR A2
(P<0.05) 4b, FHRPER AN W E K (P<0.01),

HOGEBAM, BREFI, HELLEFNFER
U AR AR A 2 A AT, AR F L4 IR
) BB, A KT A R R
MG, FMIAERFHHEFEEEHME, mIH, b
HARTE S BEEXAR AR A KR AE—E

ZE o

®8 ARENEKFSTEMNETEHRIBMEXRY

Table 8 Correlation coefficient between growth season days of each woody plants and mean temperature during different periods

L/ FEp/N BRA EAM bk A A
Species Albizia julibrissin Durazz ~ Platanus orientalis Populus tomentosa Prunus armeniac  Salix matsudana Robinia hispfda Linn
F Year 0.399" 0.813" 0.538"" 0.387 -0.317 —0.320
## Spring 0312 0.787" 0.297 -0.383" -0.266
3 Summer 0.399" 0.528" -0.033 —0.248 -0.282
X Autumn 0.238 0.613" 0.357 0.426 0.005 —0.054
4 Winter 0.324 0.453" 0.390" 0.260 -0.211 -0.271

3 Fig5itie
3.1 it
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5N KT g R8P, BRI AR
Y, BEYFIHER, KSR, Zomat
TERIFFE B 1 s S R ) 0 4 2 A0 o A IS A AH (] 1) 45
We WAL IE Z R R E R EER SR, Bt
GO, ¥ E 2 SR A 0 % 1) o T B Ak LR 32
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OIPPEHT T 7~12d, FIRE 1997 45 5 O IR 5 2
ZEPNEIAHER T 2~7d, RKEEYME IR T T 5~22d,
HOE T En, AW ERALE . SR R
PG RV ] B AR R

(4) ARME RS S K3, 3. AR
SRy N Z M S e, AT IEL AR X
G M BEAT 7400, e 2 2L R 38 0 4k 30 52 1)
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