YRR 2020, 44 (7): 742-751
Chinese Journal of Plant Ecology

DOI: 10.17521/cjpe.2019.0308

http://www.plant-ecology.com

SETEEE NEERaSEEREDNIRT 1L
BT (8] Fi 0
AEd Ky ET ARA O HER BAR

TSR MR TR S5 VA TSR 9305, T 100875; GO S M S22, BRI 15 TRBEILR, b0 BB AR R
TREH AR T L, b5 100875

7 E AU ST REYMER T 52, SR R AR Y 05 AR A TS R R 75 43 2 SRR IR PR SR & R, 45
TR 45 R R T HORHIAE N 1% 30 F-2002-201 1475 58 i B 1013 5 (10 M T A2 L0 3 e} DA R £ 2 IR e, %
TV 35 I V) 45 204 3000 22 B (Plantago asiatica) FH38 2 2 ((Taraxacum mongolicum) & 1 EA g S - (R - GA . TTAE LA IR0 34 k2 ik
AR A ¥ T AT 1 B AR TFHIR S 50 AR A RV REAT 1 20 Wr . 8 S8R B AS )i v E 1 AR AN £ S0 90 ) A5 B R - (22
JE A B REAR ) L 2 O AR MR R, SRS TE SRRl T SRR 20 B R 5 Vs, SRS SR PR AL BT 5 iR I SR S
&4k, B JE DR = AR R R YR SRE R R . G5 RRIA, SR &3l S0 B 0 4R 1o SR AR UL A1 45
A ) 2 S (RCHA) K F0.89, % WAV 4R B P55 T LA PR SR S e i) FRURE N 4 Bl BE AR A 25 BT AN A D s 4 (o 1 ok A 3
WA HB SRR REE, REAT0.70, KU A5 i F A2 0 3 S 3 R 7 7R 0% 20
RAEH WA EAE PSR AR DA SRR, R T0.93, 1 HHIE T AN [F) HE 3R o B R DL15 1) i 457 1) SR A8 A 7T L
Xof BF ) FRUBE b 2 1 098 2 D PR 0 S AR AR A AT T . 2 () 46 BT TR) TR B, IRl C, i G AT 1846 3 4
TFERTS. 15,4 d, TSRS IR 4.8 d; i A S MGG IIIANTTFE4R 1 3l 32 1T 6.5H17.8 d, T SRS L I HEIR 6.7 d.
KEER HRUE R, URARNE; R AT AR ) MR

IR, KRR, BRI, WA, BER (2020). SEARIEL 5T R e S AE Y PGk S (A R TR . A AR S AR, 44, 742-751. DOL:
10.17521/cjpe.2019.0308

Predicting phenology shifts of herbaceous plants on the Qinghai-Xizang Plateau under cli-
mate war ming with the space-for-time method

LI Xue-Ying, ZHU Wen-Quan’, LI Pei-Xian, XIE Zhi-Ying, and ZHAO Cen-Liang

State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China; and Beijing Engineering Research
Center for Global Land Remote Sensing Products, Institute of Remote Sensing Science and Engineering, Faculty of Geographical Science, Beijing Normal
University, Beijing 100875, China

Abstract

Aims To analyse the feasibility of space-for-time method in predicting phenology shifts of Plantago asiatica and
Taraxacum mongolicum on the Qinghai-Xizang Plateau, as well as revealing the phenological changes of the two
herbaceous plants under climate warming.

Methods The observed phenological data for Plantago asiatica and Taraxacum mongolicum from 10 sites on the
Qinghai-Xizang Plateau during 2002-2011, as well as the meteorological data (i.e., daily mean air temperature)
were collected. First, multiple linear regression models were bulit between geographic factors (longitude, latitude
and altitude) and phenological events/annual mean temperature at different altitude gradients. Then, the longitude
and latitude were kept to be unchanged, and the unary linear regression models between phenological
events/annual mean temperature and altitude were built. Finally, the altitude was used as the “bridge” to indicate
the relationship between the change of phenological events and the change of annual mean temperature.
Important findings The temperature decreased with the increasing altitude (R® > 0.89, p < 0.05), illustrating that
changes of altitude gradients can be used to substitute for changes of annual mean temperature. The change in the
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simulated phenological events of the two herbaceous plants all showed a strong dependence on the change of alti-
tude (R2 > 0.70, p < 0.05), which contributed the most among the geographic factors. Strong dependences were
observed between the simulated phenological events and the simulated annual mean temperature (R > 0.93, p <
0.05), showing that phenological events could be predicted by the annual mean temperature with the space-for-
time method. For Plantago asiatica, the first leaf date (FLD) and the first flowering date (FFD) occurred earlier
with increasing annual mean temperature as 5.1 and 5.4 days per C, respectively, while the common leaf coloring

date (LCD) occurred later as 4.8 days per ‘C. The FLD and FFD of Taraxacum mongolicum advanced by 6.5 days

and 7.8 days per C of increase in the mean annual temperature while the LCD delayed by 6.7 days per C.
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Fig. 1 Distribution map of phenological sites across the Qinghai-Xizang Plateau.
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Tablel Records from phenological sites of Plantago asiatica and Taraxacum mongolicum across the Qinghai-Xizang Plateau

U A 2% g a7 ZERT DN B RIS B Sl A S I e ) 2
Site Longitude (E) Latitude (N) Altitude (m) Time span of observed data ~ Time span of observed data
for P. asiatica for T. mongolicum
[JJ8 Menyuan 101.62° 37.38° 2850 1987-2011 2001-2011
b4, Haibeimushi 100.85° 36.95° 3140 1997-2011 19972011
JEF0 Gonghe 100.62° 36.27° 2 840 1991-2011 1991-2011
Y Xinghai 99.98° 35.58° 3320 2000-2011 2000-2011
i JBR3E Qumarléb 95.78° 34.13° 4180 1997-2011 19972011
HE Gade 99.90° 33.97° 4050 19902011 1990-2011
FIRTE Zoigé 102.97° 33.58° 3 440 19832011 1983-2011
FE¥k Daocheng 100.30° 29.05° 3730 20022011 20022011
H& N Xigaze 88.88° 29.25° 3840 20002011 2000-2011
Y Zétang 91.77° 29.25° 3550 20002011 20002011
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Table2 Regression modeling results between mean annual air temperature
and altitude across the Qinghai-Xizang Plateau

4 Year R a(c->h  becehy  c(Cm?) d

2002 0.90 03 -1 00067 884
2003 0.90 -0.2 -1 -0.0063"  83.8
2004 0.91" 03 -1.1 -0.0063" 889
2005 0.91° -03 —1.1 -0.0066" 913
2006 0.90 03 -1 -0.0064"  89.8
2007 0.91° -03 -1 00067 958
2008 0.90" 03 -1.1 -0.0067" 916
2009 0.90 -03 -1.2" -0.0064"  92.8
2010 0.91° 03 -1 00067 93.6
2011 0.89 -03 -1.1 ~0.0063"  87.1

*HIRP < 0.05. a. by cHMdFHIFRRERE . L. WRMENE R
R .

* indicates p < 0.05. &, b, ¢ and d indicate the regression coefficients of
longitude, latitude, altitude and intercept, respectively.

59
g -l ' y=—0.0065x +25.7
8 R*=0.98 p<0.05
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Fig. 2 Regression results between fitted values of mean
annual air temperature and altitudes across the Qinghai-Xizang
Plateau.
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Table 3 Regression modeling results between each phenological event of Plantago asiatica and Taraxacum mongolicum and geographic factors across the

Qinghai-Xizang Plateau

4y R R4 FLD of P. asiatica SHAZEM4A FLD of T. mongolicum

Year R a(d-°™ bd°™h c(d'm) d R a(d-°™ b(d-°™ c(dm™) d
2002 0.95" 1.1 63" 0.033 8" 3423 0.95 12 62" 0.043 8" -382.8
2003 0.98" 0.7 6.8" 0.036 2 -3183 1.00° 0.9" 6.3" 0.045 2" -362.8
2004 0.95" 1.0 6.9 0.036 7° -355.0 0.92° 1.3 6.1 0.0412" -383.3
2005 0.90" 1.0 59 0.0329" -320.1 0.92° 1.7 6.1 0.0432° -428.5
2006 0.96" 15" 6.7 0.0373" ~404.9 0.92° 2.0° 6.6 0.044 2" -470.6
2007 091 1.6 5.9 0.040 0" -398.6 0.93 1.9° 5.7 0.047 8" —448.9
2008 0.85" 15 5.0 0.0327 -327.8 0.99 1.4 5.7 0.045 0" -380.9
2009 0.93 16" 5.0 0.0329" —340.4 0.91° 2.0 43" 0.039 4" -385.8
2010 0.83" 0.6 45" 0.030 5 2122 0.85 0.9 43" 0.0415" 2742
2011 0.67 0.7 45" 0.025 1 ~199.5 0.70 0.9 43 0.0373" 2547
A ZERTIFACLE ] FFD of P. asiatica THAZIFAEGA] FED of T. mongolicum

Year R a(d-°™ b(d-°™ c(d'm™) d R a(d-°™ b(d-°™ c(d'm™) d
2002 0.76" 0.1 3.9" 0.023 2" —45.1 0.88" 0.5 6.9" 0.047 9" -306.5
2003 0.96" 0.9 53" 0.0322° -226.1 0.89 0.9 6.5 0.048 8" -334.9
2004 0.95" 0.8 5.1 0.029 8° -198.4 0.88" 2.0 6.5 -0.059 6" —480.5
2005 0.92 1.4° 3.9 0.030 8” 2154 091 1.7 62" 0.0517 —418.4
2006 0.95" 15 4.7 0.0302° 2482 0.89 23 57 0.046 7° -439.9
2007 0.96" 28" 28" 0.0347" -330.0 091 2.1" 55" 0.054 8" —440.4
2008 0.93 22" 6.7 0.054 7 —475.7 0.98" 3.0° 49 0.058 8" -523.0
2009 0.83" 1.9 55" 0.044 6 -367.8 0.94" 2.9 3.7 0.0575" ~470.9
2010 0.73" 2.7 4.0 0.040 2" -378.8 0.89 1.6 48" 0.040 2" -313.3
2011 0.77° 2.0 4.8 0.0375" -328.6 0.83 12 6.5" 0.049 6" -360.7
A ZERTHERS Y LCD of P. asiatica AR LCD of T. mongolicum

Year R a(d-°™ b(d-°™ c(dm™) d R a(d-°™ b(d-°™ c(d'm™) d
2002 0.82" 2.7 —4.0" —0.035 8" 803.2 0.80" 23 4.7 -0.048 1" 8253
2003 0.55 -17 29 —0.028 4 646.4 0.74 -32 29 —0.0417 847.7
2004 0.79" -13 3.0 —0.020 5" 5933 0.71" 2.7 32 -0.0353" 781.8
2005 0.87" -1.2 4.4 ~0.0316" 666.8 0.86" -1.9" 44" ~0.0429" 769.7
2006 0.84 -1.0 38" ~0.026 6" 596.2 091 2.0 39" ~0.043 6" 762.4
2007 0.90" -1.9" 4.1 ~0.034 8" 729.8 0.89 24 44" —0.048 7 836.1
2008 0.79" 25 -1.8 —0.0295" 693.2 0.78" -3.0 -1.7 —0.0396" 775.7
2009 0.96" 27 3.1 —0.0312" 763.4 0.90" 2.6 42" —0.044 4" 831.6
2010 0.91° -3.6" 2.6 ~0.040 3" 874.7 0.93" 3.8 -3.0" -0.048 3" 935.5
2011 091" 25" —4.0" —0.038 6" 801.5 0.95" 34 52" —0.047 4" 961.1

*RAP<0.05. a. by cFIdHIRRAERE . i, WEHA EIH REBONEEE.

* indicates p < 0.05. &, b, ¢ and d indicate the regression coefficients of longitude, latitude, altitude and intercept, respectively. FFD, first flowering date; FLD,

first leaf date; LCD, the common leaf coloring date.

LIRS I 18] (56 B A2 A0 FUBE 5k = 0 1 L0 0 9 ok
5o 380 2 ) FRURE T Xof L PR s JEE PR 358 v BEAT R b,
X 2 [ IS TR B R AR T e o AR A A R AR A
PHZ—. shh, FIFZERBEE T — R 5 Frg i
DXIRAE I TR B T A AZ A EATIEADL, 7T DA ol 45
ROEHEYA RGN SRITA SR S5 R
T, 2R AT A SR Y A R A R AR
Wk, FERRBLH R AR U . T g

JE IR BRI A ST 2 40 A0 T AN [ SUARAI Y 5%
A, T AR SCECHRE WL DX 381 i 44 B 2 8404 180
m, BB RAE A 2R AR A 8 B AE-2.1-7.9
C, X3 R IE A RE b AN i DRI H 4211
FISH A S AT A TSR B AN I B . 5
G, ADHRTORIL, FHET 5 B ) T LU i
CSCAR A AT A0 S A2 TR 42 I ECE 25 0 R ) 222 e SR
WM K P (Jiang et al., 2016), DL KRR IRRE H
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Fig. 3 Regression results between fitted values of the first leaf date (FLD), first flowering date (FFD) and the common leaf color-
ing date (LCD) of Plantago asiatica (A—C) and Taraxacum mongolicum (D—F) and altitudes across the Qinghai-Xizang Plateau.
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Fig. 4 Regression results between fitted values of the first leaf date (FLD), first flowering date (FFD) and the common leaf color-
ing date (LCD) of Plantago asiatica (A—C) and Taraxacum mongolicum (D—F) and fitted values of mean annual air temperature

across the Qinghai-Xizang Plateau.

A B PSR AN A ST 56 AT S A A1 S
ERTTIR R 22

Table 4 Root Mean Square Error (RMSE) values of each phenological
event in all sites and years of Plantago asiatica and Taraxacum mongoli-
cumacross the Qinghai-Xizang Plateau

YHGEFAT LR IR R AT TR Z
Phenological event RMSE value of RMSE value of
P. asiatica (d) T. mongolicum (d)
JEM6 8 FLD 5.7 6.8
FFAELGH FFD 6.7 7.0
AN LCD 5.4 7.0

FFD, first flowering date; FLD, first leaf date; LCD, the common leaf col-
oring date.
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ARG s, DR O I HL PR 8585 B T g
% b DA o K B2 AR A 1) T AR I (Wang et al.,
2014b; Cui et al., 2017).
3.1.3 Z[EJHRATE) TN AYE ST E

FH 72 )56 2 A A iy SR PR i 22 S R A I 1) RS
ERREARER, B R niESO) F NAEY
Vg A AR £ IR, P DL [A) 46 ) [R) A 3 O
E3EH T E WA RBORIE S Hh B K7 e L
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SR S AR BB A (L), 5 F
Az B4 R SRR AIE DL K B R B 85 1RO Y O AU %
(Sherry et al., 2007; XK, 2009). T R
AR AT B AR AR ) A A K B 1 R e ke LA R
S 1% (Wang et al., 2014b), {HAEFE A=K 3 6 =
FH(RIIFAEG6 15 SRR ) I TR AR AN 2 35 5
i FEAN A B Y B AR 18], BRI AE 46 30 5 R K
WIRE IR Ak s T R . Sl AT 7T A 4
5 SARIREAR 30T S 1 AH 5G0 Ar, R ILBR2010
TETEHT RARIASN, WM AT ) ORI 5 T4
46 B AR A 3E 5 2 TE AR DGR R (V) o HH I 336 A
X PR et B AL ) P SR AR A o A o AR BRARRAE 4R
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FH 2 () 450 B TR ASE 2R Sfe tof L AR AL R AT TR0
32 TREFTHARMEMNYET(L
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-GG BAFI AL AR A 20 T F AT S. 1 FNS.4 d, TR 7 ik
FEIR4.8 d; T I Us B AN T T8 46 BA 43 0l £ T
6.5817.8 d, TAk ik HAAE1R6.7 do ZhuZ(2018) K I
SRIHT IR A AL C, AEET I R S AT R LR
W15y AR HT4.8F03.2 d, BEAGEEHALEIR4.8 d; A
eI R A AT AR AR BB R 2.3 F01.9 d, B A
i I HEIR 9.1 d; IS an R B (2013) 0] 43 Afi
T 5L X 2 4804 180 myts [l A 104N 5 14 1 25 1y
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10.0 d; 17 FRIEEERIIE(2019) &I, R AL T3 500
mAb PRV P 2 2 i B A 7 3k B o 89 H - 35 iR
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Appendix |V Regression modeling results between the end of fruit ripening dates (FRD) and geogr aphic factors for Plan-
tago asiatica and Taraxacum mongolicum acr oss the Qinghai-Xizang Plateau
http://www.plant-ecology.com/fileup/1005-264X/PDF/cjpe.2019.0308-A4.pdf

MtV SESEREENFHEARRBRPS LGRS ITRIESR

Appendix V. Regression modeling results between the end of fruit ripening dates and the first flowering dates for Plantago
asiatica and Taraxacum mongolicum acr oss the Qinghai-Xizang Plateau
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