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Abstract

The response pattern of climate change on growing period and phenology duration of 5 herba-
ceous plants was analyzed by using the statistical analysis methods in Southwestern Shandong
Province. The results showed that the temperature had very significantly increasing tendency (p <
0.01), the precipitation had a little increase, the sunshine had very significantly decreased trend.
Under the background of climate change, the spring phenology duration, autumn phenology du-
ration and the whole growing period of herbaceous plant were all showed prolonged, especially
the trend of growing period was more significant (p < 0.05). The phenology duration was no ob-
vious correlation with temperature and accumulated temperature, the precipitation and sun-
shines had significant effect on some phenology (p < 0.05), the temperature was the important
factor which impacted the growing period, the plant growing periods prolonged 1.0 - 13.0 d, 4.0 -
10.0 d and 2.0 - 11.0 d with mean temperature, mean maximum temperature, mean minimum
temperature 1°C increase, respectively. The Plantago asiatica and Phragmites communis were the
being sensitive plants in 5 herbaceous plants, Xanthium sibiricum secondly, Nelumbo nucifera was
most insensitive, the research results could reference for farming season prediction and agro-me-
teorological services.
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BB ANNR, RALH IR SMHEREMA KT SYMERIRES: H BoT SR m
i, BERRH: AKX NSESREE FFH(p <0.01), BAKER2 MG INZER, HRNKHE TR,
EHSHETATRT, EXEYNEFERMREFEN. KSRFEHMSERBHHERBEK, Xfat
KFBIEK S B EE (p < 0.05). MFEFEHSSEMFEAOMAEREE, FKERH Rt
I YMRIF AR R 3 (p < 0.05), MEAYEEKFHZHF, REBEFENYWET, b
EEPWSESAELC, MAEKEIEK1.0~13.0d, FEHBESESAELC, £KF1EK4.0~10.0
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THAE AR 36 3 S E ok TR A IR [3], Menzel [4]45348 A TR B 10 AIE 1 IR R RE M A2 A R R i 12
R HEYAEREE - EREAERARAERKE, 1HHE—E BN A fe e LA F A HIE
WREEYMER — N EEREK, AN ERERGREEE, —BIEL T, gkt IR E g fedt 0 R
FEAIFAE, EAEHIGERT, T SERE I (R AR AE . KR A [5]5E NN, KT MBEERMYIT e &
SR 2R R S WA AT SR T A€ 528 AN H ISR [RI52 0 o 7K 0t s Mok () — A B B3 AL
AIHEIHTRY], PSR, BYELT L IUIE 52 T 5 2 EEHER[6], (B A A T F AL RE 4
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Yofh. MERALE . AURFAFENEA T ER . BRI AR TIR S, BRiE KRR UK, 8 TR
TR SR, 3P AE, R, SRR AR R e EAR X, R R AROR A R FE X
EEAR AR L, MEFE, WESY, WAFZ, SEZMEDNAER, A EARRYAHE,
FEHT. BHL PR A SRRAURASE, SR X R R AE AN FIRE R AR, I EIE R
RAALI) “RRRLAS” . BEFMEIEE RS R A L E, BIAHT ST 5 Mk, TR ik
WS H B AR RN R AL B L, 9 B A TR TR, AL & AL BT SR SR 2 K5

2. ZIWEHE
2.1. SRKIR

A BRL R i TR SRR 6 P R i X 1991~2010 43 38 58 AR b Wit Fr W B, B
W) & M AR S HINE. Rl R RN A YRS E R, M RN
JEM GG B M BRI, THAERF SN TG I BT AEAR W AN RS0 - B Al 40 301 81 B il AT

RKTEMAERTFNE XKD 20, AR TREREYARZRE X6] [11], WA STy 4E
KIFHE S A SE SCRAFE) ) AR Z= 0 e i 4 19 21 B Rl R 3

2.2. ZIRALIE

R 25 W i Ry BT 5 A B 751, SR 2R F ik o A R 2 A K R s I 45 6 L 4
AR, SR spss21.0 BAFHEAT OG0 HT

3. B{RE S
3.1 MRESEZBHE

f7 1 ATLAE HH, 1991~2010 4F4 Pu g X A bl B i, I i AP 38 SRR P 1 S A AR
TR HIEW . E KT (p < 0.01), P& ESIRNTHRE AR EZE /KT (p < 0.05), 1HEFSIRMEN
BKFERAETRAEMRE . WEIEE BE, P58 OR IR B & T 9 PSR, 473
B R R AR, SRR AAEZER, HRERNFAE, Sm sl iR 2k
W BE S A A TR AR A 3, B ZE MK R P 3 e AR I T iRk 31 T AR R KT, 1 & 2R i I AR
FHE WA RE, B, FPRNF SR EFERA SN ERER, S PRRETRNA S EE
KRR T = 0 E LR

T K AFIAFERACPFRBEK & RG2S, (HRIEEZKT, FhRAEHETES 84.6 mm/10a,
H I B R RIAEBR KPS AR 2 R g%, FRH BN, w70, K H RIS
JalR b o G B0 H A Bk D 1) B R . n] LB 7 R DR AR B B AR A LA R A, H R

Table 1. Change trends of the climate in Southwestern Shandong Province (10a)
7 1. efmit XA SIERTLIEZE(10a)

“FHAIR P B SE AR ASIR [ K H & s

("C/10a) (‘C/10a) (‘C/10a) (mm/10a) (h/10a)

Kz 1.0™ 1.04" 1.06™ -3.23 21.86
= 0.66 0.47 1.13" 10.16 -73.88™

L& 0.13 0.15 0.50 0.19 —40.67
HFFRKF 0.53" 0.43 0.82" 84.6 -143.4"

T4 BI#SR p<0.05 Ml p< 0.01.
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b BRKERLESHI NN T 2GS, X T A KN 2 AR R AR R S
3.2. TEYHMEEAREE H B T AT

WX A 5 M BRI RO 2 H B RIS AR Rl 7P 35 AN A S e RREEI] . %2
HIT R B R 910Y 2 B 2 A Kt 3 (p < 0.05), T ASEMITEFRF S R AR ZEKEH(p < 0.01), %A, ©H
A 2R A A KR AR AL B 25 B et 2 ) AE K (p < 0.05)

MEEAN DI AL SR (W< 2), b AR R Y SRR Yo 5 220 e e K
FRARNE RERES, THEEKRFHRAEHESMIERFEIR AR EHIIE .. MY
A K FLAE AN R R AR AE—E 225, Herh RN 3 M AR L BO W R, A K LL 11 d/10a
PAERGERIER, HXZEH, L6 d/10a FERER, R R AR, 2R 1d/10a
FAT, HHURRTRD, ZERTAT 3 AU R R, AR R R R B, ORGSR AR
AR AR AL N e IR B

3.3 YRS SKERNEXSH

331 MIEMRFEHHESSKRERNXR

BRI JFAEFEAGIX 3 MERFIAAN PR BKE. HRBEERBRX 4 MIRER
ek B AT ST (WAE 3), i 3 ATRAE M, ANFERIIAT, W5 Re 8 0100 T U A2 A
RE AR, T 2RI R, S WAL R I BOS S 2RI N A, AR BLIKR > 2
UM R, A LA H BN ECy 2 S5 3R .

Yo Fe B2 5 R A BUR FOA R VES A2, YR RTAERF 22 0 5 R L 99 1B, Bk
RIS MR RRSIR DU IE S, ARSI S R R 9 O, SIS R B ISR RS e .
HEANZE T 1) e R 3 5 LR R B B i) 1 R 2 S PR O, 0 D I MR R P il o ) T P e
MIREAC . T ASERIITAERRSE ] 5 H IR A 5 8 2 IE A5G, W B H BRI B 19 02 (2 (T AE 15 22 1)
ERMEERNK. FATREMFENSRKER MR, SHRNBEIEMSR, WAL RN, —
SE ML ) B /K RE A L 25 AT IO ORS00, 3n H) HR e A K TR 4P 001, T 1991~2010 4 2= HiT s il SR B
FRY B /K B A ] RN 0y S ka9, B 2 WIRN,  ZET A SRR RR SRR I B I RS, IR K
XoF 2 PRV RO S e R B KT BRI B s R R . S I BORG R S S K 2 IEAH G, 1991~2010 4
GH PR B Kb, IR SR 4R, IXIES & 2 haH sk R A &, WIRE
KRS SR A ) KR . R AR R SR ] 5 RIS B R B SO SGSC R, T g,
10 A F ) H R B b 2 S 80 36 SRS BT ) EE P .

Table 2. Change trends of the phenology duration and growing period of herbaceous plants

in 1991-2010 (d/10a)
3% 2. 1991~2010 FEAEIPIEERFE B R R £ K TRIHEEE Z%0(d/10a)

Y Jee R FEAE RS TR R LK
¥ 1.27 -0.42 0.59 0.96
ZEHY 0.27 1.05 3.75 12.89™
HH 0.56 1.08 -1.06 6.26"
P 1117 0.65 2.62 10.62™
AR 484" 5.45 9.57 -7.09

T R4 RIR p < 0.05 fllp < 0.01.
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AW FCREL T R AE KT SRR AR BARAUE. MoKEA H BB, 4
BTSSRI 2 4o ch R AT AN, By 9 4b, BAKE ) (A4 K T8 5500 1A G Mk B35 B 2. 3% /K SF (p < 0.05),
gk EMH B A SN S, b nr R, SEERmE A A K EN EEA R T, X5
KEMFFRIA[3] [10] [12]-[15] B9 il s A P A= A 2= 1) 32 B 1 — B

Rl BHAPMEHAERKESSE RN REER R, SRR BUSFEER, TR A 54
K= 5B AR EANT TS, AR R MBURFE AR, Wi ST 5. BEMM ERERSR
W ABCERTE A R A KT DR EE .
3.3.3. EYEKFEESENEMERYASTH

EAKFESTRARR LR EMRMERM E, RAGHERE ST KT SR Z MR,
[l R BRI T A KSR AR OFERE . A K 5P E LRG0 5 b 4

Table 3. Correlation coefficients between the phenology duration of herbaceous plants and meteorological element (R)

% BEAEMMEFERRSSKEZNEXRHR)

Wi iR =k S5 H 3 FHRIR e 7K B H HE B 45 TEBFAIR
% 2-27 33 -0.21 0.26 -0.70" -0.24
7R 2-28 35 -0.35 -0.01 -0.49" -041
ﬁ}%;% GH 4-3 4-7 0.10 -0.36 0.45 0.10
I=ES 3-23 3-27 0.33 -0.05 0.32 0.33
A 2-27 33 0.18 0.53 0.13 0.18
e 7-3 8-5 0.17 -0.39 0.14 0.17
—_— 2R 4-14 421 -0.02 0.14 -0.06 -0.02
Fros 3] BH 6-30 7-8 -0.33 0.28 -0.38 -0.32
P 9-10 9-23 0.3 0.14 -0.13 0.29
AT 3-25 4-28 0.36 -0.40 0.63" 0.37
i 9-28 10-18 -0.03 0.35 -0.30 -0.03
K ) 11-1 11-18 0.22 -0.54" 0.46" 0.22
A . ~ . B B
L BH 10-4 10-18 0.27 0.46 0.24 0.27
k- 10-19 11-2 -0.25 0.12 -0.64" -0.26
A 10-14 11-19 -0.06 -0.25 0.17 -0.07

TE: TR RI2R p < 0.05 fil p < 0.01,

Table 4. Correlation coefficients between the growing period of herbaceous plants and meteorological element (R)

T4 BAEMERSFESKEZNEXRZHR)

Wik PR PR AR PR AR Fk & H i B
i 0.45" 0.50" 0.31 0.25 0.04
2T 0.56™ 0.48" 0.53" 0.07 -0.21
TH 0.49" 0.44" 0.46" -0.15 -0.4
=E- 057" 0.49" 0.56™ -0.09 -0.25
A 0.70" 0.49 0.50 -0.85™ 0.04

TE: TR RI2R p < 0.05 fil p < 0.01,
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Table 5. The linear analysis between growing period of herbaceous plants and
the temperature

=5 BAEMEKSFSSENEERRY

Wb PSR S B U PR AR R
HE 6.9 7.4 5.6
A 6.6 3.4 9.8
HH 0.59 32 1.2
aE 12.6 9.1 10.1
AL 9.8 45 6.7

Al 5), FTHRESE 1C, EAREMNAEKSFELK 1~13d, P AERNAEKSBEREHE, &
12.6 d, ZFRIAEKZNA TN, RE 056 d, FFHHE&ESE R 1C, MUHAEKFEK 4~10d,
P BRACRETE 1°C, EYMAEKEZEK 2~11d.

4. R 5iTL

1) EWFFCRT BN, &G X R R A R DU R R T, K ERESE 2, H RN H
TR MY AR SR BT H B B AR SC M el A IR — N EE R A T
M ELAEFEMA R L b, T2 2 M A RSz b e /K AN H IR RS2 IR R . IR BIGIE 1 5k R [ 16 N R
AR 5 E 2 T R 5% 2R 2 G B /K 2 1] ) 5% 2R 3 U0 — B WL R

BB RA T, AR R R R AR = I R R A T e, A RKRFERE
BB YIE, T HA KRR RS MR R SRR B35, W] S AR ) AR A Z 0 AU A R Y
Wi 7 P ACERURK, AR SR ZR R R Gerk e M8 R T g, R PR EE T R 1°C, BEEIX 5 M
PR E KT KIERTE 1~13d 2 A, MR SR s RAHm, FOREKMIN R E FIAE, B
TR A AR ) SRR JBE A7 A8 DX I R b 22 e

2) AT SE H S R AR SRR, BB R S50 o A 0 B 28— W o R 1
SN, BRI, GRSRKEREMR, A5 H KNSR EMSC, mHARKEAERA
e B MRS DA S R B SR IEA R, 1X 5% IEE 171V AR 2 H B AGEH 5 R
IR RARIIE — B0 55KFT [18]IBT Fe 4 R H B 5 iE sh B A B35 I R MEA — 2, TR
AT RE AL PITE SE A AW R SR R SR I ()4, IR BR (AP )y, SRR X P ik 455 42 F B s
Wi A fE B A AR A B HE oK

3) AR, PRI TR AR RE A A FE R, AR, A RS,
PRI, FEASRE B — AR I as R, it 2 I REE I E R . V2 % K 53 It ST # R ]
T BE 2 SR AR A ) SR B, (H 27K 0 BN B TR I E e s i A5+ B, UL
H TR AR T BN B KA R IR, TR R E G 2, BT — B BRI K
6 (R S ML A B DR 7 [ S8 AR Y (R 52

E&TH
UIZRAE RS IR 5 74 o U R P 0 1 S0 % AL IS (20135dx1)
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