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Phenology of grassland plants: A mini review. BAO Xiao-ying', CUI Shu-juan'’, WANG
Qi"?, LI Bo-wen"?, MENG Fan-dong', Tsechoe Dorji>*, CUI Xiao-yong'*, WANG Shi-
ping”®" (" College of Life Science, University of Chinese Academy of Sciences, Beijing 100049,
China ; > Key Laboratory of Alpine Ecology and Biodiversity , Institute of Tibetan Plateau Research
Beijing 100101, Chinese Academy of Sciences, China; > CAS Center for Excellence in Tibetan Plat-
eau Earth Sciences, Beijing 100101, China).

Abstract; Plant phenology is a periodic event with environmental change, being much sensitive
to environmental change. Most of the studies have observed that warming advanced onsets of
green-up and flowering, but delayed completely leaf coloring. However, fruiting-set kept relative
stable under temperature change compared with other phenological sequences. There were hierar-
chical responses of phenological sequences in duration to temperature change (i.e. warming and
cooling) . In particular, more attention should be paid to observation of community phenology un-
der future climate change because the response of individual plant phenology to climate change
could not predict the response of the community phenology due to different responses from differ-
ent plants. Although grazing is a major land use for natural grasslands, how grazing affects the
effects of climate change on plant and community phenology is still unclear. Meanwhile, few stud-
ies have been performed on the synchrony of aboveground and root phenology, non-linear change
of phenological sequences and its mechanisms due to experimental method and technology limita-
tions under future climate change.

Key words: plant phenological sequence; climate change; warming and cooling; phenology of
root production; non-linear; asymmetry; hierarchical response.
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#3648 Hi8H

Yo r s TR TIRANTSE . FE G iR i
SRE WA X S 7S A A ST AR R A LA 2 (K U
45,2008 ; R AR 55, 2009 ; Ik F 4, 2009 5 i i 5
A5 2012255 145 2013) AR T T8 Fh R I 75
S 15 SR A AT 5% AR X 5 (Ma et al., 20125 F
WA 2013 ; 72 LIRS, 2014 ; Shen et al.,2015a)
e PR v 2 B b D Pl TR PR ] T A K TR,
JIT LA R T 125 5 R ) 0 A 1) 52 Wl BT E BE K (Walker
et al.,2006;Dorji et al.,2013) , 5 HAbH X (058
FH L, 5 9805 T LA R 22 BUHK 5 2 JR% A5 B AR T e
5T (Shen et al.,2015a) , T 3§ I 45 i 3L 56 AF 58 4R
(Dorji et al.,2013 ;Wang et al.,2014a,2014b; Jiang et
al.,2016;Li et al.,2016;Meng et al.,2016a,2016b)
IERRAEZTT 50T AR SCHU B N AN JC R LA Y )
ARl S g2 A i) 15 1% AH DG BIF 58 i JRE AT P BE 230
DUATE AL b 2R3 B A S S AE TR B2 1)
R, VI FE— 204 3l 3 [ S M Ad Yy i i T 5

1 EWA R IR K& R S

T S K 3 I A 55 ( Wolkovich et al.,2012)
IS JEIE IR ] 1 55 0 5T ( Walker et al., 2006 ; Sherry
et al.,2007 ; Wang et al.,2014a;Jiang et al.,2016) , K
ZARNAE AR W4T 2 PR AT 1A A IR T 4 ak
TRAEH R T A B (IR 242009 B2 14,
2013 ; Wolkovich et al.,2012; Jiang et al.,2016) , A&
M7, 5KIESE (2008 ) A& B, IR HER 1 N 5 v IR
ZRE IR B SRET T OHAR Y A AR,
BT TR R T AR T A B (BRAGR A
2009) o AN[EIFFAELBERE AR LR S A I SO A
SEAAH ], QR AEAE ) L e AEAE A T 1 1 ) R B
15 (Sherry et al.,2007;Pau et al.,2011;Marin et al.,
2011 ; Wolkovich et al.,2012;Richardson et al.,2013),
(HAA TS A A9 25 R (Wang et al.,2014a) ,FF
I R BN [) T A6 T BE A AR 200 A6 30 0 18 et A0
TR BURPEA R, A S A G AR a6 5 ) SRR i T %8
TR A U AR B AR DO 1 R U 1 T X B
TR BYRUSYE (Wang et al. ,2014a) .

H i 22 K5 & RS ) i 1 1) A2 A 1A 7
WFSE 0, AR D DA AE 3 s2 AN W] 9 46 5 31 FF J BF 5
(Wang et al.,2014b; Jiang et al.,2016) , Tij—LEH)F
FEAR W] M ELE 2o R0 AT — > P 4o 0 72 A ok 7 o
Je— AWy 46 B B ] ( Post et al., 2008a, 2008b ; Hag-
gerty et al.,2011; Dorji et al., 2013; Wang et al.,

2014b; Jiang et al.,2016) , BN, R4S R T T 5
FERYI AT e (2R 7 9] B S0 A0 4B 3 ) (e
BT EE SRR B0 B IR R0 5 1 R A R0 A
A8 55 SRS G A Wy fige Xl 43 T R8RS F) S5z oz )
PREFFIXT AR E (Jiang et al.,2016) , [HBF 5 E
B, T A i A 8073 4 e SR S ) LA ( Sherry et
al.,2007; Post et al.,2008a,2008b; Haggerty et al.,
2011 ;Dorji et al.,2013 ;Wang et al.,2014b)

W i RS 2 1o 18] K AR 2 012 O fe 1) T A A
HHE (Post et al.,2008 ; Haggerty et al.,2011; Wang et
al.,2014b; Li et al.,2016) , A XT38 4R B[R] A2 AL 1)
WFFEIT X TEEA 1) i 1) 4 25 P[] 200 e g oz A
AR Ak 1) W 57 5 /D (Sherry et al., 2007 ; Wang et al. ,
2014b) . AWTFEFR], FE W) 5 W) e e 4y 1 17) B 28
Al AR I 18] 4788 A0 A=A A2 A 1 i 17 P B B R
(Post et al., 2008a, 2008b; Haggerty et al., 2011;
Wang et al.,2014b) . F35b, SHH IS 32 K A8
xS A2 A B Wi O AF AR (Li et al.,2016)
N X B IR TE T AR HEAL DT [ RS AR . AT
R TERGIRSAE T = JEAE ) 32 B3 2o S T AR
77 A2 G BB A , T A A A K 2 T il
AA TR 0 AR ) 0 A T 185 ek R 28 3R ) i 7 2 I
BEAROCHR ,  HW R SOV AFAE S RO FR (L et al.,
2016) . HALAHFFE R, MR R 7 F R AR K
FARE (RS, 2009) .

Wolkovich 45 (2012) TA A, 5 4 H1 0L 8 45 A1
L, 42 3 TR i R A 1 R A S0 e et 4 1 1Y) I
B, SR, A BFFERI X 22 5 YR 53 (Wang
et al.,2014a) , 32 B2 fy W5 J5 1 TN 40 BEURR A T
ST R AN ) 38 8 o 87 2 B M i A
] A5 e B AR A O T B U PR R b, TR R b
ALAE T A IG R RN UL 38 B A 8 TR o R
TR FH 5 0 HEAS 8 T Ak 38 ) 2 {1 0 T e
B2 R R T IR RN ( Wolkovich et al.,2012)
Rl e, AT K B, A A o T AR I3 i F) 2 vz
FZAEXT BRI (Wang et al.,2014a) DL 2 9E £ 10
(Sparks et al.,2000,2009; ller et al.,2013; Meng et
al.,2016a,2016b) , [iRFE 0] GE & FEA 5
T3 LI 25 5 22 S ) E AL

2 EMEEWEX SR AN
ERERARM, H AT 2R 2 1 K E Y
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AN AW i A0 5 510 Xof A A2 AR PR i 3 17T XoF
eV e AT 5 2 B2 A B AR TT RE A (Yu e
al.,?2010; Piao et al., 2011a, 2011b; Shen et al.,
2011) AR AR IR LA UL I RUBE K B[] 7 41) b
TS (R e (E e L RE 6% R IR T 4 ) ik 5
ARG, OF HIERER a2 w2 R &
FEIRER B4 ( Zhang et al.,2013) , 15[ A 51
FHARTR] Y 8 S S AR AL AN W] 1 2R A5 AR B i
2518 (Piao et al.,2006; Yu et al.,2010; Shen et al.,
2011,2013;Zhang et al.,2013) , T2 K Hb
TET AV 00 M 72 A 1) UL 5000 | 1 7 i S 25 SRAR MEAS:
FIRCIERSGUE, A WTFE R, ol T A [R) 4 0 Tk
AR B BURME AN TR ( Sherry et al., 2007 ; Wang et al. ,
2014a,2014b;Jiang et al.,2016) , Fr LAHIFh REE 4
A7 A AR X T R 7 ) 0% 7Y 72 4K (Meng et al.,
2016a,2017) . R KRR FEHARDIRE TS W 65 T
AR AEI D RE AR ) (A 45 B4 | v AE AR AE HiE
V), R AT B R AR B L LL A6 I G A A ) X A
75 A B WiE] 37 5 480 ( Sherry et al., 2007 ; Pau et al.,
2011; Wolkovich et al., 2012; Richardson et al.,
2013) , N2 AN [R] - 46 ) G FE AR 4 XoF 185 1% R e 1 1)
AEXTFR N (Wang et al.,2014a) , BT DL, BE 7% 915 A0
AT 52 U AR A LA S i 385 S AN [R] T AR S 1Y
FEY) RSS2 AR A 1 DU EE 52 1) ( Meng et al.,2016a,
2017) o AN, MR 5 50 H A pOR T R F Y
B OR T A v 4 3R R B2 A [ A 0 A 7 A v
AIAEPRAZ LA KRBT, AR K = A SE 4 3 252 0% 7 40
PERTRZ M (CRAFPFSE,2011) , SR, A N KB, 6
TR IR R IR, A 03 57 S RS B 0 1) 7 g
A (Jiang et al.,2016) , AN [ 2715 ik B 4 0 T 4%
AN AFAE 2 5, Hoh B ZR RS e fe K, B 2= 13
M 2 (A5 0% T B HE T, A ZE R U 2> R 35 W T )
(Piao et al.,2011b) , 1R HH 52 Z= 8 A A K
(Shen et al.,2011) ;{HALA IR, B RFEAC T
T B AR T Pl AR I e SR T A8 3R T A
1BE (Yu et al.,2010) .

3 EYRERERYEITSIERELHIE R

RECEAREI R, S5 AR XA ) b
L ERAT A A T R, AR T X AR R A Y
WFFEE > ( Abramoff et al.,2015) . e WFsE 20,
o7 A 1o FE B IR T A ) 1Y) 80% L ZE T R Y b
TR R WA (R IR A AR e ) A e N ) AR

S 134 00 &R I AS 6] 2B ( MeCormack et al.
2014 ; Abramoff et al., 2015; Blume-Werry et al.,
2015) {5 H A7 77 1 A 52T R AR 20 ( Blume-Werry
et al.,2015) o T 7E A5 RUASE DL AU AR 7R Do A 250 A %oF
SR AR I L B 2R AN SRR R AR
M2 W Mok 5 0 7 W4 19 s o7 S — FE B9 (Tversen et
al.,2015) ., MNHETR DA 5E 45 R 30, b | FIAR
FRPMGAEIRAT 2 [7] 20 1, (HAE b g Bl Oy 9800 &
AFEHH ( Abramoff et al.,2015) , A AKX, R &R
A b b AR LR B ) PR s SR BE T
+ 438 B PRt ( Steinaker et al.,2008) ; {H 3 & FLA AH I
2528 (Broschat, 1998) , U Hk T A [] A9 A& ) ( M-
Cormack et al.,2014) . JREEFN+ K505 o b A1AR
R R IEASC, R PR R 7 ] 3 b 52
W T AR 2R B W45 ( Abramoff et al.,2015) . Ik, K
T AT, TR AR AN R G R A A R AR AR
ACHIIR 3L, X AR 2R 0y A A i 157 Al 28 A4 A K 5
R A 4 O ZR AT SIS R AR e 0TS
ST A R SR ) —

4 HMEMMETLHNEEZERTF

TP 32 AR 2 385 R (A 3K 5y
koK JERI A& RIFERFERESE ) (Komer et al.
2010; Robbirt et al.,2010; Ranjitkar et al.,2012) FIFE
Y15 2 (Korner, 2003 ) DA KA 9 ()38 1o 5 46 3R
W& (Franks et al.,2007) %5 R B0, 285N
Ay, R E RN R AR 1) AR Ak 2 S O P 0 e AR A i) 22
R PR (5K 06 5 20085 H IR 3 AF, 20095 BR AR 45
2009; 2% H T4 2013; Wang et al.,2014a, 2014b;
Jiang et al.,2016;Li et al.,2016) , {H—SERfF 55 0,
T o DX R S I ) R A & R R
A2 (Walker et al.,2006; Dorji et al.,2013) , FAEHH
Pt = ESF ) %) 0 17 L 6 A6 A 90 T AR ( Price et
al.,1998) . #RM, WA AFFE R, + 38 A ok i i (]
oS5 ) A 3K B B AN 2 il S B (R 2 A
i () B 52 PR 25 (Shen, 20115 Dorji et al.,2013) ,
TaAN AN TR A= 3 S 0 A 0 0 A ke A A A ) i A
T E AR, AN AL RE ) 0 A 2 o AR A TR R —A4F
FRRK R L 28 58 I, 1T Hh A 8 R A6 AT 30 1R 6 2F o4k
Al RETE AR TFAERT #1770 16 ( Korner,2003) , It
LB 0 I ot SR AR AT A 00 A 0 5 ) P A
W AE F 4 B9 B K ( Menzel et al.,2011; Cook et al.,
2012;Wang et al.,2014a) , —SOHF 570 14 iR %
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KT 3K A BEAS T A 40 32 10 48 ( Wolkovich et
al.,2012; Shen et al.,2015b) . 1 Yu %5 (2010) 1A
H, H T ARSI T RAE IS8T F SRR
T AEIR ;i HAB A N AT e 5 K05 Pl 2 S
A X (Yi et al.,2011) s A NN S5HE
#EfbA 5% (Chen et al.,2011) . FH N, HHEHEHLS
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P [ 482 T, 1L [7) 2 S50 422 i) L R 435 1 7] ( Chen et
al.,2011) . PR, AEHE o6 B2 1 B, 70 O b DX 2> 4
AR ERE, WA BRI, &7 M 2 oK 1
IR IR T WHEIR 0 E 2R N BRI T
1997—2006 4F-75 ik =5 J 75 22 I 8 52 F B 5 ( Piao
et al.,2011b) , NTfiT 2 T 1% 5 W3R (Shen et al.,
2011),

FEAE I AL AR X P45 A W st i PR 1 25
BIEFE R 45 3 (Sherry et al., 2007; Menzel et al.,
2011) . WZHIERI, AR EFEREB T by
77 1) ( Franks et al.,2007 ; Galloway et al.,2012) , H5
e 4 85 ] RE 2 ML BRI 1 AU ASAR RS,
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AL, T LATT AL )4 MR ke T 1) e 28, RIATG
TP A 1 AR ) H 0 A R 0 B R (Wang et al.,
2014b) , AT BESE Ik LU Ay AT LAE G0 17T A8 1M 7 1 B
FIRFER RS (Hacker et al.,2011) , BEG 7R 2 1 HL
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ANTA] B9, H 3 7 T B A 58 4 AR 2 (Hacker et al.,
2011)

AREFERM &R AT AR AR Y 0 A K R B
ARAEREYIEE R R SR, Z BT R B TR A
T E5E W M A= K 22 ( Price et al., 1998 ; Post et al.,
2008a,2008b; Wang et al.,2014b; Jiang et al.,2016;
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AL BE )RR T 5 ( Wang er al. ,2014b) o 7K4tR4L
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AW GE 45 R AR GE (Wang et al.,2014b) o 5]
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5 ZRMEFENEBEERROFARTTE

5.1 Z5ig
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LR (Tber et al.,2013; Wang et al.,2014a; Meng et
al.,2016b) o T iX SEAIF TR A KT 0L R 3 e
JERAT- 5 LT R AR ME DX 43I B RN [ 7K 45 R 3R
LA T, DR AT AR ke = A 4 U
UESE

(3) ke | T Xk A A2 A i 1 2 75
[F2D R AIRIESE o DARTRAR 2 2= 1 M A R A s g F
R Y S A T BRI 5 ik B 2, TR Ak Y
J 2 I I D 0T 5 AR 2R e B X6 A A A B i iz
AT S8 R &1 (Abramoff et al., 2015;
Blume-Werry et al.,2015) , i FEARF AL PR
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