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Abstract: Phenology plays an important role in indicating climate change. However, current researches mainly focus on the
relationship between phenological changes and environmental factors. There is a lack of research on ecophysiological

mechanisms which cause phenological changes. Based on a simulation experiment on Stipa krylovii in the Inner Mongolia
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Autonomous Region under different treatments of infrared radiation heating and water control, the photosynthetic
ecophysiological mechanism of Stipa krylovii in response to climate change was examined. (1) The green-up date and
heading date were advanced (2.8 d & 7.8 d) under increasing temperature treatment, while the wilting date was delayed
(6.8 d). The interaction of temperature and precipitation mainly affected the heading date. Compared with Stipa krylovii
under increasing temperature and decreasing precipitation treatment ( climate warming and drying) , those under increasing
temperature and increasing precipitation treatment ( climate warming and wetting) were 7.4 days earlier. (2) The net
photosynthetic rate, stomatal conductance and transpiration rate of Stipa krylovii were significantly higher at green-up stage
and heading stage under the increasing temperature and increasing precipitation treatment, while water use efficiency was
lower than those under increasing temperature and decreasing precipitation treatment. There was no significant difference in
photosynthetic ecophysiological characteristics between increasing temperature and precipitation treatment and increasing
temperature and decreasing precipitation treatment at wilting stage. (3) Net photosynthetic rate was the decision-making
factor affecting the change of plant phenology. Temperature was the limiting factor affecting green-up date and wilting date,
while precipitation was the limiting factor affecting heading date. The results showed that the phenology of Stipa krylovii was
closely related to both photosynthetic ecophysiological characteristics and environmental factors. This study could provide a

theoretical support for the development of plant phenological model and the understanding of phenological mechanism.

Key Words: Stipa krylovii; phenology; photosynthetic ecophysiological mechanism; photosynthesis; climatic warming;

precipitation alteration
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Table 1 Different treatments of temperature and precipitation

LS Ab P KA B
Kb Temperature treatment Water treatment
Treatment OO WAL R W
Infrared lamp power/W Perforated flashing ratio/ % Irrigation

ToWo 0 100 0
Ti15Woso0 800 50 0
T, W_s00 1000 50 0
Ty15sWason 800 100 +50%
T2 W50 1000 100 +50%

ToWo : XF AL IR Control treatment; T, | 5 : ¥4 1.5 °C Temperature increase by 1.5 C;T,, : ¥4l 2 °C Temperature increase by 2 °C ; W _sy, : 87K

50% Precipitation reduce by 50% ;W 5o, : 347K 50% Precipitation increase by 50%

1.3 WEmH 507
1.3.1 HHERRE

A ECH20 +HERIRERI RS (METER, Pullman, WA, USA) 4438560 /NX i) HHEIRIE (T, C)
FWREE (RH ;%) o ZFRGEMIMIATFE N 30 min/ UK, A HECE BHINE £5 /N X 0—10 em A T 356R B, JFd i
HL 258/ U AR 0—30 em 45 10 em — 28 3 2R &K i,
1.3.2  Yfiiim

WA (ARG WAL Y > X6 58 [ AT S s AT N T, 4 H LA R 2840 516 50 A /s IX 3
TR, T S A5 /MK o [CE 5 B8 25 S e 1011 BB, 90 B B st o [RAE 1 A 1 BIFRIFR BT,
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Fig. 1
precipitation treatments

NE/INE F R A E AL PR 22 5 8.2 (P < 0.05)

Changes of soil temperature and moisture & average soil temperature and moisture under different warming and

HIRALEL (T, W os0 T W ) PG A R AL T B FZE 10 R 34 15y 0 HR R IR BK A BE (T, s W g
T,W o), HAESRAK S HBEER T T, W o, B EOC G E R SIS EMEBEREEST T,
W 500 AEFH (P<0.05) 7K 43 ] FFA5C3ReF 184 305 184 7K ALk 8 g i 7 AN 4 2 {IEL 338 305 7K Ak B of 5 ER B 2 1R 7K 40 R
BORBETHE (P < 0.05) , FEANE, SOERAR P 6 A e 1 it — 25 FRAIR, AR TR 7K B 3 1) 5 RSP 6 6 2E

PHA: BRI 25 520

F2 FEIEERMIEKLE TR FUIRHETL

Table 2  Phenological changes of Stipa krylovii under different warming and precipitation treatments

HAVRAL BT | 50 [RET S R A T R R K I HBCR 35 & T IR (P < 0.05) , %
A RO HER 5 78 AT P OB A RE TR S VARG

b F 1R Eillpel Mg Ab3 IR e Hhis
Treatment Green-up date Heading date Wilting date Treatment Green-up date Heading date Wilting date
TyW, 108.0+1.5a 193.5+1.5a 289.0+1.9b T, 5Wiso0 106.0+1.5ab 183.0+2.2¢ 295.0+1.9a
Ty sWospe 106.0+1.5ab 189.7+1.8b 295.3+2.2a T, o Wspa 104.5+1.5b 181.0+1.8¢c 296.0+2.2a
T, W_500 104.3+1.7b 189.0+2.2h 296.7+2.2a

AN [R)/INE FRER WA [ Ah B 7] 25 57 1225 (P<0.05)

£33 TRBEMEKGETERFUWENRBERAESH (FH)

Table 3 Two-way ANOVA analysis of phenology of Stipa krylovii under different warming and precipitation treatments ( F value)

¥ REH il Mg SR R Gtz fiti B3]
Factors Green-up date Heading date Wilting date Factors Green-up date Heading date Wilting date
T 4.684" 3.673 1.400 <P 0.013 1.322 0.029
P 0.013 77.731 7" 0.257

T Temperature; P;7K4) Precipitation; * ;P < 0.05; % * * ;P<0.005

=NERTT 2200 R W, A R T 9 352 R OK 50 B R/ R A 5 B (9 6 45 28 BRAR 25 R AR A2 10 o 3
(F4), NFEPIBEEIN TR S O G R ZRIEH R AL ERUK AR 2257 03 R 3%
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Fig.2 Changes in net photosynthetic rate, stomatal conductance, transpiration rate and water use efficiency of main phenological stages of

Stipa krylovii under different treatments
GS: BT Green-up stage; HS : fF#I] Heading stage; WS A #5 1] Wilting stage ; /AN [A]/ING 1) 26 B R[] Zb B A] 22 57 1 2 ( P<0.05)

4 AARBETERHAFAEEEBEDHFEN=ZAZTFEIWER (FH)
Table 4  Three-way ANOVA analysis of photosynthetic ecophysiological characteristics of Stipa krylovii under different warming and

precipitation treatments ( /' value)

K+ KD e g AT R AR KRR
Factors P,/ (pmol m™2s71) G,/(mol m™2s7") T./(mmol m™2s7!) WUE/ ( mmol/mol )
T 0.004 6.634" 5.116" 0.480

P 95.096 *** 196.024 *** 468.028 *** 83.892***
Ph 1171.317*** 428.327**" 756.328 *** 25.050***
TP 0.007 0.033 0.328 0.328

TxPh 8.924 " 7.295%* 5.583" 6.477
PxPh 21719 63.537 " 112.919 *** 13.785 ***
TXPXPh 7.305** 17.615*** 23.401 *** 12.835***

TR Temperature; P 7K4) Precipitation ; Ph: ¥I% Phenology ; * :P<0.05; * # .P<0.01; * * * ;P<0.005

2.4 SUIRHESPYIIR AL B A A AR S AL

AR (18 3) W], D65 A BEAR A28, L SR R S o e FR BT 5 IR 7 300 Sl DT RS B 40
i RER 900 95% \58% F 62% , HLX vi I SF Wi ) B AR TR B I -2 o ol & A B 0t 78R
PR GRS 7L P AU - ke S 1A SIS IS S 8 G B TS 8 G R 5 et v e SO AN o 7/ K U N E K
ROV 5359129 -0.961 F1-0.864 , & Bl F ok A< A3 At 2 3 75 300 00 i1 R A00 ) 82 T 5 ot 280300 100 v Dl 15 380 0 e
FEHF U ROV 0.790 , R WG HR BRI S BOht SIS o 3R 7 01 A 39 B X Wy ok 14 1] 42
RO T2 1 AR I PR B W 2 W 1 B UL BE R TITR Ii v0le 6 3R JLRE T i e fe e ER B2 AR 7
JRHT(-0.191) Al A - HJE I B2 X 440 1) (R 46 000 ( —0.181) , 32 3 1 7K 43 1) FH A AR 52 i 28 s 1 0, i
e SEE XA ) (B0 ( -0.750 ), 5 R T i AL BRI O A R RS T A e S I T R
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Fig.3 Path analysis of phenology and photosynthetic ecophysiological characteristics of Stipa krylovii

N
464 2R Net photosynthetic rate; GD ; iR

T . HHEREE Soil temperature ; RH Soil moisture ; WUE ; LIRS FIH

soil *

F&M5# R Transpiration rate; P,

FH3E Water use efficiency ; G, SKALSE
M Green— up date; HD: REiipidi] Heading date; WD A Wilting

Stomatal conductance; T, ;

date; P < 0.05; .P > 0.05
F5 RERFFUEMAEGEBESEFHERSN
Table 5 Path analysis of phenology and photosynthetic ecophysiological characteristics of Stipa krylovii

L0 AAESHT R AR A

Phenology Factors Pathway Effect

R T ‘ol e Al T,y —WUE—-T,—Ph 0.561

Green-up date ] 422 5 1] T,y—G,—P,—Ph -0.752
WUE ) 4225 ) WUE—T,—Ph -0.811
G, [i] 25 1) G,—P,—Ph -0.885
T, ERs A T,—Ph 0.933
P, HAHER P,—Ph -0.961

it Tooi lE2=Al| Toi>WUET, —Ph -0.181

Heading date RH,, ] 225 ) RH,,—G,—P,—Ph -0.750
WUE 2=l WUE—T,—Ph -0.249
G, [i] 5 ) G,—P,—Ph -0.821
T, HH T,—Ph 0.295
P, HE P,—Ph -0.864

0] T, A T,.—G,—T,—P,—Ph 0.256

Wilting date WUE EEES=Al] WUE—P,—Ph 0.434
G, [GIEES-All] G,—T,—P,—Ph 0.542
T, kA T —P,—Ph 0.565
P, HHE P,—Ph 0.790

3 5% R
DA AR I O = BEREAE (1 Bk AURAE AL T 2 o 55 | © G - S AL JTORIA ) 26 BAE AR

S LR R G

ABIFTE I T LM R S 1 R

5 ?E7J<$Hé§%ﬂ’]ﬁﬁﬁ%ﬂﬁﬁ3@7yi¥% , SR A
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JEZ IAEAEA 50, A BRI, A8 0 25 T 30T IR T iy, X b HE 0 B 0452 i U) 3R R o 4l 35 1
WRDY ) RSB GR , IR RRART A R N B S R R 2, KR S TR
B AL, FH R ET R,

SR C 2 T 3O AR Y % & E RO . 1965—2013 45, 75 8 i J5 Hb X AB0RER 75 191 AR 1 R T
FEF-24 4 10 4R 002 AT 7.4 d.6.2 d F1 6.4 d, MRS S 2 RS # F4 (2.1 d/10 a) |, IR TS #OA Y &5
BYMRASAGIY E B Y RS2 SRR B R, P 5l 3 O b DX R T, K M 3B R S B0 X
L YKHE (Agropyron cristatum) MZEWES% ( Potentilla chinensis) 32 T WIHEIR | 4G 2 AT A B R N A48
BRI SR TR 2 Cf S B A YR F IR AT 1—4 5 FFIUAT (OTC) BE IR I, 34 2.2 C
ETHEZE B2 5K ( Potentilla saundersiana) WA IASEHET 3—5 d, {HAH 55 11 55 ( Kobresia pygmaea ) /)42 5E #4231
5—7 d, BRSO K S0 A SRy R L R AR B R Y AR B R, B TRLAL B B AT
FAEMR AR T BIPERT 2—4 d, ShBER AT 3—13 d, A B IHER 6—8 d, iR s e S B A s R —
B WHEE R IR, 58 FCAT S e BRI X 7K 432 Ab BIURK B T4 /K b FRA R A T B T, A5 R Ul K Ak B4R i
6—9d,

A TR R A KOR B AR R A B SR A I DA IR ER— &
GRS, 5L T i B S B M e A VR F A EEZE AT RuBP AR AE AR A: A e R AR &
B, B IRALFER v IRET P RO S R T R, (B BTSRRI Ao G R AL T B 3R THE Y
W R ATFE ) Fh 8] 22 57 $89R A 3F T & B ( Deschampsia caespitosa ) B Y6 & VE F, (B30 T 38 W5 3% ( Thalaspi
arvense ) (G AR o KA BRI Y T A 66 1E F A DGR 3 Bk S8 It S BU ¥ e & R SALS:
J3E 25 [0 S T i 1 7K S b3 K 5 BORE S FL 5 B R 2 0 3R R o, K 0 RS R i v AR 9t S
G2 GEE

TV ZAE YRR BE 3K A5 R B8 S5 A 251 PR AR A 9 3 107 205 2, S A 0 ) R ] AU B I A 2 5 AR B
L) A A B R R BT R A ) S0 B TRCKE CO, RIUK S5 Ak S A WL B DA 10 AR 5 38 1o Ji A0 2 il ik
5 R EREE T O6E A A S B T R P A0k F R T o b 1 5 DB S Mg h A 2 1 K 702 A Y i
IR HOG A AR BRAR S AL A5 B LA 8598 (1) R T s S B0 [BT 57 1938 57 S AR BRI 32 17 Al v B 4R
IR AP RIVE RIS 5 BT S e 0 52 ) = EEAR IRAE AR, (2) 7R 55 RN H AR A , B iR K S BOC AP Y
FOGA A AL RN 3 1 2 T e T TR K U S BOK 43 R P AR 3 2 T e o R T I R
LG B FK R IR T A RK AL B & BAE S RE T B 2 5. (3) AR, 5 v
QAT W ) di B 2 BB A T34 o ot & 3R oG 5 3R T s 2 200 [R50k 75 101 il DI S i, A o 0 4
R, (4) FIREFE Y 5 5 K R HOG A AR BAE R E B UIAROC . oA dUR R Y Y R A i e 3R
PRI, ek J3 AR K DU 2 A 0 A 32 A R BIR A PR

gt B b ARG RN S SRR E R ARG 6 R IR R R0 K S
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