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Thresholds of Stipa baicalensis sensitive indicators response to precipitation

change
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Abstract; Precipitation is a crucial environmental factor that determines the community structure and productivity of
temperate grasslands in northern China, located in the arid to semi-arid regions. As a result of the increase in greenhouse
gases, precipitation patterns are projected to be changed, and the extreme weather events might become more common.
Although many studies have focused on the effects of precipitation change on plant growth characteristics, none has
quantified the relationship between precipitation and sensitive indicator (leaf area, plant height, chlorophyll content, etc.).
Understanding this relationship is essential to a comprehensive appreciation and accurate prediction of the effects of climate
change on plants. Stipa baicalensis, a high quality forage grass, is a dominant species in the meadow steppe in eastern Inner
Mongolia, an area that has experienced severe degradation during recent decades and is therefore sensitive to climate
change. Clarifying sensitive indicators and their thresholds in S. baicalensis as it responds to precipitation change could
provide substantial evidence for both the scientific management of grassland and the drafting measures to address climate
change. This experiment was conducted at the Institute of Botany, Chinese Academy of Sciences, from June to August (the
main growing season) in 2011. S. baicalensis seeds and soils were gathered from the natural grassland in Inner Mongolia,
China, in the autumn of the year before the experiment. Five precipitation levels (=30% , —=15%, control, +15%, and +

30% ) , based on the average monthly (June, July and August) natural precipitation of the seed provenances from 1978 to
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2007, were used to simulate the effects of precipitation change on 14 eco-physiological indicators, including leaf area, plant
height, chlorophyll and leaf N content, etc., in S. baicalensis. There were six replicates (i.e., six pots with four plants per
pot) for each precipitation treatment. Each precipitation regime was converted to irrigation amounts for each month, which
were then divided and applied every three days after 4.00 P.M. Each pot of plants was destructively harvested and separated
into two parts (leaves and roots) at the end of the experiment. Plant height, tiller and leaf number, and leaf area were
measured. Leaves and roots were dried and weighed to measure the aboveground biomass, belowground biomass, and leaf N
concentration. The changes in precipitation strongly affected the biomass, leaf area, leaf number, plant height, chlorophyll,
and leaf N content, etc., but did not influence leaf mass per area (LMA). The results indicated that total leaf area, leaf
water potential (or chlorophyll content) , and aboveground biomass can represent morphological , physiological, and biomass
accumulation characteristics, respectively, and thereby help determine the sensitivity of S. baicalensis to precipitation
change. By using the normal statistical tolerance limit, we found the critical points of these sensitive indicators, which were
significantly affected by precipitation change, and their corresponding thresholds of precipitation. The threshold of
precipitation (total precipitation of June, July, and August) was 283 mm for total leaf area, 276 mm for leaf water potential
and chlorophyll content, and 280 mm for aboveground biomass. These results could contribute to objectively identifying the

occurrence and development of drought events in S. baicalensis grasslands.
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1 MRFE

1.1 it

FHTF 2011 4F 4 A 2 9 AETH ERERAEY SR ITE T, DUNURE PR T 525000 1 ARRE T EFR
2 AR Y IF ST T 1 22 A B b A2 S IFST 0 (41 °43'N, 111 °52'E, #§4k 1420—1500 m) , 28 0.5% f& 4 FR B 1A Tk
THEE 8 20, FIZK Wk J5 &4 . 3R 58y B i B A B+ - M LR 5 i B A R A )
H7(12.31+0.19) . (1.45+0.02) g/kg Fl (81.61+0.71) mg/ke, ¥ I35 %5 L BRI P IOFR AR A B34 AR 2,
WYL DADUMI R A SRR M N 58 7l 5 22 58 A0 B DU 1 T 6 .7 A1 8 H Y 30 4 (1978—2007) H ¥k i
X B 5 AN B . ~30 % —15 % RFHR +15 % FI+30 % , B PHE 6 NEE . HRIESRERN T E
[110.9 em, FJIE 8.5 cm, 1 9.5 em) ¥ H BIRE/K I % A0 BRIW S0k, B 3 REHE 1 ik, BUARREK AL
PRER BERR LR 1,

R1 TMRETFFiEH 30 £ (1978—2007) A FHMEKER &K S AIEEKEE

Table 1 Average monthly precipitation during 1978—2007 in the provenances of S. baicalensis and precipitation values of five treatments

[% 7K £ Precipitation/mm

H 1 Month

-30% -15% %} & Control +15% +30%
6 H June 36 44 51 59 67
7 A July 62 75 88 101 114
8 H August 70 85 100 115 130
S Total 168 204 240 275 311

KA RIAETE T RN e, (1) B4 A 18 HEEF  IBFE A REF 1 (HSOLREZ) 1000
pmol m™ s~ A FIRL AN 43 1)k 26—28 °C il 18—20 °C) i@ MIBe/K . (2) I Boe i e i =5 1 A
M-8 4 R IF G AT IR, BRI EE 3 R e R R IT BT A T 1, R AR R UK Ay H — BN IR R 4 Bk
2011 4E 5 H 31 HIFGRAESIK Sy BOKIF LA B 20RE S AT AR E AN K LURIERD 46 7K 43 S F— B, #15
IR JE R 3 KAE 16:00 J5Hek 1K,

1.2 f8hsilE

(1) JEFHIE

129 J 2 HXSHR AT IR, GeTT 8 A0 3R 4 2 A AR I 7 280, T 5 Bk &5 (em) , FI ] WinFOLIA ( Régent
Instruments Inc., Quebec, Canada) fH#)M 434 RGN EAEMEE M A (em®) . BT (em®) = SR/
MR, Ll L P Sy B R g L = i TR R T AR R, B mg - em

(2) A= PHFFAE

MEKE (%) MR Bk E = (fF - ) /BEF X 100%

M C N B (%) i g & i, AR E S B BET I 5 R SR T MM400 1R G B {X ( Retsch
GmbH, Haan, Germany ) #ff & J5 , FREX 8 mg # &, 85 1A 4800 47 i A Vario EL 11T JG % 43 #7 1Y ( Elementar
Analysensysteme GmbH, Hanau, Germany ) fLAE N, 7E 950°C NS T HABE, A sl ERE S C AT N, AEALFE 3
NER,

A % (MDA) 7% & (nmol/g) : 2% Hernandez and Almansa' ™ J5 ¥k | IR IR FH XU 404316 06 B8 3
SE RN 3 AN

2R (mg/g) WE R SRR /LR, 28 10ml 95% MRl 3 R FH 5413 66 e -
SE 663 nm Al 645 nm ALHYEE L BEMITHA SR S, AL 3 A ER

K (MPa) AEYIBCRES SR WP4-T 52 15 /K #4X ( Decagon Devices, Inc., Pullman, WA, USA) #4710
FrKSEWGE BB 3 AN EAL
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(3) B fe R OO T I I 5 e AR A b R T (AR AR (65°C T T 2 5 R ]
& 0.01 g LT RFFRE) .
1.3 Bt
R GET oA SPSS 16.0 1Y “ B IK 22 J7 22 7041 43 M e 7K A2 AR R WL 8 A 52 W) 1) 8 285 4, 8 52 i)
% DR H] Duncan 28 HLHTE 0.05 7K b 34 Rk b B0 2 5 | DT Aff a8 45 i o oxof B /K A8 Ak iy sk . 0
JEFEATNT B K AE A Y B (B8 BR 52 B B K B A2 el T Ak R 2 MBIy A AP G AR SRS 5 2
DX K 25 20 BRI A 507 12, AR A IR A LA A HE S HC e SR ) R () AT BR (e ) JE L, DTS 1 5
HURFEAR A 32 R lm A5, Gei T2 2 X 8] ( statistical tolerance interval ) & H FEHLEEAS B8 19 LUBLE B R 2 /D
AL S AR AR LA 4 [XC 8] S5 55 R R A B A S 2 Ee iy A iy 1 R BR Y (e A R
FIRUE(GBT 3359—2009) %4k 1 40 1A BRI B — G0 T 25 2 IX 1] B i 2 ) P 4t 1 R[] R 0 34 252 3 A S AR Y
BRI EFNAE BRI, TR R B AR BE AN Tr 22 R A 1S SR A RT3 5%
B ERITER,
MLy =x+A XS (1)
HATRITAR,
My =x —A XS (2)
A, x R, S REA T 22 R B BERY R 3R D4 AL 4RAHNIAY A H
DETHEBRIA] U, BRI R T B 22 Bm v A1 K S (o, ) BRUEAL A &, T BR A
bR 5 K B IEAR DG R 2
%, = (%= %50 )7 (K™ %oin) (3)
AR K 2 AR G R F A
26 = (%00 m2) (X ™ X i) (4)

2 GRS

2.1 JEAFHE

Re K S AR AR X ik R L BRI IR e e AR S e [ AR 7 A T S R (ELXE L R R A
K 1,32 2), MRS B Z 2040 bkim 85 5 S T FRUR S i AR B S AT, (A W] 9 O
SRR R A 7S A A AR 25 A R v AR T RS A A Ak E A ) AR b B 2 ZE KO 311 mm &
F] 167 mm Z[6], A 3 Wi F2Ak, bRE o ) ELAE 311—239 ,275—203 mm Fl 239—167 mm 22 [&] , B0 T AL
A3 ERAE 311—275,275—239 mm Fll 239—203 mm Z[0], ZrBERURIM-$0R 2, A Pk i & A8 4k, 43 BEEUo
S BRAE 311—239 mm F 275—203 mm Z[A], 450530 H BEFE 275—239 mm #1 239—203 mm Z[A], FRAH
FBUNHE 311—275 mm Z A1 35484k, HARE KK -2 (8] 25 A .3

F2 BARETAIUMRSFESHIEZLWE T EDN

Table 2 ANOVA analysis of the effects of precipitation change on morphological characters of S. baicalensis

JEA4FHE Morphological characteristics df F P

Pk Plant heights 4 18.522 0.000
Sy BERL Tiller number 4 5.797 0.011
%% Leaf number 4 34.677 0.000
ST Total leaf area 4 40.896 0.000
TR Single leaf area 4 7.296 0.005
LI Specific leaf weight 4 0.760 0.575

2.2 AEUERIE
K AR AR X I K A 7K i MDA S N S I C S FIn 4R R S AR g (1K1 2,58 3)
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Fig.1 Effects of precipitation change on morphological characters of S. baicalensis
F3 BEAKRETA RN/REF EEFEZ MBS E 5
Table 3 ANOVA analysis of the effects of precipitation change on physiological characters of S. baicalensis
HBREFAE Physiological characteristics df F P
7K 3 Leaf water potential 4 15.056 0.000
M2 7K Leaf water content 4 8.424 0.003
MDA %+ Malondialdehyde 4 41.460 0.000
M N i Leaf N 4 6.232 0.009
M4t % Chlorophyll 4 22.995 0.000
M C i Leaf C 4 3.275 0.058

Bt K iy 2 3] k3 oK R R C A R PRAG MDA &8 I N AT 4 R S i S5 oK R R
A ZR , MDA & fInF 4% 28 & B AL B (8] 28 fb e B 3, ZEFE KN 311 mm [ 3 167 mm Z[A] A =R
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Fig.2 Effects of precipitation change on physiological characters of S. baicalensis

Ak MDA 83 9 BLTE 311—239 275—203 mm H1 203—167 mm Z [f] | -4 2 & 543 9 30 AE 31—
275 .275—239 mm 1 239—203 mm Z[H], 7K S 7K AT N i 20 1) 0 R 2 AR A oK S 5l)
HELZE 311—275 mm 1 275—167 mm Z[0], & KR A N & A0 2 HBUFE 311—203 mm A1 239—167 mm
ZIal, i C A EAAE 275—167 mm Z AT — B E AL, AR KK FZ 25 AR E,
2.3 EYERHE

BEE R K Sl RN T A Wi A I PRAR (B 3, 3R 4) . M BAE s R A L R A= Py i 8 AL T
U A 311—275 mm F1275—203 mm Z [H#H I T W E AR, R AV EAE 311—167 mm Z [ HH—
W ETE I (A
2.4 HUREE bR B A U

SRR R TERR PR AR AR BERR M C i KR S KR M RIS R A P S K R R E
FHOC MR X (3) 40 IO A TR PR A s iR R 3 i M N & i MDA & i 5 R K 2 5RO iR A5 (4)
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5 P AN TRIREIE . RIS AR IR 5 FK i 0 10105 07 A ) SR A0S R RE K dE (B T8 SRR A B R K e
B U B ARG 5 S A2 B 3 AT A5, % i i B (BN 25 R AR A T HE e - i TR > M
Ay > I K = 2 38 5 B> BT TR S MDA 25 > B0 W 8 > 73 BERI 5 /K B> I N 2 B>l R A= >
M C i, T ARAE T TG T AR T LA G ) S e a7 A Al 5 2 BRARRAE AT LAGE 2o 00 5 7K B8 (i SR 3R

) AR K IR 7 AR Y AR B3 T AR W K R A R BRI R T R AR i

0.5 r 07 ¢
a
a 0.6 T
o 04 f I o | ab |
4 b 2 05|
: b3 : I
Eﬂﬂﬂ 2 03 fF T MH .2 b J.
|5 - 5 04 b
83 SERE
o o -
25021 ¢ 25 03 l I
z T
2 T 5 02 f
< o1 | m
0.1
0 0
167 203 239 275 311 167 203 239 275 311
Bk & Precipitation/mm
B3 RokETUR RS E M BRI
Fig.3 Effects of precipitation change on biomass accumulation of S. baicalensis
x4 BKETANIUMRHFEVEHLMETESNT
Table 4 ANOVA analysis of the effects of precipitation change on biomass accumulation of S. baicalensis
HW)iE Biomass df F P
Hi A=) Aboveground biomass 4 42.971 0.000
R A2 ) Belowground biomass 4 4.328 0.027
x5 TUMREHIF MR EKET UG RIERRE EEEMREE
Table 5 Sensitive indicators, thresholds and sensitivity of S. baicalensis response to precipitation change
4 B{H Threshold U
AR Jifd R P o sy
Sensitive indicators Equation ECLZ WKtk /mm o
Indicator ~ Precipitation Sensitivity
MDA 7 &t Malondialdehyde y=-2.95E-05x>+0.0197x-2.308 0.91 <0.01 0.84 264 0.003
ST Total leaf area y=2.79E-05x>-0.0074x+0.539 0.94  <0.01 0.68 283 0.011
#R i Plant heights y=-2.15E-05x2+0.0156x—1.9262 0.87 <0.01 0.61 247 0.006
4% Z & & Chlorophyll y=4.38E-05x>-0.0161x+1.6356 0.88  <0.01 0.53 276 0.013
Hi AR Aboveground biomass  y=0.0058x-0.8855 0.89 <0.01 0.74 280 0.008
7K 34 Leaf water potential y= 3.00E-06x%+0.0034x-0.4952 0.83 <0.01 0.67 276 0.009
%X Leaf number y=0.0061x-1.0054 0.90 <0.01 0.57 258 0.008
A # 7K 2 Leaf water content y=0.0048x—0.6222 0.77  <0.01 0.47 227 0.006
SrBEEL Tiller number y=1.53E-05x>-0.0032x + 0.265 0.69 <0.01 0.39 243 0.009
it N & i Leaf N y=0.0047x-0.6628 0.67 <0.01 0.34 213 0.007
PAITE A Single leaf area y=6.33E-05x>-0.0267x+2.9617 0.59  <0.01 0.37 270 0.015
i AW Belowground biomass ' =0.004x-0.4599 0.52 0.01 0.37 207 0.006
M C & Leaf C y==3.39E-05x%+ 0.0197x-2.2259 0.50 0.01 0.27 186 0.006

http ; //www.ecologica.cn



8 S % 378

FERRAURAREE (S.) DL R A I3 T 46 5 CBRRD ) B R o7 K i S B0Z A AR A AR BE 2, Rt (5)

A
S.=(1-1,)/(311-P,) (5)

Ko SONHERR ¢ XK AL R BURRER B 1A bR i b B AR AR B, PO B bR @ FF IR IR 2 AR A
XL R K i, 311 SRR I N 30% X 1 AR K B, FH 6 S Bl AT, A48 b B RERURR R B Pl R B /MR IR Oy« B
I T RS I 2 28 > S TR R S 7K 32 = 20 BRI S M A= i > I I N B> S K i = b T AR e = Bk =
C & H>MDA &
2.5 HUBIEFRRICR

R K s AR AT AR T 0 5 TR S AR BRANA: W R AE J L8R g A5, 8ARRIAH G M /R i N
SR SHGRSEZIE BB ELR (K 4a) . AR (MDA) |, HF & KR A K3k = 2 [0 F &
BAFIAHC R (B 4b 4e Fl4d) , B TTBURTI 00 1 2288 0T LR 28 B AR AR St T AL ([ e 1 41) J1E
PR S TR RR 8 0 AT DA gk B4 A B e T AR RN R A R AR SE B, R S AR 43 A 3k P A e e P T R
I 0 B T AR A [ A

SR = -32.281+0.551 M-%1+59.244 - L

FLAHOC RBOFTE A2 RN R 6 Fis , 3R 6 Bt nl 1, St I AR e 2 2R 0 A8 ks i

R 6 MEHKSMHERSAMERMMHEBEIN
Table 6 Path analysis between total leaf area and single leaf area, leaf number

[E] 4218 12 2250 Indirect coefficient

FAE 5 EM AR £ HIREAZ REL

Independent variable Correlation with total leaf area Direct coefficient 4 LR
Leaf number Single leaf area
%4 Leaf number 0.96 0.78 — 0.18
BN Single leaf area 0.76 0.32 0.45 —
3 iFig

DUINZRER 3 (S. baicalensis ) J™3Z 5341 T H AN Bt | A 5y o B AR 16 Y i — S0 o 30 B 4K v D
P ZR UG L, 2 T ] e e 1) 2 S R o 22— | L0 DX S T T~ 0 i Y 4 [ K i 350—450
mm' DG T DUIMJR B3 3 i) 60 J5E 0 B K (1 5% ) i 1oz i1 B0 B e /b, (3B 46100 BT SPAC ( Soil-
Plant-Atmosphere Continuum ) Ji B35 % # ) AR K Z2 (6—8 ) T 7K &4 270—290 mm, BOARES 8
1 BIOME-BGC #ERIFH DU /R B2 50 JFAF [ /K &4 313.92 mm B NEP ( net ecosystem productivity) A7 0, KT
PR NEP Z2 0 1EH /N TZ R NEP 25608, AT %D 5T MaxEnt BEELTHFAS 2 DUINIR B TE
G DXIRAR R K R R 308 mm, b T O 5T 5 AR G0 bR (GB/T 29366—2012) 7 A s 1 41 7 i
) B J T AR AR U L IEAR X R K B P o FRAR X 2 R 22, JR SR B T AR A AR GE L, X
BB 5E K 2232 AR ik ) He AR 22 SR AR R K i 57 | B JRUAR R K I 1] 3 i AN ), B p P AR K R
AR AAF 80% A I s PFA 23 FAE Yk NEP 3 HoAth Mtk 22 5 P40, B E IS 50 Ak Kl 7
ZE| TR0 2 R — R IVEAL, e OB R AR B IR A RIE S AT S A . AIFSE LA DU R £
2 RRE, A B2 F A W R = A D T e A B K e (Bt e R S i) AR ST T AR M b AR A
T REUEHE bR, 2 BB EA R YR KR (6.7 F1 8 3 Ay SR K i) IR 235102 276 (276) 283 mm F1 280
mm , 5 DUINZREF 5 SEBR o041 XA K ZERR K i T BRI — 2, #15 RARY) (Stipa L. ) 523050 -3 25 1 b
I3 SR TR AP R RURE IS N R 13 R 3 o0 A1 | RHEK Iy S L As ) e e sk T R R R LA R A
A /INRUBERS Jey | 3o S T A, 22 53 Wi L 0 X6 26 7 A A1 4 Wi 7, i — s 301 0 S 7K 735 6 3 i X L 5 ) R P 9
PE IR LA, AR 4K 4320 A1 B 5 R R AT 2 32 MR A2 ) DU R 5 AR R 2 P BT 1) 3
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Fig.4 Relationships among indicators of S. baicalensis response to precipitation change
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