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Effects of experimental warming on the root biomass of an alpine meadow on the
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Abstract; The Qinghai-Tibetan Plateau ( QTP ) has been considered an ideal region in which to study the responses of
terrestrial ecosystems to climate change. The alpine meadow, a typical vegetation type of the QTP , is extremely fragile and
highly sensitive to climate change. Once destroyed, reestablishing these meadows in a short timeframe has proven to be very
difficult; their loss would result either in landscape degradation or desertification. Therefore, an understanding of the
dynamic changes to the alpine meadow vegetation of the QTP caused by climate change is extremely important and urgently
needed. In previous research, we chose an alpine meadow in the QTP as our study area and established 20 experimental
plots with a randomized block design, comprising five replicates and four treatments; a control, warming alone, clipping
alone, and a combination of warming and clipping. In this study, we tested the control and the warming plots independently
and sampled root biomass using a soil auger with an inner diameter of 7 ¢cm. Samples were collected from soil layers of 0—10
cm, 10—20 em, 20—30 c¢m, 30—40 cm, and 40—50 c¢m during the growing season, from May to September in 2012 and
2013. This study explored variations in root biomass occurring in different months and at different soil depths during the

growing season, as well as correlations between biomass and the moisture and temperature of the corresponding soil layers.
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The results show that (1) root biomass tended to increase over time in 2012, peaking from July to September and with the
mean being 3811 g¢/m’ and 4468 g/m’ in the control and warming treatments, respectively. However, root biomass
decreased over time in 2013, peaking in May and June with an average value of 4175 and 4142 g/m” in the control and
warming treatments, respectively. Total root biomass was larger in the warming treatments than in the control, with a mean
difference of 293.97 g/m’. Conversely, there were no significant differences in total root biomass between treatments in the
various months. Warming treatments resulted in slightly increased root biomass, but the magnitude of the increase varied
widely among months in the growing season, which resulted in differences in the increase in inter-annual root biomass. (2)
The root biomass was primarily distributed at depths of 0—10 c¢cm, where 50.61% of all roots were localized. In the warming
treatments, root biomass declined by 8.38% in the 0—10 cm soil layer, whereas it increased by 2.1% in the 10—50 cm
soil layer. Relative to the control treatments, the root biomass at depths of 0—30 c¢m tended to increase in the deeper soil
layers, with the increasing trends being slightly less pronounced at depths of 30—50 cm. Therefore, in warming treatments,
the root biomass tended to be greater in deeper soil layers. (3) Warming treatments caused a highly significant decrease in
root biomass and soil moisture. However, root biomass increased very significantly with increase in soil temperature,, which
was elevated in the warming treatments. This illustrates that soil moisture and temperature both had highly significant effects
on root biomass, but the effects of soil temperature were more intense and took effect more rapidly than the effects of soil

moisture.

Key Words: Qinghai-Tibetan Plateau, alpine meadow, root biomass, experimental warming

WA A FON AR S R SR B AR > B 2T T AT IR A RIS, X T B AR #R AR T
o2l AR ZS R G b S o R DI o B AR R S AR AR AR O R A 1 A S 4,
23 [ A3 A RFAE B 5 - PR IG5 23 06 AR Bl L 3 2 (M AR P AR B, ZEAR R VR T RO
WKL R AR TG ShekE 1 IR AW B o, IR AR SE T Jm B AL RE I S A0 B M B 2 1k s R AR 0 S
SELE ML -2 RS PE A 45 U WD T T8 | (R IRFi A ) T BE 08 SR 0 R B MR, 8t 3 i Al e M A 2R )
FHER L MRRANOURIERAE Y 5 AR5, 0T ELAE o B PR 28 B, % - R 1 Ak S
&Y A AR T SRS R XA RS R G AR N R R A AR A A KT R K 43 R
SIRYAIMR (AR <2 mm) , Hozs SR E T AR Z 00 1l T B8 IR A A FBCR S 0, [ I s e 1 4= 3ok
Gy RFE 53 (3 FEAR Jay , O EL 2 AN IR] 14 - M35 43 7K 438 B B - S HC AR P Al b me 1O O LA AR AR 0 B
T IR AR WL AR S R GEL R S RE R EE B G, EA R AR SR 37 20 K 23 1 < PR R RERR L7, B AL
NAEBRGES S RARBRAEI S B2 SR R 7

SRR IR B E RIS IR Bk SF U R R A MR e R X R A S 55, 75
S 2 D AR R ) 4 Rl 3V S XA 28 A BRI AU B AL R AIGIR A 25 PR A 2 7 A T B | DAL
BB NSRS BT b A 75 3R G A BRAE AL AL Y SRR B0 K 1981—2010 4R IR BUIE R E , 5
o S D 2R LAFRAR 0.04 °C RNt T DL e R IE 22 0 A6 WY A TR I AL A Y I
TR IR D A R UK VR P 9 B B D, TR T2 R B AR b (THIARZY 1.5%10° km?) , 1 T 24F 0K L3R 50
AR AN IR BN A X R FE R A S R ST R I S M S e T e e R K
SOVICTR FREETE 1A R =), S ORI % g D b 1 R L e T i AR A T e T R ) A S R AR
WS , 3 ARG B R iR D fURR , — ELIE Sz i AR MEAE 4 10 A A 2R, 8 i S B0 B A AN 35
PSR A TR U 2 I S RN A I 2 AR 2R 0 50 T B A B SRR IR PR A i K LA
TR FERAR RO TERITRATTRE IR ASHITFE LA T o5 i o FE ) S 9T 0 G, MR /K D5 TR A<
A AR T 55t T i FE R A AR AR A e ) S A5 Ak S S 3RS DR 1 A S AR D e T 4t DA 5 14 B 3 5 B
F, 2 Bs 1 R AL A A A SR BE IS 225 FIRL AR

1 MRFE

L1 BN
P DAL T o BB T 5 T 456 5 S SF T M TAS 7 34°49°34"—34°49'37" N

http ; //www.ecologica.cn



214 R A5 ARDLNG T X 7 B s i ey 2 ) AR R A W (R 3

92°55'57"—92°56'06" E , -4k 4630 m" ) 10w T R T FE SR X, AR -5.9 °C, K
267.6 mm  AFSYIEAEZE A 1316.9 mm,, SIS T 75 00 B AU T 2 AR R 4 IX % X R 16 s =R — i
H2—3m, A 9 H B4R 4, fERTERMAEKTE(5—9 H) B X BAE D RES AL LA TS BRI 4 R
BV E 22 R R BE TR 83% , Horp LATBRERLI & LU 5 ( Kobresia pygmaea ) R EERER FHHELE A W RIRMEY
T8 5 5L ( Carex moorcrofiii ) , R Al /NBEEE ( Oxytropis pusilla) , R E LT B AR 15 HHE (Androsace tapete)
DU BRI 3% K 98 5 ( Leontopodium nanum ) F13E 0N X TE 24 ( Saussurea pulchra) 55 , 2R} 1) BR 27 22 ( Polygonum
viviparum ) WHE N H WL, BFFEIX 3R Sl B+ DIk E 2 Bk & B AR R RO AR A R E R
A 5—15 em JBRJZ , HJR AU 4—6 em A HLTE HIA 8—25 g/kg; RJZ VAN I ZHEIKA, 2 A -
A, -C/D 458, B EREF AR,
1.2 FEHLBEE

SR FHREAILIC BT, B0k IR M il (b TR B2 2955 0 3 °C) AIF (B AE R EZY 1 em) ST+ X
FIZHAEF 4 FpPAbBECIE 1) 2022 AR S AN EE (RS AKX L) k20 SRR, AR TE B 2 mx2
m , A SRAE AT RR 4—5 m, ASHHFSR BT A >k B L (0 RECFI 3G TR A b, 0 HRRE Hb I« R M N AN 3R A 7 1
T A FIAL SR CRAFRE R I ARIRAS o HE R b 150 8« 104 V2B W R T 2T M2 S 4, AT 165 em K (15 em 5
A =BIE KT 150 em 18 mm ELARAY FIAEMS R 2R BeAEAE L IE E 7 BRI 1.5 mo = BEAL , T 2010 4F 7
AR AR RIBTEIR B — DXL H A1 FEIER Ak 22 W 2, AR IR, 78 SE U0 E M A28 I A SR 35—/ VAl
ARG, T T3 AR B O B Ko KRR RS

N
CE O IEEE ] g A
m
| | +
D m
o Om
=
0246810m om0

1 385 X BRIt S 5 E

Fig.1 The distribution schematic diagram of warming and clipping plots

1.3 RAEAEY N

T 2012 Fil 2013 4FAH 4 A K AR BUR R AR (5—9 A, 8 H oA 8 A — R, i e ] B AS #f it 2—3
Ko R R T BV R AR R T em B B3N] 2 AU ZEE A (R B
W ERBfE N 1), 12458 5 JZ:0—10 em . 10—20 ¢cm ,20—30 cm ,30—40 cm F140—50 cm, B 1) kL%
B E AR IRAR 2 [P R = T KT, 2005 T 60 H AR 13805 (0.28 mm fLA2) KR RS 1B, RATS
g3 A SRR g 14 2 5 i B E AR R4 T KT SR 5 AR AR €, SRR R S B AR T AR,
FEIE A 75°C pYLAR P p T A R R
1.4 HHKHE

MR 5% £ R € [ Campbell 28 @) 4 77, 4% AR 8 38 [ PR OAIE IR 45 A B AR i Y B 5220 3963 B
109SS-L BRIV FEHR K43 4 AN EEIE , 435914 20 em 40 em 60 ¢cm 100 em; 137K 4> i FDR ( Envior SMART
R IR KA 5 ANTREEIAE , 439720 10 em 20 em 40 em .60 em 100 em, 7 AR AR 343 H2 5] CR1000 %Y

http ; //www.ecologica.cn



4 A E = 36 %

B R AL, LA 10 min SR A Shic SREARE , TR ERE 24 h oy 9EICE BOT-S(EAE A H 89
1.5 HdEowr

(1) LK ZERTR A 0y Mg A br AR 8 0RBE AL b, 22 AR 28 A4 1 i i 25 0 A 0 SR (E R B, e BT il
FAEYREARKENFE A G AR TR, B AR ZR O )2 R - 808 B2 1R N A 50 . 0—
50 cm FJZXTRE 0 em PRJE,0—10 em £JZXA 10 em BRE,10—20 ecm )2 X R 20 em RJE,20—30 cm + )2
TR 30 em T, 30—40 cm 2R 40 em B ,40—50 em FJEXF R 50 em WE

(2)BUS5 AL 2R R A SAE R SR R AW & 26N R T A SR R A & AR 5, 4 B SR
RAEYEFEARKREANFEA DB MIE, K5, 085 A GFE—LZEREAEY S0 FE, RS — 2R
AW SRR YR E I, S HUR R R R R AR YA A AR IR, B AR R A R A
A, WREREYEIEAFEA G R ACHE A B E YRR R R MR 220055,

(3) &7 5 N HERAAEY B R EH TR #EF 1 50—60 em 2R A A Y&, A 0
A+ Z AR ELE, 2R 0—50 em L)ZC ARG RER R, WX+ 2 HEE L 0, K5, IRIER R A i
JE (0—60 cm) , BEFE 20,40 .60 cm VR A 3K 43 A+ HER B A AR 2 2B W S5 AR )2 3K R R
KF, TEMEFR T A5 10—20 em 30—40 cm 50—60 cm )2 AR R AW,

DL B it R e i 2 2246 Origin 8.1 BRAR5E K, Jr 2253 SPSS 17.0 BAR5E A%

2 ERES

2.1 WREAYRAEAERFARA G
T SR R R A g e B T 7 A SN 8] 2 IR :0—30 em IR AR R AW = 7E 2012 4EFE A

S TR 2013 4FRE H 0 R0 NE G 30—50 em AR R AE Y RTE 2012 45 2013 4E A 6 H 4y
H 4 Month

5 6 7 8 9 5 6 7 8 9
0

3900
I 3418 10
2935

2453 9
1970
1488 30
1005
5225 40
40.00

R $79:4
Soil depth/cm

4400
3860
3320
2780
2240
1700
1160
620.0
80.00

WEREY R
Root biomass/(g/m?)

*}H& Control R Warming

E2 SWAETRAEVEARTERENTHBES
Fig.2 Variations of root biomass in different soil depths in control and warming
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Fig.3 Distributions of root biomass in different months and soil layers in control and warming
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Table 1 Variations of root biomass in different treatments in the growing season
Efy Ay X R Sl B -
Year Month Control Warming Warming minus Control
20—30 cm 1 JZAR ALY E 2012 5 269.65 348.63 78.98
Root biomass in the 20—30 c¢m 6 387.42 488.81 101.39
layer/ (g/m?) 7 387.94 681.24 293.31
8 506.07 737.76 231.69
9 679.68 807.28 127.60
S35 Average 446.15 612.74 166.59
2013 5 589.97 638.16 48.18
6 423.16 661.90 238.75
7 475.93 550.54 74.61
8 309.55 318.21 8.67
9 373.33 513.89 140.56
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Ay Ay X HE il H X HE
Year Month Control Warming Warming minus Control

-5 Average 434.39 536.54 102.15
SRR 2012 5 2257.38 2223.16 -34.21
Total root biomass/ ( g/m?*) 6 2839.15 3313.82 474.67
7 3848.17 4342.81 494.63
8 3699.21 4517.61 818.41
9 3885.25 4543.82 658.57
¥4 Average 3305.83 3788.24 482.41

2013 5 4398.17 4287.27 -110.90
6 3952.60 3995.93 43.33
7 3656.05 3959.10 303.05
8 2974.22 3183.93 209.71
9 3383.34 3465.75 82.41
T4 Average 3672.88 3778.40 105.52
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Table 2 The multiple-way ANOVA of root biomass basing on general linear model ( F value)

MR LY WRAY AT B R AR
Root biomass Root biomass percentage Total root biomass
2012 2013 2012 2013 2012 2013

AL FE Treatment 5.073 " 0.008 0 0 2.409 0.004
H 4y Month 13.038 """ 2.102 0 0 6.192"" 1.752
R Depth 163.824 " 163.501 *** 401.212*** 416.577*"* — —
AL x H 47> TreatmentxMonth 0.448 0.125 0 0 0.213 0.071
R T R B TreatmentXDepth 1.47 3.212* 6.887 *** 6.272"** — —
A 3 < JE MonthxDepth 1.29 0.487 2.408** 0.657 — —
Qb3 x H A7 < TR TreatmentxMonthXDepth 0.369 0.173 0.828 0.461 — —

# . P<0.05, * * . P<0.01, * * * .P<0.001 ,Oﬁtiﬁﬂiﬁ/\%*ﬁ,—jﬁﬁ[ﬂ%ﬁlﬁ
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Table 3 Linear regression equations between root biomass and soil moisture and temperature

A% Q 2
-~ AU #H% Slope R P
ﬂﬁi HER - B YEL 3 1YL - Bl YEL
Dependent variable Independent variable XA B X 1 XA B
Control Warming Control Warming Control Warming
HRZR Y Root biomass F387K 53 Soil moisture -53.64 -62.4 0.461 0.44 0.005 0.007
MR AP Root biomass T HEEE Soil temperature 70.36 87.01 0.414 0.447 0.009 0.006
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