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Abstract: Root is one of the most important carbon pools in grassland ecosystem. Analyzing the biomass of plant
community, the carbon distribution characteristics of roots with different diameters, and the response of root growth
characteristics to changing precipitation contributes to understand the carbon and nitrogen cycle and process of roots and soil
in an alpine meadow under global change. In this study, we investigated the biomass of plant community and used the

minirhizontron technology to investigate changes of root properties ( standing crop, production, mortality, life span and
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turnover) in an alpine meadow, in response to five precipitation gradient, including 90% , 50% and 30% decrease (0.1P,
0.5P, 0.7P), ambient control (1.P) and 50% increase ( 1.5P). The results showed that: 1) There was no significant
effect of precipitation gradient to above—ground biomass, while 0.5P and 0.1P significantly increased the biomass of grass
(P<0.05). 2) The total root standing crop was not significant affected by treatments, but increased first and then decreased
with precipitation decrease. There were significant differences in response of roots of different diameter classes among soil
layers. In 0—10 cm soil layer, the standing crop significantly increased in 1-level roots under 1.5P and 0.7P, however,
significantly decreased in 2 and 3-level. In addition, in 10—20 c¢m soil layer, the standing crop of 2-level roots in 1.0P was
significantly higher than that in other treatment (P<0.05). 3) Root production of 1-level roots in the surface layer are
significantly reduced under 0. 1P, meanwhile, the total production and mortality of 1.0P in the surface layer was
significantly higher than that of other treatments (P<0.05). 4) The life span of total roots and 1-level roots in the bottom
layer increased under 0.1P (P<0.05).5) Root turnover decreased with precipitation decrease, but there was no significant
difference among treatments. 6) The structural equation model showed that the root standing crop and production were
directly affected by the soil layer and water content, besides the root turnover was directly affected by the soil layer and
nutrients. In summary, under small range of precipitation change (0.7P, 0.5P) , plants would reduce the biomass allocation
to fine roots and invest more resources in the growth of 1-level roots; however, under mild water stress (0.1P ), the plant
would reduce the allocation of underground root biomass in all diameter classes, maintain low biomass consumption and low

root growth to maintain its normal growth state, so as to complete its normal ecological function.

Key Words; minirhizotron; root diameter; root characteristics; alpine meadow
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AR LS BERE T AR R X KA AR I (9 22 5, SR, S TR R AR A AN [R) AR PP MR 2R AR AR AIE )
BRI A — B0, A W90 R BB B F A AR, B/ T 0.4 mm (AR R (RGO ) BUAFRERS ') ik T
0.5 mm (YRR ZR (R ) BUAF i 220800 s A BFSE 4R B R AL, AR (R ) AR R B sk 7, R
EWFFEN FOAR BRI W XA TR AR R 28 0 AR AR IE HAT AN RS20 (B0 T AN TRI AR P AR 28 S 2 i e 7 ¢ RIS
AL TR, AR BT AR R AN TR R R A B A 25 R ST AR AR Y AL A , T X AN ] B i 4 T
Tl R G UL v FE B ) A S R GBS RV AR P AR R AR AR AR B S i DL A

TG e i e R A T B L WA R TR R R SR B R A R A A R T W AL R U A B R S

http ; //www.ecologica.cn



6252 A E = 2%

P AMERTS  FERBRARLTR , 7580 R K SR R AR A S AR R ok 5 D K MR A
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A RIMERITE DU, SEBURHR R ARG E G . £ b AR SCRIN P AL e FE ) TS X &, RS HOR
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FHEE] 40 em AbBE 1F + 3 H K S BRI R B)
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TN, TC TP .SWC SC .BD M FC) MRFZIA 775 JET- 5 | F5 4 FlJR % E 47 B8 3 5 22 43 BT ( One—way
analysis of variance ,One—way ANOVA) , F#z/)N i 3 22505 ( Least significant different, LSD ) #E47 40 #H 0] 22 57
FYERER (P<0.05) . AR JZM(0—10 cm 1 10—20 cm) {22 5 MR FHA S FEA ¢ 150, RIIZ R &R )y 22
1 (Multi—factor analysis of variance ) 73BT [N AL I AR RAZH AN+ 2R E KA BAEHAXR R A= A=,
FET i FRan AR R, R4.0.3 1 corrplot A4 BT - HEFR Ak 14 I3t 55 4R R RRAE 1 B AR AR AE DG, B
J& , FIH AMOS 22.0 21 #4548 75 B (SEM ) 43 AR R R AiE AP IR 7 Z [ A B RZ M G 2R

2 #R

2.1 AR AR AL

£ 0—10 em T2 5 HIRFEM (1.0P) AL, H 47K 550 BITES T 50% (1.5P) 8RS 50% (0.5P ) Fli
1 90% (0.1P) BEHINN 26% 18%F1 22% (P<0.05) , L35 % /K Ft BEFE R A0 2 B35 T RSB H, H 0—10 em
BEET 1020 cm 12 (P<0.05) ., 5 HRFEM (1.0P) AL, 75 0—10 cm + 2, HHES/KELE 1.5P 3
HANT 6% 16 0.7P [0.5P H1 0.1P 43 5] i F FEAK 5% . 11% H1 33% (P<0.05) ;10—20 cm + )2, 5 H R
(1.OP)AHLL, 1.5P W 288w T LIRS /K (5% ) , D3CRR A 2 U 43 IR T H I & K i 3% 7% M 25% (KR 1),
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Table 1 Physical and chemical characteristics of soil under different precipitation gradients

1R Wk Gk e #a 5 2R 25

Soil layer/cm eatment FC/% SWC/% SC/kPa BD/(g/cm®) TC/(g/Kg) TN/(g/Kg) TP/ (g/Kg)

0—10 1.5 65.83£7.37 Ab  44.31x0.51 Aa 165.97£2.6 Ab  1.07+0.03 Aab  66.85+£5.65 Aa  2.19+0.10 Aa 1.18+0.04 Aa
1.0P 52.11£3.05 Aa 41.85£1.09 Ab  172.32£7.93 Ab  0.95+0.09 Aa 68.87£9.54 Aa 2.33:0.42 Aa 1.23+0.06 Aa
0.7pP 51.49£2.16 Aa 39.98+1.12 Ab  177.51£4.22 Ab  1.00+0.02 Aab ~ 78.13+2.72 Aa  3.26+0.36 Aa 1.22£0.07 Aa
0.5P 61.28¢4.75 Ab  37.09:+1.12 Ab  178.83+4.85 Ab  1.06+0.03 Aab ~ 72.74£5.65 Aa  2.46+0.51 Aa 1.14£0.04 Aa
0.1P 63.57£11.8 Ab  28.24%2.13 Ac ~ 224.28+3.55 Aa  1.15+0.03 Ab 79.73£5.36 A 2.78+0.26 Aa 1.15£0.03 Aa

10—20 1.5P 44.37+4.61 Bab  36.02+0.59 Ba  150.33+8.13 Abc  1.25+0.05 Aa 52.34£3.90 Aa  2.06£0.61 Aa 1.03+0.04 Aa
1.0P 47.37+4.33 Bab  34.27+0.69 Bab  167.86+3.39 Abc 1.18+0.04 Aa 54.48+2.60 Aa 2.00£0.19 Aa 1.14£0.01 Aa
0.7P 42.5+4.473 Ba  33.2420.62 Bab  168.14£2.56 Ab  1.12£0.1 Aa 53.53+3.04 Ba 1.76£0.12 Ba 1.14£0.05 Aa
0.5P 51.47+4 Bab 31.82£1.09 Bb  174.12+£2.68 Ab  1.1620.03 Aa 48.49+5.57 Ba 1.83£0.22 Aa 1.00£0.11 Aa
0.1P 57.12£3.91 Ab ~ 25.81%2.1 Ac 196.06+5.99 Ba  1.2120.02 Ba 50.91+6.54 Ba 2.19£0.56 Aa 0.92+0.07 Ba

A/ NG F R R AL B AR )2 RSP B2 S % A ) RS 5 B0 (] — AR R [F) )22 (8] 1 S A R 5 2% 5 1 3 (P<0.05) 5 FC: AN K
field capacity ; SWC ; 135 7K1 Soil water content; SC; 135 3L Soil compaction; BD; % & Bulk density; TC: 28k Total carbon; TN 4% Total nitrogen; TP 4=

Total phosphorus
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Fig.1 Changes of community above-ground biomass under different Precipitation treatment

/NG FRERIR A R B 2 18] 22 57 2 (P<0.05)

2.3 WA AP EAET RN
R R b | )22 R 3 A8 ELAE IS AL R AR R LA

E=NSA
R

AR (% 2) ., 0—10 em +)2,0.7P 1 1.5P

TGN 1 HAR P, 5 T AR R A S 2 3 AR B L 10—20 em 12,1 HARBAF R AE0.7P
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0.1P & 14N ( P<0.05) , ILAMS L2 BR A RALH B TR EEZR (K 2),

WRRA = 5 FEAZ B+ Z AR (R 2) . 7E 0—10 em )2 BT AR IREAC TR R4 75, B
It I T 8 o S S AT, 1 R E P BIAE 0.5P 0.1P B35 IR T 39% 1 56% (P<0.05) ,2 Ze R R /4 7=
7E0.1P BEEILT 66% (I 3) . 75 10—20 em )2, 1 AR EAR A BTE 0.1P F I E AT (P<0.05) ,

+ 2 AL PR IR RAET A E B R (F 2), £ 0—10 em +JZ,1.5P 0.7P 0.5P 1 0.1P ARFEAK T
2 3 BARMEAR RICT 7, H Bl AR B R K(P<0.05) . 7£ 10—20 cm +JZ,1.5P 0.7P .0.5P F10.1P
WEERRNT 2 BARRIET- & (P<0.05) (Kl 4)

2 AAENE.TEREMZEENRABENSEZAEST
Table 2 Multi—factor analysis of variance of root characteristics for different precipitation gradients, soil depth, and root diameter
- R B R 5 R & EEHE S & i
ZE5H AU Root standing crop Root production Root Mortality Root Turnover Root Life span
Source of variation
F P F P F P F P F P
+ )2 Soil layer 20.646  <0.001  27.621 <0.001 24.22 <0.001 2.079 0.056 0.032 0.86
AbEE Treatment 1.241 0.326 3.513 0.05 4.774  <0.01 0.779 0.552 1.736 0.182
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Fig.2 Standing crop of roots with different diameter classes in response to precipitation gradients
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Fig.6 Life span of roots with different diameter classes in response to precipitation gradients
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