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Response of belowground root growth dynamics to snow cover change in

alpine meadow
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Abstract; Permanent or seasonal.snow cover is widespread on the Tibetan Plateau. Seasonal snow cover, which is affected
by global climate change, is dominant in the northwestern part of Sichuan Province, on the eastern edge of the Tibetan
Plateau. The root system is sensitive to environmental change. The effects of seasonal snow accumulation and thawing on soil
physicochemical properties and microorganisms change could influence the root system in alpine meadow. Understanding the
environmental effect on the root system of alpine meadow is essential to better understand the response mechanisms of
terrestrial ‘ecosystems to global climate change. From November 2013 to August 2014, we conducted the field study on
controlled snow cover gradients in an alpine meadow of northwestern Sichuan. Four snow cover gradients were established :
natural snowpack (control) , and snowpack manipulated to be 2-, 3-, and 4-folds that of control. The root growth dynamics
of plant communities and their responses to snow cover gradients were continuously monitored using the Minirhizotron
method. The effects of the snow cover gradients on soil temperature were also measured. The results showed that soil

temperature decreased with increasing snowpack volume. The optimum root system growth was observed with the natural
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snowpack. The root growth period was lower in the doubled natural snowpack compared with other treatments at the
beginning, but the final root growth of was faster than that of the control. Belowground root system growth was restricted in
the tripled snowpack. Correlation analysis showed that the root growth was positively correlated with soil temperature. Our
results indicate that the winter snowpack change directly impacts subsurface ice storage, which in turn affects hydrothermal
regimes in the alpine meadow soil and thus root system growth. Belowground root systems may suffer damage when the melt
water refreezes underground after infiltrating into the soil and undergoes subsequent freeze-thaw cycles. Overall, moderately
increased snowfall is conducive to the growth of the belowground root system, but excessive snow inhibits the belowground
root system. Therefore, change in winter snowpack could alter carbon distribution and the carbon cycle in alpine meadow

ecosystem.

Key Words: alpine meadow; snowpack change; belowground root system growth dynamics; Minirhizotron ‘method
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T PR AHE 5 IR AR KB AHATZE SN, 5 TEff e LT B2 R (1) B8 A A ] 52 el v € RE A A )
MRRAREN A (2) X —sZ W BIALH R A 27 7 e it v 58 e ) Rl 0 R AR 28 0 A A2 Al ) i 7 5
32 7 AT B S B BE R R R 5 BRIk ARE

1. ARFE

1.1 SEEIX [ AR MR AL

TF 5 DA T DU ) P A ST S L 355 P 1 DG g R A 2 7 7 o D i i, 3 Al By 32°497 N, 1020347 B, 16
PR 3485 m, JE T PG e I ) D )| 3 g A e DX AR SR Ry Rl v R R, B TR 2R R AR,
PUZAF AL AN 5 AR R 110 SRR 60%—T70% ; T2 15430 4E 4 & 791.95 mm, £ E 4
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1.2.1  AEHB L ERIRR 5 B A

P DX P e Ml AR XS — 250 AR 20 A AR 28 50 1) v FERL A VR DAt . SR P BEAIL DX 2H 1050, 782 30 mx
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214.2 285.6 mm,

x1 RELBHRNRERAREE

Table 1 The monthly snowfall in the experimental region during the experiment

i 2013 4 2014 4
I H] Experiment period
11 H Nov. 12 H Dec. 1 H Jan. 2 J] Feb. 3 J1 Mar.
198 Ht Monthly snowfall/mm 125 1.1 4.5 17.4 36.2
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9.67) em’, W EMERI R, CK ST Fll S2 Ab3H Y H3 72 R 1h1 R ff ] G Jp 385 25 5, 1T S3 AL 31 A A 2 2 1 LI
(B U] 5 L A A 1 ) 34 9 B I 2 22 SR (P<0.05)
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AR 5 82 ALFREDL I LT 8 19 H[(25.5248.10) em’ ], fHAREERIRZ,S1 5 S2 AR R K MA
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25 LA UL MR AR R TR A I Bt RS e i 2 SR S R A R ST AR EE AR R SR ALK I
KT HAAIE, CK 5 S2 AbFEAH Y 17 S3 AbBE FAR R B AR /N, X —ERAEIRE T rp R B B
Horr ST AHE R AR AR R AL (P<0.05) & T A AL B
2.1.2  FHEEXR IR & 1 52

Bl 2 BT AR RS AL BT = FE R A AR RAR R B i sl S8 b, RIZ L5, CK S1 5 S3 i
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Fig.1 Effects of snowpack volume on the dynamic of root surface area in Alpine meadow
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A5 H ((272.71£69.75) g/m?) ,S1 ALBEAGHR R A S (S BRAE 8 H 19 H ((373.77+41.96) g/m’) ,S2 5 S3
SEEE PR RIUAE R IAE 9 A 5 H L4350 (334.53+21.11) g/m* FI(210.74£20.82) g/m’

XPPHR R I (] 4) PIBFRR R AER )2 B3 4 AN AbBOF- 9AR R I0AE & s 2RIl S1.82,
CK 1 83, &-Ab 3] 22 57 1 3 (P <0.05) 5 MIA )2 T3 b R I S1>CK>S2>83, & bl [] 22 53 i 3 (P<
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Fig.2 Effects of snowpack volume on the dynamic of root tips in Alpine meadow

*2 PEEIEREEEYIR RS ETEE(RLDy, ) R
Table 2 Effects of snowpack volume on RLDy g in Alpine meadow

HEP R RLD o/ (5 m2d™)

+/em b3
Depth Treatment © S 14H S5H3H 6HI9H 7H4H T7H20H 8H5SH S8HIH 9HSH 9H20H
May, 14 May 31 Jun 19 Jul 4 Jul 20 Aug 5 Aug 19 Sep 5 Sep 20
0—10 CK 0.69+0.01b  4.01+1.25h  3.00£1.39%a 3.23x1.27ab 4.00:1.18a  3.62+0.4b -1.64x0.68h 1.01£0.46a  -3.93£0.22c
S1 1.87+0.18a  9.73+0.38a  3.01:0.23a 0.66+0.31h  0.190.21b  4.58+0.25a -1.63+0.17b 1.15£0.22a  -2.31:0.1b
$2 -0.42+0.60b  225:0.25c 1.25:0.06a 5.52+0.12a  3.55:0.33a  3.69:0.14h -0.12+0.13a 1.68+0.26a  -4.9+0.23d
$3 0.931.18ab 3.85:0.95hc 2.06:1.38a 1.96+327h 3.32:0.88a 4.3:0.2b  -4.08+0.82c 0.81x1.12a  -1.27+0.6la
10—20 CK 0.64£0.14b  1.52£0.76h 1.31xla  1.5:0.7c  0.89+2.47ab 1.1741.79a -1.05£0.08c 0.55+0.7b  -1.83£1.35b
S1 1.99+0.71a  0.95:0.22a  1.00£0.16a 3.93:0.46a  2.11x0.51b  0.68+0.56a 0.39:0.25d -1.35:0.54a  -1.66+0.37c
2 0.83£0.15b  0.35+0.19c  0.58+0.08a 2.92+0.49h 3.24x0.11a  3.14%0.17a 2.81:0.43a 0.820.77b  -2.52+0.07b
s3 0.94£0.42b  1.26x0.81bc 0.68+0.58a -0.1x0.88d  1.3x0.34ab  1.5:0.49a  1.19+0.14b 0.86x0.22b  -1.14£0.14a

ARRFEIRTE 0.05 K 125 83, CK S HARBET AR 4, 51,52 A1 S3 MRE 2t 433 B ARFRT 41 2 %5 3 i Al 4 i

fER)Z LD CKAES H 14 HE 8 5 HHIRAR R CREFAHX AR A FAE K (3.00—4.01 gm™> d ™), SI
WHN RATS H14 HES H31 H.7 H20 HE8 H 5 HIXFBa] Py HBLIE A K e, Hodged: Kol 4y
HA9.73 gm? d' 5 4.58 gmd, S2 AFEAHR R A K BORA RS, Mg T 6 H 19 HE 7 A 4
H(552 gm™d™"), S3 MBI KA S S1 R, 7e Rl — B 301 H B0 T WA~ 16 AR 4 0 g i, {HH:
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Fig.3 Effects of snowpack volume on the dynamic of root standing crop in Alpine meadow
HAERKERNAL T S1ALFE, 58 3.85 gm = d' 5 600 0—10cm+ /2 10—20cm 12
430 gm™>d, fERZE P 8 A5 Az, g b % b
BB T U KB I, RUE R By T [
FEEZ um?\o; 400 —%
, o \ o 5
TEVRE ST, OK I R AR S A R, R B = 5 +
W& £ L
U S1IRRE 4T 27 HES 1406119 22 30 b .
HZ 7 7 20 Howi Bepst o) 9 445 TS I IE A % 8 200 | d
K92 hH R A A KM S FEZE R ME6 H 4 H £
. 100
28 A9 H3S3 Ab 3 TR R v A K AR A YRR F A —
AR BRI 0
CK Sl s2 CK SI S2 S3
2.4.5 FHEEXAR R PRI ALFE Treatment
SSEY bt A A K T
AR SR IR R AE R B KB AY B4 REENBRSEEERRTHNGEEOLH

KAEMW . IE S a0, K2 HIER R - B E S
A BB I S BRSNS AR R R R A
FIRAK K ST . CK .S3 Fl1 82, [ S2.S3 Tl 2% 5 4h,

Fig.4 Effects of snowpack volume on the mean root standing

crop in Alpine meadow

HARA AL R B A7 AR 25 22 57 (P<0.05) s )= M rp MR AR AR i Bt AU T S 1 S B ST s B A A e 34
B R BRI D 81,8283 | CK, 25 Ak BREIAR 2 2L 7 i M BAT 8 38 22 57 (P<0.05) .
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Table 3 Function value of subordination and result of comprehensive judgment on the root characteristics to different snowpack volume

treatments in Alpine meadow

LR fhs 2 T e f?f?ﬁ% fﬁft” Hfi
Soil depth/em Treatment Root surface area Root tips erop evaluation Ranking
0—10 CK 0.820 0.868 0 0.562 3

S1 1 1 0.644 0.881 2
S2 0.840 0.852 1 0.897 1
S3 0 0 0.843 0.281 4
10—20 CK 0.245 0.242 0 0.162 3
S1 1 1 0.212 0.737 1
S2 0.179 0.225 1.000 0.468 2
S3 0 0 0.175 0.058 4

22.2 OR[FBUE R T GRS AR AR K AT

FCHESPHTRVI (3R 4) , 7E3R)Z 1 HE(0—10 om) v, T30 2 15 4R 2 BUAF i IR AR B 1) 2447 2.
EHIE(P<0.05) ;75 T2 HHE(10—20 em) A E SRR B ACIRDL R BN ISR (AR L F] 2%
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3 e
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Fig.6 Effects of snowpack volume on the dynamic of soil temperature in Alpine meadow

R4 AEAREEXZN TLEBESHEWRREKBEXMES T (Pearson correlation)
Table 4  Pearson correlation between -Soil Temperature and root characteristics on under different snowpack volume treatments in

Alpine meadow

RESH 5+ 008 BF Y M K R BL Pearson correlation index

Root parameters 0—10 em )2 Soil depth 0—10 cm 10—20cm FJ2 Soil depth 10—20 cm
MR ZBAEE Root standing crop 0.594* 0.212

MR LM Root surface area 0.612* 0.245

HRISKUER: Root tips 0.687 * 0.237

* Rz TE0.05 7K A G (BUR )

IKAPZE K AR R W IR R P A — s B O B SRR 2 R DL R R T R A ] H 2 g S
UM 4540 398 10 R 4 1 RN i A 0] BT L 0 S 7 T AR A ] [ 1k BB ARG, 0 R
BT RAIRAE 3 75T 0] T s U] L 1 4 S 7 B T, A [ R B D RSO ARG v 3 ok S B O
R RS EAR T 0°C (L7 786 e DA A6 25 ) A it /K S DA T A5 AR 5 R s Ak, 3 8O 9 X N RS 7
5 B TR 200 e, B b T A SRR E T R IR AR, B R 5 98 A M T G R 45 T8 i T vk, X 2 b T vk REAS
AR AR HK A B T B AR R UKAE HIERZ R S ICIRIN, Fh T 7 R U ) 45 i A
BRI KSFLL R E R B BRI 22 S 80 T VKA SR R, 78 1Z 0 R b R UK E B TR, R VKA AR
[l 028 T R A2 VR Aol P P R SR sF () e K2 R RS I e i an, 98 & 30 2013 4F 11 H 3 2014 4 4 H [,
0—10 cm + 2R 3 i % AL TS B A N T A, (HAE 10—20 em 21, [RIRE 928 AL B0 ) 48 3R 3] 2014 4F 3—
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(CK) ; FHEIRF] 285.6 mm(S3) Bf, i FAR R A A Z RG] AHCHE BT R EAF 2 R R
B 5 R E R IEMIEK R X5 Pregitzer 570 BB 45 FARMLL, —LLF5EIA N, # R vk @l fb A FR 5 g fk
A KRR G (R b i 3 vk AR A X AR R AR K a0 AR VRt + 345
SR 2 3 AR AR A BE T o AR B (4—5 H ) Rfa REPIRT 7K 435 R AR /0 BT R 2R A
1o, PR, b KA R AR S il A T A R ] ) 67 TS e A SR ) b ) B A SR R AR IR
T o R IR IR S A B R B VR 2 s B vl A b Rl A 308 35 %) bV FH RD R4S S 114 ) B 30 1
FH LA et A W i T 24, B0 2 S i BUAR R A AR R RAEIE % R, BTS2 14, BB e M4
AR KT K, AR TR R ALK, BRSNS 2 &5 R FyKAeHE S8, 78 i = 4 15
VRl AR S | R SOV, 5 B R A, MO TR R AR

ZE L RTIR MR UG i | B R B 3K A A A AR R R R FTDRRE T i JE ) AR AR R A IR
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s, AR HE BHTIE K | YR AT 143.4 mm (STYEF, {2 FE87 AT 68 548 35, LR & 4R KRt b
I MiBEE AR E St — 21, < E 8" B ian i, BB E S AR TR A A K, O T Bk 3
285.6 mm(S3) B}, “ 4" AT BE b 3= PAERL AR R A K AZ B

4 iR
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