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Relationship between plant roots and physical soil properties in alpine meadows at

different degradation stages
FAN Bo'?, LIN Li"*" ,CAO Guangmin"? ,KE Xun"?, LI Yikang"?, DU Yangong'®,GUO Xiaowei'?, LI Qian'?,
QIAN Dawen"?,LAN Yuting"*,ZHOU Chunli'*

1 Northwest Plateaw Institute of Biology ,Chinese Academy of Sciences, Xining 810001, China
2 Institute of Three-River-Source National Park, Chinese Academy of Sciences, Xining 810001, China

Abstract: The aim of the studies is to investigate the relationship between properties of plant roots and physical soil in
alpine Kobresia humilis meadows at different degradation stages,using the spatial scale instead of temporal scale. The results
showed that: the principal part of construction of root system in the alpine Kobresia meadow was slender roots, meanwhile
the roots obviously distributed with the configuration of “V” type from the ground to the bottom, and the diameter of the root
system was mostly less than 0.5 mm (90.8%—93.6% of total root length). There was a significant positive correlation
between soil compactness, soil moisture, and plant root diameter refinement. While, there was a negative correlation

between soil temperature and root attenuation, that means soil temperature was the major contributor to establish the root
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growth pattern, in other words the alpine Kobresia meadow was mainly temperature-controlled grassland ecosystem.Secondly,
there was a interact effect on root attenuation, root aggregation, and the physical soil properties in the alpine Kobresia
meadow. Low temperature, high compactness, and relatively high soil moisture were the contributors to form the high
density and root configuration. The change of the root configuration is a positive response of plant communities to livestock
grazing disturbance and the severe weather. Those findings provide a theoretical basis for explaining the response and
adaptation to grassland degradation, and it is useful to formulate reasonable and effective restoration measures for degraded

alpine meadows.
Key Words: soil physical property; root growth ecosystem; degraded grassland; alpine meadow
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Table 1 Description of the experiment sites

SRR E R e
&5 FE 24 R PR B Real livestock ﬁiq&% H FEHOREDL
. . . Grazing Plot general
Code Plot Location intensity/ livestock situation
(FB07/hm?) ‘
R . , P BAh oA AR 25 280 AR 25 2% B OR 2R B s
P e res e PV SR MY ] LR
Kobresia humilis meadow Wk 3230 m ’ b ARAEALD 98 59 3514 1 52 0 90
o ” BHHYT; BB R ERIEET 5 om

S— N 37040155, A AR 25 50 1A 25 8 MM A A
B Kobrosia humilis meadoy  E 1012 10.021, 7.50 R L RSB BB , 80 Hb 5 VLA % A I S

obresia humilis meadow WEIE 3241 m (L LRI 5 om A
AN G R ] N 37°40.054" P BT AR =5 25 IR P B R ), b 5 O
C JEE I £ 101° 1'0 62(;’ 8.25 MR A B A, L /IS i B A R 3 Y B
Mattic epipedon thicken in it 3239' ’ ’ - NG — 8 TR BE Y 245% | 2408 i AR B i

Kobrecia pygmaea meadow m e BT AR 5%

PLaABh R 2L 5 AT P RORAE 4, 75 500
e e T g AW R /1N i R O DX
TR N7 080 BT FCERE 8 60 1 € R S BE 1 0 B
D ;T’m. Cdon eracke i E101°15.928", 11.25 ARG LAEE AR B M P A AR — %48, B
O epIpecon GIATES My 3278 m BUBEAS AL B A B = A B, K o B 3

Kobrecia pygmaea meadow

WIEA BRI - 2 |, 24 JoK ith = A X 5T
FH—BAE 5%—30%

1.2 TS AEY AR R R AR 5 o ik

ISR AE 2017 AR EAR 6 em 15540 E R AR (0—5,5—10,10—15,15—20,20—30 ,30—40 cm) ,
B 3 4 IR A I— R, KT, HEE X0 ETEAR K ST AR 2028 5 60°C HETARES

- B SR S SR ) 3 S EE A (SL-TSC) |, M #83k (#1452 BYCX) , M R B 0—5.,5—10 10—
20,20—30,30—40 cm; -3 B e SR FH 198 B 0 B (SO B AR B (U5 HY-WEP) I ¥R FE 0—5 cem;
- S R 5 SR T g B S AN A 3K A5 R (i 355 0—2.5VDC) M E VR EE SN 0—5 cm, Ml € I [A] 2
2017 4E 10 A ),

HR R ELARIN AR SR AR (R 2017 4F 10 H w28 AR 28 RGAE PR 2 AT IS F7 4 RS oA A7 1
T , Wz X B AP 0 W 2 B8 10 F HB) AR ) R 0 0E ORI DT, A4 AR 3R i A B K, L AR R i
AEAME AT LU A P RETR G AF SR 0 BB AR AE  [F]IXSRARAR )R MRS R G0 B 3B M AR K g ) &
Ko B 2017 45 10 H P AREMR ZAEMAEYAR 2 RERHRAE (HE=2 em) , B S HEIFN 1A
BE R 3 NEE HEMRER 2 TR AR, 5YBRH_EARYER 7 P R e — AR &R
FFR22W0F KT 24 h )5 2 TR R WM E S8 248 ( WinRHIZO/ WinFOLIA Pro LA2400, Regent , 1 5%
) HIERE AR EAREONMR RN SKE ERETEEIR, HRAH WinRHIZO 438 4K 048 217 5
GRS
1.3 Zdlsrtrab s

PR LR W A A B R E B RDR b i AR L MO T R Pearson MG R, B
FRECH 0.05; WRLE LR AR b B A = A BH TR W=3j=1PxV( i P oy H R ST B iA ik
A AR R Z B R, V LA AR T AR R ARER) Bl R SPSS 19.0 B R 2K A4 (Vegan B AF4L) |
Excel 2007 #7504

2 HR545%H

21 RIS RSB R 1A
WA IR AL P ER R (AT 1) G0 B8 AR R 8 LR 2, FLAR 2R 43 ELAT ) B

T

http ; //www.ecologica.cn



73] BER S O REERIRAS T v 2 ) R B S S AR AR R B LG R 2303

HERE , SFEE AR R EAN EESMAEE /N T 0.5 mm, e HIEAR R KA 90.8%—93.6% ; Hik
HEARTE0.5—1.0 mm BIRZR , A AR R A 4.6%—6.4% ;55 = N A ] 1.0—1.5 mm BIRZR , 4]
TATHE 22 B 0.8%—1.7% 3 550U R AR N 1.5—2.0 mm AR RAMER | 545 R BK A 0.6%—1.5% ;1 K
F 2 mm BIAR AW, G TR R BKE 0.4%—0.6%, NItFEEEFFMRA T EUMBR AN, 58Nl
2 mm DU AR R HAR R B 99% LA I Hit 0—-0.5 mm 4048 & 2R K 19 90.8%—93.6% ,

+ 2 E/em
0 o0—5 5—10 & 10—20 20—30 B3 30—40

450000 ~

oy 5 3
= I . 3 5 25000 I . .
%3 400000 | % 9.8 o } %
BES 350000 |- : W= £ 20000 |- .
K E - ® g E :
% EE 300000 - R
meZ 250000 %ﬂ :L g P
g j = 200000 scd 10000
= - O
SE % 150000 [ 55
185 5%
258 100000 223 so0
£38° 50000 g£ga
s S
2 =
=
7000 ~ g
5 - . $ & 7000
B 6000 { s E 6000
8 £ Y N{' £ ME
> S o~ ‘)
g _g 4 5000 : ﬁ é E 5000
*‘ﬁf EY 4000 @E 2 4000
=3 gl.s
El= 3000 S8 3000
-8 | © &
[B & 2000 292 2000
i K23
28 1000 Hi, 28 1000
€3 ca o =
= e u.; B fg
# S 0 = 0
S A B C D A B c D
-1000 -
3000 v 0.40
e § s
;}4 B 2500 . i i A
22~ : a 8 L|-]
W% ET a e I H g 030
RS 2000 % 8 _ z
T g ; 8 g g 025
3 EE B : 2 ® e
ﬂo. 5 1500 M : ; s 020
<N ] : :; X5
A : 5 : B3 015
g c 3 1000 H' 8 B £
B : g ; S 010
< 3 - 3 B
‘\i E) —g 500 H ] & é.i. ; gﬁ
=S 83 g 8% : 5 0.05
&2 bb b? “be z
& s ! (] . 0
ﬂ_ ° 0 T T 1
= A B D A B ¢ D
-500 - FHIEIRZS Succession stages

E1 FAERERSENRFERSTEREE
Fig.1 Plant root diameter distribution in different plant communities succession stages
X %l A B.C.D AREARE AR, A {0 KRB % 5 5] ( Gramineae grass-Kobresia humilis meadow ) \B 1% % 5 5 4) ( Kobresia humilis
meadow) . C X3 /N B B4 B 32 2 AR S ( Mattic epipedon thicken in Kobrecia pygmaea meadow) D X3 /|Vih 5 B4 BB 36 2 2L &

( Mattic epipedon cracks in Kobrecia pygmaea meadow )

MAS[RIAR 28 EARAE S 1 A o0 A 2R LA MR R 32 00 A i B e e g T A =K, AR R B o 2

http ; //www.ecologica.cn



2304 JAE = 40 4

ST 20 A AR AT B, KT 2 mm MUAR R FEAAE 0—5 em YU [, A7 430 18 1% B4R 0 AR &R K B Y
81.8%—99.9% ; Ifil 0—0.5 mm FLFEE Bl AR R E 253 A 7E 0—5 em Yo, d7 2 TAHZ B ARG BR R SR
45.0%—76.9% .,

MIE T FEE ,0—10 em {EEPI/NF 1.0 mm AR R ZHIEE, KF 1.5 mm R REAFRREZ
2SN HERNRE(P>0.05), /NT 1 mm RELE20 cm DL F H2BRRER/N, HE LR FLBR, Wik
F 2 mm ARRTES em LUFAERBER K, 158, L/ o) S R 2 MERAERT 2 mm R RS s ; H
YR s B B APIRA AR 22 F/NEE B T AN R RS R AR 1 - 3 Bk Ui, 2 R[] - 48 )22
WA ATARAS RIS FE AR AT AE 22 52 | Bl R AL RE FE AN , AR R AR A 347K 2 I — e R R A Bt 3, Of:
HIXFERAEE — B R (<0.5 mm) FHEEHAR R (52 mm) HERIE Rz | 1 o a2k 5 B 1k B
H—EHAMER @2 AR R A TR — RS Z AR B BB VY IR R, B
T AR T B G R R ) X AR AR Y AR - Z AR, S S I e R R LA T A L i He At
IRALTEERIRAS  ZRZE (0—S5 em) /2R R0 V-3 BAR WL & T HABZ K, TK)ZE (30—40 em) 1 2R R
IS4 AR U IS 5 T 5—30 em JEREZE R A BE
2.2 AFEHERSHHER R SR RRE

P A | A e S e ) (A AR Al TR 2R 80 AT AR 40 B 7 AN RRR S i FRAT TR 5 A DA SRR S
SR AR RPN 4 A EERIRAS I ERRAS T A9 33 v B 28 (0 B AR A B A E AR [RGB AL T R S
AHI) 4982 R I B s = ke S DORTRER AL BRR AT | B A R AR B A g, ) )2 v 9 SR K
EIEEE NS HRIZRIMEONIA R, /v 55 ) O 3R 2 2B Rk, AR R R E A ER)Z
0—5 cm JEFP BHADE RS R R SR EAZZRPE N E T REOL 5—40 om WHEPE R SR K E
A R R A /N sk B A AR b GRAL R 2 3 & =

B AR RZAAT) | AR AR B R R HE & 500000 e em .
B AR R B/ B ] R e 2 I S B ma I
R @ 10—20 :
o 350000 |-
AR R A B FE S5 E (B 2) B Ak rp 300000

250000
200000
150000 -
100000 ||
50000 ||

MR 2R AR B Bt - 2 0 R 2 PR AR A 35, 0—5 em JEE [
WA T4 )2 48%—80% AR K-, i 4> 12 90% L) |-
FIMRK 38 A 7E 0—10 em JEFEP,
2.3 ANFIEERRASHEE AR R SR AR

AN [ R PR 2 AT AR 2R 170 6 38 T REURI B R L i SR s
F(E 3 E4), bEERRERE MR, MR SR ZH FHVIRA Succession stages
B LIS B EREAERZE 0—5 em JEH )2
S S TR R R )RR ) RN i B R )
WX EIMEIRE,0—5 cm +JEH 5—10 em +JEHR
AR MBFARFZ AR 2 PR AR R 3, U B 1R AL R B INUR , 222 (0—5 em) #R R SO AR B AR Ik +
HeFR R RE ) T R ARG IS TP A, (EUR AR 22 28 ARG I 38 5 AR R AR B et R U AR 2R
FE BT AR 25 1 120 R TR AR AR 3R AR (AR 3R 9 ELAR , H AR 28 1 3R T ARk 2 LB AR R X6 5% 43
IK AT A R RE T .

JIN T A R R R ST S A R L 0—5 em YEIEI Y AOAR R B R I AURMA R S (HJE S em AR
R R PR FURN 26 AL R BN B AIOIR A, U BH SR AR R AR K R AH R R)ZE 0—5 em, 15 VLAY 5 7 AR AR
R AR IR AT HEA BR

AR AR R B
Length of root system per unit volme/(m/m

2 BtT@ERZREK
Fig. 2 Total length of unit roots in 0—40 cm soil lays

http ; //www.ecologica.cn



73] BER S O REERIRAS T v 2 ) R B S S AR AR R B LG R 2305

_ . 450

P 0.030 + B/ cm a a _ 3 + R R fem

E Qo0—s @20—30 ‘} 4 %G 400 - @0—s 2030 i
xE 0025 O5-10 @ 30—40 |, 5 < @5—10  @30—40 ‘I‘
}‘E< @ 10—20 - - =S é 350 - & 10—20 -

£ : =) [
® S 2z
% Z 0020 b i el 300

o & . - & >
ol h ] 3 B 2 250
25 oos g 3 &3
£ -: -' 2 =& 200
;9 g g - B o

g2 oo [ b 8 & £ 150
S8 . o -] &
g 8 & = 100

a 0.005 [ ld g

g = 50

[_‘

0
C D
FEIEPIRAS Succession stages VHIEIRAS Succession stages
3 BAARRRARER 4 BAERIRRAER
Fig.3 Total root surface area per m* Fig.4 Total root volume per m?

2.4 A[FIEERRAS L4 R S IR AR AE

M AR R 2 R BIHUREE IR E (1 5) , A RIZ W T 40 em L ATEEIA, BHLREE J7 52 L2 #
S AR A R TR - v e R T R SR R R I (R T ) R/ ) ) R e
BORZS . ME &R B TG, HUE AR R e B S0 2 ) 22 S AN

MAEPIAR 22 A K e i s 2T AU RBE 0 A RE R B (18] 6) |, M A R e - o o R A RS A
IR i e i RS T A AR AR LA N RE RE /D, BRI AE 1000 J LA 5 I07E /) i e e i) (14 P o
AR, HEHFERI BB B, — 7 900 J LAL, BeAb, /)i B ) R B R SR BR FOT 2O AR &
Az K BIBILBRBE 1 25 [ A5 S PR AR K, AR 53 R BUTE 48.0%—55.0% 5 T AR -5 i 0 e ) HLAR 2 2E K A AL B
TEREA 23 8] (1728 53— PR AE 7.0%—9.0% Z[] 328 /)N T/ N B B 4] (4 2% TR

= é 230 3000
= o i S - g
B, 20f %ggzsoo—
2ES 222
£ EF 210k kg5
e z £ 2 2000
=5 200 | 2tg
3«”: g2 & e 71500
mEg0F =% ¢

Q9 O =
2, Sagwor
H o 2 B ol 8
W 2 32 X g g
EZS T 170 - #xmg 500
38 : RN ® 2 3

3 160 s R RRRRN R 0 R

< A B C D C

FEIEPIRAS Succession stages VIR AS Succession stages
B 5 TEZRLESEFHIE E6 RREEKMIAVMENHENGES
Fig.5 Soil compaction stratification Fig.6 Energy consumed to resist mechanical resistanceing root

system growth

2.5 ORN[FEFNEERIRAS R RS TR AR R R AR R A KRS

MR 2 AT LAE Y, 38 RS AR R AR A S e B WU AR, 362 1 B S e sy mT LA S 3 vy
JZ13(10—20 em) 11 0.5 mm DUFARFR A, TH)Z T3 (10—20 em) A HHERLE S 0.5 mm (1.5 mm H2
MAMETEEREEMHLELR, SKT2mm REFTEHEWFEOMLKLR, 20 em UITKZ HHEELES 0—

http ; //www.ecologica.cn



2306 40 %
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Table 2 Person correlation coefficients between soil density and root growth

+ R/ em HZ K/ mm 4 BB Soil density
Soil depth Total length of root 0—5 cm 5—10 cm 10—20 cm 20—30 cm 30—40 cm

0—s5 <0.5 0.16 0.22 0.35 0.70 " 0.84"
0.5—1.0 0.39 0.60 " 0.47 0.85** 0.83"

1.0—1.5 0.44 0.69 0.37 0.58" 0.40

1.5—2.0 0.16 0.05 0.21 -0.12 -0.14

>2.0 0.43 0.59" 0.22 0.53* 0.44

5—10 <0.5 0.01 0.37 -0.29 0.12 -0.09

0.5—1.0 0.06 0.42 -0.18 0.17 -0.05

1.0—1.5 0.13 0.48 -0.07 0.30 0.09

1.5—2.0 -0.30 -0.17 -0.32 -0.18 -0.21

>2.0 0.15 0.47 0.06 0.32 0.12

10—20 <0.5 0.59" 0.64" 0.67* 0.50 0.37

0.5—1.0 0.03 -0.17 0.37 0.18 0.37

1.0—1.5 0.29 0.19 0.63* 0.26 0.26

1.5—2.0 0.05 -0.11 -0.13 -0.18 -0.17
>2.0 -0.35 -0.41 -0.60* -0.58" -0.56"

20—30 <0.5 0.14 -0.05 0.39 -0.21 -0.24
0.5—1.0 -0.24 -0.29 -0.12 -0.52* -0.61"

1.0—1.5 0.01 0.23 -0.04 -0.01 -0.21

1.5—2.0 0.02 -0.01 -0.26 -0.05 -0.06

>2.0 — — — — —

30—40 <0.5 -0.16 0.03 -0.05 -0.01 -0.13
0.5—1.0 -0.03 -0.27 0.13 -0.57" -0.63*

1.0—1.5 -0.21 -0.40 -0.18 -0.61" -0.58

1.5—2.0 — — — — —

>2.0 — — — — —

“ o P FRIRLFEA(P<0.05) ¢ # w7 R FEAOC(P<0.01)

M3 ATLLEH, HIEREE 1.0—1.5 mm {5 HE HAR R KEZ BB A &R IEAHX KR (a=0.05),
MR BN 0.98, [a] HoA HARVE IR R K Z %A B EMM LR, HIEIRIER <0.5mm 5B NR R KJE
BA B ZRRAAE R (2=0.05) MR ECH-0.97, 10 7] Hofl 2 72 705 B AR 224 B 22 (Al VA 1 2 9 A G
K2 (a>0.05)

£3 TEO—ScmSEEREMEESRERREKZEA Pearson 18X 047

Table 3  Person correlation coefficients between soil humidity, soil temperature and root growth in 0—5 cm soil layer
fj; SOH%{}% iy :ﬁf{%iiﬁi <0.5mm  05—1.0mm  1.0—L5mm  1.5—2.0mm  >2.0 mm
{2 Soil humidity 1.00
FEHBSF- 2R B Soil temperature -0.46 1.00
<0.5 mm 0.25 -0.97" 1.00
0.5—1.0 mm 0.81 -0.89 0.76 1.00
1.0—1.5 mm 0.98* -0.30 0.08 0.71 1.00
1.5—2.0 mm -0.67 0.56 -0.49 -0.69 -0.51 1.00
>2.0 mm 0.84 -0.22 0.07 0.56 0.77 -0.87 1.0
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