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Changes in Medicago sativa root system architecture and mechanical characteristics
during the growing period
WANG Guang-pei, WEI Yan, CHEN Yun

College of Resources and Environment, Key Laboratory of Soil and Water Conservation and Ecological Restoration of Chongqing,

Southwest University, Chongging 400715, China

Abstract: The aim of this study was to explore the variations in root system architecture and mechanical
characteristics of Medicago sativa plants in a purple soil area during the growing season after sowing. The whole root
system was collected from M. sativa plants at 60, 90, 120 and 150 days after sowing, and the morphological and
topological parameters were measured. The root pull-out strength and tensile strength were determined by pull-out
resistance tests and single root tensile tests, respectively. It was found that: 1) The total root length, total root
surface area, total root volume, and number of root tips of M. sativa increased significantly during the growing
period. The greatest increase in root length and largest increase in the number of root tips was between 90 d and 120
d, whereas the largest increases in root surface area and root volume were between 120 d and 150 d. The fractal
dimension and fractal abundance of M. sativa roots were significantly higher, by 7. 50% and 28.63% , respectively,

at 150 d than at 60 d. 2) There was a negative power function relationship between root pull-out/tensile strength and
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root diameter, and the root pull-out/tensile strength of roots of the same diameter increased initially and then
decreased during the growing period, with the highest values at 90 d and the lowest values at 120 d. 3) Correlation
analyses showed that the soil water content was significantly positively correlated with the pull-out or tensile strength
of M. sativa roots (P<C0.01), and the proportion of >>0. 25 mm water-stable aggregates was negatively correlated
with the average link length (P<C0.05). The results of a redundancy analysis showed that the fractal abundance and
fractal dimension of roots contributed significantly to the pull-out or tensile strength of M. sativa roots (P<C0.05),
with respective contributions of 75. 1% and 13.6%. The results of this study provide a theoretical basis for the use of
M. sativa to control soil erosion in purple soil areas and to predict its effectiveness in this role.

Key words: soil and water loss; herbaceous plants; root morphology; fractal abundance; tensile strength
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1.4.1 HHEFRAbMEIR RIS IR AL T e A T A KRR FL B SR R T O v 00 K A M T SR A
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Table 1 Soil physical and chemical properties in the study area

EXN T T B AR SRR SAL B IKFRTE A R A A HLBE
Growth time Soil bulk density Soil water content Total porosity Water-stable aggregates Soil organic matter
(d) (grem %) (%) (%) (>0.25mm, %) (g'kg )

0 1.40+0.07 8.84+1.86 47.3542.50 66.64+1.87 15.9441.82
60 1.49+0. 10 12.14+0.71 43.7343.68 78.47+£3.23 14.15+3.00
90 1.2940.03 9.16£0.53 51.31+1.14 75.71£2.92 9.62+3.40

120 1.37£0.01 9.30%0. 26 48.14+1.58 75.56+2.56 17.83+2.04
150 1.4140.06 2.45+0.60 46.94=+3.35 76.33%+0.70 18.4941.31

TE B A ik 22, TR

Note: Data are mean= standard deviation, the same below.
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Phlg ¢ 1g Ne 2 i A bn A A bR AR ] 15 31 2k 5 7

lgNe=—FD X lgc+1gK (1)
1 FD R 538 4E %k (fractal dimension) ; 8 1g K 436 428

R R (0 40 TIN5 8 43 oy i R A0 SR SCIR 43 A 2 PSR (1 1), #h 8 Bl sk =007
TI=1gA/lgM (2)

A A iR K E T (G B B 2 (0938 38 ) 1 P 3R B2k MOk AT I BB TT R 4R $hF5 $8 (topological index) , TT
E‘Jﬁﬁ%ﬁi&l%@%ﬁ%ﬁ&@/y, FOBT AL 0 R R S RS KRR T 0. 5 B L SR S R A5 4
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fii Ji Excel 2019 i %4k 47 &b 243 Hr 5 5% ] Origin 2022 /E & ;5% JH SPSS 25. 0 #4722 5 1 % 1 46 % (Duncan
%) 1 Pearson #H 5 43 #1 ; & ] Canoco 5 #E47T T4 7397 o
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2.1.1 RARZERE A E T 0 BAR A MR 1A AR AR L B MR 4 B4 I 2 R ) A K I T A 25 in 4R
RS IR RS I (K 2) . FE60~90dN, EEEHBRALESEI LR ELI. 90d/5, BT
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524 109. 73 % Fi 152. 94 %4 , ML FIAR SR B 14 4 3 3 i IR AE 120~150 d, 43 31 -y 164. 29 % F1195. 52% .

K2 TRERKHNELELEERALSSY

Table 2 Root morphological indexes of M. sativa at different growth times

A K ) PR BREK SRR TR BAR AR R HL
Growth time (d)  Average root diameter (mm) Total root length (cm)  Total root surface area (cm?®) Total root volume (cm”) Root tips
60 0.6240. 08ab 39.01416.78¢ 7.71+3.88¢ 0.1240. 08¢ 66.10+37.87c
90 0.56+0. 15b 66. 544 15. 42bc 11.71£3.99¢ 0.1740.09¢ 95.10+22. 09bc
120 0.6940. 17a 116.934-32. 03b 24.56+5.41b 0.4340. 16b 151. 80+ 36. 98b
150 0.5340.08b 309. 03+ 149. 00a 49.214+20. 45a 0.6340.23a 448. 604 165. 36a

T s AFVNG B RIS AN ) A A I ] 2 ) 22 53 88 25 (P<<0. 05) ¢

Note: Different lowercase letters indicate that there are significant differences among different growth times (P<C0. 05).
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Fig. 2 Root fractal parameters and topological index of M. sativa at different growth times
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Fig. 3 Relationship between pull-out strength and diameter of M. sativa root system at different growth times
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Fig. 4 Relationship between tensile strength and diameter of M. sativa root system at different growth times

2.3 WRAHEGH A E

2.3.1  EHEEALME FOGAR RARAE MR XS AR AN R A K AR R R AR S 505 AR X A A R R AT
M (32 3) , 13 [ 98 S /K % 55 S0 70 17 75 MY 22 0 0 3 B6F A0 P04 JBE 2 W (8 3% 1E A1 26 (P<<0. 01) ,>>0. 25 mm
IKEAVE AR S 2 5P e K & HUH C(P<<0. 05) , A LT & i 5 Hrdk s B 5 3 770RH 56 (P<<0. 05) .

®3 TEBUAMRSRESBEXSN

Table 3 Correlation analysis of soil physical and chemical properties and root parameters

&5 Index RL RSA RV RT FD FA TI AL TS PS
25 H Soil bulk density 0.239 0.232 0.204 0.300 —0.293 0.352 —0.261 0.070 0.155 0.085
11 8% % 7K % Soil water content 0.021 0.035 0.091 0.256 —0.172 0.133 0. 140 0.063 0. 748 0. 811%*x*
LB Total porosity 0.203 0.217 0.196 0.249 0.284 0.336 0.280 —0.147 —0.182 —0.133
K Fa i A1 Kk Water-stable aggregates (=>0.25 mm)  0.280 0.224 0.189 0.371 —0.021 0.287 —0.133 —0.622% 0.119 0.315
H ML Soil organic matter 0.014 0.123 0.144 0.151 —0.188 0.011 —0.400 0.196 —0.498 —0.632*

RL: # & Root length; RSA: R % 1fi 1 Root surface area; RV : #1AF Root volume; RT: 4% Root tips; FD: 4 ¥ 4k ${ Fractal dimension; FA:
53 F= £ Fractal abundance; T1: #$ME% Topological index; AL: P H:AK i Average link length; TS: $UHLIR I Tensile strength; PS: $T4k 8 ¥
Pull-out strength. *: P<C0.05; **: P<C0.01; F[d] The same below.

2.3.2 MR MBURRAEXT J7 25 R A R Xof 58 AE B A AN [a] AR A I B] 5470 47 AT 4R 0 3 5 AR R A B 2 Btk AT
FHIEAIHT (2 4) , 546 B A8 DUAL SR B 5 AR R 0 AR AR AR AR OB 20 0 S LA R o I 3 B2 S i I 3 S A O
(P<<0.01), 52 K E 20 B35 EAHSC(P<<0.01) . HUk sk B 5 0 8 48 ot £ 2 2 B 35 7 56 (P<
0.01), AR MR ARFAR AR L 53 570 5C(P<<0. 05) , 5 ¥ 4 K A 8 35 IE AR C (P<<0.01) .
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Table 4 Correlation analysis of root configuration parameters and mechanical parameters

$& 45 Index RL RSA RV RT FD FA TI AL
TS —0. 557** —0. 616%* —0. 653%* —0. 551%* —0. 567** —0. 711%* 0. 057 0. 508%*
PS —0. 328* —0. 369* —0.401* —0.309 —0. 502%* —0. 439%* 0.012 0. 428%*

S0 VAR AL AR A B 0 g 2 A 2 ) A 7 S R S T A T AR 23 M 0 R T 5 A A B SR T RE Y
S HEAT AT B, SR AEH AR AR R AP IE T 00 T8 4R BOM AR ZR PR Ak R Y STRR B L 43 00 D 750 100 AN
13.6% (P<<0.05) , R W /3B AE B A 38 F 2w AR R BT hik MERE R £ N 7 (R 5) 0 2B 1 5% 25w 1
WARDURLIRR B SR AWM SRR, B EEAES Lih, b 55 13l B 42 o 96. 0600, 26 2 %l A figt ¢ k2
3.94% (#5).

£S5 ETFRESFEENREMESHEIN NZSHHTH

Table 5 Contribution of root configuration parameters to mechanical parameters estimated based on redundancy analysis

847 Index FA FD RSA AL RT RL RV TI

51k Contribution rate (%) 75.1 13.6 3.2 1.5 2.1 1.1 2.1 1.3

P 0.002 0. 044 0.318 0.532 0.436 0.622 0.424 0.614

3 itig 0.8
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3.2 HMIRAAFHEGY A X

Yan S50 S T BT R AR R 22 A AGE S A I HL R T SR R AR AR I S T 2R RN R AR R A7
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P R A ) S O BT R R A T A X 2 AR K 22 (Indigofera amblyantha) R 58 K B, AR R 0008 JiE 32
R R GO EEHY 27 B A3 R 4356 (5 ), A [ A KU A AR 3R P ST RS B IR A BT 25 5 o S00BUIE 55 i iiF ot 3k
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KD A K R R W0 452 00 TR AR RO 2 B R 22 ) 5 10 6 AN ) A e ) 56 76 1 7 A L o
(Dolichos lablab) AR BT BE A BF 5 45 R 5 Z A0 R o AR R UL B 3 5 HL A2 B 43 5 b B 350 G, ik 360 AfF
HRERAHER LR S ESRAINORE R IEMC . h TR BB R T BAE R HUAE B, X L 0K 4%
A, b A 52 2 1% 5 1 7 38 5 AR - TR AR AR I8 e B B R b AR R 2T 4 T L) A 4 [ R O A R AR Y
BEF SR8 2R 03, DT o 494 5 A R A T BT M R ke R v FL I B T o AL AR IR A K B B R R D Y A 2y
SR AR R PRI AR, DTS ma T R OR o SR OIS AT R AR R A B b A DA AR T B ) 2R R A
(0 B R8O, o R SR A5 ST 3 WY, B AE K I ) 39, AR R AR KR T A AR ) T R A S A O R R
AR 2R 26, 58 00 K FEAR 2R B I AT Ll I AR SCHEEAE T o AR RS S AR A R 150 d I SRR RV SR AR 1 5 B
PEH AR R UL S S50 I, AR 2R 5 0 18] Y B 458 0t R fel 15 AR A% I 4% T 1) D B 8 25, R R AR 4
e AR TR gk, AR M T S AR R AR IE S BB B VIA G R R P R E R R P E K
52>0. 25 mm K G 1 A 3R A 5 5 3 SR O (3R 3) , T Bl A AR I ] 14, S 22 3 A R ) U B B A AR K
I [ 365 00, 5 46 B 45 2% POOAR 23 334 I, AR AR 5 470 00 N L 3B 30 n AL B B8 A1 1 7R RS AT SR A 19 D2 o, AT 2 3 [ 1=
fEs .
4 it

1) B A= 4 S TR 38 0, 2846 B 78 R AR AR 2 B B AR AR URIAR 22 B2y 3 8 i, G A 1 B AE 150 d, Be B 4
il 60 d I 1Y 7.92.6. 38.5. 25.6. 79 4% , 73 JE AE AN 23 JE 4 B IR 52 W 30 K M ECh 0. 5~1. 0, F 1 3%
oA 32 I A A ] 3 2 s /0N R s 2) S [ AR K e ] 58 A6 A AR R PR/ PR o B AR R AR Y 00 RE eRROR
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