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Abstract: [ Objective 1 Cynodon dactylon is a commonly used herbaceous plant for ecological greening, soil consolidation and slope
protection, vegetation restoration, and soil and water conservation. Its developed root system network and unique growth characteristics
have a significant impact on the formation and spatial reorganization of soil pores. Current research has mostly focused on the role of
the plant’s roots in soil aggregate formation and stability, however, the dynamic impact of root growth on soil pores remains unclear.

[ Method ] This study employed a pot experiment, selecting Cynodon dactylon as the model plant and typical purple soil and yellow
soil from the mountainous and hilly regions of southwestern China as the culture substrates. Four different treatments were established:
purple soil with Cynodon dactylon (G), purple soil control (CK), yellow soil with Cynodon dactylon (YG), and yellow soil control
(YCK). The soil profile images under different treatments were continuously collected using the minirhizotron technique. The root traits
of Cynodon dactylon and soil pore structure parameters at different stages were quantified through optimized root extraction algorithms
and image processing techniques. Combined with statistical analysis, the study explored the dynamic growth of Cynodon dactylon roots
and their impacts on the evolution of soil pore structure. [ Result 1 The results showed that: (1) Cynodon dactylon grew well in both
purple and yellow soils, and the root growth rate was higher in purple soil than in yellow soil. The root length, root surface area, and
root volume of Cynodon dactylon in purple soil were nearly three times higher than those under yellow soil cultivation conditions; (2)
Compared with the unplanted CK and YCK, the growth of Cynodon dactylon significantly reduced the number of pores, porosity, and
fractal dimension of purple and yellow soils, and the reduction effect of roots on soil pores continuously increased with root growth; (3)
Redundancy analysis indicated that roots explained 40.60% of the variation in soil pore structure, and root length, root surface area, and
root volume were the key root traits that reduced soil pore structure parameters. [ Conclusion 1 In summary, through the optimized
minirhizotron technique, continuous observation of plant roots and soil pores was achieved on site. It was found that Cynodon dactylon
significantly reduced pore number and other parameters during its growth period, providing methodological support for in-situ, non-
destructive, and dynamic studies on root-pore interactions, as well as theoretical support for vegetation restoration and soil and water
conservation in ecologically fragile areas.
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Table 1 Basic physical-chemical properties of the tested soil

] pH 8% EC S TC AR TN IR ZH AR Soil particle composition/%
Soil type /(us-cml) Hgkg) Ngkg") FKL Clay kL Silt Wi Sand
gt 5.06 = 0.04
. 98.65+4.08 a 9.02+£0.02a 0.90+0.20 a 20.67+£0.05b 49.15+0.05a 30.18+0.05b
Purple soil a
e 4.60+0.19
R . 4857+£6.05b 641 +£0.56b 0.57+0.05b 22778 +0.05a 18.58a+0.05b 58.64+0.05a
Yellow soil b
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W G: BLhgR, CK: L2 A, YG: EERM, YCK: #3251, Note: G: Purple soil for planting Cynodon dactylon, CK: Purple soil blank
control, YG: Yellow soil for planting Cynodon dactylon, YCK: Yellow soil blank control.
B 1 RIS (a). G (b)y CK () YG (d). YCK (e)
Fig. 1 Pot experiment environment (a), G (b), CK (¢), YG (d), YCK (e)
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Fig. 2 AZR-300 minirhizotron image acquisition system
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3 B THIRE R ARFB MR G IRLERE (a). ROTE (b). 8bit KEK (¢). CLAHE E (d). miEEE (). R&K
—fEE D
Fig. 3 Raw image (a), ROI image (b), 8 bit gray image (c), CLAHE image (d), Gaussian filter image (e), and root binary image (f)

based on minirhizotron technology
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Fig. 4 WinRHIZO Tron MF 2020 processing minirhizotron image
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Bl 5 BT RARE ARG ROTEG (a). RIBIERE (b). CLAHE AH RIBIERE (¢) MEEEEHFLE —EE (D
Fig. 5 ROI image (a), R channel image (b), R channel image of CLAHE processing (c), denoised pore binary image (d) based on

minirhizotron technology
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Fig. 6 Comparison of root traits between two methods
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Fig. 7 Dynamic evolution of Cynodon dactylon roots in two soil types
R 2 AMTIR AR DT RIRAERTEER
Table 2 The mean value differences of root traits in two soil types
posi| i8S I REAE HRAEFA
Treatments Root length/mm Root surface area/mm? Root diameter/mm Root volume/mm?
G 69.49+3.18a 3277+1.71a 146+£0.02 a 1.24+0.07 a
YG 27.41+1.82b 12.64+£0.93 b 142+£0.02a 0.47+0.04b

E: G HOEPRAFR; YG: MIBETHMAFR. ARFHERE - RAMERERN RGN ZEREE, HRAFERRLEEER. FH.
Note: G: Cynodon dactylon in purple soil; YG: Cynodon dactylon in yellow soil. Different letters indicate significant differences in the same root traits among

different treatments, while the same letter indicates no significant differences. Same below.
2.2 W IRE KE TIRFLBRE MBS T

221 AFRTHERUEMILREWZESRS LRGSR ILBRIIES K/ SRS [ AR B 25 &
e, FLBRGE M ) Z A0 S B FLE Ve 1 RIBK TR . SRS BURAE YA ROK 3R BEE 7 T 22 5
LB R FLBR S AR S e BRI AR A B A, FLBRBEROR, emihienty, L& IAKAe kg fL
B TR A Bda FLBR ) E AR PR, 8 T SRAEFLBR ) 52 Z R A U A PR 70 5 B 23 B 45 € RN SR (1) AL
BREEMISE GR 3D, PRI ERS. FLBREH . FLBE ML B4R B4 m TR E L, ilREa
THRE T 2.61%. 160.24%. 2.54%. 44.87%. FRIATIEEA TR G LIREER, KI5 EIneiis,
T IFE KBS RE T
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Table 3 Pore structure of different soil types

IR L H FLIEEE FLEREAT FLER 4R
Soil type Pore number Porosity/% Pore diameter/mm Pore fractal dimension
%44+ Purple soil 166 +5.58 b 1.50£0.62 b 6.12+0.66 a 0.78+0.12b
I Yellow soil 432+9.89a 404+132a 628+0.74a 1.13+£0.15a

222 M FRRAE KA RO LIRS MBI MER AR (G-pore) FIARFHEMEY) (CKD) K%K A LAL
BR e p v A an il 8 Fim . WA, G-pore 5 CK MIFLIREAEA — B L&, WEZEERA
52 (K 8a). fLBEEHEMMIANMKT CK (F 8b). FLIERMAAFLBR AL AE 8 A 13 HZ Bk T
CK, fE8 H27H2 )55 CK MY (& 8c FKE 8d). H G-pore [NFLFRZIZ T4, G-pore MIFLBREE. FLIT
BH. FLEEMFLBR o E4E5E 8 H 13 H—8 H 27 HZ M3 Bl T WG G . X KA R U BT 24T
RIFAEEG s T HIESYI PSSR R . AR, G-pore FLBRZE TS B IIEIN I GO th HIBESYE
NIRRT E (B 9D,

G-pore fl CK 77 Z R M, AR FLBR BARFFLBR A A W3 o, (He B35 PEAICEE
o FLERE H LR 73 TR 4E %L (P<0.05, £ 4). RIS IRAEA KIS IR b 2 PRIE O LIRS I S 4.

10 300
a) —&— (-pore b) —&— G-pore
ol ——CK K
250 1
£
£ 5
®E = £ 200
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=7 = E 150 4
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Fig. 8 Pore structure changes of purple soil under different treatments in Cynodon dactylon growth period
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B9 [F)—fr B el & (8 A 13 H-8 H 27 HD
Fig. 9 Images of the soil profile in the same location (August 13th - August 27th)

RATRLETRETILBREHTHEER

Table 4 The mean value difference in the pore structure of purple soil under different treatments

posE| FLEEH FLBUZ LB ER FLB S B4R
Treatments Pore number Porosity/% Pore diameter/mm Pore fractal dimension
G-pore 126 £4.67b 1.28+0.10a 6.12+£0.13 a 0.71+0.01 b
CK 166 +5.58a 1.50+0.06 a 6.12+£0.07a 0.78+£0.01 a

¥: G-pore: FREMFIRIEL G LIS, CK: RFEMMNILE LFLBIZ5M . Note: G-pore: Pore structure of purple soil planted with Cynodon

dactylon, CK: Pore structure of purple soil without plants.

2.2.3 Ji AR AR K0 B 43 LB 8 ) Y5 AR 1) 2 ) PR R (YG-pore) FIARMAES TR (YCK) [Ea1E
FUBREE A R 10 iz . FLERBELARAE YG-pore 5 YCK (] 2Z R AN G2, #ER (] 3h 45 b S8 .
FUBRECH « FLBREE FISLIR 0 4B E it 18] 2 51 BT YCK, BB hn— T BE—14 i fi#a%s . YG-pore Al
YCK WIfLIRELH 7 5 H 14 Hik 205 —NE(E, 430008 507 #1537, 7£ 8 A 13 H NMER&H/AME, 7370 283
F1343. YG-pore fl YCK [FLBREEE FFLER A L 4ERAE 5 H 21 HIEE R RME, 03108 4.84%. 4.95%F1 1.22,
1.23, 78 A 13 HBZ &AL, 779N 2.57%- 3.22%F1 1.23. 1.03. 5 CK MLk, RAXFLBREH . FLBRE
FUFLRR 3 T 4500 FEARAE I BEAR 2R AR AN BT 1 o

YG-pore fil YCK [ 77 Z TR (R 5), FUFHRMAEK R E BT ML H .« FLB BRI LR 5
YR (P<0.05). [FSEEE—8, BIEEFRFM T, MR E KBS K TIBEAL RS S
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Fig. 10 Dynamic changes in the pore structure of yellow soil under different treatments
x5S TRICETHRIRILREHTIHNEES
Table 5 The mean value difference in pore structure of yellow soil under different treatments
puseil FLEREH FLBRE LB EAS FLBS B4R
Treatment Pore number Porosity/% Pore diameter/mm Pore fractal dimension
YG-pore 374+£9.66b 3.54+0.10b 6.25+£0.04a 1.07+£0.01b
YCK 432+989a 4.04+0.13a 6.28£0.08 a 1.13+£0.01 a

7E: YG-pore:

FhREA AR Y BB TLIR AL 1, YCK: KRB 13 IEFLERE 1 . Note: YG-pore: Pore structure of yellow

soil planted with Cynodon dactylon, Y CK: Pore structure of yellow soil without plants.

23 IREMR S TIEFLRBHI X R

R AR GRS BRI (R 6), WK, RBMAFARAR SIS H . FLEE
FIFLBR > FEAE SR AR 35 S A 2R (P<0.01), HILBEAREE X (P<0.05), WEASIBEEHE. L
B FLIR ELARANFLRR 73 TR 4 B e A B3

* 6 AR SFLERERHE X T

Table 6 Correlation analysis between root traits and pore structure

FLBREH FLBREE LBRE AR FLER T T 45
Pore number Porosity/% Pore diameter/mm Pore fractal dimension
FR1& Root length -0.65%* -0.61%* -0.21* -0.64%*
H R AR Root surface area -0.61%* -0.58%* -0.20%* -0.60%*
R E 1% Root diameter -0.01 -0.09 0.13 -0.05
HRAEAR Root volume -0.56** -0.53%* -0.19* -0.55%*

: RRIRTE 0.05 KRR, **RIRTE 0.01 KT EAEE IS . Note: * indicates a significant correlation at the level of 0.05, and ** indicates an

extremely significant correlation at the level of 0.01.
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Pearson FHICE 73 ] AR & H AR B 2 (A AH SR R &R, (HGVERA E S AR AR PRI A YRR R/ e AL
AW FIE TR RMRME AT AL &, TR MR AR E#17TCR 7 (Redundancy Analysis,
RDA), LLE &b & H 2 1RO F LB 25 46078 57 o ik AR ARV A FH R/

RDA 7rifr&s RaniE 11 Fs. MK (RD. R (RSA). AR (RV) MR E S (RD) L[F/f#
FE T 40.60 %IFLBREE M AL 7 (RLIE R?=0.406), 4 MR ARPER A B EZ AP AR ONRK (15.30%). 1)
A (13.14%) HRAAEF (10.74%) FIRER (1.43%). Hd, K. AR AR AR AR FLBR 45 k) 22
SR MAE BRI 35 o HILHERT, ARG, AR T RRFIAR AR A 52 i 38 L Bt 455 A v A2 1) S BEAR R IR

S 12 1ER? Adjusted R? =40.60/% 5% % Residual = 56.30/%
= é 30 28.52
2o
= § 201
ﬁi g2 107
= S 0.08
}];‘l '% 01— 023 -028  -031
=3 -101
2 E) -16.48
FRLA R g -20°
Individual effect/% =
15.30%* RL ® I
13.14%* RSA [ ] I I {
10.74%* RV ® I {
1.43 RD @ I

15 10 5 0

VE: RL: AR, RSA: iR, RV: #{&FH, RD: R E 4. Note: RL: Root length, RSA: Root surface area, RV: Root volume,
RD: Root diameter.
K 11 AR AR S LRSS B2 [ O AR 70 Hr
Fig. 11 Redundancy analysis between root traits and pore structure parameters

37 i
3.1 ETHRERIGHIRASILRREMNEM. M. shSHR

BT LA SHIEAT WinRHIZO Tron MF 2020 IS IR ELAR . MR, MRR A FIIRAR A B3 IR C
# (B 6), P RH R HIA 051, 099, 0.95. 0.78, (UREAFVE REEUK. FEFET, WinRHIZO
Tron MF 2020 R g% i E W EAH I EAR FLAR, FERREE 2 18 IR EAR N B sl SN MILFR M, WiREAR
BHEES 0.43 mm. 1.30 mm. 2.16 mm %%, FFATE 0.43 mm $ 1.30 mm 2 [8] (AR E42 0 H S HUE S 0.43 mm
5% 1.30 mm. PUACTEN S ZAE, FEACBERR & BRI, DA 7R AT ARYE SR BUR R G R AR RN
FIN AR EAE, P&k T WinRHIZO Tron MF 2020 H S sIBEEEVE IR 22 . R, %077 Tt AL 2 il
KGR AR, HARERS. TEH1T. QPR SMR A, ek 7 WinRHIZO Tron MF 2020 &K A fE
iR TFEERIE. NLTHUR. 2R 3% T8k

AW FUEE TR & BGE eI 7 IR ALIR B A T AR g AL, S a R E AT R AL, R, o
MR AAERKEOL A, ARAZEAEHRRAL. st S TTiedt 1ok s, Rm, 2T RIGA
B RIR R ARBUK 2 AR AR RIS B R R AE AT R, Rt BaR CRED BEEARIIRIEUSER,
BEOEGR, B BERREERE 28, SEEEAEIFRICT IR B RIR AR A NSER . e
BERME S LRAGUERERGL, SRS LIRS . R, Dyl St AR i Z AR SR IR AR R A D9 5L
BT, FERH B SOR B AR R AR, R RIET R E R HEIE IR fg . RIS, iR e
ACSEIL 1 AR-FLAZ BAE ) —4EWEFE, M UG AR A E AR RAESLIR P A AR R B A S A KA, Rt — o
AR BhaS . T AR LA EAT I B =4E0F T 07 1%

3.2 AR AR MFLBREEIDE F X I IRAR R E KA
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FIRALR R LK Sy SR AT NS ERE . FLERECE AL BE Sk 1 g R O
FLBR EAS ELEAR AL BRI RN, FLBR TR AE R E FLBR 1 B AHURRIE, 5 B R RAEFLBR I 52 A A
DR300 FLBR A T AEROEROR, M /s FLBR A BE R HAREROR,  FLERIN 28 S5 MR 2%, FELAS 388K 7 2 ) U
IR RE T iBRkER 131321,

A, EIEMILREAS . FLREH . FLBREAFLRR g B m TRt (R 3), R HEE
BA IR, RIOYEFENGNL, HIRRE A SRR, AR TR R A KA IR 7 3R
B3I, SR1M, EROLIEIRFMT, FFRARK . R AR N S Og s I 64 T IIT 3 £, KW
BORG M EL, EHFAFTHFRMRRZEK. CHRAKRH, LB a8 s FiEH 7,
AF TR RAE L ol A K3, Kuka SFBH AHUARAARR 5 [ AH 2 o 1) 2 AR AR R BE B2 835 1A O,
R Z LI IR i b B B A KR . RS ARSI FENEZER . B BEE T ATl 115
FKAANE, HHAEENRIE (pH). HS%E (ECO). & (TCO). &% (TN) Abhi & &l E LT L
. ECRAELIEAL mfi€, ARG, TIEpgfRietEpeilze, w5 LI o, SrbaEm i 12E,
FROHRFFRE T WUBREST . LR . BE R RER R AL LIE P R ARG, Bk BRI E R TR SR &
G INBe-381, Nk 7 firas, TC. EC A1 PFD X AR R PCRAL 2 B B2 50 (P<0.01), TC M EC X fLIZS
PSS 1) RN 45.90%, 1 PFD [U#FRE T 8.9%MIFLBREE AR . LRI A1, M FRAKAETE
CEARE SRR, AR R AR R RIS R, AR A B,

TR 338 DRT - P o S50 73 FH AR 2R P IR AR T I40T . A D AR R 38 A 50 22 S o AN [ AR AR IR AT 1YY, 3
1o B A B VR A 5 SE I A 3 B R F i ds R AL, AT B B A 10T 0 F o AR AR IR, AR m AN R A
BEk AT P HpEE R, shmin e AN B, S RS IRAE TR 0 AR SR s v, R EARE AR
KA EA B AEKEE, RELKRDNRFEN RO SR ARR BT 3 %, R, WEmARAR A
RN 5 58 6 O S ARAE 2, 8 B B M) T ARAE RO o B PR AT B IR C B, R I LR A A FEAE AR
BRI K 92,

x®7TERBAFRORBAMEREIFERF (FLERGERSHFATIRIBLETF) 89 RDA 217
Table 7 RDA analysis of root traits of Cynodon dactylon and environmental factors (pore structure parameters and soil

physicochemical factors) in yellow soil

fRER DR FA8 P
Explains/% Contribution/% Pscudo-F
2 hk TC 20.8 339 18.3 0.002%**
53 EC 25.1 41.0 32.0 0.002%**
17T U
}Lm%ﬁﬁfﬁﬁ . 8.9 14.5 133 0.002%*
Pore fractal dimension
FLERE Porosity 3.6 58 5.7 0.018

VE: *RRIRTE 0.01 /KP AR ZE M. Note: ** indicates an extremely significant correlation at the level of 0.01.

3.3 SRR RMER T LI FLBR MR T MM

W GE REL ], M) AR A K ) £ PR AR 28 o RN IR () FLBR S A 28, I ELR 25 FLIR A B A A
BEE R RAEKAWIEE (B 8. B 10). At —DHMEYIR R LIRSS MR R /R, SRR
PEIR 5 FLBR 5/ S HEAT T Pearson FHC 0 HTAT RDA 041, HHAHSC AT &0 (% 6), MR MRRHAFIAR
ARG EA R B E AR (P<0.05), SFLBEHE . LB, LB R4e8 2R EZE fAEE (P<0.0D),
TR R IR FNAAFE RS LIRS R et e LIBAE, Mg LI SK, FKee Ik
FEEBERAW, WMEKARTEER AL, RERFRER IR, KRS LB EAhmRL,
AR T g i O PR 385300, ki s FLBR 25 () A Jsy 144, ARHIEFE RDA 7Tk B (B 1), IRAR R
THIERE T 40.60% LB HIAE S, MK ARR T FRAMRAAFR G FLBR 45 ) FLA A R 2 5o, RIAMRK. ®
AR FAR AR AR PR FLBR Z5 A S 2 SR R IR . 1X 5 Zheng Z514SIHI Hudek S5 H4OHRE A 7L 45 A A
A, fbATEE CT HARM AR, MRHEERE (RKHE. RRIMAREE., RAEREEARERE 51
BERALRR RS 2 235 IEAHOC, AMRMEESe m T RILRRE R EZAE R . R RAE T AR MR RIE 38
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JFAR, WRARLEFZ M AL FEIR, RS e m AR e, 80 R0 s, (et 1
PSRRI 18, 2 i X (1 SR A 1) FLRR B FLRR 22 R A ey = AL a7l SR, A e i A Al iz
RLFH CT B8R CT BORFESRIU - SRFLERI , @ H R L AESLBR . SR & 98 i LB AN SEAR 7 M I JE R )
AL IR FLERES 91, AR TEE AR SR A FLRR AN SEAR 73 Ja 1 ZE A LA D8 H ARSI R H b mT
K, AHIE TR ARAE S I TA] — EAR T AEROIRES, D EAR AR BRI S A FUAR T8 73 AMEAR AR A Pl o
PR FLRTEIE, AR RIS SR LB, FECA AR BIR A A K 2R E R A S H &g . Bt
A, FRRAR AR B R 77 A 10 3 1) AR i s 0 466 Jo R - B0bE T R 21, G AL S TRl A,
SIS AR LB PR A, IX th P BR R A KBRS 1 L3R LRR A S 5051,

BRI RSN, TSP R FLBR ST AN AL (L Z A N 2 . 1§ R3O E S it s, AT
G-pore (FEMIFRAVE L) MABREWSHASH 13 HE 8 H 27 HHL VB AHIEI G . FRAR—
B RIS s A SR AL B RO FL. X 1 SR R B R AT H LA o i, TR BB YR
AP FLEARIREAE Y FLEA TR AL BARRUEE PES> 3, AT AR, IR AEYIAL T e T SR 0
WL IR AHA. EhGL Ml SEEh AR Y, BORIE T ANFEIR RIEAY), (HH TR HCCEMCRE TR
el PR FLRIWE FT05T, b T HoA R HES Y (e RIRAR A RYSREAT 9 AR LB B L sk =
PR R G HIIR TS

4 258

ARSI TR B AL BRI T T M0 SRR R A KB a8 S ot IR AL RS M I RE i, 487 TR R R 5L
BRAGH AL AR EAR R IR A5 RERM: (1D FFIRAE M AL T AR, Rt b, P RITIR K
MR M RRARAR AR AL S R A ML 3 %, THIRFR S R IR R A R EZ RN Z; (2) AF
RIS R B, ORISR ER . LS . SLRREEA LB 48 B2 m TR 1+,
R SORA Wi LI Ls M, RIUOV LB INgiRs, HHEKE SRR, (3) MR R R LA
FORMALRA S B HA B3 BB, R RERHEBARARRUZ AR R AL 451 2 B0 AR R
PEIR. R ERTIR, A RIR & SR N LB ST FC, e KA BORR AL, TEft. sha. midife.
WEERRSE. AR IS, ROVE R N R-FLAC AR RO S0 ST iR . A
W TR FIZBARIRTE 140 HRAR AR ALK FLEREE R AR (K52, WA 1 % 2 MR A AR AR PO FL B 4 ) 1) 1
MZER, RN EGE, BREMITEIGE R T HERMBIE ST .
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