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Abstract: [ Objective ]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] 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 ] 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.

Key words: Root traits; Soil pore structure; Minirhizotron technique; Root-pore interaction
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Table 1 Basic physical-chemical properties of the tested soil

LR o3 2R 30k 2 A%, Soil particle composition/%
gAY
pH EC/ TC/ TN/
Soil type Fhki Clay Hrki Silt bk Sand
(pS-em™) (gkg!) (gkg!)
S

5.06+£0.04 a 98.65+4.08 a 9.02+0.02 a 0.90+0.20 a 20.67+0.05 b 49.15+0.05 a 30.18+0.05 b

Purple soil
B
4.60+0.19 b 48.57+£6.05 b 6.41+£0.56 b 0.57+£0.05 b 22.78+0.05 a 18.58a+0.05 b 58.64+0.05 a
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CK: Purple soil blank control, YG: Yellow soil for planting Cynodon dactylon, YCK: Yellow soil blank control. The same below.
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Fig.2 AZR-300 minirhizotron image acquisition system
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Fig.3 Raw image (a), ROl image (b), 8 bit gray image (¢ ), CLAHE image (d), Gaussian filter image (e ), and root binary image ( f)
based on minirhizotron technology
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Table 2 The mean value differences of root traits in two soil types

K MR R iNERES MR

A3
Root Root surface Root Root

Treatment
length/mm

area/mm’  diameter/mm volume/mm’

G 69.49+3.18 a 32.77+1.71 a 1.46+£0.02 a 1.24+0.07 a
YG 27.41£1.82b 12.64+0.93 b 1.42+0.02a 0.47+0.04 b
H: G: LTI, YG: BEPHMAMR . A
FEERIR ) — R R PR AEA R AL PR ) 22 57 8 2, AW F Bk RoR
TR #E2S . FIR. 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.
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221 AR EHEEAM AL 2ES L%
FRFLBR AT A /N L B 5 L A %S ] 43 A RO 1
CRA ML, fLBRSS M A2 R S Rt B T
KR . ARY BRI YA SOoK B IR B
TP 25 57 o LB 2 LB 1 A 0 PRl 4% i L
P, FLBERR, HIEFH e, HIEERE
JKBE Jy s s FLBRA R 4 A8 FLER B9 A AU
W T R AEFLBR A & Ze v R B R RTL X ey
Mo+ R FLBRZE F 280 (£ 3), TEAL
BRECAE . FLBRECH |« FLBREE FIFL B o T 2 45 b 3
ETEOaL, SR EEA IR T 2.61%.160.24% .,
2.54% . 44.87%. =W B0 HAT W AF 0 R A,
FHON L R INERAS, S K E SR S

£3 FRLEEBMILRERSEY

Table 3 Pore structure of different soil types

e fLER % H LB LB E AR fLB R

Soil type Pore number Porosity/% Pore diameter/mm Pore fractal dimension
24+ Purple soil 166+5.58 b 1.50+0.62 b 6.12+0.66 a 0.78+0.12 b
T Yellow soil 432+9.89 a 4.04+1.32a 6.28+0.74 a 1.13£0.15a

2.2.2 ) PR A AORE 58 €8 - FL B 25 R VA2 (1Y) 5 e
FAE S A AR ( G-pore ) FIARFMEAEY) (CK) Y
S0 L FLBR A AR IR QT 8 o o Wi [a]
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HzEEFAEE (K 8a). FLEEH e Wil i i
IS F CK (& 8b). FLBRZR 1 FURIFLER /3 I 45 7E 8
A 13 HZHiEF CK, 7£ 8 H 27 HZ )55 CK #14
(&l 8c Al 8d ). Hi G-pore FIFLERZhZS W] A1, G-pore
MIFLBR B4R . FLERECH | LB FNFLER 20 T 4 B e
8 H 13 H—8 H 27 HZ ¥ B T s M4 o Xk
0 REUE AT 0T, RIMFE ARG s T
SHYIRTE SR . f LRI, G-pore FLERZE S8
U B4 0 B R IE S Y Bl AR O B E 9 )
G-pore Fl CK W7 2243 Hr3R WY, M 2R MRAYAE K
X LB AR AL B B AN B s, [ 2s R
it + i FLBR S H FIFLBR TR 45k (P<0.05, 3R
4), FWII A MAEAE R TR P SRR 5 8 1 A FLIR
S
2.2.3 M SRR AR R X SR AL B 6 A VAR 1 5 Tk
FiAE S A AR ( YG-pore ) FIARFiAE S A AR ( YCK )
() B FL IR A5 A T A R AN 1] 10 B o FLIR ELARTE

YG-pore 5 YCK [A] 22 A B3, TERT A2 T2
IAEE S FLERBCE | FLEREE FNFL B4 T8 4k B0 i
75 LALF YCK, HA “8ihn—F -3 i
#, YG-pore Fl YCK MfLBRECHAE 5 H 14 Hik %
AN, 4r3h 507 A1 537, #£ 8 H 13 HFF%
Ee/ME, 5514 283 il 343, YG-pore Al YCK ()
LB LB TR e 50 5 H 21 Hik B ME, &
WIh 4.84% . 4.95%F1 1.22, 1.23, 7E 8 J 13 HI%
BRAK, 9 2.57%. 3.22%7F1 1.23, 1.03, 5 CK
A, RAEXTFLEECE . FLBEE AL B4 4R 50
FEARAE FHBEAR 2R A K AN BT G 58

YG-pore Fl YCK B J5 2250k (£ 5), iy
AR A W E AR T SR FLBR A B . FLEREE R0
LB T4 ( P<0.05 ). [RS8+ —5, BHEIR
AT, FF RO KA SR K LIRSS S8
23 REMRELEFHEEHHNXR

R MR 5 AL BR 25 #4250 Ze A G 43 B 2
(£ 6), WK, MEEBARABSLERLHE . LK
JERFLBR T AR R i 25 7 AHOC (P<0.01), 5ALKR
HARRFENHR (P< 0.05), HERSILEEH .
FLBREE . LB ELARFIFLBR 73 TE AEBAH DG EAS i 2
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Fig. 8 Pore structure changes of purple soil under different treatments in Cynodon dactylon growth period

K9 [Rl—{iE 3 mEg (8 H 13 H—8 H 27 H)

Images of the soil profile in the same location ( August 13th—August 27th )

Fig. 9

x4 TRLBTLREIAKREHFHEES

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

pisiil fLEEH LB LB E AR fLER I Y%L
Treatment Pore number Porosity/% Pore diameter/mm Pore fractal dimension
G-pore 126+4.67 b 1.2840.10 a 6.12+0.13 a 0.71+0.01 b
CK 166+5.58 a 1.50+0.06 a 6.12+0.07 a 0.78+0.01 a
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Fig. 10 Dynamic changes in the pore structure of yellow soil under different treatments
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Table 5 The mean value difference in pore structure of yellow soil under different treatments

fb ¥ fLE%H FLBEE fLELE AR FLBL T 4L
Treatment Pore number Porosity/% Pore diameter/mm Pore fractal dimension
YG-pore 374+9.66 b 3.54+0.10 b 6.25+0.04 a 1.07£0.01 b

YCK 432+9.89 a 4.04+£0.13 a 6.28+0.08 a 1.13+0.01 a

Fo6 RAMKSFLBRLEHAIERMY

Table 6 Correlation analysis between root traits and pore structure

LB H fLBEZ LB B FLBR M 4E %L
Pore number Porosity/% Pore diameter/mm Pore fractal dimension
K Root length —0.65%* —0.61** —0.21* —0.64**
LA Root surface area —0.61%* —0.58** -0.20* —0.60**
M HE 4 Root diameter -0.01 —-0.09 —-0.13 —0.05
HAF Root volume —0.56%* —0.53%* ~0.19* —0.55%*

e *FRTE 0.05 KPR EASC, **FRIRAE 0.01 /K F 1M i 4 3¢ . 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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FL B 45 ¥ 7 Sy A A8 5 #E 47 T4 40 B ( Redundancy
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15 10 5 0
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01-0.08 B 2 o
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PER AT EZEHHEARUCH IR (15.30% ). MR
FH(13.14% ). HRATH (10.74% ) FIRLEAR (1.43% ).
Horr, #R | AR A AR ARG LR 2540 A8 S Y 52
IREIR . LT, ARG RFEBURR AR
M) - SFEFLBR A5 FA) AR (1) SRR R MR

5% Residual = 56.30/%
28.52

-0.04 -0.07

-16.48

SRS R ERERERE

. RL: RK, RSA: BE®EA, RV: RIAF, RD: R EH#. Note: RL: Root length, RSA: Root surface area, RV: Root volume,

RD: Root diameter.
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Fig. 11 Redundancy analysis between root traits and pore structure parameters
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Table 7 RDA analysis of root traits of Cynodon dactylon and environmental factors (pore structure parameters and soil physicochemical

factors) in yellow soil

i B DY & F1&
P
Explains/% Contribution/% Pscudo-F
2 TC 20.8 33.9 18.3 0.002%*
5% EC 25.1 41.0 32.0 0.002%*
FLBR S IE 451
8.9 14.5 13.3 0.002%*
Pore fractal dimension
FLERJE Porosity 3.6 5.7 0.018

. ¥ RORTE 0.01 K FAR B AISE . Note: ** indicates an extremely significant correlation at the level of 0.01.
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