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Abstract: [Objective IThe objective of this study was to investigate the influence of fibrous and taproot plant root
exudates, in terms of their relative composition and application rate, on soil penetration resistance (SPR) under
specific compaction conditions (compaction, and compaction followed by wetting/drying), in order to evaluate the
adverse effects of SPR on crop growth in clayey red soil. [Method] Fibrous root vetiver and taproot lucerne were
selected to collect hydroponic secretions. These secretions were then analyzed to determine the root exudate
composition, which was subsequently freeze-dried to obtain the original dry exudates. Clayey red soils (0~20 cm)
were amended with different rates of dry root exudate materials (0, 0.02, 0.2, and 1 mg-g%, dry root exudates
wt/soil wt), and left to equilibrate for one week in a 4 °C refrigerator. Soils amended with varying rates of dry root
exudates were then compacted into steel cores (d=5 ¢cm and h=5.1 cm) and subjected to two types of compaction.
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One subset of core samples was wetted to -33 kPa and compacted to 200 kPa stress (compaction), and another
subset underwent 200 kPa stress followed by one cycle of saturation and drainage back to -33 kPa
(compaction+w/d). The SPR, soil water content (SWC), aggregate properties, and bulk density (Bd) were
determined. [Result] The results showed that: (1) The relative content of aromatic carbon, alkoxy carbon, and
carbonyl carbon in the root exudates was higher in lucerne (3.23%, 6.83%, 55.09%) than that in vetiver (1.64%,
4.12%, 45.78%), whereas the ratio of hydrophobic to hydrophilic substances showed an opposite trend (0.52 for
Lucerne and 0.86 for vetiver). (2) The SPR decreased as the exudate rate increased, with a significant decrease
observed only when the root exudate application rate exceeded 0.2 mg-g™'. For example, compared to the control,
0.2 mg g’ root exudates application from lucerne and vetiver resulted in reductions of 29.4% and 11.4% in SPR,
respectively. (3) At the same root exudate application rate, lucerne showed a higher degree of SPR reduction than
vetiver under both compaction conditions. (4) The SWC increased with increasing exudate rate compared to the
control. For example, compared to the control, the application of 1 mg-g'root exudates resulted in an increase in
SWC by 7.98% (compaction) and 21.65% (compaction + w/d) for lucerne, and 13.07% (compaction) and 11.15%
(compaction + w/d) for vetiver. Furthermore, the aggregate mean weight diameter (MWD) also increased after root
exudate treatments compared to the control. Correlation and regression analysis confirmed that a low ratio of
hydrophobic to hydrophilic substances, a high proportion of alkoxy carbon, and a high exudate rate resulted in a
low SPR value by improving SWC and aggregate MWD. [ Conclusion] In conclusion, taproot plants showed a
more apparent effect in alleviating SPR than fibrous roots in clayey red soil. Therefore, selecting appropriate
taproot green manure has the potential to effectively reduce SPR in clay red soil by improving SWC and aggregate
MWD.
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Table 1 Basic physical and chemical properties of tested soil
RS £ i) ‘ ) TR N N o
T RIREE B AHLR A Rk TR IR R 1%

Soil type pH Alkaline

Depth Bulk density Organic matter Available P Available K Soil particle composition

hydrolysis N
/cm /(g-cm3) /(g-kg?) /(mg-kg?) /(mg-kg?) /(mg-kg?) 2~0.05 mm 0.05~0.002 mm <0.002 mm
AR 0~10 5.22 1.35 11.53 56.95 30.17 175.00 19.22 35.20 45.57

Red soil 10~20 5.20 1.32 9.24 41.60 27.47 165.63 25.49 28.96 45,55

1.2 BS540

(1) IRARFWYITEEL . IRFEIR REARTE (Vetiveria zizanioides L.) (Vet)F1ZEH 2%
TEE %8 (Medicago sativa L.) (Luc), RIFERFRRF/KE: EFRMER 18 cm, & 22 cm),
T E R R I . AW TERE IR FEMS 228 TR R, #4845 3 d — IR
WHE IR, 1A VA WRERE R (RFF3 O, B2 kMH 12 48 (REF3 O,
53 RLNEAARE R BRmAEY) — i E RN TAEEFRM (358 RXZ-3000)
HAkARREIE 20 do BEFRAR B B AR N 63%, 47 R/B M 23/20°C, JEHE A HIEEBR
JAEAAEAE (14/10 h), BANREFRFMZ8 1 AN H . ZE¥EEREZ 0.5 mol-L! ] CaCly K
(2 L), FEREELRIFNEME TR 4 h. 2RJ5H 250 mL CHoCL $REUR LR v 3~4
W, WUERSEE 1.5 mL A4, FHABT R KERERN TR IR . BA KR SRS,
N T ARIESRAR RS IR R, S E 3 AN IR T KR G HREYAT. 25
R FER T AR R I IR ZET (1.5 mL) JRAH . 1R RIB S IRGE NP R4 -
—EB oy AR % R R A & (GC-MS) (7890A-5975C) 3 MR 22 70 W4 i 2 R AT AH
SEE, Bt R201 EEZA K (LEHEAEYRARERAT D FAETEEL
(Gold-SIM FD5-3P) Wik T1a, 13EIR RS WYE AT, FTE8me] 5,

(2) HIESWASWIIRE . YU IIE ., RIGEHE 8 ML, 4 MR AR5 WT
TN [0 G CKD. 0.02. 0.2 A1 1.0 mg-g!s /K- F=20 T Y52 (mg)
/IR (g)) A2 AR e 2 MRSy AEHE: 200 kPa FB3E (JRESZ C) AT 200 kPa J&
LG — XTI, (JESZ+TIRMER: Ctw/d), Bl FHREESL (FE VC), FREE
SHFRIEA (FETE VCrw/d), FIRE R ESE (8K LO), S E RS+ TRIGH (5
TE LC+w/d)

T ER R W A A RN AKCFR S, R TAESS, 55015 g¢g &
K&, TE 4°C VKA TPF47 15 d. LLREINZKF 0.2 mg-g! 9, ¥ 72 mg R THR 5
360 g KT LdEATIRG R4 i (1) T AR R 0 IR B IR 5 E 1.2 grom™ BB E3LT]
F1 (d=5cm, h=5cm). A J] LG — 1A% H]-33 kPa /KA IR E, H T EstE LS /KE,
Rk £-33 kPa /KA G, S 2 PR STAREE (FRSZ, HRSEHFIRAEH). 5F—Mkscas: R
HTi e E4R1C (RGM-3005, IRIIFEGHE KA X 3N 77, 57 BEE4A{XAE 5 min i&
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BRBH 774 (WXGR-3.0/4.0 AL B 53 71 =AU 77 (SPRD, BEANFAT] 431 5 % SPR.
W, FIHUEBE T E S RE, A ] A8 105°C B HET.
1.3 &itair

TIEHUEE JT . Bk B 2 7] 1) 2 7K A LSD #4743 #r (P<0.05) (SPSS 25).
R 2R I AN A IR L Sk S I UEH /) 2 18 AR S P AR B85 Origin
2021 ek

2 g B

2.1 ARIGREIR R ;WA & BRHME

IKEEAR R I E ] 0 NN KIS, AR R . 5 B AR . BRI TS . bl
R BRI GR 20, FMREAVEIL B 1E MR R /- LLGE S B S o s, ARG &7
AT AN 45.78%F1 55.09%, iR R ER L FARREILEFEIK 20%. Hk, XA =
R bERE R, HEESA 41.15% CERED 1 28.75% CEILETE), SR AEMHEY)
KAz M EFBERE, RIAIR R EREE TR RZELEE S 30%. FE, HRIEmEM
FER & AR R W HESE =40, H AR FRER KIS T K 39.6%. TR =Fh
SRR S BEAR, HAEEREAEILEHE R ZERR /N FRKREERIAFRE
(49.9%) < K EHTE (61.92%), MEH/KESEKEUEER AR R (0.86), HILETEBIK
(0.52) iz, FMRBLLETE N FERR S rEIEmE. BERI FMSRKESE
BT AR AR,

2 FREREEE AR RN WA & B

Table 2 Relative content of various hydroponic root exudates from vetiver and lucerne

IREEAR AR P WA o A LA

) . | sEok BRKIEEK
TH 4 2k Relative content of hydroponic root exudates to total root exudate /% FiKBE&E P
Plant type BeEpRE SRS PREETRE [N - g Hydrophobic HOE Hydrophobic/
. [ivES W o Hydrophilic
Alkyl Aromatic Carbonyl Alkoxy Acids Alkenes substances /% substances /% ili
carbon carbons carbons carbons Hydrophilic
éEE 41.15 1.64 412 45.78 2.24 5.07 42.79 49.90 0.86
Vetiver
EE 28.75 3.23 6.83 55.09 0.68 5.42 31.98 61.92 0.52

Lucerne

2.2 NER RS Wt TR S

TEREIMR R 5, TIRNUBEH 7R T IR AL (B 1a FIE 1b). i AL 2 358
HUBREE 7723 518 157.28 kPa (JESZ)AT 166.83 kPa(JESz+w/d). SXTIEMLEL, TEiempfs s sz iy
3, IEYLBE A7 B8 2 AR K T T IR %, HorPE ik 0.2 A1 1.0 mg-g !
Xof FE S 3 A 7 MU 77, TN 7K T 0.02 mg-g! IR B35 s HIENUME /1 (& 1a
A 1b)o ER—ARADWIK T T, SXHHRML, HRR WU 7 i B AR FE
RIUNEACE = TERE WY (B 2). LL0.02 mg-g! (KT G, SEIEEEMEL
SXof R BLARR BEL 7 ) BAARGIE B2 40 301 M 29.38% (JESEZ) 1 25.97% (JESK+w/d), 1M & R ELAH EL
o} XS LA BEL 7 PRI BRARG IR B2 20 BN 11.44% (JESZ) A 12.25% (JESZ+w/d).
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Root exudate application rate treatment/ (mg-g™)

e a) M by P AF/NG FEEER SPR ZEMR R4 0. 0.02. 0.2 1 1.0 mg gt MK P2 MAFEEEEER, ARAKEFERR
SPR 7E [Fl— R A - WA K7 1 AR R 2 7R B35 25 . o) ARIKS T BERIR SPR TE R — 14 Al — R 2 70 Wit im K
S R A SERNE SE+ TGI8 4 ZE R . VC: FFEESE, VCw/d: FREESI+ RIS, LC: RIEHEE
52, LC+w/d: HAEHETE ESL+T 8183 . FIA Note: a) and b) Different lowercase letters indicate significant differences in SPR among
application rate of root exudate, and different capital letters indicate significant differences in SPR among plant types at the same root
exudate application rate. ¢) Different capital letters indicate significant differences in SPR between compaction and compaction/d
treatments at the same application rate of root exudate from the same plant. VC: Vetiver compaction, VC+w/d: Vetiver compaction

+water/dry, LC: Lucerne compaction, LC+w/d: Lucerne compaction +water/dry. The same as below.
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Fig. 1 Variations of soil penetration resistance (SPR) among root exudate treatments
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Compaction treatment under root exudate of different types of plants
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FRERRER — IR R WA R, B 32 (84775 % 25 . Note: Different lowercase letters indicate significant
differences in the relative change value of SPR among application rates of root exudate (0.02,0.2, and 1.0 mg-g™") , and different capital

letters indicate significant differences of the relative change value in SPR among compaction treatment at the same application rate of

root exudate.
2 R F WA AL B S 1) L BTG E T A L %o FR )72 e s

Fig. 2 The relative change of SPR after root exudate treatments to control
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Compaction treatment under root exudate of different types of plants

T a) M b) RFEKEFRRR IR E K EAE R AR R W INACE MR SEE B 2 A B E R, ARNSFRFRRL
S K AE R — FE 527 20 AR R - it /K7 2[R 4776 2% 22 5+ . Note: Different capital letters indicate significant differences
of soil water content between compaction treatments under the same root exudate application rate and different lowercase letters indicate

significant differences of soil water content between root exudate application rates under the same compaction.
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Fig. 3 Variation of soil water content and bulk density under root exudate treatments
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Root exudate application rate of two plants/ (mg-g™)

TE: a) A by AF/NG FRERSARRDRLAS 1 B R AR 1 23 & BB MWD ZER R INBPIKF 2 MIFTE R E R, ARRE PR
TE A —HR R WK, BRREATEIEE 1S I L e A E 3% % 7 . Note: a) and b) Different lowercase letters indicate
significant differences in the aggregate size percentage or MWD among application rates of root exudate, and different capital letters
indicate significant differences in soil properties between vetiver and Lucerne at the same application rate.

K 4 L EORAR AR SR AT 2 o B EARAEAR R i A B 1) A2 4k

Fig. 4 Variation of aggregate size distribution and aggregate MWD under root exudate treatments
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T ATETE Aromatic 08
PRFETIE Carbonyl o
LA Alkoxy
T3 Acids 0.4
J#25 Alkenes L 02
i /K2 Hydrophobic
2 /k % Hydrophilic -0
Hi K/ K Ratio L 0.2
N /F Rate | oa
V1B 5y p2~-0.25
41 5 /KA 1 MWD ~ -0.6
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MWD; 88K &y L &K R EUE . 3R URRE ) T BT B U ) #E

Note: Alkyl, Aromatic, Carbonyl, Alkoxy, Acids, and Alkenes are the relative content of each type of root exudate to total the root exudate
(%); Hydrophobic and Hydrophilic: Total substances content of hydrophobic or hydrophilic root exudate; Ratio: Hydrophobic substance /
Hydrophilic substance content ratio; Rate: Root exudate application rate to soil; p2.o.2s: 2~0.25 mm aggregate percentage; MWD:
Aggregate mean weight diameter; SWC: Soil water content; SPR: Soil penetration resistance.

B 5 IR WY HIRERA. SKEM YU 7 Fa b5 2 8] A S

Fig. 5 Correlation results of parameters of root exudates, soil aggregate, soil water content, and soil penetration

resistance
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Soil penetration resistance (SPR) /kPa

0.0 0.2 0.4 0.6 0.8 1.0
R4 i 7K-F Root exudate application rate /(mg-g?)
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Fig. 6 The regression relationship between SPR and root exudate application rate
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