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Simulation of Lucerne and Vetiver Hydroponic Root Exudates to Alleviate
Clayey Red Soil Penetration Resistance
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Abstract:  Objective The 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
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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  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. 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

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%),

The results showed that: (1) The relative content of aromatic carbon, alkoxy carbon, and

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.

Key words: Root exudates; Soil penetration resistance; Clayey red soil; Green manure plant

FESA BURAE M, 260, FORLTAR Z il 42
TSR AR AR R0 1 U1 B S DR B HLREH
e Hox EAA KR fum sz m U (ERST SR IEAR 2R 43

ARE ) T e A S i e 2 P
IR — . B LL R R BUR B L0
MR AL SRR, PRI AR

PR HIVEDIR R FALAER A= m N, Fh 2 e sl
BEBH A W 2R FLRE ZE AR 0, AERNZE 0~20 cm 3R
LML JJE R 210~421 kPa; 7 & iR
W E R, T IEHUAREE ) B FK SRR & &
2 500 kPa'®, fEGu R I B e BT 2% A+ SRMLAR S 77
T3 — PG it - SREHLAR BH T 9 A b ] RS2 KR i i 2
I A S AR A P A= I BEAE

A= YRR S — Fh R R A AR 2R i3 3 0 Y
TPl R TRI R 56 M B A AR - ML BE
MANTRI TR REL, SRR ZR i PRI s 1O
8K T e MRS 2Rk 2 g 1
EHUEH ] . 3R)2 HIEA P & e 18 AR R
LEY RGBT N 4.6%2THE 5.3%, HILFE
i - AL BE 7 2 A R R R 4
WPAE R A AL IR 2 —U0 X - EHLRBE Ty
(RS2 M) AN 1T 2266 o JEE] 2 28 FH 2 TG R s -
(4 3 I I BLALL AR R 53 WA , R IR HO X 22 fige - SEEHLA

WA R R LSRR BE ) 5 MR I ST A =

PR AR 2R 0 0 ) P IR A, I RITT R AOAR 3R
I3 IS HIUARBH 3 2 A 58 K 22 Joy R T AE4U g 2R AR
RO, BIESRAR AR WA TR T AL AR R HL 5
PRI (SRR ), PRI AL
AREZ AN MR o AR R I WAL AE AN R A )
Z ) 2 5 W RS A [ A AT N S e S T g
PREARNFERR . AR SCRHIAUR 2 M R A Y (F
WREHEAS ) RARDW, BT FR I W) B ARS
BRI [R] G 1 7K 6 86 i 2 A — i TR SR R
BOBUBRBE Sy 520 o Sy L1 IX 5 B PR AR AR 2 T AE )
Wee I - AL BH g B AR A

1 bR

1.1 WXL
I T ZL ek B AL A 8T T B 280 v

http://pedologica.issas.ac.cn



1226 + b1

61 %

=

BFHNRE WL G (30°01'45"N, 114°21'35"E) , ¥
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Table 1 Basic physical and chemical properties of tested soil
B BE IR WA - ‘ o
THERA LRWE EER I A TR ZH AL /%
pH Bulk Organic Alkaline
Soil type Depth Available P/ Available K/ Soil particle composition
density/ matter/ hydrolysis N/
2~0.05 0.05~0.002 <0.002
Jem (grem™)  (gkg')  (mgkg!) (mgkg!) (mgkg™)
mm mm mm
Z13 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 Wit 5o9Hh (2) HIESWRARITWMYIRA . HUBEH I &

(1) WA WY, EHFETR R HF R
( Vetiveria zizanioides L. ) 1 F B R L B 15
( Medicago sativa L.), 53l eGSR HKE: (K%
AR 18 em, 22 em), FIT /o WIAEAR R 50
Yo AW EE TR RS 22 BRI R, 8
3d —ABIR B IR, 55 1 R 1/4 W
ME TR R E 3 d), 58 2 IR 172 i fR453 d),
53 DA B IR . Bl R ) — R ik e
FIN T AR SR (B5 8 RXZ-300c ) kLo
20 do FEFRAH L EAHXHRE N 63%, FRFFH KK G
23/20°C, D' REIF[A]EAE B R 91454k (114/10 h),
BAREFREMAN 1 AMA. ZEBEKEE
0.5 mol-L™" Y CaCLIEW T (2 L), 7EIRZEaLk R4
M4 T 8595 4 he 2RI 250 mL CH,Cl, $2 BUR T
WIPYE 3~4 K, R4 2 1.5 mL 2247, HHHET
) JE KGR BN TR Ab (337 ). HEA KBRS R,
R TARIESAT SRR R WY, BREYicE 3 4
WM EATKE: (3 MM A ). 2B R
AR R W e 4 (1.5 mL) IRATEH .
R RR BRI 3 R PIRR 5. — 5 P A 35 5
TR AL (GC-MS ) ( 7890A-5975C ) 43#THR &
ST R FARR B i Oy — 8Bt R201 JiE
gk ay ( LIF ARG RAE ) R ET
4L ( Gold-SIM FD5-3P) R TG, MR EIR AR/
WYIER TP, H TS St ng) g8

RIS 8 ANAbH, 4 BIAR R 30T ST Pt ik
SE[0 (XFHE CK ), 0.02, 0.2 F1 1.0 mg-g'; JtifinskK
=S TYI R R (mg) /HHEFRE (g)] 1 2
PRS2 MRS 4346 . 200 kPa JE55 (&
SCC) 1200 kPa JE L5 &0 — IR TIRIGA ( RS+
TG : Crwid), Bl FMREEL (FE VC),
FRFEEL+TRIEAR (FETW VCtw/d), 216
B RS (H R LC), S H 16 L+ TEH (F
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138 5 AR R 53 W W 43 0l e BEOAS ) it ook PR
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4°C UK FA 15 do LUK 0.2 mg-g ' Ry,
¥ 72 mg WA WY TP 360 g KA+ #1TIR
G o KPS 0 T BERAR R W NR & Wik IR &
1.2 grem > WIFFHTIH (d=5cm, h=5cm), ¥ J]
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A KR, FFIAEI-33 kPa KBS, St 2 Ff S Ak
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FEJT o 55 R R SCAR B - 5 b ER J) 4 3 in
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=
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Table 2 Relative content of various hydroponic root exudates from vetiver and lucerne

KSR ZR S0 S i AR S3 A ) LE M

K
. Relative content of hydroponic root exudates to total root exudate/% Bk o BRK/ZRIK
ULES -
PERERRIE DS R ERERE  BRIRmRIE e IR Hydrophobic Hydrophobic/
Plant type iR 2% RS Hydrophilic
Alkyl Aromatic Carbonyl Alkoxy substances/% Hydrophilic
Acids Alkenes substances/%
carbon carbons carbons carbons
TR AL
41.15 1.64 4.12 45.78 2.24 5.07 42.79 49.90 0.86
Vetiver
E ¥
K 28.75 3.23 6.83 55.09 0.68 5.42 31.98 61.92 0.52
Lucerne

2.2 ANERBRZHYIXT L IEHLEE S %20

TENE AR R IG , EENLAREE ) &A= T B
AL (E 1a FE 16 ), Xt BEALHE A LA EE F1 5>
WA 157.28 kPa ( JE3E ) 1 166.83 kPa ( JESZ+w/d ).
XA LG, TCieMEA R SE T, - SRR ) Rl
Sy IS K SE T R R IR AR B, HitE K P
0.2 1 1.0 mg-g " A% A G 28 ARG 1 - S HLAREE
TGN F 0.02 mg-g ' I oK & 202 + 3 WL EH )
(Kl la FIE 1b). TEFR—HR R WYIK BT,
5 HEA LG, AR 2R 5 W X ML BE 7 %) R AR AR
MNEREFESTERE WY (E 2), L

0.02 mg-g ' (IS, 2546 7540 X B X
BILA BH 7 1) 3 A R 52 40 530 h 29.38% (RS ) AN
25.97% ( ESE+w/d ), T A AR BAH bb 6T RES HLAR BE 7
IR E S 5N 11.44% (JESZ) Al 12.25% (JRSE+
w/d ),

TER—HR R AU KSR BETR ,  BAp R S A R S
+w/d KhFRAE PRI 2 R 225 (] 1c ).
T M RUAR 2 43 W 4% - ML BEL 7 7 B S R
SC+w/d AbFRZ [ AT B E AR L (P<0.05). AHIZ,
L0 T A3 W Ak B 28 B R S+ TR AR A AL B S
(1) - EHLAREH 1 A7 0 2 R ARAE A (I 1e ).
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TE: a) M b) BARR/NG FREER SPRZEMR R /MW 0. 0.02, 0.2 Al 1.0 mg g MK V- Z M7EAE BE 25, ARKEFHE
7R SPR1E[Al — MR AR A KF T YRR Z AR R 25 . o) ARKREFRERR SPR TE IR —AE ) [ — A 2 730 4 it fn ok
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LC+w/d: EAEE T EL+T A3, FE. 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.

K1 PR ) (SPR) 7EARZR 704k B2 (6] )2 £k

Fig. 1 Variations of soil penetration resistance ( SPR ) among root exudate treatments
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Fig. 2 The relative change of SPR after root exudate treatments to control
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Fig. 3 Variation of soil water content and bulk density under root exudate treatments
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Fig. 4 Variation of aggregate size distribution and aggregate MWD under root exudate treatments
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