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Effect of Deep Vertical Rotary Tillage on Aggregate Structure in Farmland of
Lateritic Red Soil
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(1.College of Agriculture, Guangxi University, Nanning 530004, China; 2. Institute of Economic Crops of Guangxi Academy of Agricultural
Sciences, Nanning 530004, China)

Abstract: [ Objective ] In order to expose influence of deep vertically rotary tillage (DVRT) technology on aggregate structure,
and explore mechanism of the change, in-lab analyses of soil samples were carried out in this study. [ Method ] Soil samples were
collected from farmlands of latosolic red soil different in tillage, conventional rotary tillage 20 cm deep (CT20), deep tilling 40
cm deep (DT40), DVRT 20 cm deep (FL20) or DVRI 40 cm deep (FL40), were studied by means of aggregate analysis, scanning
electron microscopy (SEM), brunauer-emmett-teller (BET) specific surface area analysis and pore size analysis for differences in
morphology and structure of the soil before and after tillage and between the treatments of tillage. Changes in nutrient status and

physicochemical properties of the latosolic red soil after tillage were analyzed and compared. [ Result ] Results show that FL40
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increased the content of mechanical stability aggregates, 1~0.25 mm in particle size (P<0.05) and decreased the content of water

stability aggregates, >3 mm in particle size (P<0.05) as compared with other tillage methods. Compared with CT20 and DT40, FL

(either FL20 or FL40) changed the soil in micro-morphology to have skeletal grains fine, closely arrayed and smooth in surface,

and to be higher in soil specific surface area and more extensive in pore distribution. DT40 differed significantly from the other

treatments in available nutrient content (P<0.05). [ Conclusion ] Compared with CT20 and DT40, FL (either FL20 or FL40) can

increase the content of aggregates in latosolic red soil, and changed the micromorphology of latosolic red soil significantly, and

FL20 can increase crop yield significantly.

Key words: Deep vertically rotary tillage; Aggregate; Micromorphology; Pore distribution; Soil nutrient
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Table 1 Physico-chemical properties of the tested soil relative to tillage
1L A - B A
£ RS A Ak
Rb3 Organic Available
pH Total nitrogen/ Alkaline nitrogen/ Available phosphorus/
Treatment matter/ potassium/
(gkg!) (mgkg™") (mgkg™")
(gkg!) (mgkg™)
CT20 4.83+0.03b 32.94+0.03a 1.624+0.06a 245.46+4.21a 7.84+0.09b 219+4a
FL20 4.82+0.02b 33.60+0.07a 1.64+0.14a 266.15+4.14a 8.69+0.26ab 257+1a
FL40 4.924+0.05a 35.46+0.11a 1.60+0.02a 255.58+11.73a 9.70+0.05a 244+4a
DT40 4.57+0.03¢ 31.10+2.83a 1.36+0.05b 215.13+12.44b 3.3540.46¢ 174+2b
7. CT20. FL20. FL40 1 DT40 4» HICRALBRH HLBEHF 20 cm . #)2E 20 em. #32E 40 cm AR BHHEHF 40 cm, [FFI/NG FHEAR

[l 7R b B[] 22 573K 0.05 3% /K. F[F. Note: CT20, FL20, FL40 and DT40 stands for conventional rotary tillage 20 cm in depth,
deep vertically rotary tillage 20 cm in depth, deep vertically rotary tillage 40 cm in depth and deep rotary tillage 40 cm in depth, and different

lowercase letters in the same column mean significant difference at the 0.05 level. The same below.

£2 TRHBEANRNT LIEHRAS E MR BIREAK

Table 2 Distribution of soil mechanically stable aggregates relative to tillage/ (g‘kg" )

Ab ¥

>3 mm 3~2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm >0.25 mm

Treatment

CT20 355.4+36.5b 124.2+14.5a 225.0+14.2a 171.2+£2.7b 108.9+7.1b 984.7+1.9a
FL20 348.3+6.9b 126.9+18.7a 222.4+6.6a 178.0+£9.2b 99.0+7.1b 974.6+2.3a
FL40 291.9+15.5b 112.4+4.1a 222.7+10.1a 209.0+4.5a 139.2+7.1a 975.2+10.1a
DT40 472.4+55.2a 125.0+18.8a 194.6+5.8a 132.3+.3.0¢c 67.2+0.40c¢ 991.5+7.2a

PFAHE U, A LIKT 0.25 mm ki
B RE A EAH R FEARFEFET T, PR

T s PR RLAR HUERIRAF AN TR B 25 57 o AR T oA
=FHETT A, FL40 BFFRAL BN R R A w1~
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B R 3 S AL B AL B R AR, BRI TR
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2.2.2  KFHE A R AR A RRAE 3, R
IR 7 20T IR 2L 8K AR A1 SR AR 45 A% & it o AT
Hr, B 2~ 1 mm REAR TS N T R R,
FL20 #HXF T CT20 Hl DT40 ¥yik 3| 2% 5 W ¥
(P<0.05), KT 3 mm ki RIKSGEY, FL40 S

DT40 Fll CT20 ik F] i # 7K F( P<0.05 ), FL40 5 DT40
ZRE K E 3~2 mm RARTEEIHN, DT40 &K
F FL40 1 CT20 ( P<0.05), 5 FL20 2R A W%
(P>0.05); TEHI IR MR AR, 227N T,

PURNBEVE U, LD S M R IR R R B
DT40>FL40>CT20>FL20, i} B 73 U A B 7E 7 =X
T, DT40 HIEGM AR E; RZ, FL20 L4,
MyfckasE . (B FL20 5 CT20 385 M IRpi R R 25 7
Wi, BIRRSEME 2 A . ZFE, BRENLAK
H5EshILFERE LIRS R, W H TR
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Table 3 Distribution of soil water-stable aggregates relative to tillage/ (g-kg™')

pog:il
>3 mm 3~2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm >0.25 mm PAD/%
Treatment

CT20 159.4+2.7ab 196.2+12.8a 253.24£22.1bc 184.3+19.3a 119.24£35.1a 912.3+9.2a 7.35
FL20 119.44+9.7bc 154.9+20.2ab 330.1+19.3a 158.1£1.3a 148.3+7.1a 910.8+19.8a 6.55
FL40 113.2+6.0c 187.0+£3.3a 310.9+5.0ab 169.6+17.1a 110.6+3.6a 891.3+0.8a 8.60
DT40 169.6+7.6a 129.7£1.9b 237.0+£5.7¢ 180.7+2.0a 142.4+2.1a 859.449.1a 13.32

. PAD: Z5#IAMEIR®R . Note: PAD: Failure rate of structures.
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Bk 0~20 cm
Undisturbed soil 0~20 cm
JFUk £ 20~40 cm
Undisturbed soil 20~40 cm
¥ - « S 8y 5 T =E % AL T T e 01— EE
B AREBHED R S R (SEM) EIR (K 1000 i)
Fig. 1 Scanning electron microscope ( SEM ) images of the soil relative to tillage ( magnify 1 000 times )
Bk 0~20 em
Undisturbed soil 0~20 cm
JR £ 20~40 cm
Undisturbed soil 20~40 cm
K2 AREBHE T R A7 R (SEM) BB (K 5000 475 )
Fig. 2 Scanning electron microscope ( SEM ) images of the soil relative to tillage ( magnify 5 000 times )
WK 3 Fos, K 2 GRSk E 1 7%, B AN TRI B A A BT - MO 285 1053 Wi AR A A A 22

VERIATAE H, R B EoR P R m, HRPS H 5, WA sE (SEM) —FOARIRIZ g i
RIMFLBR I, MWBHER AT B, FEAFBHEL X OBE, ieeialmith g e m i LRE | FLIE R
T, XML S BB R AAE G 255, CT20 LB, X SEFALER 3 B4 TP 1E 5~200 pm, A @M
5 DT40 EH500R 5 BB L, Wik 28HE  KOMEEITIRE s HIERIALBRA A | HoE | 41h 2k
AC TR R ORL BN, R ALBRARIA L, S H WAL, W AR HA A P, Ry 2k
EJILEETS R YE4E CT20 F1 DT40 522 30 -39 11 #is UL 20 /)N
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B A 0~20 cm
Undisturbed soil 0~20 cm

Btk 4 20~40 cm
Undisturbed soil 20~40 cm

B3 AEBFED T S 7 23 (SEM) B8 (HCK 10 000 %)

Fig. 3  Scanning electron microscope ( SEM ) images of the soil relative to tillage ( magnify 10 000 times )
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B PR B R N 2 —
24 ARMEARTRAFHRRERRILLENET

i4

SR RGBT X AN R B Ak B AR £33 Y e
R LA L AL A BB ALHEAT T REFE R0
K 4 HAFPAELPLS L4 BET HERHBFI AN
WFS 0% (BIH %) f-PRfLARFR . sk 4 AT, A
[FBEVE 20T ARLr 3 nFLASH DAL R 32 B =X

HIATR, FEAEE WU INE S R/ INR I Ry 3 28
HEERS R T IHABHE , P FLAR A R/ 2 B2
A RGO A 24 53 ok 2 i BURFLBREE 2 At
{CME S8, FIE T, M BHHE N JRLIHERY BET [
FREPE CT20 iAW E 2 F/KF (P<0.05); Bmn
Bt 2% 1 R0 I - A7 A R A AL AN A FLEY s e
BT 38FLAR R/ S B 2SR A, i — 25 0 I
VEJ7 2CRE XS B 8 ) 1 SOk 2 (] (4 FL B 43 A1 77 AR
SR WFEE RPN ek g LR 2 T BE & A 1
ZALZE RN, F50 R L B AT R, S
KALBRAT o FEA R WA gE b, N B A S A R E
05 30T ARETIERT 550 0 W B 5 A R AN, 1 — 25 361
B HVEALFE =15 B Tl 2 SR 25 5

x4 TRBEARXTHRLENILRERSFHILE

Table 4 Specific surface area and average pore diameter of the lateritic red soil relative to tillage

" BET L3R A W B 2 AL AR BJH 75 W JFF- 241142 BJH & i F- 1L 42
H
BET Surface Area / Adsorption average pore BJH Adsorption average pore BJH Desorption average pore
Treatment
( Il‘lz'gfl ) diameter/nm diameter/nm diameter/nm

CT20 34.13b 18.53a 18.12ab 17.00ab

FL20 37.47a 19.40a 18.97a 17.81a

FL40 38.12a 19.31a 19.83a 18.41a

DT40 37.27a 17.17a 16.60b 15.71b
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Fig. 4 Differential curves (a)) and cumulative curves (b)) of nitrogen adsorption in soil pores relative to tillage
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Table 5 Effects of tillage on yield and quality of sugarcane relative to tillage pattern

e E Ve i3 2 P
Qb3
Plant height/ Stem diameter/ Sucrose content/ Yield/
Treatment
cm mm % (thm?)
CT20 300.9+31.9a 28.18+2.36a 18.26+0.35b 92.0+3.3b
FL20 326.6+21.3a 30.12+1.92a 18.37+0.27b 114.9+0.8a
FL40 315.8+13.1a 29.41+2.44a 19.14+0.23a 103.4+4.0ab
DT40 299.14+49.8a 28.86+2.49a 18.28+0.55b 99.743.5b

W1 BURHEE I . Note: 1) Determination by the digital display sugar meter.
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