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Advantages of Fenlong Tillage and Green Manure Use on Soil Enzyme Activity and
Sugarcane Yield
ZHOU Lingzhi, HUANG Yulan, ZHOU Jia, LAO Chengying, SHEN Zhangyou, LI Yanying,
WEI Benhui *, ZHANG Xian, WANG Feng, LI Suping
(Cash Crops Research Institute, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi 530007, China)
Abstract: [Objective] Effects of practices of tillage and green manure utilization on fertility and enzyme activity of soil and
yield of sugarcane crop under a continuous cultivation were evaluated. [Method] On a sugarcane field, the traditional rotary
tillage (TCK), Fenlong tillage (FLCK), Fenlong tillage with sugarcane and soybean discards returned to sugarcane roots (FLG),
and soybean discards returned to wide rows (FLK) were applied with a random block design. Contents of organic matter and
available nutrients and activities of urease, saccharase, acid phosphatase, and catalase as well as yield and quality of sugarcane
crop under treatments were compared. [Result] (1) The treatments induced significantly varied effects on the fertility and
enzyme activity of the soil. The 40.6% to 76.7% organic matter contents in the soil around the roots and wide rows were
significantly higher than that of TCK (P<<0.05). FLG, FLK, and FLCK significantly raised the available N and P in the soil
around the roots with an increase of 16.1%—41.8%. (2) The activities of urease (except under FLG), sucrase, acid phosphatase,

and catalase in the soil under FLG, FLK, and FLCK were 0.7-166.7% higher than those under TCK. (3) The 2-year average
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sugarcane yields under FLG, FLK, and FLCK were 13.1%-30.5% higher than under TCK. Those of FLG and FLK were
significantly higher than that of FLCK by 9.9%-15.3% with FLG showing the highest average of 86 043 kg~hm72. The sucrose

content, brix, gravity purity, apparent purity, and pol of sugarcane grown under FLG, FLK, and FLCK were higher than those

under TCK. (4) The sugarcane yield significantly correlated with soil urease activity, and extremely significantly correlated

with soil sucrase, acid phosphatase, catalase activity, organic matter, available N, and available P. [ Conclusion] Fenlong

tillage with green manure returned to the land significantly improved the nutrient contents and enzyme activities in the soil as

well as the sugarcane yield and quality on a continuous cropping field. Ease for field operation, Fenlong tillage using green

manure on wide rows was recommended for local farming.

Key words: Fenlong tillage: green manure returning; soil nutrients; soil enzyme activity; sugarcane yield
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R T 2021 4E 3 A & 2022 4F 12 HAES Pi g 7
722 BB AR 1T 4 O ) uE k5 2L (107°52E,
22°58'N ) #EAT; KR W HH = KA, R
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Fig. 1 Design of field experiment
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HEpHA{E N 4.03, 3w THAMAIE, fEMRA, A
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29.5%~41.8%. TE%AT, FLK 4bH + HEmd gt 20 &% =
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F AWM T ZE ) AT EER D E .
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Table 1 Effects of treatments on soil physicochemical properties
A AL H AR A T A FLERE KE
Treatment SoOM/ (gkg ) P AN/(mg'kg") AP/(mgkg') AK/(mgkg') BD/gem’) Porosity/% Water content/%
TCK 18.41+0.63d 3.93+0.01c 88.02+5.52e 51.46+£2.30c 92.90%2.10cd 1.31+0.03bc 50.56+1.30de 16.511+0.26de
FLCK 28.70+1.26ab 4.031+0.0la 114.00£2.51c 59.73+1.61b 85.76+4.55¢  1.2440.02de 53.21+0.99bc 17.20%0.23¢
R
FLG 31.24+2.71a 3.95+0.07bc124.79+4.86a 72.48+0.90a 99.71+0.92b  1.16+£0.03f 56.22+1.13a 18.85%0.25a
FLK 29.81t1.67ab 3.921+0.04c 115.67+£1.94bc 62.24+1.16b 93.79+t1.4lcd 1.13£0.06f 57.23+2.45a 17.87%0.45b
TCK 17.36+0.74d 4.03+0.0la 98.98+6.12d 50.56+2.81c 91.15+3.56d 1.38+0.04a 47.92+1.72f 14.96+0.03f
FLCK 2440+ 1.18c 4.021+0.0la 102.70+£0.87d 51.88+2.28¢c 96.92+0.92bc 1.3410.0lab 49.304+0.43ef 15.29+0.33f
BEAT
FLG 28.161£1.99b 4.04+0.01a 106.44+0.77d 50.83+1.49c 94.89+2.17cd 1.26+0.02cd 52.45+0.99cd 16.2410.26¢
FLK 30.67+1.41ab 4.00+0.01ab122.63+6.44ab 71.70+£0.65a111.77+t1.51a  1.1940.0lef 55.09+0.65ab 16.81+0.31cd
HHE Tillage 0.042* 0.127 0.001** 0.000** 0.000%* 0.005%* 0.005%* 0.000%*
£EHE Green manure 0.008%** 0.55 0.000%* 0.000%* 0.000** 0.007** 0.007** 0.000%**
BEIE X SR Tillage X green manure  0.078 0.71 0.042* 0.000%* 0.031* 0.057 0.057 0.657

[&] —ANFEFR A RN T84T RO J5 T AN [R5 B TR AL B ) 22 S 4E0.057K - A 3 . ** 435 RORTE0.05. 0.017K 23
Different lowercase letters in the same testing index indicate significant differences between different treatments at P<<0.05 level. * and ** indicate significant
differences at P<<0.05 level and P<<0.01 level.
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Table 2 Effects of treatments on soil enzyme activities

AR mgg dD

4bFR Treatment Ikl UE HEMENE SC TR RR S ACP A A CAT
TCK 1.40+0.00def 2.64+0.12g 1.640.06¢ 108.70+5.91f
FLCK 1.49+0.02¢ 3.89+0.24¢ 2.13£0.05b 146.47+4.79bc
RS
FLG 1.84+0.02a 7.04+0.18a 2.76+0.17a 158.33+1.05a
FLK 1.47+0.04cd 439-+0.18d 2.24+0.10b 150.32+2.40ab
TCK 1.39+0.02ef 2.59+0.15g 1.45+0.07d 119.93+5.10e
FLCK 1.46%0.01cde 3.45+0.22f 1.46+0.01d 124.09+1.44¢
AT
FLG 1.3440.07f 4.9640.19¢ 2.18+0.16b 135.74+3.31d
FLK 1.63£0.04b 6.44+0.16b 2.26+0.01b 138.52+8.59¢d
BHE Tillage 0.000%* 0.087 0.000** 0.000**
£EJE Green manure 0.000%* 0.000%* 0.000%* 0.005%**
BEE*4EAE Tillage*green manure 0.011* 0.874 0.961 0.444

FLG H1 FLK &b 45 [ (AR &6 A 9817 22 18] (1) 1 3 JIK ity
G2 5 W% FLG A FLK Ab B A9 55 47 1 398 IR g 0%
PES FLCK b ¥ R ¥ . 5 TCKAHIL, By Ak
(14 AR S AR AT A AR O P W AR T, SR 4
N 47.3%~166.7% Fl 33.2%~ 148.6%. FLG. FLK #il
FLCK Zb 345 F B AR R A0 B4 T 22 [A] ) - S8 Jeb e 1 2
# 5 B3, FLG F FLK Ab RS 56 17 10 £ 38 e b
il 75 P 3 = T FLCK AL EEL, B4R 2 04 12.9%~
81.0% Fll 43.8%~86.7%. 5 TCK M Lt., FrA7 b2
R 4 8 TR I B R RS R B R T, MR R
29.9%~68.3%. fE951T, FLG I FLK Ab B () + 3 iR
PE B IR B 1S o W3 = T FLCK A1 TCK 4k #E . BR
FLK Zb3RA1, HoAth b BRAR B AN 9847 =22 8] () + 3 iR Pk
WRRR G VE 22 R W3 . 5 TCK Ml kL, FrA db 3y 4R
- i A E U TR M R T, IR N 34.7%~
45.7%. TESEAT, FLG HI FLK 4b B Ay + 385 A Ak S i
5k 5B 3 m T FLCK HT TCK AR B o 4 /> ib 2 4% 1 AR
FRFNEAT Z (B B T S E AL S 2 R .
Fe 2 I, HRAERSR AR I X - R IR A . RE R
T2 P Tl T Tl R ok S A S MR A 0 e (R X
- MR W M R R 2, P=0.087 )5 #RAE ALk
fIEL & HH Y 22 HVE X 4 4 R S M R e B 3
(P=0.011).
23 AECEMNHESEMEN

MIE 2A AT &/, 2021 45 F1 2022 4F FLG, FLK
A1 FLCK Ab B4 7= & e TCK B 5 45, HEiE 51N
13.0%~36.7% 1 13.2%~23.5%; {5 2 47 24 &
7 13.1%~30.5%, FLG Fll FLK &b B 2 4E5F- 3477 8 L

FLCK 4k 38 fin 9.9%~ 153%, %% 8% . 7ERK
24FHr, FLG Fll FLK Ab BR324 5 ol B 25 5%, DA
FLG b BV 347 5 fe i, 86043 kg-hm .

& 2B % B, 2021 4F FLG 1 FLCK 4k 3 # &5 15
B35 T FLK A1 TCK 4b ¥ ; i35 2 4F FLCK 1 TCK
b PSRk 22 55 3, FLG Ml FLCK Ab 3 1) F- 34
PR T FLK AR, 056 2 4F, S Ab B 2518
T 2R (F2C)., 2021 4F FLCK AbH A 50 25 i
%, WE® T FLK Ml TCK 4 ¥ ; 2022 4F FLG Ab 3
Ao EmR%L, &L T TCKA B ; FLG, FLK Al
FLCK Zb 3 R AR T B 25 5% (812D ).

24 AEEXHERRE

MF3A[FEH, 2021 45, FLG. FLK #1 FLCK 4t
PRAH RERERE 4> o RS R RO A O
T TCK AN ; 4B TR 25,
FLCK Ab3 A H REREME 4> . FREE . REVERERESY . B
alifE | WA RN O R M B e s e, FLCK 4b
PR H RE RS Ay o RS L RE T REORE o RO R
# T FLG Al FLK 4b B, TCK &b BH {38 JFOBE 2 e K
(0.52%), W3 T FLG Fl FLCK 4b 3, 2022 4F,
FLG. FLK il FLCK Ab¥H i H e 73 . 24k .
THRERE 3 . SR R O B 3 S T TCK A 3R
FLG Ab B H BERERE 2 . 24k . BREE | BEVT RS
gv . EJEREE . LAl L OLE AU s . FLG
I FLK Ab BRI H RERERE 2> . 2R 485y . BREE . REVEE
WE 53 FEE OG5 FLCK G 25 5% . FLK A HE Y ik
JEbE o B K (0.45% ), &2 TIHMAb s, M 24
M- YERE, BRiCJERE 548, FLG. FLK #il FLCK
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Data with different lowercase letters on top of a column represent significant differences at P<<0.05.
B2 FELCESHE~2 MR
Fig. 2 Effects of treatments on sugarcane yield traits
x3 TRLEMNHERRASZNE
Table 3 Effects of treatments on quality of sugarcane
P e H 2> f’ﬁ% s TV IR 2> 71 b ; L LA S
Year Treatment Sucrose content Fiber Brix/(°) Sucrose content Gravity Reducing sugar Apparent Pol/%
in cane/% content/% in cane juice/% purity/% content/% purity/% °
TCK 12.88+£0.18¢  10.67+0.31a 18.10£0.01c 1539+0.13¢ 85.00+0.64c 0.52+0.06a 84.53+0.51c 15.31%0.15¢
FLCK 1429+001a 10.51+£0.22a 1943%+0.13a 17.04+0.13a 87.80%+0.34a 0.35%£0.00bc 87.67+£0.04a 17.01£0.01 a
2021
FLG 13.78+£0.24b 10.94+0.39a 19.02+0.12b 16.53+0.14b 86.93+1.02ab 0.28+0.10c  86.36+1.25ab 16.42+0.21 b
FLK 13.72+0.04b 10.85£0.20a 18.95+£0.05b 16.36+0.05b 86.33+0.71 bc 0.43+0.03ab 85.46+0.65bc 16.19+£0.04 b
TCK 14.03£0.06b 10.54+0.26b 19.284+0.28b 16.54+£0.07b 85.81+1.04b 0.36+0.02b 86.44+1.04c 16.66+0.04b
FLCK 14.92+030a 11.46+0.28a 19.80+0.66ab 17.93+0.58a 90.54+0.16a 0.32+£0.02c¢c 90.51%0.19a 17.92+0.57 a
2022
FLG 1522+£030a 12.03+0.36a 20.24+0.28a 18.37+0.19a 90.79+027a 0.33%£0.02bc 91.36+0.42a 18.48+0.17a
FLK 14.83+026a 11.54£0.30a 20.10£0.39ab 17.81+032a 88.56+0.78b 0.45+0.00a 88.78+0.87b 17.85+£0.59a
TCK 13.46+£0.15¢ 10.61+0.06¢c 18.69+0.19b 15.97+£0.04c 8541+0.62c 044+0.05a 85494+0.83c 15.99+0.04¢
FLCK 14.61£0.13a 10.99+£0.23b 19.62+0.22a 17.494+0.17a 89.17+0.06a 0.34+0.01b 89.09+0.11a 1747+0.27a
“F-#4 Average
FLG 14.50+£0.15ab 11.49+0.25a 19.63+0.38a 17.45+0.34a 88.86+025a 031+£0.01b 88.86+0.12a 1745+0.29a
FLK 14.284+0.06b 11.20£0.05ab 19.53+0.13a 17.09+0.03b 87.45+0.84b 0.44+0.02a 87.12+0.77b 17.02+0.06 b
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AbFRY 7 A BTHE AR B i KT TCK b B,
2.5 XM

XF 2022 AEARFREGE R . R AL MR R 2022 4F
;AR PR BEAT Pearson MHOCHE AT (R 4), SRR
W, MRSt AL SRS P L A DL RN A A A
WA, ARMCEECS IR . R . R
ity % 1 A ALBORIAT RO i S ARG, Sl
e ST T N A R A R A OGRS R
sk . A . ALBE M S OK R B IEAOG,
SEREE . MR . o AL E R . AL
T\ A SRR AT RO 1 R S S A OG

x4 TEEEEM. BUAMKESFEREMBERH Pearson
LEPS Sy
Table 4 Pearson correlation between soil enzyme activity,

physicochemical properties, sugarcane yield and yield

factors
. HE R OEREN
Item Pl.ant 4Stem Effective Yield
height diameter stem
IR UE 0143 —0.006 0.579"  0.706°
HERERE SC 0.292 0.014 0.649° 0.819"
P B R ACP 0426 02 0693 0.894"
i S LA EE CAT 0.633" 0.036 0.753" 0.879"
HHUR SOM 0649 0114 0.596" 0.868"
pH 0358  —0.071 0.203 0.019
RE AN 0.592"  —0.011 0.738" 0.851"
A X% AP 0.35 0.086 0.701" 0.870"
A AK 0244 —0.004 0.108 0.493
% BD -0.558  —0.179 —0.0904  —0.958
FLIRE Porosity 0.570 0.186 0.104 0.962"
77K Water content 0.823 0.171 0.203 0.962"

R ATRAE0.05. 0.0UK TR
* and ** indicate significant differences at P<<0.05 and P<<0.01,

respectively.

3 itk

3.0 #HESR S EH0E E 3 R MR R B
RS T B B 7 30k - 98 4t 0 A4 SR R 1 2%
S, sl ek A s Btk
Y =5 oK AT R T 0 T T L s 4 e 2B R A
iy R R B o 28 B IS A HLT
FIA 300 o 0 35 v THERROEIE . SR 24 o i
B, RN LR LA R E SRS . e BT
i 4 22 AP0 S g 0 R S BN T M - A L
S . A R s RS A Y Ak ) R

AR S ST R O R S s AR T
HRE =it AR RN, BHE XML E M &%
T AL . B AL AR . HALER
WO E . LR EOKE; M ZBHHERRAL T
R, e T HIEILBE S KR, 5 TCK 1 FLCK
HEL, FLG M1 FLK 4b HAR 38 F0 5817 19 1 384 HL
TR A A O R AR S N R
WG R HEE YL . R R R A A
FIIEAHSEEZR, PRI FLG Ml FLK Ab 6 H e = i
AR
32 HHMEARSSRINTE B HIREE AR

TS5 L rh AR E Y F R, e
YR e h R EE RN, RN L)
MR E bRz — P, HIEYE S HHE . AR Oy ik
S IE B A Bz &P R R
ZEREAE - 12 IR i 0 R W I A 00 R PR 0 T E
BEo kB BRI H RS R T B T
T AR REAR B S R Al DR A5 S MO B B Y
PR B A R BE Y 2 W T AR AR 1 A R
TR PR - HERREG R R A AE IR M . ARWES
WMERHES AR I G, HHEIRE . TR . iR
P T TR A R 2o 4 Ak S S R Y B R B R R
B, JFH 4 AT E TS R A Y IR A DG G
#, L FLG Ml FLK AZbBEAY P~ 2 o T A EAb Bl
33 HMEARSHEELAMNHESRENZ I

ANFERBRE ik . R AR A
ZXHEY R A R — AT R A
HFAEERE 40 om FEAME R 30 om AT R 0 HE P4
A BB R RS 45 om R H BT
W, A B ER R R TR B 40 om FE B
25 cmo AWFISE R, AHECHERRAIE, B BHHER S
THREMMR ., Z2RMAMESER ., BE T
o b AP I Bl R R R AN B
B B S AE o X T RE R B R BB E AR S
SC R A B TR B A TR VE 2K, i
TESEACRFT AL £ )2 2 W 3L Al 1 24T 19 572Uk
B, BHERME T 1~2 4%, T3 sA MR FAR k1
NG R

8 4 22 4 W A BT L B R AR R A 4
JE 7 Ut A B 20% ARG 40% XF H R Rk . 22
. A RCEEBOR = S A Y JE B R 4%
LR T R0 R T o H R R Ay . AR e g
N AL AE I 25%+4> e 4 T AR NEIE T, HTAR RE A AL
ZEBCLO R R R L T B AS  fE AR R i
VR B ) X HR B i . AR, MR 2B BEAEH R
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GBI AR HE T T ARy AR R
MZi%LMFi%%ﬂﬁE XoF R b ) 2 T
WA —EEWER . EAREREARE, 2021 4B FLCK
b BB FERE 73 W T FLG A FLK AR 3, F] 2022
E?ﬁwﬁ HHLW 2R, RUIGICE HXHH

st JOE P B TR A S 00, LA g 5 %mﬂo

A5 T SR A ZE AR T8 72 AT AR XL
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BEal s Fhap NE LUK 52 5 i Sy 5 T ELSE AT A T H
FH (8] 487 B RTBCR ML AR VR, BRARAN T2 . Y
H, A O K e A A R N A R B R R R L
i, TSP E A — A B R AR

4 sk

28 2 AR E LIRS KRB, A L AL SR EBRVE BRAE
Ry ZEBEVE AR, W BB 25 5 SR8 T ) 1 457
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BEXT T VU RE X Y TR WA S R TR, $R1E
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