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Effects of Fenlong tillage and reducing nitrogen treatment
on soil greenhouse gas emissions and soil enzyme
activities in cassava field
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Abstract: [ Objective ] The objective of the current study was to investigate influences on the greenhouse gas emission
of soil and enzyme activities caused by Fenlong tillage (FLT) technology and nitrogen fertilizer application, to investigate
the effect of planting cassava in FLT on yield increase and carbon emission reduction, and the existing cassava cultivation
methods were optimized to provide technical support for sustainable development of cassava planting industry. [ Method]
Cassava(Manihot esculenta Crantz) variety South China 205 was used as materials and cultivated using the FLT technology
and the conventional tillage (CT) method, respectively. Four different nitrogen application rates were set up for both the
FLT and CT. The conventional nitrogen application amount was set as 100%N treatment while other treatments were treated
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as 50%N, 25%N and ON. Conventional phosphorus and potassium were used for all treatments. The fertilizer was applied
as topdressing twice. Soil greenhouse gas emission and soil samples were collected from the first topdressing period to the
cassava harvest season. The effects of combing tillage methods and nitrogen application on soil greenhouse gas emissions
characteristics, the global warming potential (GWP) , the greenhouse gas intensity (GHGI) , soil carbon sequestration, soil
urease and catalase activity were examined. [Result]During the whole growth period of cassava, soil urease activity was
higher under 100%N treatment and soil catalase activity was higher under 25%N treatment under the two tillage methods,
and the enzyme activity under FLT was higher than that under CT. Soil greenhouse gas emissions, GWP, GHGI and soil
carbon sequestration were all affected by tillage methods and nitrogen application rates. N,O, CH, and CO, emissions,
GWP, GHGI were decreased under nitrogen reduction treatment, and soil greenhouse gas emissions under ON treatment
were the lowest. In the blocks using the conventional tillage method, GWP and GHGI of the 100%N treatment were
1170.4 kg/ha and 0.069 kg/kg, respectively, which were significantly higher than other nitrogen reduction treatments (P<
0.05, the same below). For the blocks using FLT, the GWP and GHGI of the 100%N treatment were 367.6 kg/ha and
0.014 kg/kg, respectively. And there were no difference of GWP and GHGI between the 100%N and other nitrogen reduc-
tion treatments (P>0.05). With the same nitrogen application rate, the soil carbon sequestration of the FLT treatment was
always significantly higher than which under the CT treatment. The highest carbon sequestration was found in the FLT
treatment 100%N , and as high as 1.95 kg/(ha-a). [ Conclusion]FLT by optimizing the soil physical and chemical proper-
ties, improves the efficiency of soil nitrogen, improves soil carbon sequestration ability. Under the same experimental con-
ditions, comparing with CT,FLT with 100%N treatment has the most obvious carbon emission reduction effect.

Key words: Fenlong tillage; cassava; reduced fertilization; soil enzyme activity; global warming potential ; green-
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Table 1 Results of variance analysis of soil urease activities and soil catalase activities

PSS ar WRAFHG P Urease activity i AL AR T Catalase activity
Factor 7 MS P Y175 MS P
7= Tillage method 1 0.007 0.008** 7.70 0.006**
Jifi % & Nitrogen treatment 3 0.013 0.002%3* 5.48 0.005%*
BEVE )5 it AU Tillage methodxnitrogen treatment 3 0.000 0.094 0.11 0.120

IR (P<0.01) . F2F133[A]

** represented extremely significant influence(P<0.01). The same was applied in Table 2 and Table 3
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Fig.2 Soil urease activities in all treatments
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Fig4 Dynamic change of the N,O flux during cassava growing season for different tillage patterns
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Fig.5 Dynamic change of the CH, flux during cassava growing season for different tillage patterns
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Fig.6 Dynamic change of the CO, flux during cassava growing season for different tillage patterns

B H0.46F10.47 ; + 40t S AL S TG PS5 AR
R 3 RS 10 - HE CHLHE i E R 3 UM
X, AH 5 BB 5 -0.48 F1-0.42 5 HoAt i 2 1) - 48
il P 5 i A H A 1T I 2 AR DG

3 itig
3.1 BHMESRSERE HERENTELSEs
LA

- PG P R AL W o3 A ) EE AR 1T
B YN R VR X TR ORI . B
A4 (2020) BFFE R, 55 FUPEERA LL B 2B HHE
LA CHE e - A B R A M I 1, 2 e
T ARSI, AR BRI A
HR LA, A 2B VRt e i BV E A Ak v T 4
TG , 5 A4k A 2 (2020) BOBIFST 45 AL, Ho RN
FIRE S M ZERHE T LGB RIr RS E B S
EEP

ARG R IR, BRBEAE 5 X0 i e 1 )
FUIE it FH AR 2 % - A G 4 = A S . Bl it 2R
SR, 2R 2T Y SRS PR A
A HP ZEHEE 100%N b T Ay - 58 I it 5% M
S e 5 T A 90 S A S T D 5 i e A B, LA
ZERE25%N AL BT (1) £ 30 4204k ST 1 e 5 o
3 SR SR 1 B it R ) B N 2 R

® 2 IEEESGERAHAMENTESTER

(L5 RO AE B H RS (2016) BFFE A5 B B0E . TRy
ZERFAE 3B IR T R A 5 T BB, W RE S 4
ZERHERE & A SRR R PR S R R AR
WEiA R (FatEF,2020)
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=210

398 I A AR AR 2 NLO AR i 1 3 5 5 A (T
FERNZRE11,2019) o AHETE LI, K ZBHES A0 2
(N0 Z2 FEUHE 2 247 B B A1 IR , Lt 20 =
R ENO R E A LR EEREK,
JEHAE100%NAN T, 5 ALV B £ 19EN.0 R BHE
JiltE 5 A BB E 2 S oK, AR RIE S S I DL T
By ZBBRVEHEBON.O 2 e KRR E 25 2, v R A
W ZEHHERE B AL PRIk (B 155, 2020) , 3K
T IEFLBEURE , FRA - SR R R KR
PR, (A5 2 5 AR FH I S i 5 8 (v
DR SCFF,2020) , FE G 50 - R B & RE ) . A
WF5E R, 2RI E Dy ANt U INLO R R jik it 1
AR HeAth it AR AL B, s EDIE T it AU 234 N0
(R HE G 1 UL (5 355, 2016) o (HABFFEH
it 20 A/ D A A NLOHIE i 38 e W I 1 v it
R 2O, 768512 /N R AT B 145
FH ()R K B e AR5 5 BRI 3 P T
Bl =LA R 3, AT in T NLO 1 HE i

Table 2 Variance analysis results of soil greenhouse gas cumulative emissions

H% df ZUB B i Cumulative emission
Factor N.O CH, CO,

¥ MS P ¥ MS P ¥ MS P
BHE 3 Tillage method 1 5.16 0.045% 0.215 0.047* 5429765 0.034*
Jifi & i Nitrogen treatment 3 0.008%* 0.312 0.035% 5872959 0.047*
BV )5 it & Tillage methodxnitrogen treatment 3 3.38 0.040* 0.867 0.006** 2368759 0.078

* TR D 2 (P<0.05) . 23]

* represented significantly influence(P<0.05). The same was applied in Table 3
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Fig.7 The cumulative greenhouse gas emissions of all treat-
ments

PR AN IR)/ING S8 30 22 53 19 3 (P<0.05)

Different lowercase letters on the bar represented significant difference

(P<0.05)

(Abubaker et al.,2015) .
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HEXTCHL A WSCRE J7 o 1Ty ZE AV 1 R IR A £
e, v A R0 AR 1 O (B ASHESE ,2012b) , Y
A HEFLBREE , wT A R A I A XL PN AR
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ZERHESS R —80 A 55 MBHER S5 558 XK 51, vl RE
SEIBHE T W 508 MU & A X R (Hum-
phreys et al.,2019)
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M), 49 ZE B 1R 11 4 398 COLHE i e i 25 K T BB
Yo 20545 (2010) BFFE A [RIBEE 7 X0 F -4
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SN AT 38 i e AR - M pH R sl A 4 1 3 M 1 3
7 HILITE 1 o fige 7%, 0 T 52 i) = 398 COLHE ik f2: 1) A
fk (Snyder et al.,2009) . 55 FHFVEH L, 4y 2248
YES50%NF1100%N &b BT (1) + 58 COLHE il & B & 5
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JE RERAIG A I R I R A S (BT IR 5, 20165
XINLDUFA] L ,2020) .
3.3 MHEAXSHEREXIGWP GHGIR TiEEKRE
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P[]k 3 AR v 14 TRV A mT A R 1P TR 2 X
RHEBO BR300 (Guardia et al.,2019) .
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HEBOR FRAEA A R G 254 I % 20V (Zhang
et al.,2020) . HFAABCHAMRLE K H RN
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* 3 FAEMGWP GHGIF HIEERE
Table 3 Soil global warming potential(GWP) , greenhouse gas intensity(GHGI) and soil carbon sequestration of different treatments

S pis: | AR [ kg/(hata) ] GWP GHGI
Factor Treatment Soil carbon sequestration (kg/ha) (kg/kg)
B HEE ON 1.32+0.01d 243.6+180.4b  0.011+0.007b
Fenlong tillage 25%N 1.77+0.02b 439.6+222.1b  0.019+0.009b
50%N 1.43+0.05¢ 383.94192.3b  0.017+0.008b
100%N 1.95+0.08a 367.6£201.2b  0.014+0.008b
HIAE ON 1.05+0.04¢ 239.4+3.3b 0.015:0.003b
Conventional tillage 25%N 1.19+0.08d 526.8£191.3b  0.028+0.019b
50%N 1.40+0.06¢d 487.0+73.6b 0.028+0.008b
100%N 1.09+0.06¢ 1170.44+231.3a  0.069+0.022a
#HVE 7= Tillage method 0.001%* 0.004%* 0.001%*
Jiti%l it Nitrogen treatment 0.006%* 0.005%* 0.004%**
HBEVE 7 20xiti (it Tillage methodxnitrogen treatment 0.009%* 0.046* 0.007**

[FIF R e AN RN PR 28 5+ 7% (P<0.05)

Different lowercase letters in the same column indicated significant difference (P<0.05)

x4 AERRBEFPLEBETESEESEHMBENEXS

Table 4 Correlation analysis of soil enzyme activities and greenhouse gases emission flux in cassava tuber at different growth stages

BT N:OHEjiiE i N.O emission flux ~ CHF/GH it CH, emission flux ~ COFEjiltili it CO, emission flux

Index FE IR fgd el R fEod el R 77N R &%
Formation Enlargement Maturity Formation Enlargement Maturity Formation Enlargement Maturity

stage stage stage stage stage stage stage stage stage

WM G4 Urease activity 0.46* 0.35 0.40 -0.04 -0.09 -0.04 0.47* 0.39 0.06

T EAL ST VE Catalase activity -0.08 0.02 -0.30 0.07 -0.48* -0.42% -0.11 -0.01 0.13

*FORWE IR (P<0.05)

* represented significant correlation(P<0.05)
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