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[7ik]) @ Rk, ARRRRALE (A®F L. HLF 20 cm, 32K 30 cm) BATREHEAKE (80%ly Iy
120%l,, H¥ I, B EKZH) = REEILE (180, 225. 270 kg/hm?) T, £& AR A H RN E A AB
WL B R, SO HRAIER, BRKERARZHOMEATHLEFTESA. HA RS UREE, KB AL
FA A E TR R, [BR] LELREARFMAREMNME 2 F TFHAY (P<0.05) , TA&
TSR EREMNEZR2E EALY (P<005) ; LEIMEGMEHMNNZARETRERFE L4
#Y (P<005) , TEALEMBEREATRLEEF EAMLY (P<005) ; L. TELERHEBINNEILE
TreahA % (P<0.05) ; L. TEALBEIANLABERELREE (P>005) ; A ERBEFLEIEY R LE
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BERENTELEGEARAFHEREYREFE (P<0.05) , ¥EREAHNTFTLELEESRPHERSTEL
BinA, RATIZRIT B TR LIENREE, EARR el AL AR E RN R E (P<0.05) , ALK 20cm THHK
RAL, TELIENEE, BT 8RB EL, [48)] FA2K 20 cm B RKEKERER, 4% EL
BEAMAE. BEE., HERFESFTRELR, SaTREEBLXT, /ALK 20 cm, #EKE 80%l,, #“AE
270 kg/hm? % £ 484
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1.1 I XL

R T 2020 4£ 5 H 17 H—8 H 20 HIEVL A E
ST R 2V A X T 7K il X & KA (31°57'N,
118°50'E) JFj&, A5 eyl X 1158, THERAN
wt, HIEEFMCARNE L. MO R X I,
L. FTREEERSYENRE G FE A, HIERAS
K 38.2%, HI[H)HE7K % 30.6%, 14 H5 & 1.3 g/em®,
WIME AN E 2.4 glkg, THASEE 1.4 mglkg, #ER
& 0.9 mg/kg, A E 15.4 mo/kg . iR IEAEIE T <38
903” # ffi  ( Solanum lycopersicon L. var.
Yazhoufenwang) , AEFF ARG X 2019 FFUsEIfriK
FEREFF . RIS I <R 20.7~43.3 °C, V1< 28.3 C;
MEFE 35.8%~96.2%, “T-YJVESE 80.7%.
1.2 Rt

TRI6 K IEAS RS, I 1E 2SR 06 35167 7 Hic
A CHESERTLEME” BRE A, B AR IR SR 1R
Ab R R AT W 5 DR R IR AR AR R L. A
A (RS FR IR 2 HEVR (S) K& (WD L ZUIER & (ND,
WHE 3IAMKE 3K, Bdk o /MG, fA
3 REH R, It 27 28, [ 2K FE 5m,
[F]#E 50 cm, A&FZERIHE 10 BR&E . FEFFRZ 78 o5 A FE
HRE2E, 285 10 cm, ZETHSE 20 cm, JEE%E 30 cm.
KL 10 em KBRS FT 51 % T2 1, AR
FEFT 4 kg. FEFFHEIE 20 cm A1 30 cm ALFE 2570 HIJTH2
15 cm £ 25 cm (174, % 30 cm, KEZ 5m; ¥
S5 R B AR KBRS AT S v TR IR SE, R
S FEFT G 2R 2 5 em; [Ty k28, A2
i FER ARAE AT AR A B R, 280198 20 om, JE R
30 cm. BFZEHLURP S KRN H EFEK R 70%~90%
PAEE K BRI Ny, SRR EREKE N 321 & 1K
SERE KBy 1N 120%I,, 71 80%I,,, EJ 38 L 126 L.
RALIEH T2 /R Z CO(NHy),, 1% SEpriir- 28,
4 RN 225 kg/hm?, i R4S it U 20 S B 5
it B 1.2 1% 41 0.8 5%, Bl 270 kg/hm? #1180 kg/hm?.
FARRIG AR FE W3R 1. UK 35 R I H I8 50 3B 4
T 2020 4 5 H 17 HEE# - be il 5 & @ R K . K H
IKRE— AR HERE 77 50, K IR RV TR K, 473 4
U FH R R 2 AR A FE # S 15+ 36+ 52,
74 d. F T TR ARGEAR, R R T 2R
TOUR () 7 A0 AR 3
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1.3 H@mEESNE

RS AT 2 B AR BE AREFTRR Z R AL, B DA
AN EE R, RBZEULT 20 cm DA R EEAE
N3 R EAZ 5 om (48 5 22 TE R,
H AR KT 5 bR MR R 55205, i 0 (FL42 5 mmD
JE¥ENRE RN . AEF R 55 AL 55 75 B 2B T
6] N AR AL 0~25 cm -2 H3/E Ny b2 1%,
BiHX 25~45 cm LR EIEAE N T = 8K, ki
HFRANEE SR, onl TS 30 d CGREIBD .
51d (FEHD) . 67d CABEHD . 89d (ezkHD W
WEFEAR . BRI bR 27 v Wk 2.

k1 RFEa

Table 1 Experimental Treatment

b FEFFHR/Cm K EIL RS (kg hm?)
SoWiN; 0 38 270
SoW2N, 0 32 225
SoWsN3 0 26 180
S;WiN, 20 38 225
S1W,N3 20 32 180
S;W3N; 20 26 270
S,WiN3 30 38 180
S;WoN; 30 32 270
S,;WsN, 30 26 225

RS S RERFIRZE, WREHEKE, NHEREAZBHE: SH

TR0 1. 2 M RIFORAEFT R EE R . AR R 20 em. ARG E R

30cm; W, N B R LARERIAKCE, 248 F KT, 3MEMRAT; FH.
F 2 MIXAGAR R K T &k

Table 2 Test indexes and test methods

MRS bR M7

TS 2 mol/L KCI 2 H2—F Mg th (i
TR TRAEREL Ik
B EG 3,5- AR KR L ik
iR M-I E RN LL Bk
RS SUERIE WL TR R SE VR
1.4 BiELIE

FIF Excel (Excel 2010, Microsoft) % #idi 47
HHE A I K, B SPSS(IBM SPSS Statistics 19)
R R ZE T A b, 2 EEECR
Duncan 7 (P<<0.05) . IEAZIRIGSE K 5 204
%, FIFH SPSS (IBM SPSS Statistics 19) #ET 7 21
AR, THEARERN F SGitE, JHE RN
AR P (. P /DN, FRomiZHE5 T
FREZUA R, AT ff 5 2 AR A 0 = 05 i R
RAHBEN, RSN EE, HeSRER
KT, A4S 3SR TR bR M R L 5 .

2 BERE5H

2.1 BHREAKAEEN TIRESR SN

=
XF b b AR A R (GR 3D, MR A,

SiW3Ny AbEE ) 2 H IR SR ES R KE, B
ET HAR AL (P<<0.05) ; S,Wi Nz &bFRAY |2 135
AR B EME, B SOW3Nz 42, 1 B ELT
HAb bR (P<0.05) . AHFIGHEM EE HIRESE
BRI R RENRES (P<005) , FIEX
15.86%~26.96%, #%#k 89 d I 4 SR B B E LT
ok 30 d MEASEE (P<0.05) o XA EIMR Y]
FERBESEAEYWHEEEEE R 5, LEL
BEAF RN R R ERIT R A E> T
PR > REKE, BRFEAR 67 d, Hofth I ) it 2 B A
FEAT HVR oy 50 (2 2% (P<<0.05), 7EF% 4% 30 d #1 51 d,
Jite 28 () 52 M AR B 3 KF (P<<0.01) 5 KBRS
MRS -2 HI S E A S (P>0.05) . 4
W& & BRKT, LR SER RS
N SIWNy AbFE, B2 it R AR AT HEVR 20 em AT
FRT BE HEEGSEE (P<0.05) .

%3 LEXREARE

Table 3 The amount of NH,*-N content in the upper soil mg/kg
Ab B 3k 30d F#k 51d 4k 67 d F#k 89d
SoW;N;  21.28#0.95cA  20.03#0.98cA  18.514).51cB  15.9340.63cC
SoW,N, 21.32405cA  19.35305cB  18.9940.74cB  15.9840.56cC
SoW:sN;  14.2240.21eA  13.2440.16efB  12.0440.18¢fC  10.3820.22eD
S;WiN, 23.61#1.29bA 22.53+1.23bAB 21.24+1.31bB  18.9020.92bC
S;W,N; 15.95#0.69eA  14.6240.77eB  12.4140.77eC  12.7840.35dC
S;W;N; 28.85#1.49aA 27.7#1.07aAB  25.6140.98aBC  24.28+1.64aC
S,WiN;  14.6240.47efA  12.7840.53fB  10.6840.43fC  11.3240.39eC
S,W,N;  22.63#0.74bcA  19.4#1.12cB 17.59#1.17cC  17.0740.22cC
S,W3N, 18.38#1.28dA  16.31#1.3dAB  14.85#1.6dBC  13.8440.47dC

i RPE R ESEE . ARNEFRRRE SIS EREE (P<
0.05) , RIAH FACHI I AS R R b 2 2 3 s AFRR'S £REOR
F—47 R 2R B3 (P<<0.05) , BUAH IR ALERLEAS RIS A0k de b 25
R TH.

MR R ISR E GRE 4, HENAN,
SoW;N; A FE N2 LI AR Y R K, B
T AR AL (P<<0.05) 5 SoWaNa &b BRI 3k f /)N
{E, BR SiW,Ny Ab B, 35 8 2K T HoAth A BE(P<<0.05)
FHFEI AL EL ) R E TR SR RN ] 28 E ETHE
P (P<0.05) , JkiEIA 42.44%~121.72%, 2%k 89 d
SRR R ES THIR 0 d HESEE (P<
0.05) o XTHAFEIMARI T E LS =MW &
BEM (K5, B30 d FEESEERNTN
PRI 28 KT 35009 /K o > it 0o > R AT R,
KEMBEEN FELIEESAEEHEE (P<
0.05) ; FEAFHRIE S IMAIA N AR E (P>
0.05) . M8 FE2ESEERMAEN SoWiN;
AWhEE, BULFERTRRZMBRAAER, SEEE S B,
IR 2R UK
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K4 TEEREARE

Table 4 The amount of NH,"-N content in the lower soil  mg/kg

yiseil 4 30d A 51d B 67d #H 89d

SgW;N; 11.25#0.31aD  12.5640.34aC  15.0040.21aB
SoW,N, 6.98#0.60bB  8.0140.58cB 9.83240.68cA  10.5740.65cA
SoW3N;  3.0440.65eB 3.9140.61eB 5.6240.58eA  6.3240.57eA
S;WiN, 6.94#0.86bB  8.1140.82bcB  10.20#0.67bcA 10.9240.60bcA
SiW,N;  7.30#0.59bB  8.3440.59bcB  10.1640.58bcA 10.8440.66bcA
SiW5N;  3.6740.71deB  4.6140.65deB  6.1820.53deA  6.8940.52deA
S;Wi;N;  3.8140.53deC  8.2640.54bcB  10.2040.60bcA 11.06240.54bcA
S;W,N;  5.3140.77¢cC - 9.2540.76bB  11.1340.83bA  11.7740.8bA
S;WsN, 4.89#.10cdB  5.4640.82dB  6.9920.38dA  7.60+40.38dA

16.0240.17aA

A5 RRMEL L, FTELEESAETH0EELFR,SMN
Table5 Significant analysis of influencing factors of soil NH,*-N
content in upper and lower soil during different testing periods

i B 30d B 51d B 67 d ®89d

o R = ot R =

FEFFHEZE  0.030 0065 0021 0.076 0255 0.073 0.025 0.070
WEKE 0095 0045 0084 0013 0879 0012 0091 0.012
% &  0.009 0071 0010 0049 0.106 0.048 0.013 0.047

7 P<0.05 FiZH HAIRITHMIL S, P<0.01 R £ ahrsg
WA R, FRE.
2.2 HHRERKAEEN TIRESEENTMN
* 6 N EELIEMEEE, Bk 6 AL, A
M, SiWaNy A F 2 H IS B R IR 24 i
H, WEETHAMAE (P<0.05) ; SoWsN3 ZbH )
RS R EIRA AL, B SIWINg A2, 15
Fa T HALAE (P<<0.05) . HHFEACEER L)E 3%
AR R R ) 2 22 T &% (P<0.05) , #Hk
89 d I HYAHAS R BN TR 30 d FIRHASZE
(P<<0.05) , PEIEIA 23.20%~37.10%. X LA [E]l
W EE RS R ERm R L REE (R 8)
FE RS R E R SRR R EOORF N A
B>FFTHA > KR, BRBAR 51 d, HoAd i)
it R RS AT R S e 2 2 (P<<0.05) ; BR#%
# 67d, HEKEX FETIBHESEELWALRE (P
>0.05) o AT EFIEER A R ALK, R AR
BEBMAEH SIWaNy LB (HER 20 em+IR/K -+
), 5 EEREESERS RHEE.
%6 LEXHMAERE

Table 6 The amount of NO5-N content in the upper soil
pused 4k 30d F4k 51d FHk 67d
SoW;N; 36.0340.39bA 30.1840.33cB  26.1040.31bC
SoW,N, 31.6540.92cA 27.4620.82dB  23.1340.74cC
SoW3N; 23.3420.44fA  20.67#0.33hB  17.240.39%C
32.774.25cA 26.4140.39eB  22.860.30cC
25.3440.40eA 22.1120.32gB  18.6940.26dC
49.8340.89aA 43.23:1.01aB 37.4940.66aC
23.8940.45fA 21.3440.12ghB 16.4640.26eC
35.0740.90bA 32.2840.40bB  26.0240.76hC
27.69+1.00dA 25.0540.32fB 22.6340.67cC

mg/kg
i 89d
23.53+1.23bD
21.0240.78¢D
15.1540.21eD
20.6140.26¢D
17.6640.30dD
34.5740.80aD
17.3140.75dC
24.5140.96bD
21.2740.62¢cD

SIWiN,
SIW,N;
SIWsN;
S,WiN;
S,WoN;
S,WsN,
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KT RATELIBHERE, HET A, AHEN
IHA, SoWiNg 2B T = e A B S R K,
SEETHAMAR (P<0.05) ; SeWsNg AbIH I
B/ME, BfE3% 30 d A189d ) S;W,Ny AbHE, 1515 3%
T HABALFE (P<<0.05) . BR S;W,Nz 4bHE, AH[F 4L
HP TR LIRS R BN 2 EE LB (P<
0.05) , 24k 89 d I IIHARE EI B = T# 4 30d
FIHARRE (P<0.05) , JKMEZE 16.38%~59.48%. X
ER ZE RS A R R B (R 8) , T =k
SEREM R R ERITE R FEKE>HERE>
FEAFHEVR, HEKEXHEmEE (P<0.05) , Mi%lE
AFEAFHRAE S UH N s A B2 (P>0.05)
Tt B TR LR E RN TR R LIRS
Alsgm . FTEMESRERRHAGFRR SoWiN, &k
B, Gk b, R AOKEE B B R R IREA
B 25 BB 1A 5 0 155 DU AN AR A KA A A [

A7 TRLAMARE
Table 7 The amount of NO3-N content in the lower soil mg/kg

Jb 3 % 30d Ak 51d ¥k 67d % 89d
SoW;N; 17.0940.45aC 18.6540.95aBC 20.51+1.06aB  22.81+#1.34aA
SoW,N, 11.640.33cdC  11.8540.34cdC 13.1840.37cdB  14.9240.17cdA
SoW3N;  7.26240.42fD 8.5840.41fC 9.9620.52gB  11.5840.51gA
SiWiN, 12.7140.82bC  14.5530.91bB 15.3920.77bAB 16.6720.80bA
SiW,N; 11.9740.38bcA  12.2241.10cdA  12.89+1.13deA 13.93+1.13deA
S;W3N;  7.8240.59fC  10.5720.47eB  11.3420.36fB  12.3120.30fgA
S;WiN; 11.6520.48cdD  12.7240.39cC  14.2020.19cB  15.3240.20cA
S;W,N;  10.9240.59deD  12.1440.14cdC  12.9540.36deB  13.9740.23deA
S;W3N, 10.4940.71eC 11.1840.37deBC 11.9620.34efB  12.9140.40efA

£8 RRNME, TELEMEAYHEEIERIH

Table 8 Significant analysis of influencing factors of soil NO5™-N
content in upper and lower soil during different testing periods
##30d A 51d ## 67d F%#89d
&
2 FE O LEE FE LEE TR LE TR
FEFFHEA  0.038 0.088 0.052 0.087 0.038 0.072 0.049 0.053
#Ek&E 0077 0.028 0.067 0.020 0.047 0.018 0.064 0.017
% & 0.012 0.078 0.012 0.050 0.009 0.051 0.015 0.051

2.3 TEITRRE Bk @ EIB xS IR ARES R 1A S20
R 9N EEIEIRE S, B 9 nlkn, FEATHE
% 20 cm (1) 3 AN Ab B (1) 1 2 - 39 MR Bl S 1 A -
YR E & T RAT R 28 S AR FFHEYR 30 em A AbHE
(P<<0.05) . LAf&#k 89d MM, FEFFHEIR 20 cm K
3 MM N 0.76 gimg, EFETERERESHMME
31.58% A1 FEFTHEVA 30 cm i 47.37% (P<<0.05) .
SiW;N; 2 BEZE 4k 30,51 d 1 67 d I35 Jy dt i K«
FHIFI AL SR b 2 L B R EE P Ra I F] 25 B35 T S
BE FTH# (P<0.05) , 7ER# 51 d k4
I, ATRIE N 3.96%~84.82%. [ S;WaN, AbFE, 7%
$% 89 d 1y I 2 3B IR S 1 2 v 1 LA DU R IR
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Mg e o X EEAS R0 A b 2 S8 ORI v 12 52 e 6]
REFME (K 100 , FJZE - HIRE S PR R0 3 K
AR REFFHER > iR B > K&, FEFAFE
RES L SR EA B R (P<<0.05) HERE
# (P<0.0D) 7K, Wiz E (FRF%H 30 d) FIEK
0 EE KR AN 3% (P>0.05) . )
W15 2 1 2 - EMREES M 1 B4 SiWaN, AL FE,
FEAFHEVR 20 cm RE RIS b2 LIRS E
%9 LB IIENREEEMN

Table 9 Urease activity in the upper soil mg/g
AbEE F#k 30d 4k 51d 4k 67d FHk 89d
SoW;N;  0.3720.04bB  0.1820.02bcC  0.3920.03bB  0.5740.01cA
SoW;N, 0.3530.01bB  0.15#0.01cdC  0.330.02deB  0.5540.01cA
SoW:sN;  0.3420.05bB  0.1440.01dC  0.32#0.01deB  0.4520.02dA
SWiN, 0.4530.05aB  0.2020.02abC  0.4030.01bB  0.8340.02aA
S;W;N;  0.4620.04aB  0.1840.01bcD  0.3720.03bcC  0.7120.04bA
S;W:N;  05020.02aB  0.2240.04aC  0.52#0.03aB  0.730.03bA
S,WiN;  0.3320.03bB  0.1440.01dC  0.300.02eB  0.4240.02dA
S,W;N;  0.3820.03bB  0.1820.03bcC  0.3520.02cdB  0.4440.02dA
S;W;3N,  0.3440.02bA  0.1740.01bcdC  0.3020.02¢B  0.3540.01eA

10 RREVMGKE B, T B L ENREE SR B & 2 F oA
Table 10 Significant analysis of influencing factors of soil urease

activity in upper and lower soil during different testing periods

F#30d Feas1d  RBge67d B# 89d

LE TR EE PR EE FR LR TR

FEFFB®/Z  0.001 0.045 0.043 0.043 0.042 0.016 0.008 0.019
#EK&E 0071 0.098 0.636 0.075 0.400 0.138 0.095 0.500
JiZ &  0.007 0.061 0.052 0.600 0.054 0.034 0.218 0.045

F 11N T2 TIRREEEYE, Bk 10 a5, fEFF
R 20 cm 1) 3 MNMGEE )R E L IEIREE S A S
FHAALFE, a5 67 d 189 d i 25 5 NI i,
#5489 d I A& FTH I 20 em Y BERE AT HEVA 30 cm
A ANAE AT R 55 3ME I B E RS 22.22% A0
11.11% (P<<0.05) . BRp##k 51d, S;WaN; AbHETEH
MR N e = K o A R AR BRI R 2 3 R
PERAR G BE EFES, fEFH 30 d #1151 d
TEFEZ (P>0.05) , fEF£4 67d f189d 3% I
T+ (P<<0.05) , JikilE}y 85.71%~136.59%, #S-AbHFE
K 89 d 1) R 1 45 X 2 v T H A DA S DR P

(P<<0.05) o 437 N2 IEAREE S R e 3 B
PE (R 11, T2 T IIRBEEPE A 5200 32 T 4 -
T AT MR > it 20 > WE /K &, A AP SR AE 500K
NI R (P<0.05) ; M EIERE 67 d F1 89
d I 52m iR (P<0.05) , ##k30d f151d LR
SN (P>0.05) 5 JE/KEIITE S5 B HH N 52 3 AN I
% (P>0.05) . 7rHrf3 2T 2 T3 IR TS R 1 S f
AN SIWaN, A EE, 5 12 - S5 IR 14 1 B fe 4

A
k11 T &L ENRBEE M
Table 11  Urease activity in the lower soil
F#% 30d ok 51d B 67d
0.1440.01bC  0.1340.01abC 0.2320.02bcdB

mg/g
FH 89d
0.310.02bcdA

postl
SoWiN;

SoW,N, 0.1520.03bC  0.13#0.01bC 0.2120.03cdB  0.2840.03cdA

SoW3N;  0.1420.01bC  0.1240.01bC  0.2020.02dB 0.2640.04dA

S;W;N, 0.1720.01abC 0.1520.02abC 0.2720.05abB  0.3520.04abA

SiW,N;  0.1520.02bB  0.1540.01abB 0.2530.07abcA  0.3340.06abcA

S;W5N;  0.20#0.02aC  0.1320.02abD  0.30+40.02aB 0.3940.03aA

S,W;N; 0.1620.04abC  0.1540.01abC 0.2140.02bcdB  0.3020.02bcdA

S,W,N;  0.1720.03abC  0.16240.03aC  0.2520.02abcB  0.33#0.01abcA

S,Ws3N,  0.1440.03bC
2.4 FEFTPRE Bk R E TR T IE MRS SR M RS20
#* 12 4 bJE L EERERER L, R 12 WAL, B
F& 4k 30 d, S;W;Ny AEEZE % H PRI o 3440+ 5 K
7, YR 20 om (1) 3 AR AR T B T AR AR EE
(P<<0.05) ; S;W;Njz AbFELE 4 B AR IA A 347 4k T 8
KA. AHFEACER ) E 2 3 b i 1k b R 3
TREREH (P<0.05) , FfifEl 33.33%~70.61%, #
% 89 d i ) i E G P 1) B B I T 848 30 d 1 A ity
TEME (P<0.05) . i HEmEREEE (R 14,
S 2 MRS M 1) RBUPAR I g R AT IR >
i G > K, BREE AR 51 d MR, FEATHEAR S
Jiti A B AE S MR B & (P<<0.05) 5 #E/KELE
FMR B A B (P>0.05) . 433 FE+
RS MR A N SIW,N AREE, FEFFHEVE 20
cm i & i R R AT B2 A R R T 4R T .
FRVIRY-EX: §- 37373

0.1440.01abC 0.2620.04bcdB  0.3240.04bcdA

Table 12  Sucrase activity in the upper soil mg/g
S #k 30d 3k 51d ek 67d 4k 89d

SoW;N;  7.30#0.14aA  4.3020.41bcB  3.4240.08cC  2.1540.08cD
SoW;N,  5.9020.3cdA  4.41#0.31bcB  3.6520.09bcC  2.1320.11cD
SoWsN;  4.8840.29efA  3.0920.29deB  2.23#0.29eC  2.14240.07¢C
SWiN, 5.4320.09deA 4.4740.49bcB  3.760.09abC  3.2320.2aD
S;W;N;  6.2820.18bcA  4.9340.37abB  3.3640.33cC  2.8640.17bC
SW;3N;  6.6140.30bA  52840.33aB  4.01#0.13aC  3.1940.08aC
S,WiN;  3.4140.08hA  2.8830.07eB  2.5820.08dC  2.2740.07cD
S,WoN;  4.6740.34fgA  3.8020.48cdB  3.3440.07cBC  2.8840.13bC
S,WsN,  4.1920.31gA  3.4740.23deB  2.6620.1dC  2.2740.12cD

SN R E IR REREEE (R 13D, Bk L, #
F% 30 d FIFLHE 51 d B, w1 3 AN Ab B () E A g
TEHE A TR EK T B4k 67 d i1 89 d I, FEFTIEIR
20 cm ] 3 M EE S S;W,Ny Ab BRI b T i 7K
FHE AR BRI R J2 b S8 R B 1R 3 B R N R
#(P<<0.05) , F#iE AN 31.07%~66.69%, 24k 89 d
R PR JRE B BAETE PR 1) 2 K T2 4R 30 d e W I v Pk
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(P<<0.05) o X EEAS [RIRHA T J2 - 398 b i v 1
SRR T E (R 14) , #4030 d #151 d i,
I TR R M R R AR O iR R >
FEAF R > REK B, Tt S Fe ok 51 d IR FF IR
R (P<<0.05) ; #24k 67d A189d i, NZERE
R TR 2 ) 2 e 2 U R AR AR A g s R AR SER >
it B > K B, Ho AR AL AR 67 d It
=T E (P<0.01) , ##k89d it & &5
M iR (P<<0.05) ; WEZKEAER WA B2 AN i
# (P>0.05) o 70Hrf3 2T = SR is e S A
HEFFEN S{W,N, A0 EE, FEFFHEYR 20 cm 78X R JZ
TR A PR AHER

%13 TELAEMBEN

Table 13  Sucrase activity in the lower soil mg/g
JOSE] ## 30d 4k 51d 4k 67d ##k 89d

SoWiN; 4.1530.23aA  3.1940.30abB  2.24:40.06bcdC  1.3840.18cdeD
SoW,N, 3.6040.15bcA 2.4940.26cdB  1.6320.07eC  1.2340.12deD
SoW;N; 2.8930.25dA 2.2540.10dB  1.5740.05eC  1.1540.19eD
SiWiN, 3.2620.12cA 2.8920.32abcA 2.4540.09abcB  2.1040.24bB
SIW,N; 3.7740.2bA  3.1740.45abB  2.7140.26abBC  2.2440.07bC
SiWsN; 3.7240.19bA  3.3140.35aAB  2.9140.23aBC  2.5740.04aC
S,WiN; 25040.01eA  2.2140.04dB  1.8640.08deC  1.51+40.18cdD

S;W,N; 3.5540.26bcA 3.0930.24abAB 2.69+40.23abAB  2.3540.18abB
S;W;3N, 3.4540.20bcA  2.7640.23bcB  2.0420.17cdeC

k& 14 RRIMRI L, T ELEEMEEEEY B Z 2O

Table 14  Significant analysis of influencing factors of soil sucrase

1.6340.16cD

activity in upper and lower soil during different testing periods
##30d ##51d #H67d 4k 89d
EE TR LR TR LB TR LE FE
FEATHZE 0015 0.064 0.047 0.035 0.037 0.005 0.010 0.007
KR 0.074 0.227 0.084 0.095 0.052 0.092 0.084
25 BHREEREKEAEEX TIRT R SEEMEN
A1)
o b s A AR (3R 15D, S{WIN,
AL BRI A A B KR, B3 T b A B
(P<<0.05) : 17 SoW3aNg ALEEFT S;WaN, A2 RIS 4
A Bl i AR S U D R ME BB AT HA
AEEE (P<<0.05) o AH[FIALER R b= S A S g AR
2% ETHE MRERES, EEREEEARMFA.
AR R R R & GR 1D, BR
s i S A S A M R R OB AR IR O RS AT
PR > WEKE >, Hh RS AT SR AR K
ML (P<<0.05) , #4k 30d A1 51 d AL FTHEIR
R IA B R K (P<0.0D) , FEZE A R
% (P>0.05) . 2Hrf32 b= A S M
I A SIW N, LB, FEFFEER 20 em BiL & s
50

0.085

0.031 0.040 0.130 0.025 0.036 0.008 0.041 0.026

WK BT BT B g A A Al .
& 15 bR £ AL A B E

Table 15 Catalase activity in the upper soil mL/g
Abp #k30d F#k 51d Fo#% 67 d 4%k 89d
SoW;N; 7.7520.14bcB  8.1520.01bcA  7.9040.13eAB  7.1840.31dC
SoW,N, 7.1130.10cB  7.31#0.11dA  7.07#0.12fB  6.4620.01eC
SoW:3N;  6.3320.32dAB  6.7220.20eA  6.55#0.14gAB  6.1230.27¢B
S;WiN, 9.0940.64aC  10.0140.31aAB  10.4940.18aA  9.45+).22aBC
S;W,N;  8.2940.89bA  8.560.14bA  9.1230.19bA  8.64+40.18bA
S;W;N; 7.7940.08bcC  8.1640.06bcB  8.4640.10cA  7.810.13cC
S;WiN;  7.2420.25cB  7.7440.07cdAB  8.1740.07dA  7.8020.50cAB
S;W,N;  6.3440.25dB  6.7940.62eAB  7.3320.26fA  7.3040.13dA
S;W;iN, 6.0840.19dB  6.4930.22eA  65140.05gA  6.330.24eAB

NE s AL A B AR 16, FEFFHETR 20
cm (1) 3/~ b 3 AR 5 Ak T = K F B SiWaNy
AR i S S S Y R B R R e, B
AR (P<0.05) 5 MifAFTREZEEHEN 3 Mt
FRAE A A 3 AL T HARIK ST, SoWaNg AL B 11 4k
ARG YRR M i /IME, BB T A b 2

(P<<0.05) . AH[RIALEE ) JZ L35 S Ak A B i i
I A HTC B A (P>0.05) o X EEAFEIINRE T 2
T E A ERRE Y e R B (R 1T, H
M) BR] 3% 32 IR AR U9 = RS AT 3ELR > Tt 8 & > K &
T AT MR I it 50 TR s A 2 3% (P<<0.01) , /K&
TR (P>0.05) o /473 R 2 -t 44k
AR AN SIW,Ny AbEE, FEFFHEVE 20 cm
B & it AR B ST T = g A A T 1

k16 TR AMLAMBEN

Table 16 Catalase activity in the lower soil mL/g
Ab 3 # 30d 3k 51d ek 67d ¥ 89d

SoWiN;  4.0640.14cA  4.1640.13cA  4.23#0.13cA  4.0240.12cA
SoOW,N,  3.71#0.13dA  3.7740.13deA  3.85#0.1deA  3.65#0.10dA
SoWsN;  3.2840.16eA  3.3320.17fA  3.4240.16fA  3.2740.15eA
SIWiN,  4.86#0.11bA  4.95#0.10bA  5.0620.11bA  4.8640.13bA
SIW,N;  4.6840.17bA  4.7840.16bA  4.8330.17bA  4.6540.19bA
SiWsN;  5.50#0.24aA  5.6240.26aA  5.7040.21aA  5.4620.21aA
S;WiNg  3.67#0.21dA  3.7240.21eA  3.79#0.21eA  3.6240.19dA
S;WoN;  4.7840.15bA  4.8740.14bA  4.9630.14bA  4.7420.14bA
S;W3N,  3.97#0.20cdA  4.0340.20cdA  4.1020.18cdA  3.940.18cA

£ 17 REMAI L, FTELE
i A A B E B R A F 2 F BT
Table 17  Significant analysis of influencing factors of soil catalase

activity in upper and lower soil during different testing periods

i 30d A 51d A 67d Ak 89d
I rE FE LB TFE O EE TE LE TR
FEFFHEER  0.006 0.003 0.004 0.002 0.015 0.005 0.019 0.004
#EKE 0012 0.122 0.006 0.087 0.030 0.192 0.044 0.182
% & 0449 0.006 0.149 0.004 0.843 0.009 0.857 0.009
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3.1 FEFRRE R KAEENM TIERTRENFI

B A B R, LR RIS RS
RPN A 2 02 TR (P<0.05) , NE L
BERAMESAEREE LTHESE (P<0.05) , X
A B 5 4 S B S B BE K 43 R 2 IR R kis
P8, b2 M f S AR A R R 3
DIGF 3N it > R AT SR > K &, Hdit
R RS FT R AE R0 20 I 32X 30 1 52 i 8 08 21 I =%
K (P<0.05) , A EAFEFFEIR 20 cm AL FE
FERRESENMSRE R E S T H AL (P<
0.05) , MMt E R ©E T BE LIRS
TSR E, RS 20 om TEE— DGR TH5UR
SRR, ATREEMINEAE, FIANEEZEER,
VAR R PRT L S R B A A E: R
K 20 cm PIPRKORABRCREE, A RBR AT K 5 Fl 3%
oy FB, T ZEASEREASE B E LB g,
B PHEREA AT TR, FEATHEE 20 om i
PRSI KFERZEGIR S T 10.5%, AR
30 cm M T 4.6%%0, BEKEN bR S A
BREMEREAEE (P>0.05) , fEFRFTHIE 20 cm
A A E R KT, R 20%FEKER 2+
BN AR MR R e AT, R T AR
20 cm &2 B — 5 1T K HEBE R

2 I A R 2 U R R e 3 RO
Bk WEKE > A E >R, BEKEAE A
B KHS 3 (AR s 2 2 (P<<0.05) . R44,
WK BMEE 2K FBE T ZE 18, KEHm
AR, RAGEZTHAN Fiek, A4 FE L%
HAEMEESEE. MR, EREN NELE
AR RIARIEZEKT (P<0.05) , Tk T /ZEIEm
BEIAZE (P>0.05) , G E SR
M LS RS AS R R R . X A RE R4 S NH,
HNERET, SR LIER AR, BEE2HE
SRR IHTE _LZE L3, FBREEHED .
MR R, AR N2 HENESRER 21,
HAR IR BEAT B MRS E R NOs AR &7,
5K TR R B EAR ], R A R, B
TBETELES, SUREAEN T E LIRS
AL TR BE AR o
3.2 FEFTRRE RAK A EIEN HIRE M AN

PREAENREG 0 R 2 i U 3 BT BeAE YD)
WSRO T 1 T e e R 25 0 M R S AR B
18, RAEMER M EEIEREPY, X
NE R A S A E, EE I, SiWEN,

AT S{WNy Ab B 1 R B 14 5 e 24 2 AE 5K
W B N = KT, SoW3Ng AL FEFT So;W N3 AbFE I 15
NEARKT, R L IEIREEE 5 AR R 21
TEAERER, $E7 IR s VE BRI i3 PR 25 0 i e s
2, RRESAE. TETEREETESESEELZ
B TCR A . IXATRER N E IR SR R BRI T
FETIEEESEE KD B, TELIESREEE,
IREF KGR AR E D, BRI = o B .
MREERER, b TELEREEEHESLd 2 )G
B3 7 (P<0.05) , ST AW RAAUEY, XAy
eI hi AL AR 30 d (T HAD RFE4k 51d (FEHD
TR T AR B, KENETIESRS, &
IR RAGAE MR L E IR TR E 2 BRI
(P<<0.05) , &AM SMAED TG TRy, 6] T 5
A A K S EEEO, RRAE R E R A K, S
I 5AR R, FERSHR 52 d HEAT —IREE ARG, +
R DA I, IREGEMERE 2 858, AR SR IAIIR
B, BART TR WSO B2l 33 R e e g —
SPYE R ENEBAEE MR IR R AR RS S R
I B e br. WFFCRI, b, T2 IR RS ERE
et B AR B2 R B (P<<0.05) o M HL A,
ATREAR: EG, MEEFENAEF MMM, e
VIR BT SRR, AR AE K S EHERE
MRA R, PEGVEYREE R, b <
s Hk, TR RIZWK B w4, MARTE T,
2R 23V F it AR S B 7 TS RS, e
BV PE 3 T R S A S AT 2 A AR SR PR AR
FHP= R AL S B R S EYIAR R =B d R,
FSH RIS B R A B, s R, B2
- 3ge sk S AL S P B B ) A 2 2 BT R R R,
TEFHL 51 d B 67 d iA B R R vl R 2 B AL H
AT, FAOAR RAEKHER, PR S, =4 KeEid
ANEEAEY, BRI EER SN WEEN
AR E B, T AR R B 54, IR RIE RS,
PRI 2R e i = 2 i E AL S D, I A A TS T
S EE
FEFFHIRE by TR IEREE . AL A
SBEE MR B R R, 7RI N 358
BEIKE (P<0.05) , AN A B 22 A A . 2 /K7
(P<0.01) . FEFFHE 20cm FJ B F T E. FEL
BENR A REPEBEAN S AL S . IR S BRI
THAE AR IR 2 002w, FEFTHE 20 em A
BRI ORAEAER, 5 I KRR 1F, (R
R AEKSES), R m, Mimie
TR ARG AN AR BRSPSk, JEKES b
)2 IEIREE . AR AN A A SRS T S AN
51
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23 (P>0.05) , AIAEE B NFEFIE H LR KAEH
fii b TR RS KRR B YRR K
VEWR /KR 209X IR 25 fif Tk P B AN 2 Al AR
RAKEmIBE/N, BRI TREFEHEAE—EN

TR EEML AR
4 25 g

1) i EEAFEFT R B2 F R SR
FH SR E(qum,%mf—ﬁﬁﬂ@wmnm
] B ERTE FE S EAE SR E (P<0.05);

K EX T Z mﬁwiﬁmw %mﬂ%
(P<<0.05) , HMmEKEART LJZE LA EA
AR T2 LHER, FFFEE LT 25
il o R T AT I A S R 1 35 2 ) ¥ 25 (P<<0.05),
FEFFHEVR 20 om WA RS by FETIEIREG .
W AN o S b S

2) FEFFHEZR 20 cm HA B FIAR KR AEE F 5
ZAEEEESEE. HARE. R, EEE. T
AALE BRI (ED A KRR SR TR E N &,
FE M HTKIEE B R Citi % & 180~270 kg/hm?,
K 80%I1,~120%l,) T, FEFFHEER 20 cm, KR
80%l,,, % & 270 kg/hm?, B S;WaNy A3 A&tk
HE
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The Effects of Straw Incorporation Depth on Nitrogen
Dynamics and Enzymatic Activities in Soil

CHEN Sheng*, HUANG Da"**", ZHANG Erzi*, ZHU lJianbin', GUO Xiangping"
(1. College of Agricultural Engineering, Hohai University, Nanjing 210098, China;

2. College of Civil and Architecture Engineering, Guilin University of Technology, Guilin 541004, China;
3.Guangxi Key Laboratory of New Energy and Building Energy Saving, Guilin 541004, Ching;
4. Nanjing Jiangning Water Authority, Nanjing 210098, China)

Abstract: [Objective] It has been a consensus that adding organic matter such as crop straws to soil not only
improves soil fertility and soil structure but also boosts enzymatic activity and nutrient cycling. However, what is the
optimal way of amending soil with straws is poorly understood. The purpose of this paper is to fill this knowledge
gap by systematically studying the effects of incorporating straws into different soil depths on nitrogen
mineralization and enzymatic activity at different growth stages of tomato. [ Method] The plot experiment was
conducted in a tomato field, with the straw incorporated over the soil surface, at the depth 20 cm and 30 cm,
respectively. For each straw incorporation, there were three irrigation treatments — irrigating 80%, 100% and 120%
of water measured from an evaporation pan, and three nitrogen fertilizations: 180 kg/hm? 225 kg/hm?, 270 kg/hm?.
During the experiment, we measured the content of NH,*-N and NO3-N, as well as the activities of urease, sucrase
and catalase in the soil at different growing stages. [Result] The contents of NH,"-N and NO3z-N in the upper soil
decreased with time (P<0.05), while in the subsoil they increased with time (P<0.05). As time elapsed, the activity of
urease in the upper soil declined first followed by an increase, both significantly (P<0.05), while in the subsoil it
remained unchanged initially followed by an increase (P<0.05). In contrast, the activity of sucrase in the soil profile
decreased with time (P<0.05), and the activity of catalase remained the same (P>0.05). Nitrogen fertilization and
straw incorporation depth combined to affect the contents of ammonium and nitrate in the upper soil (P<0.05), with
high nitrogen application combined with straw burial depth of 20 cm increased the contents of ammonium and
nitrate nitrogen in the upper soil most (P<0.05). Irrigation amount affected the contents of NH,"-N and NO5-N in the
lower soil (P<0.05), and increasing irrigation amount benefited the downward movement of NH,"-N and NO3-N.
The buried depth of straw had significant effects on the activity of urease, sucrase and catalase in both upper and
lower soil (P<0.05), and the burial depth of 20 cm improved the activities of urease, sucrase and catalase
significantly, compared to other treatments. [ Conclusion] Straw burial depth, irrigation and nitrogen fertilization
combined to affect the dynamics of soil water and nutrient, as well as enzymatic activity. Considering mineral
nitrogen, enzymatic activity, crop growth and water saving, burying the straw at the depth of 20 cm, combined with
irrigating 80% of water measured from a pan and nitrogen application of 270 kg/hm* was the optimal agronomic
practice for tomato production in the studied area.

Key words: soil amendment; straw incorporation; soil nitrate and ammonium; urease; sucrase; catalase
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