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Abstract: In order to screen the best fertilization mode in typical vegetable producing area in South China and im-

prove fertilizer utilization rate and vegetable yield, seven

e B 83 :2022-12-03 fertilization treatments were comparatively studied,

EEWE ) ARE SR ARSI H (202080202080002) 5
T 2RAE BRARO 77 B AR Z Al B I ER S A5 141 A 5
(2020K)118) s FEIZR H SR/ B30 H (42177299)

EERN B 88(1997-), &, = BN IS A:, FE N F
TR I - L8 B T ETAOFSE., ( B-mail) zhaoyi 12ewj520 chemical chemical fertilizer (MNPKI15) , organic fertilizer
@ 163.com replacing 30% chemical chemical fertilizer ( MNPK30) ,

including no fertilization control ( CK), conventional
chemical fertilizer application (CF), soil testing and for-

mula fertilization (TF), organic fertilizer replacing 15%
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and organic fertilizer replacing 30% nitrogen fertilizer (MN30). The effects of different fertilization modes on soil physico-
chemical properties, lettuce yield and nitrogen use efficiency were systematically studied. The results showed that after con-
tinuous vegetable cultivation for four seasons, compared with CF treatment, organic fertilizer replacing treatments, especial-
ly the high replacing proportion (30% ) treatments effectively increased contents of soil organic matter and alkali-hydrolyza-
ble nitrogen, however, the effects on contents of soil total nitrogen, available phosphorus and available potassium were not
significant. The difference of lettuce yield among fertilization treatments was not significant, but the lettuce yield under six
fertilization treatments was significantly higher than that under CK. Except for MNPK30 treatment, there was no significant
difference in the apparent nitrogen utilization rate and agronomic nitrogen utilization rate among the fertilization treatments.
The nitrogen soil dependency rate under MNPK15 treatment was the lowest, which was significantly lower than that under
CF and MNPK30 treatments ( P<0.05). In conclusion, organic fertilizer replacing 15% fertilizer treatment ( MNPK15
treatment) had great potential in improving soil fertility, maintaining nutrient uptake and yield of lettuce. The results of this

study have certain reference significance for improving the red soil properties of vegetable fields, reducing the use of chemi-

cal fertilizers and alleviating agricultural non-point source pollution in the study area.
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1.1 iR I8 MR B ik 08 A1 #

RIS T 2021 4F 10 A & 2022 4F 1 ALE) KA
INTH A B Z2 A VLAY (23°76' N, 115°72" E) i
AT, 1cHi T AR By R A 2 RUSUA AR S4 T E
F21.1~22.3 C A FHJH RN 946.1 h 4EREM 24
1 000~2 000 mm,, 286 s T s A 7 BE LY | i s
B DT S 20 4F DL, e s T e g0
PAEHIRAN S . pH 5. 98 AT LT i 18.84 g/kg 42
AT 114 g/kg BT 0.42 o/kg 2T i
26.42 g/kg WHfR A E 94,49 me/kg S S
16. 77 mg/kg . HELH B 85. 56 me/kg BHES T30
H(CEC) 9.87 cmol/kg, MFMHAT R MF A,
HERHH AN R FRER (N 46%) S BERRES (P05 12%) |
S (K,0 60%) 2 A (N 15% .P,0, 15% .K,0
15%) AHE(N 1. 10% P,0, 0. 63% K,0 1.13%) ,
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1.2 REEIt5NEFE

1.2.1 RE% I B ARHE X R (CK) 5 R
Uit AR AE (CF) i 4 fc 5 i AE (TF) A3 HLAE AR
15% 1L AL ( MNPK15) A3 HLAE & 48 30% 46 IE ( MN-
PK30) A HLAEE AL 15% 16 2= Z M (MN15) A L
JEERAC 30% 1k FUIE ( MN30) 7 S Ab B 44> 4b 2R
B3 ~EE . MNPKI15 F1 MNPK30 4b # % F k2%
AU RE Vs e A A PLAE At , 20 B B0 3% 4 A L
NEEAC RN 15% F11 30% ; MN15 A1 MN30 4b 3%
= EE W A A LIS e, AR A LIS &
RF R 15% M1 30% , W B 3% 43 WA B AR, MN-
PK15, MN15 4t ¥ f HL I8 e A & H 2 044.4
1 BLERE=

Table 1 Fertilizer application rate of each treatment

kg/hm*, MNPK30 , MN30 &b # 45 #L AL jifi A & A
4 088.9 kg/hm”; MNPK15 MNPK30 A HLAE#: 1t 1k
P Ach B e gl B R S BR TOA AR AL A R
o3 UABRE#b 58, A0 0 B0 S 5 M5 1k
FIE A B — 5 T MINT5  MIN30 5% ZUIE b 3 A S5
APUEA B o B0 i, A2l B0 G JH 1 5
T it A Ak B8t P e — B, 4% A Ak O R AL
21, AN N 20 m?, K HIFEHLIX 2007 =
SYBCAS ALK, SEERA R F WG T 4 kAT
Ak B AR AT T 438t JE AT AT R IE 30 ¢cmx20 cm,
BoAR IR 10 d 21755 1 UGB IR, B a5 25 d 1750
2 PGB AR5 2 YGEAE)S 16 d WRIEI =,

ph HHLAE LA B (kg/hm?) B (kg/hm?) 5 1 B AE (kg/hm®) 5 2 UGB AL (kg/hm®)
(kg/hm?*) N P,0,  K,0 N P,0,  K,0 N K,0 &E#IE N K,0 H2J8
CK 0 0 0 0 0 0 0 0 0 0 0 0 0
CF 0 112.45 11245 11245 0 0 0 0 0 299.85 0 0 449.78
TF 0 326.54 374.81 209.9  65.52 374.81 4198 98.05 6297 0 162.97  104.95 0
MNPKI5 2 044.4 277.44 29445 20045 1642 29445 3253  98.05 62.97 0 162.97  104.95 0
MNPK30 4 088.9 228.04 213.94 19146 0 213.94 2354 6507 6297 0 162.97  104.95 0
MN15 2044.4 277.51 374.81 209.9 1649 37481 4198 98.05 62.97 0 162.97  104.95 0
MN30 4088.9 228.04 374.81 209.9 0 37481 4198 6507 62.97 0 162.97  104.95 0

CK  ANHIE XS B 5 CF 2 R 73 B ARIE s TF . U 4= Fc J5 B IE s MNPK1S A5 ALIE AR 15% 1L IE ; MNPK30 . 45 HLIE AR 30% 1L IIE ; MN15 . 45 HLIE RS

R 15% A2 E0E ; MN30 . A HLIE X 30% k=L .

1.22 H&HKERMNEFE RS
75 sk, AEEE0~15 em +)2 H3EREN B
X0l WA AR AR R TS A B, AT ARG
AbBE - PR A M TS AR R A SRR S XT i
i T, A pH ER 2.5 0 1.0 K & b (s
Fe) 44 5 min J5 , FHE 30 min B2 pH THNE
AH AP (SOM) & i 2R AR T
AR T | A N B R A e A B
W5 kB 2% (LR

A SRR 5 BN /DN IX R i, BEBLR 4 6 B
AL SRR FREET B S, A 105 C TRFEARE 0.5
h,80 CHLTZ &, FR T B, B 4t 60 H
G AR e AR B RS M R
T IR RUIE LR 2R R A A ) R A
AELHIRAER

BB WA % = il ZUIE XAE P 8 1 2R W
ANt A AR S A R Wl ) /N8 it HH i x

100% ;

R 2 F R (kg/kg) = (Jiti B X AEY) 7=
ANt ANE AR i) /B

RE BIARAE R = ANt U XA P 5 A/ R
/0t ZE X AR B A R WX 100%
1.2.3 # #5555 H Excel 2016 34 i
A7 56 B a4 B K P R s i, SPSS 17.0 B A
AT R 5 2007, IF AL LSD K e i A7 2
e,

2 HR50Hr

2.1 AEHEIEAENT L EEAREN R
FH 2R 2 AT, - R el B R 4 R AN [ i A Ak
FHIA] () 25 F N 135 MNPK30 Ab 2 SOM &+ i &
(23.02 g/kg) , ¥ CF TF 4b PR @ 3 $ 5 28.68% |
21.41% (P<0.05),MNPKI15 4b 3 5 MN30 4b 3 [7]
SOM FiZS AR E; HIELA & ER CK 4h45Ab
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BRE) 4 T @ 35 2% 5 WO AL & 3% L MN30>
MNPK30>MN15>MNPK15>TF>CK>CF, MN30 5 fi%
FF I (27010 mg/kg) 3 T HALAL B (P<
0.05) ; #5Jita AE AL B[R] , 3 50 & & LA TF AbBR AR,
B EART H A AL HE SO % 5 i N A 3 )
ZRAREE . CEC VL MNPK15 AbFREAR, B E KT

2 AEMEEETHERLMER

MNPK30 F1 MN15 4b# | 5 CF,TF MN30 b P2 57
AW, AU R B A HLIE = E
B (30% ) B ACALAE S AR B A 0 I SOM B fift &L &%
i, (A R R S A A A R
PEmEE AN &

Table 2 Physical and chemical properties of soil under different fertilization conditions

st pH ﬁ% AU SRS WA SR SR R eE CEC
(g/cm”) (g/kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg) (cemol/kg)

CK 5.89+0.02a 1.11£0.05a  17.38£0.38¢  1.07£0.03b  101.26£9.38¢  16.11£0.62¢c  23.65£5.34a  18.98+1.20ab
CF 5.62£0.07ab  1.09+0.03a  17.89+0.54c  1.20+0.09ab  91.67+1.38c  34.1420.88a  26.31+6.92a  19.16+1.47ab
TF 5.59+0.08ab 1.04+£0.01a 18.96+0.80bc 1.16+£0.01ab  105.94+5.89¢  25.85+1.27b 21.48+2.08a 19.76+0.49ab
MNPK15  5.37+0.05b 1.10£0.04a  22.29+£2.06a  1.20£0.08ab  120.80+26.39bc 38.03x0.35a  37.49+7.23a  16.45+0.65b
MNPK30  5.32+0.06b 1.17£0.16a  23.02+0.4la  1.34+0.08a  172.43+32.83b 37.06+2.90a  32.48+6.14a  20.65+0.77a
MNI15 5.34+0.07b 1.06+£0.01a 21.30+0.32ab 1.34+0.03a 127.06+1.17bc  37.75+0.37a 37.30+3.34a 20.35+0.61a
MN30 5.33+0.26b 1.03£0.01a  22.98+0.53a  1.31x0.15a  271.10£4.09a  36.170.83a  33.14£6.33a  18.09+0.52ab

FALPRWER | TE, CEC. BT 324t [ F 85 A Al REFROR A R AL B2 18] 22 57 % (P<0. 05)

2.2 AEHEIELENEFE=EMZN

FH &L 1 AT, A it A A PR A it JE X B (CK)
PIREA R AR SR d A [ i S Ak 3 7 e RN
[, AN A it JE A 38 A= S5 7 & K /N 25 MN15>
MNPK15>TF>MN30> MNPK30>CF>CK, 5 CK #H
Eb, 25 it A Ab P AR S 7= 49 09 230.43 ~ 16 780.46
kg/hm?* , B4 = 1574.60% ~ 136. 34% , 45 Jite AL ALk 4 7]
Toi3E2% S, TF MNPK15 MN15 &b B 7 5 38 i 41
f81; MNPK30 , MN30 #b # A= 3% 7= & ik T MNPKIS5,
MN15 4b#
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Fig.1 Effects of different fertilization treatments on lettuce

yield
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AL —3, 5 CK ALL, 44 BLA: 357
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Fig.2 Effects of different fertilization treatments on the accu-
mulation of nitrogen, phosphorus and potassium in let-

tuce
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kg/ kg 20. 81% , {H#5 Jiti AT b ¥4 [11] 280 AT A4 =4 1) FH %
TCRE 225, 1 MNPK15 &b 2 4010 2 00 A1) % o 2%
5T MNPK30 4 ¥ (P<0.05) , MN15 &b ¥ & N4
FHRRAMANE R WA HFR S MN30 AbH 22 A
Fo TERAR TMKAFF )7, MNPK30 4b P i ik 28.
81% , b Eim THAWALHE (P<0.05), MN15 435
MN30 43[R TG i % 25 5

*3 AEMGRAAENRERNAZE
Table 3 Nitrogen use efficiency under different fertilization treat-

ments

HICAAAFIT A FIEFRWAI IR AR LKA

i (ke/ke) (%) (%)
CF 98.27+7.40a 18.85+1.17a 24.71+1.13b
TF 108.83+5.99a 19.01+0.19a 19.48+0.15¢
MNPKI15 120.13+1.94a 20.81+0.51a 18.12+0.37¢
MNPK30 92.13+16.40a 11.37+0.03b 28.81+0.05a
MN15 112.53+5.62a 18.17+0.68a 20.25+0.58¢
MN30 116.81+30.46a 20.26+2.41a 18.86+1.83¢

FALFRILER 1, RSB J5 AN R SR 3R AN [F AL B A) 25 53 i 25
(P<0.05) .

3 17 i

3.1 AEEIEAIER + R AR FRAI S0
WF7E 25 5 o, A3 HLAE 3 it B nl DA R AR+
HEgR o LA (R IR A ol BT +
HEAR 3T AR g A% A FR R A T 25 R
AT AE 53 50 JR 00 A X e R O (AR SR R AR 4
Z) A AL 2 AR e s B AR
¥t FHAHLUIE)S , 38 pH (A T F B J5 A AT RE
JEH Y R AE A HUAE o i o AR o gk AT Ak
7, 0 4 8 pH R, I HLjits FH A LA X £ 4
pH {E Y520 5 + e 0] 4h B8 o Pt 2 A G, [
A -3 pH th 53080 JE 1 4 4 A 56, Zhong 251 7
FRTELLHE FHEAT T K3k 21 4E 099, R LA HLIE
Fic it FL IE AT + 35 9 pH M 5. 36 B4 %) 5. 85,
AR BN A HUIEEAR 309% 16 AE &b P ( MN-
PK30) X} SOM  fifl fiff 0 1) o0 35 2R B4, X 5 Cai
EHATRIR IR 25 AR R IR A R AL, A
HUIEA & SOM & #4547 HLIE R A A 34 i 42 4

T SOM WA FEAEY A R TP A B RS
fiff S RIS AL B BRSO R R AR W o i
Berh By A B Y MO 4R e HE T Bk
312200 RT3 A AL AR AN G ML AR I JR) i T
MO AR A T, AR TR . T
A B0 B 0] 58 5, e A R A AILIE B AR B 1) 3A 7
it — 25, H A ALIE T AL IE B it X) A+ 39814 5t 49
A AL B ) 5 B IR AR Y

3.2 FRMEELERE SN

B A T8 I, A P LUE 2 Eb ) B it £k A
ELA B 4 e g SR T nT RE S R R AR R S A HLAR
ARG T 38 o B S AR YOG R T R HEEY Y
AEREED . RS GRS SR A
7 : MN15>MNPK15>TF>MN30>MNPK30>CF>CK ,
25 it A A 3 1) A S 7 R X R T AN it R X R
AL BRI 22 57 A%, X EEZEH TAE
Fb ] A AL R AR 0 A B LR 8 i 3 b A
FIHER 5 B (45 557 2 Be 65 T Ao R T 1
RSS2 HAB AT 5T 45 R E B A HL A AR
S A AL AT 38 A 0 R R DR AR B SR
PR GRS A B oY 4 R — i, B
VS 2 T T R T RS TR R AR KR R KR
S R 0 2 R B, R OK o Bl A R AR B
G INIFA TRE, SRR 45 R, Ul
BAE A IR B R AL IR se IR R E Y = AT
38
33 AEEERLEMNERXRFSERRAEHAZR
= pA!

AWEFE K I, 15% 43 HLIE R L 10 T8 4 28 7E 5
FHREAL(P<0.05) A F +HEAKAF R [ B, ek 2
TARRE X 5 2 oK e Y B g 4 R —
., e N IE A VUL ECME PT LR SEE 8 R
KEF , M2 3F 5P Wl R H 3% 53, 0820 46 IE 1 il
FH A, 08 17 4 v 1k B0 3 00 A SR R A 2 ) R
AR AL B 7E + HE p i 77 B R A AL BR AR
15% AL ( MNPK15) kb B 2 T 34K 7 % i & 1%
TH HLAE # AL 30% 1k I Ak B ( MNPK30) ( P<
0.05) , R A & 19 A LA BE A U HF 1 4 )
TR R WA T, Be A, 588 4 R R A AL



X BRI AR X A g M R 2SS A O 5 RIS R A S ) 697

JIE R R 3 X /0N 22 A 348 A B /0 2 PR L Wl I R
IWFTE R & B, 3 25 A HLIE30% ~ 50% 11 35 4
AT DUBA P /N 22 8 7 A2 ™ [ I A 38 BRI 22 R
mmka, R Em RS HE, ZAkRE, AWM
A HLIE AL 15% 46 I ( MNPK15) Fl A HLAE
B 30% A (MN30) kb BEAE — B L T
PR R FH , X5 F 4 1 0F 9 DX 8 R0 R O R T Y A B
R KUy BT — 2 7 S,
4 45

ARG L5 L I, A7 HLAE DL A PR AR L AR
FRREAAA B T 1 5 DX Sak i e 260 7 = R SOML 5 i
A i, I LR PR 47 A2 38 7= B PR 4 B W lie
CIEEE M A HLIB AR 15% 10 AT ) Ak 38 57 A 1) T
PRFRA P i e Al ARt P A 1) Ao 52 B R
AR . R, A HLAE AR 159% 1k AT Ab B ] 4
SRS IX 3ok S TR A AU ik 2 186 R 9 1 S € b R 47 38
Al (AR it AT 7 =K
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