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Abstract: [ Objectives ] This study investigated the effects of N management practices on crops productivity, N
utilization efficiency and disease incidence of maize. [ Methods ] Five consecutive years of field trials were

conducted in fluvo-aquic soil of Xuchang City (XC) of Hennan Province, and red soil of Qujing City (QJ) of
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Yunnan Province since 2016, respectively. The nine treatments included: no N control (CK), conventional N
fertilizer rate (N), reducing 20% of conventional N input (80%N), and the combination of 80%N with straw return
(80%NYS), nitrification inhibitor (80%NI), green manure (80%NGM), asymbiotic N,-fixing bacteria Klebsiella
variicola inoculant (80%Nkle), biochar + straw return (80%NBS), biochar + nitrification inhibitor (80%NBI). The
productivity and N utilization of crops were measured in each season, and maize fungal disease index (leaf blight)
and insect pest corn borer (Ostrinia nubilalis) were monitored since 2018. [ Results ] Compared with N
treatment, 80%NBS and 80%NBI significantly increased soil organic matter and total carbon in red soil of QJ, the
other treatments had no significant effect on soil physicochemical properties of the two experimental sites. In XC,
80%N significantly decreased the crops productivity, while 80%NI and 80%NKIle maintained crop productivity
and increased N use efficiency by 21%—34%, and reduced N surplus by 33%—42% simultaneously. In QJ, 80%N
did not cause crop yield decrease, but increased the N use efficiency (NUE) by 29.4% and reduced N surplus by
31.1% simultaneously. Generally, corn borer is more serious in XC than in QJ, the pest incidence in XC (P<0.05)
was positively correlated with the maize yield and total N uptake. 80%NGM treatment significantly decreased the
occurrence of corn borer in QJ. 80%NS treatment significantly increased the disease index of maize leaf blight
in XC. The leaf blight disease in QJ was serious, and the disease index was (P<0.05) negatively correlated with
plant N uptake, stem and leaf N contents, and soil total N. [ Conclusions ] In XC and QJ, reducing 20% of
conventional N fertilizer and combined with application of nitrification inhibitors, biochar or diazotroph inoculant
is effective in maintaining crop yield and NUE, and decreasing soil nitrogen surplus. Straw return might increase
the disease incidence of leaf blight in XC, while green manure incorporation could decrease corn borer holes and
enhance corn yield in QJ. Further studies need to conducted for the relationship of nutrient cycling managements
with the occurrence pf pest disease.

Key words: N fertilizer reduction; N surplus; nitrification inhibitor; biochar; green manure; maize leaf blight;
Ostrinia nubilalis
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Table 1 Physicochemical properties in surface soil of tested farmland

R - APLET (gkg) AR (gkg) WA (mgke) ARBE (mgke) HBH (mgkg) HHiFLEA [ N mg/(kg-d)]
Site P Organic matter Total N Alkeline-N Olsen-P Available K Net nitrification rate
& Xuchang 7.8 413 0.8 68.7 14.3 90.4 29.1
% Qujing 53 73.2 1.5 101.0 18.2 166.0 18.0

2 rEfnehiE E eI R B IR

Table 2 Treatment and implementation in field experiments of Xuchang and Qujing

pisE] St J7 = wE b
Treatment Implementation Xuchang Qujing
CK ANt A No N control N \

N Wi FH AR AL B Conventional N fertilizer rate N N

80%N LM USRI L 08ib20% g UL v v
20% N fertilizer reduction on the basis of conventional N fertilizer rate

80%NS WA 20%, Fe&FEFHA H Combination of 80%N with straw return y J

80%NI WA 20%, FdAE RS LA HIF] Combination of 80%N with nitrification inhibitor v v

80%NGM I 20%, FlA7rAZFiRSEIE I 7E % KA H Combination of 80%N with green manure return in spring v \

80%NKle  WRE20%., LA IH U v v

Combination of 80%N with asymbioitc N,-fixing bacteria Klebsiella variicola inoculant

80%Nkle-S
80%NBS

80%NBI

WA 20%, oA it F G [ &0 135 75 34 5T Combination of 80%N with sterile N,-fixing bacteria culture substrate y -
WA 20%, oAt FH A 9 ORI TS FFAE I Combination of 80%N with biochar + straw return N N
E20%, TCA AR IS LA 137 Combination of 80%N with biochar + nitrification inhibitor y J

TV FOR BRI 7 FORBA BB IR, 2018475 80% NI FILA it FHS A il 7] o

Note: “V” indicates the treatment is set; “~” indicates the treatment is not set. Nitrification inhibitor were not applied in 80%NI treatment since

2018.
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TEVFE, 80%N ALFEE K 2016—2020 4FHF-1
FEAE A N AR ER S I REAR T 9.2% 1 7.2%
(1), /NEFS = m MY RS BIREAR T 7.1%
F113.2% (K1 2). 5 80%N AHLEL, 80%NI 4 £ K~
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Table 3 Effects of N fertilizer managements on the physicochemical properties of surface soil in Xuchang and Qujing

Y8 Xuchang (i 1 Fluvo-aquic soil)

375 Qujing (413 Red soil)

Hﬁﬁ;t FHUR (g/ke) Lk (gke) AR (gke) AU (gke) L (gkg)  2A (gke)
Organic matter Total C Total N Organic matter Total C Total N

CK 41.99+1.98b  8.19+0.03 a 17.44+0.20bc  1.19+0.03 b 75.85£3.55b  6.10+0.10a  19.6840.95¢ 1.58+0.06 d
N 41.88+0.78b  8.16£0.03ab  17.50+0.40 bc 1.25£0.02ab  70.01+0.59b  5.46+0.20c  18.81£0.86 ¢ 2.10+0.29 abc
80%N 42.194091b  8.13£0.10 abc  17.46+0.24 bc  1.25£0.04 ab  70.96+4.14b  5.55+0.09c  18.771.61 ¢ 2.01+0.12 be
80%NS 4430+1.88ab  8.12£0.00 bc  17.46+0.61 bc  1.2540.07ab  74.95+7.00b  5.61+0.41 bc  18.63£0.74 ¢  1.99+0.06 be
80%NI 44.43+1.77ab  7.9940.03 ¢ 17.8240.14 bec  1.30+0.07 a 71.474583b  5.58+0.32c¢  18.92+1.78 ¢ 1.93+0.15 cd
80%NGM 44.63£1.12ab  8.05£0.05de  17.61+0.05bc 1.30+£0.07 a 72.89+2.40b  5.49+0.16c  18.66£1.79 ¢ 2.01+0.07 be
80%Nkle 49.17£6.47a  8.05£0.03de  17.34+0.12bc 1.25+£0.04 a 79.1240.59b  5.49+0.29c¢  21.19+0.95c¢ 2.03+0.06 be
80%Nkle-S  45.01+4.86ab  8.10+0.01 bed 16.98+0.50¢c  1.17+0.07 b

80%NBS 44.83+2.05ab  8.01+0.06 ¢ 19.45£0.89a  1.32+0.03 a 90.12+1.03a  6.02+0.20a  37.27£1.61a 2.38+0.16 ab
80%NBI 46.83+3.44ab  8.07£0.04 cd  18.28+0.60b  1.21+0.08 b 97.5748.22a  6.01+0.17ab 32.64+5.17b 2.33+0.29a

W CKAAMEE LRI, NAER R M AN ; 80%N. 80%NS. 80%NI. 80%NGM. 80%Nkle. 80%Nkle-S. 80%NBS. 80%NBI4;
SRR 20%, A 20%AAFEFFAH . A ImHIR . SIE . BERER . CEEEEREFRE . EYRFEFREH | Y ek

[FIB R G AN )/ NS 7 R AN R SUIAE BT [B] .3 22 5% (P<0.05)

Note: In the treatment codes, CK represents no N control; N represents conventional N fertilizer rate; 80%N represents reducing 20% of conventional
N input; 80%NS, 80%NI, 80%NGM, 80%Nkle, 80%Nkle-S, 80%NBS, and 80%NBI represent the combination of 80%N with straw return,

nitrification inhibitor, green manure, azotobacter strain, substrate for azotobacter without azotobacter, biochar + straw return, biochar + nitrification

inhibitor. Different lowercase letters after data in the same column indicate significant difference among N fertilizer managements (P<0.05).
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Fig. 1 Effects of N management on annual average maize yield and biomass in Xuchang and Qujing
TE: CK AHEARERT IR NARKH HUAE RN ; 80%N fRFRAE H MLIE Z bk 1Y ZERE IR 20%; 80%NS. 80%NI, 80%NGM. 80%Nkle,
80%Nkle-S. 80%NBS. 80%NBI 73 fARIHA 20% Hefili b BCAREATIE M . fALd s . 2000 AR JOm B R R AL . AW
HAFEFEH . W ASALIN G . Bl - PIEEbRERE . A AR R/NG SRR W) BN AE B I 0] 22 57 . 2 (P<0.05).
Note: In the treatment codes, CK represents no N control; N represents conventional N fertilizer rate; 80%N represents reducing 20% of conventional
N input; 80%NS, 80%NI, 80%NGM, 80%Nkle, 80%Nkle-S, 80%NBS, and 80%NBI represent the combination of 80%N with straw return,
nitrification inhibitor, green manure, azotobacter strain, substrate for azotobacter without azotobacter, biochar + straw return, biochar + nitrification
inhibitor. The data is expressed as average + standard deviation, and different lowercase letters above the bars indicate significant difference among N

fertilizer managements (P<0.05).

TERFEZ U 80%NS ZbFRAY P~ H 4L 80%N b3 i =& TR 20% 1A FERE 4 DARS FFI4 FH R it FE A A 400 i) 551
BT 20.74%, HAWREERE R KEZ mE A Y E AW TR A AR it T LA R G SRR R

)55 80%N AbHIEA W EER (K 2), FIRTF 21%~34%, FHHER R ERFFAR 33%~42%.
2.3 SUREIEBEEHEM R R BN U EE AL T i LT EE A R L N

1 3 5 U A Tk 00 b 255 PR 22 b M 47 £ BIAY 9K 32.73% F1 269 kg/(hm*a), 5% HitE ZUE
T R EIER R R A A T S, 80%N LIRS LLIEA ) R
FIW. BT PRWER PR T BRI 294%, SER B ERRIT 1%, MHERA
TP U RN AR 2 g W SRR FFAR FT RGP 0 A )
foh. SHABLEAILHIL, W 20% SVRA L TR IR FEDBRILRTTS, R
IE TR B WEIE T 16% (P<0.05). fEa % FIn R B RIA 93005
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kg/(hm*-a), SHBUEREIEHIE, WA 20% SHAZA FORIERALE (P<0.05). EIFEM P, RRARE
B W, (VR BRI R R T 28.6%. 76 HRAHE 2 7] () T R BRI FLEOR A % 22 5 (P>0.05);
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Fig. 2 Effects of N management on annual average yield and biomass in wheat of Xuchang and barley of Qujing

T CKOAARTERALXT IR ; N AR W MU EL ; 80%N FRUARAE T HUAE A it iy FE il 108 20%; 80%NS. 80%NI, 80%Nkle, 80%Nkle-S,
80%NBS ., 80%NBI 73 HIfLEKIEA 20% £hilh EECEFFT LM . REAMEH . FAEN . CEERER R, EYRAFETEm ., &9
HAEALIN R o KR FEEbREZE , AF AR ING TR RN R ZUIC A it (R 25 57 .3 (P<0.05),

Note: In the treatment codes, CK represents no N control; N represents conventional N fertilizer rate; 80%N represents reducing 20% of conventional
N input; 80%NS, 80%NI, 80%Nkle, 80%Nkle-S, 80%NBS, and 80%NBI represent the combination of 80%N with straw return, nitrification inhibitor,
azotobacter strain, substrate for azotobacter without azotobacter, biochar + straw return, biochar + nitrification inhibitor. The data is expressed as

average + standard deviation, and different lowercase letters above the bars indicate significant difference among N fertilizer managements (P<0.05).
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WA NG . 2. SESHRE BENOAE,  ERMELCA LR . ARk, SRS R pH 1
5 H I pH S W IEMG; ML RBORA R, DAL S IR 20% FUTT H I S 5
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Fig. 3 Effects of N management on annual average N uptake, N use efficiency and N surplus in Xuchang and Qujing

TE: CKOAAI AR s N AR MG R ; 80%N AUZRTEF AU AU A9 JEAl} FIBI 20%; 80%NS. 80%NI. 80%Nkle. 80%Nkle-S.
80%NBS ., 80%NBI 73 HIfURI A 20% Feiilh ERCAFATE M . AHALIG0  WAER . TR E R IR R FSFTE M, A9
HARHAANTRF o B A P EAR 2 . A EARIRD NG SR AR R SR [R) RIS A SRR ) 0 35 25 5% (P<0.05).

Note: In the treatment codes, CK represents no N control; N represents conventional N fertilizer rate; 80%N represents reducing 20% of conventional
N input; 80%NS, 80%NI, 80%Nkle, 80%Nkle-S, 80%NBS, and 80%NBI represent the combination of 80%N with straw return, nitrification inhibitor,
azotobacter strain, substrate for azotobacter without azotobacter, biochar + straw return, biochar + nitrification inhibitor. The data is expressed as

average + standard deviation. Different lowercase letters above the bars indicate significant difference among N fertilizer managements in the same

site (P<0.05).
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Fig. 4 Effects of N management on annual average holes of maize borer and leaf blight index in Xuchang and Qujing

T CK N ARHEEMERS B N AR W MG ZL ; 80%N fRIRTEH MUAE A i ZEAti_E I 20%; 80%NS. 80%NI, 80%NGM, 80%Nkle,
80%Nkle-S, 80%NBS. 80%NBI 7} ALK A 20% ik RS FEFFEH . MLl . 400, BEEH . TEFREFRE. £
HAREFEE I | AEYIBARE NG BAE R PEMEREZE , A R E/NG TR R R B A B il F] 22 57 .38 (P<0.05),

Note: In the treatment codes, CK represents no N control; N represents conventional N fertilizer rate; 80%N represents reducing 20% of conventional
N input; 80%NS, 80%NI, 80%NGM, 80%Nkle, 80%Nkle-S, 80%NBS, and 80%NBI represent the combination of 80%N with straw return,
nitrification inhibitor, green manure, azotobacter strain, substrate for azotobacter without azotobacter, biochar + straw return, biochar + nitrification
inhibitor. The data is expressed as average + standard deviation, and different lowercase letters above the bars indicate significant difference among N

fertilizer managements (P<0.05).

R4 EREHFLY, ABRFRERHSERE~. DIRBUMRZERHEXXER

Table 4 Relationships among maize borer holes, leaf blight index, productivity, and soil physiochemical properties

F & Xuchang Hh¥ Qujing
#i#5 Index FoRBUEALE KRR FoRBUEALE KRR
Holes of maize borer Leaf blight index Holes of maize borer Leaf blight index

F kR Maize yield 0.37* 0.09 0.01 —0.79%*
Fo kA it Maize biomass 0.34 0.01 0.07 —0.72%*
TR A Maize N uptake 0.36* 0.04 0.24 —0.67%*
TKZEM A & Maize stem and leaf N content 0.20 0.12 0.31 —-0.45%
+ A PR Soil organic matter -0.19 -0.24 -0.02 -0.14
+3E 4% Total C -0.10 -0.09 -0.06 —0.03
+ 14 Total N -0.09 -0.16 -0.05 —0.58%*
pH -0.07 0.51%+ -0.13 0.16

Note: *—P<0.05, **—P<0.01.
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