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Abstract: [Objective] In order to provide a theoretical basis for the further improvement of the yield and nutrient efficiency of
different maize production levels, the effects of the increasing and decreasing measures on the yield and nutrient efficiency of maize
under different technical modes were explored, and the technical priorities were clarified. [Method] By investigating the yield level

and technical mode of farmers, high-yield and high-efficiency, as well as super high yield, it was clear that planting density,
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cultivation measures, nitrogen management and varieties were the main measures to limit the yield and efficiency improvement of
maize at different production levels. On the basis, three technical models of super high yield (SH), high-yield and high-efficiency
(HH) and farmer household (FP) were set up. According to the measure factors under different technical modes, the split area
experiment was carried out, in which the tillage method was the main plot, the variety was sub-plot, the nitrogen fertilizer
management was sub-sub-plot, and the density was sub-sub-sub-plot. [Result] Under the FP model, the priority order of technical
measures to yield contribution was nitrogen management, planting density, soil tillage, and variety, while the contribution rate to
yield was 9.9%, 6.0%, 4.4% and 2.5%, respectively. Under the HH model, the priority order of cultivation measures to yield
contribution was planting density, nitrogen management, soil tillage, and variety, with the contribution rate of 7.7%, 5.2%, 4.5% and
3.5%, respectively. Under SH mode, the priority order of cultivation measures to yield contribution was planting density, soil tillage,
nitrogen management, and variety, with the contribution rate of 8.9%, 7.3%, 6.5% and 4.3%, respectively. Among the three models,
the contribution rate of cultivation technical factors to nitrogen efficiency from high to low was nitrogen management, planting
density, soil cultivation and variety. Among them, the contribution rate of nitrogen management, planting density, soil tillage and
variety to nitrogen efficiency was 30.5%, 6.0%, 4.4% and 2.5% in FP mode, 19.7%, 7.7%, 4.7% and 4.5% in HH mode, 25.4%, 8.3%,
6.5% and 4.5% in SH mode, respectively. [ Conclusion] There was no fixed priority order for the contribution of technical factors to
the yield. The formation of yield gap under different management levels was affected by multiple factors, and the technical factors
had synergistic effect. Under the management of farmer’s level, the contribution rate of nitrogen management to the yield ranked first,
while the contribution of planting density and soil tillage to the yield was greater under the higher management level. However, the
nutrient efficiency gap was mainly caused by nitrogen management, and the contribution rate of nitrogen management to nutrient
efficiency ranked the first at different yield levels.
Key words: agronomy factor; rain-fed; spring maize; yield gap; nitrogen efficiency gap
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Fig. 1 Meteorological conditions in 2017 and 2018 growing season
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Table 1 Plant density, cultivation patters and fertilizer application under different technique modes

FARREA ke 2% 5 BHED it SHE Rk B IRE T LE 5] Fertilizer application period and application ratio
Technique Planting density —Tillage method Fertilizer Total amount R B S 13 2 3]
mode (<10" plants/hm?’) (kghm™)  Before sowing Jointing stage Bell stage Silking stage
FP 6.0 WiE 15em AUEN 270 100% - - -
Shallow rotary g p,05 120 100% - - -
(15 em) HE K0 120 100% - - -
HH 7.5 RAARF ZIEN 225 20% 30% 30% 30%
Deep tillage g% P,O5 120 100% - - -
HIE K,0 120 100% - - -
AP 15000 100% - - -
Organic fertilizer
SH 9.0 WIARE AEN 360 40% 30% - 30%
Deep tillage  geym p o, 120 100% —~ —~ —~
B K20 120 100% - - -
AP 15000 100% - - -
Organic fertilizer

RGN, KBUGRE ER+A L 15 000 kg'hm™,
IRFAREE 30 ems 2 MM F: SE K 335 CRFREL D
MIFIE 998 (A= FHEMFD 5 3 DMEUNEAEE: (D
EEEE N 270 kg-hm?, SRR AT — R MERIE,  (2)
RN 225 keg'hm®, ) THERT. RTIL Km
W, mh2e i 2 - 3 2 3 2 BN, (3) Bt
B 360 kg'hm?, A5 FHEHT. AT Kmpim
W, 43 3B 3 MRS 6.0X10%
7.5%10%. 9.0 X 10* ¥k/hm?*.

(D) KRR (FP) , + T HHHER RZHE T
H RS, ERBORE R +RUIEE B3R R St
BEA 225 kg'hm®, AR FHKHT B, KB O,
Moz 42 3 2 32 2 LUHIN, +3 BRI A
7.5X 10" H/hm?, +EE PR SR H1 K 998

(2) B E (HH) , -8R s ey
KRN, -FIEE RS MR N 270 kg'hm?,
KA =227 ey, - EERORFIAEE Y 6.0 X
10* B/hm?, 3R RFI R E N 9.0 X 10* Ff/hm?, +
A AR AL TP R B K 998

(3) BErER (SH) , - HIEHHER mHHE T
N RAERTE, -FAE B IR B iEE N 270 kg'hm?, R
18 LT =, + U R R B U A
225 kgthm™, 20 F4%R0. BIAL MU,
UMY 2 0303 2 LRI, SRR B N
7.5X10* FR/hm?,  +f A R AL SR FH K 998,

BEIE (P,Os) HARE (K,0) A=K F- 2t

120 kghm?, fEEEAE—EN . /NX N 6 71X, 8 m
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Fig. 2 Effect of different technical models and their increasing and decreasing measures on maize yield
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Table 2 The yield gap formed by increasing and decreasing measure factor and the contribution rate of measure factor to yield

HARRA HARRT 2017 2018 T4 Average
Technical Technique factor P Tk PR Fihz PR TR
mode Yield gap Contribution rate Yield gap Contribution rate Yield gap Contribution rate
(kg'hm?) (%) (kg'hm?) (%) (kghm?) (%)
FP 5 FP tb%: Compared with the FP
+ M +Tillage 361.9 35 523.6 5.1 442.8 4.4
+RALEE B +N management 1050.5 10.3 960 9.5 1005.3 9.9
+E5J +Density 770.8 7.6 440.9 44 609.9 6.0
+ii AP +Variety 294.6 2.9 205.7 2.1 250.2 2.5
HH 5 HH b4 Compared with the FP
- LHERHE -Tillage -594.0 -4.7 -678.1 5.7 -571.1 5.2
SR H N management -556.2 -4.4 -513.8 43 -510.0 -4.4
-B % -Density -1209.3 -9.6 -1279.1 -10.8 -12442 -10.2
++% & ++Density 760.6 6.0 483.8 4.1 622.2 5.1
+i Pl +Variety 4345 35 599.8 5.1 5422 43
SH 5 SH th# Compared with the SH
- LHERHE -Tillage -498.5 -3.6 -1182.7 9.1 -840.6 6.5
-FNEFEFE -N management -1114.1 -8.0 -833.1 -6.4 -973.6 73
-Z 1% -Density -1507.0 -10.9 -908.3 -6.9 -1207.7 -8.9
+iFF +Variety 557.4 4.0 799.2 6.2 678.3 5.1

2.3 ARAHFAREBERRE Gl HAREFHERTER
75 (PFPy) HIEMR
HH L 3 w50, AN ARBEA E W 427 7] (PFPy)
2 IR HH #5255 T FP R SH X, 1 FP
1 SH A5 ) 22 S AN 2, o 2017 4F HH 82X PFPy
Al FPL SH $25 47.9%A1 45.5%, 2018 4F HH #
3 PFPy 23 A/ EL FP. SH #275 40.9%F1 46.2%.
2.4 1O BAEFERNRZNEERTR
BRIk ER
% 3 fiw, 1E FP BAER FAL A BRI 7,
PFP\ AN RIREEERS N, Horp AL A 24 2 PFPy I

e

K, 2 4E ik 49.6 kgkg!, 5 FP BEUHIACE 2K
12.0 kg'kg', XF PFPy GT#kHIA 30.5%; PLAbPhhi s i
PFPy 250 2 4R 0 1.7 F12.9 kgkg', X PFPy {51
Bk K 3.3%H1 5.8%; ALACHHERT I 2 A5 0 R
HIZE 22535000 1.3 F11.9 kgkg™, X} PEPy (R ok 23 51
N 3.5%H1 5.2%; MR BIERE AR, 2 4
175 0.9 kekg', XF PFPy [RITTHRE PN 2.5%. 7F
HH B, SRV IFHERS I PFPy 2 4550 PR 2.6
M 3.0kgkg', XF PPy [ITIHR 514 4.7%F1 5.7%; &
S ZE T PFPy WKIERRAC, 2 0 mlfEIK T
10.66 F110.69 kg'kg", X PEPy [ UTHRZE 2 51132 19.0%
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Fig. 3 Effect of different technical models and their increasing and decreasing technical factor on PFPy

H120.3%; 7F HH B P AR % %, PFPy 2 457
IR 5.4 15,7 kg'kg™, %F PEPy (K 5Tk %43 10 4 9.6%
F110.2%, M4 E PSR, PRP U4 A4 T 3.64
22 kgkg', Xt PFPy FITTHRE 2250 6.0%. 4.1%. H4
HH FE 85 B8 o J5 7 ) PRPy 22 45 {E T3,
H B2 L) PFPy 254 4.2 kgkg!, X PFPy HIDTHR
RN 7.7%; AT PEPy £ 51, 2 454 Bile s 1.9 Al
2.9 kg'kg', %t PFPy [AITTHRE 530k 3.5%H1 5.5%. 1
SH AL FR W R ESS i, PFPy FRAK, Xt
FEBE AT B 2 4R 20 B BAAIG 1.4 F1 3.3 kgkg™, MW PFPy
DUHREE N 3.6% 1 9.1%; T AL 2 B PFPy I
B IR S, 2 R T 8.7 1 8.9 kekgs
X PFPy FI DTk %Ik 23.5%M1 27.3%; & SH B IL A
AR 2 (7.5X10*#k/hm®) , PFPy 2 4E43 4
41 4.2 F1 2.5 kgkg', X} PFPy [BTHRS: 50 10.9%

1 6.9%; Ptk itFh PFPy [RIAESE R, 2 4l dd e 1.5
H12.2kgkg!, X PFPy FITTHR 04 4.0%F1 6.2%.
B R TR, R R A AL, AR
AFEIBAR B F R PFPy ok AN, i [R]— B B
T4} PEPN [FSE M {EAN R AR B AR 22 5
2.5 HIEHARFHEKRFTERYUERBMOKEF
el 4 froR, AFFPEEACTE FAREBARFE T &
K= AR M TR R AT R R ZE S B 2 R
it DT R R AU R3S, FP OB, AR it h)
FERDTER AL P A R B PR I
AR, PRI TTERE A 9.9% 6.0% 4.4%F
2.5%; HH B, ARBEHGH ™= 2 ook s e b
Fib s R . AR, LHEHME. WA, WP ER
TIRRE I 7.7% 5.2% 4.5%F1 3.5%; SH Kz
R 6 P DTRR IR SE A s IR g

1S7A
o



15 1) WAL ARG RO 70 IR TR B R 2 R K5 3043

®3 18 G BREFEEHFSHUERERKAEFHARBRMTEHE
Table 3 The nutrient efficiency gap formed by increasing (decreasing) measure factor and the contribution rate of measure factor to
nitrogen efficiency

[ZNIEN HARRT 2017 2018 F¥) Average
Technical Measure factor e TR e ik M kR
mode Efficiency gap  Contribution rate  Efficiency gap ~ Contribution rate  Efficiency gap ~ Contribution rate
(ke'ke™) (%) (ke'ke™) (%) (kerkg™D (%)
FP 5 FP W4 Compared with the FP
+HIEHHE +Tillage 13 3.5 1.9 5.1 1.64 4.4
+AEFE L +N management 12.2 312 11.8 29.8 12.0 30.5
+E5 ] +Density 2.8 7.6 1.6 45 22 6.0
+iF +Variety 1.1 2.9 0.8 2.1 0.9 25
HH 5 HH % Compared with the HH
- HEHHE -Tillage 2.6 -4.7 3.0 5.7 2.8 5.2
-FNEEEL -N management -10.7 -19.0 -10.7 -20.3 -10.7 -19.7
- ¥ _Density 54 9.6 5.7 -10.8 55 -10.2
++B5 ¥ ++Density 3.6 6.0 2.2 4.1 2.9 5.2
+iF +Variety 1.9 35 2.8 5.1 2.4 4.3
SH 5 SH t# Compared with the SH
- HEHHE -Tillage -1.4 3.6 33 9.1 23 -6.4
-FNEFEFL -N management 8.7 23.5 8.9 273 8.8 254
- ¥ Density 42 -10.9 25 6.9 34 8.9
+iF +Variety 1.5 4.0 22 6.2 1.9 5.1
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Fig. 4 Priority of contribution of measure factors to maize yield and efficiency
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