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Abstract: [Objective ] This research aimed to investigate the characteristics of grain yield, nutrient accumulation and transport

of spring maize before and after flowering under different agronomic management practices, so as to provide theoretical and

technical support for high yield and efficient production of spring maize. [Method] The field experiment was conducted from 2009
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to 2012 in Gongzhuling of Jilin province. The hybrid “Xianyu335” was used as research material. During three consecutive years,
five different agronomic management practices (CK, FP, Opt-1, Opt-2, and Opt-3) were set under the field conditions. The
characteristics of dry matter accumulation, nutrient absorbing and transport were monitored before and after flowering of spring
maize. The influence of grain yield was studied under different agronomic management practices. [ ResultJReasonable densification,
nutrient management and deep scarification were the key measures for high yield of spring maize. The result indicated Opt-3 was
optimal under five different agronomic management practices. Compared with FP, the grain yield and dry matter accumulation of
Opt-3 increased 13.9% and 22.4%, respectively. The number of maize ears in harvest stage contributed yield mostly, and the yield
under Opt-3 was 34.3% higher than that under FP. Under the condition of same amount of fertilizer input between Opt-3 and FP, N,
P and K accumulation of Opt-3 increased by 9.5%, 28.1% and 23.9% than that of FP, respectively. N, P and K translocation rate of
Opt-3 increased by 47.7%, 21.7% and 45.0%, respectively. Partial productivity of N, P fertilizer increased by 14.0% and 4.4%,
respectively. Compared with Opt-1, the grain yield of Opt-3 was further augmented by increasing planting density. When planting
density was increased by 10 000 plant/hm? the grain yield increased 56-346 kg-hm™. Compared with Opt-2, the efficiency of Opt-3
was improved through further optimization of fertilizer, and ANUE of Opt-3 increased 29.5%. Through fertilizer cost accounting,
compared with FP, Opt-3 increased income by 2 218 yuan/hm?. Compared with Opt-1, Opt-3 increased income by 290 yuan/hnr’.
Compared with Opt-2, Opt-3 saved 367 yuan/hm>. [ Conclusion ] By reasonable densification to 70 000 plant/hm?, optimized fertilizer
(N 225 kg-hm™2-P,05 90 kg-hm™K,0 90 kg-hm™) and application period, organic fertilizer (1 500 kg-hm™), added microelement
fertilizer (150 kg-hm™), combined with soil deep tillage, it was a relatively optimized integrated agronomic management mode,
which could realize the synergistic improvement of spring maize yield and efficiency in the middle of northeast China.
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Fig. 1 Precipitation in experiment field during maize growth

stage from 2009 to 2011
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Table 1 Cultivation of different integrated agronomic management practices
JOSE] okt 2 BHE ek AERLIE I Fertilizer application amount (kg-hm?)
Treatment Plant density Tillage Fertilizer I i P 1] e
(<10"plants/hm’) Fertilizing amount  Before seeding Vo6 VT
CK 6.0 KA HERE N 0 — — —
Stubble rotary tillage P 0 o o o
K 0 — — —
T I Microelement 0 — — —
H ML Organic 0 — _ _
FP 5.0 KA TEpk N 225 225 — —
Stubble rotary tillage P 825 825 o o
K 67.5 67.5 — —
f4HEAE Microelement 0 — — _
A HUAE Organic 0 — — —
Opt-1 6.0 KA TEpk N 195 78 117 —
Stubble rotary tillage P 75 75 o o
K 82.5 82.5 — —
L Microelement 60 60 — —
47 HUHE Organic 15000 15000 — —
Opt-2 7.0 6 JEMIRRS N 300 120 120 60
V6-subsoiling P 120 9% 24 o
K 120 96 24 —
A HE Microelement 150 150 — —
47 HUHE Organic 15000 15000 — —
Opt-3 7.0 6 MRS N 225 90 90 45
V6-subsoiling P 90 7 18 o
K 90 72 18 —
fi I Microelement 150 150 — —
HHLUAE Organic 15000 15000 — —
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Pt $eE K Microsoft Excel 2010 %403 5,
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Table 2 The grain yield and its components under different agronomic management practices

F4 psi I LVERE Vi TR [ERaA W=

Year Treatment Grain yield (kg-hm™) Ear number (hm?) Kernel number 100-kernel weight (g) Increase (%)

2009 CK 5991.6b 53000c 38% 29.8b -
FP 8356.6a 45000d 503a 37.2a -
Opt-1 9108.0a 63000a 521a 29.9b 9.0
Opt-2 9142.0a 61000b 504a 30.4b 9.4
Opt-3 9163.7a 63000a 501a 29.8b 9.7

2010 CK 7526.1¢ 58000b 398¢c 33.9¢ -
FP 8945.6b 51000c 479 37.9b -
Opt-1 10019.9a 57000b 455a 40.7a 12.0
Opt-2 10390.4a 67000a 388c 41.7a 16.2
Opt-3 10102.5a 64000a 401b 41.0a 12.9

2011 CK 4457.0c 57000b 288c 27.6b -
FP 9253.0b 47000c 638a 35.2ab -
Opt-1 10639.0a 57000b 558b 32.6a 15.0
Opt-2 11077.9a 62000a 504b 33.5ab 19.7
Opt-3 10985.0a 65000a 504b 32.5b 18.7

AR Sources of variance

£y Year (Y) 15777 15.817 28.55" 104.26"

4t Treatment (T) 85.66" 323" 45.64" 21.85"

A X AL FR YT 8.09™ 11.90" 11.78" 6.87"

[FFEHR EAR PR R R ZEREE (P<0.05). *REZEFEZE (P<0.05), *MLEZERWEE (P<0.01). CK. FP. Opt-1. Opt-2. Opt-3 4 Ht

RSADGHRYFEIAI.

Values followed by different letters in the same column mean significant differences at 0.05 level; * means significant difference at 0.05 level; ** means
significant difference at 0.01 level; CK, FP, Opt-1, Opt-2, and Opt-3 represent integrated agronomic practices, respectively. The same as below
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Ji. A B SRR ST FP. FLAH (R3D
2RI (RO BBt CEM gD , FP. Opt-1.
Opt-2 J Opt-3 BREM B & E BN EF AR
FLER 32.0%—39.8%. 31.3%—38.9%. 31.7%—
36.8%- 30.4%—38.2%. Opt-1. Opt-2 2 Opt-3 [
AL H IR WCE SN 1.2—98.6. 1.7—
120.5. 1.8—122.8 F1 2.0—118.0 kg-hm?, Jk#i

30000 —O0—CK —O—FP ——Opt-1 —A—Opt-2 —K—Opt-3 3001

%)

= 25000

20000

15000

10000

it
Dry matter accumulation (kg-hm
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Fig. 2 Accumulation of dry matter and absorption of N,P and K under different agronomic management practices
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Z558

3 AL A A I, 22 TS TR
ERBYEESTFP (K3) , HAFM2)5 Opt-1.
Opt-2. Opt-3 TR &5 A% FP 1IN 6.7%.
29.9%. 24.7%F125.5%. 33.4%- 23.1%. THHEA
R4 TR S0P RL IR DR 2 3 R I 227 Opt-3
>FP>Opt-2>O0pt-1>CK, 42 J5 CK>Opt-1>Opt-2
>FP>O0pt-3 (3458 BME) o Hrp Opt-3 T4
SBFNTY) TR BAFFRLIR DTRRZE AR 22 T FP 42

i 0.4%F1 11.2%, 22 5% FP MK 0.4%M1 1.7%.
Opt-1. Opt-2 TR BT 22 i 7378 FP A
5.8%- 1.7%, M22J555 i 5.9% 1.7%; Opt-1.
Opt-2 W) TR SRR RLIK D1 R 2 A0 22 111 73 50l #2 FP
FEAE 8.8%+ 3.2%, M-22J5 534 1.4%. 0.5%. i
WIT-4 A= F= 68 ) Opt-3 Hi {558, Opt-1 Fl Opt-2 J&
WS, e L, JE I AR A A BRI O R T
FEA TP R AR B, 3wk b= 5 558 Sl
Opt-3 W T W eI %R L FP $217 8.3%, ZF B,
HEE Opt-1. Opt-2 4 5l =1 19.5%F1 14.8%.
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Table 3 Dry matter accumulation and contribution to grain of spring maize under different agronomic management practices

T4 Ak 2 MRE PR PFFRL TR 2 s
Year Treatment Accumulation of dry matter (kg~hm’2) Accumulation rate (%) Accumulation rate (%) Translocation rate
- 221 BS 225 AS 221 BS 42 )5 AS 225 BS 22 )5 AS (%)
2009 CK 6312.0c 8235.0a 43.4 56.6 2.8 97.2 33
FP 8384.5b 7832.4a 51.7 48.3 19.4 80.6 19.3
Opt-1 9976.0a 9696.2a 50.7 493 13.6 86.4 133
Opt-2 11514.3a 9293.9a 553 44.7 25.4 74.6 23.2
Opt-3 11239.2a 8579.4a 56.7 433 259 74.1 22.8
2010 CK 6028.0b 6480.8d 48.2 51.8 14.2 85.8 15.2
FP 7850.0b 8985.1¢ 46.6 53.4 6.2 93.8 6.6
Opt-1 10154.0a 8739.8¢ 53.7 46.3 213 78.7 19.9
Opt-2 10920.0a 14267.1a 43.4 56.6 1.1 98.9 1.3
Opt-3 9906.0a 11906.0b 454 54.6 6.9 93.1 7.8
2011 CK — — — — — — —
FP 11468.0ab 10453.3¢ 523 47.7 14.7 853 13.6
Opt-1 9433.3b 15800.7a 374 62.6 1.8 98.2 2.6
Opt-2 12480.0a 12831.3b 493 50.7 12.5 87.5 12.8
Opt-3 13408.5a 13097.0b 49.1 50.9 11.9 88.1 12.2

BS-1h 225, AS-REZJ5. R
BS-Before silking; AS-After silking. The same as below

24 FRRFEWEXTEERFENERITNR

5%z
3 P R A 8 BB (Opt-1. Opt-2. Opt-3)

FEAR R S AR R e 22 ¢ FP T3 27.1%.
32.8%F147.7%; EM 22 J5 55 FP V- ¥936 1 13.9%+31.1%
F130.6% (£ 4—6) . AR REREZH X KR
K DTk R B A 227 Opt-3>Opt-2>Opt-1>FP
>CK, M#J5 CK>FP>Opt-1>0pt-2>0pt-3 (3 4
ZiRHME) o Hih Opt-1. Opt-2. Opt-3 FEM AR
TEM: 22 Fi5 FP 20 3 & 9.5%. 13.0%. 16.2%, I
22 J5 4 T BEAR 14.6%- 20.0%- 24.8%; Opt-1. Opt-2.
Opt-3 Z A ZONHFRL I DR 2 0 ik 22 {74 FP 43731
LT 35.9%. 46.6%- 54.8%, 22 J5 43 5] FEAIK 22.0%-
28.6%F1 33.6%, Tt W] 3 FHAOLAL J5 IR A 2 4 A 05
HEPEATWIE M. Opt-1. Opt-2. Opt-3 MR Xz
MY FP EREE, 7l 34.8%. 44.5%F1
47.7%, HoHf Opt-3 #5185 % Lk Opt-1.Opt-2 $2 17 9.6%
1 2.2%.

75 A L0 Al PR I8 A DI eSS RS TS

22 i Opt-2>Opt-3>FP>Opt-1>CK, %5 CK>
Opt-1>FP>O0pt-3>0pt-2 (3 ELRHHE) . Hrp
Opt-2. Opt-3 filf ZF R RAEM LT FP 4) A4 &
8.6% 2.9%, M-22 )57 HIFFK 9.3% 3.2%; Opt-2.

Opt-3 filf 25 R BO0PFF L 1) D1 iR 2 75 1 22 i %8 FP 43 1
1 22.3%- 11.1%, 22 J5 73 B BEAR 13.7%- 6.9%:;
I Opt-1 fiff 25 B 22 F i 2 B 07 R (¥ v ik 26 7
22 TR FP 4 B EAG 4.1%F0 1.3%, M2 )58 FP
Sy A e E 4.5%H1 0.8%, 1X 1] HE AL H T Opt-1 il ik &
&1 FP, A4S AT IA/E D 2 ORI AK, BEAEE I
AWl , WARARTH, EEEYLE T3 b P
CUEA P eI EE X SR s A7 A (A CIE St/ P
FA SR AT AR BN 1 T R 28 3 R Ik 22 i
Opt-3>O0pt-2>Opt-1>FP>CK, %5 CK>Fp>
Opt-1>0pt-2>O0pt-3 (3 ELFJI4MED o Hrp Opt-14
Opt-2. Opt-3 PR KRB LA FP 414
11.7%- 13.6%- 18.7%; M- 22 Ji5 53 T FA% 37.4%- 43.6%
59.6%; Opt-1. Opt-2. Opt-3 B ZFH E6HFRLIE Tk
RAEME 22 HTE FP 20 ll$e e 49.9% 51.5%. 73.9%,
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It 22 J5 43 W R AE 37.9% 39.2%- 56.2%, UihH 3 FhfL RIEEWR S FP 5583, 5 Opt-1 fl Opt-2 L,
b5 AR 24 PR S 2R BT ) S . Opt-3 A4 P EIE R WL 15.0% 6.3%.

*4 TRERFEBRATEERAZRRRIFFRESTEK

Table 4 N accumulation and contribution to grain of spring maize under different agronomic management practices

) 4t e RS REFPRLT HEEHOR
Year Treatment  Accumulation of dry matter (kg-hm?) Accumulation rate (%) Accumulation rate (%) Translocation rate
2217 BS 225 AS 227 BS 225 AS 227 BS 225 AS (%)
2009 CK 46.8¢c 78.0a 37.5 62.5 19.4 80.6 37.7
FP 115.9b 61.3a 65.4 34.6 54.3 45.7 57.8
Opt-1 141.8a 69.2a 67.2 32.8 57.6 42.4 60.4
Opt-2 159.5a 57.4a 73.5 26.5 67.7 323 65.9
Opt-3 144.6a 63.7a 69.4 30.6 61.8 382 63.9
2010 CK — - — — — — -
FP 149.7b 65.4a 69.6 304 523 47.7 42.8
Opt-1 170.7a 48.5b 77.9 22.1 70.9 29.1 579
Opt-2 186.3a 78.2a 70.4 29.6 57.5 425 49.9
Opt-3 166.1a 67.9a 71.0 29.0 59.0 41.0 51.0
2011 CK — - — — — — -
FP 113.3bc 130.7a 46.4 53.6 7.4 92.6 8.6
Opt-1 136.5b 117.8b 53.7 46.3 26.5 73.5 28.9
Opt-2 161.0a 102.2b 61.2 38.8 41.9 58.1 42.0
Opt-3 179.4a 75.2¢ 70.5 29.5 55.7 443 46.3

*5 ARERFEBRNTEERBRRRRITFFRESTEK

Table 5 P accumulation and contribution to grain of spring maize under different agronomic management practices

FEA Ab AR BRE P RL TR 2 a0
Year Treatment  Accumulation of dry matter (kg-hm™) Accumulation rate (%) Accumulation rate (%) Translocation rate
2217 BS 225 AS 227 BS 225 AS 227 BS 225 AS (%)
2009 CK 26.6b 40.4¢ 39.7 60.3 29.2 70.8 60.1
FP 35.3b 63.3b 35.8 64.2 19.0 81.0 40.6
Opt-1 38.4b 82.1a 31.9 68.1 19.5 80.5 50.6
Opt-2 53.5a 66.2b 44.7 55.3 385 61.5 743
Opt-3 50.9a 67.1b 43.1 56.9 37.1 62.9 75.1
2010 CK — — - - - - —
FP 52.8b 18.8ab 73.8 26.2 64.0 36.0 59.6
Opt-1 65.4a 22.2a 74.7 253 68.4 31.6 66.2
Opt-2 73.5a 27.0a 73.1 26.9 67.1 329 69.2
Opt-3 59.2b 33.9a 63.6 36.4 51.5 48.5 58.9
2011 CK — — - - - - —
FP 38.8b 44.8b 46.4 53.6 313 68.7 51.1
Opt-1 49.3b 65.2a 43.1 56.9 24.9 75.1 42.0
Opt-2 61.2a 59.5ab 51.6 48.4 342 65.8 45.6

Opt-3 62.8a 52.6ab 53.9 46.1 38.4 61.6 50.0
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Table 6 K accumulation and contribution to grain of spring maize under different agronomic management practices

4y 4t T RS REFPRLT BEENOR
Year Treatment Accumulation of dry matter (kg-hm™) Accumulation rate (%) Accumulation rate (%) Translocation rate
2217 BS 42 )5 AS 227 BS 225 AS k227 BS 22 )5 AS (%)
2009 CK 78.1b 27.5b 74.0 26.0 353 64.7 14.7
FP 117.9b 60.9a 65.9 34.1 22.1 77.9 12.2
Opt-1 163.8ab 22.0b 88.2 11.8 76.1 23.9 26.9
Opt-2 188.4a 19.6b 90.6 9.4 81.9 18.1 25.9
Opt-3 173.8a 13.7¢ 92.7 7.3 89.0 11.0 29.1
2010 CK — - — — — - —
FP 112.6b 3.4c 97.0 3.0 85.7 14.3 23.0
Opt-1 134.9a 53¢ 96.2 3.8 71.9 22.1 9.9
Opt-2 148.7a 29.9a 833 16.7 50.6 49.4 15.5
Opt-3 145.5a 15.3b 90.5 9.5 672 328 16.9
2011 CK — - — — — - —
FP 84.6¢ 45.2a 652 34.8 21.8 78.2 133
Opt-1 114.1b 47.7a 70.5 29.5 40.2 59.8 24.5
Opt-2 156.2a 26.4b 85.5 14.5 63.8 36.2 25.0
Opt-3 156.1a 21.9b 87.7 12.3 69.2 30.8 24.4
2.5 FOMRETH B A 22 7™ D 73 S 6 0 23.3% . 4.4% (3 A4 R

5 FP AHEL#L, Opt-1. Opt-3 4 2% & B R BIE) o 4 Bhaga A 208 e X8 200 0w A4 7 )
) 2 T K SR8 D 2E 7= ) R0 w IR O 2B 2 O B R Tl AE A 25 77 R B0 AR A 2B 77 )1 ) LA Opt-2 b 1
s A U AR PR A BN 29.5% . 14.0%, .

R TRRFEBEXTEEKRR. #. WRESD

Table 7 Partial factor productivity of N, P, and K under different agronomic management practices

oy st VR ] W ™ 3 PR A
Year Treatment Partial factor productivity of N Partial factor productivity of P Partial factor productivity of K
2009 CK — — —
FP 37.1d 101.3b 123.8a
Opt-1 46.7a 121.4a 110.4b
Opt-2 30.5¢ 76.2¢ 76.2d
Opt-3 40.7b 101.8b 101.8¢
2010 CK — — —
FP 39.8¢ 108.4¢ 132.5a
Opt-1 51.4a 133.6a 121.4b
Opt-2 34.6cd 86.6d 86.6d
Opt-3 44.9b 112.2b 112.3¢
2011 CK — — —
FP 41.1c 112.2¢ 137.1a
Opt-1 54.6a 141.9a 129.0ab
Opt-2 36.9d 92.3d 92.3c

Opt-3 48.8b 122.1b 122.1b
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3 it
3.1 FRARFEEEATEERAESBK HREL
e T

B AIEAL. RIAFHE —BH DURHS 24
IR SR eI & SN S5 3 N Al N /5774
FEIE 38 02 S5 A SE AN, FE U Ik AR LA
SEEGAMENL, RT3 B A A TR,
Opt-1. Opt-2 J Opt-3 # FP 5 12.1%- 15.3%
113.9%, HH Opt-3 =25 Opt-1 35 1.6%, 5
Opt-2 [ 1.2%, Opt-3 (14 i1z 545 Opt-1.Opt-2
Iy AR 35.7% 10.5%, FEAS ORI IR 19.5%
14.8%, ] Wil A 27 07 I S8 G ) T FEAE 4
RIBER, AR R e S 7E A
WA S AR B R e, G fer S B R A1 R
Ear B KA, 5 AR AN [F] IR A i I 45
B LR AT B R A AR S A
718 7 B R R T A P, 38 T S U 4
. BELmASWIMEBIRILE, TR RE
FRHEPY, B s ammiR 24K, fuig
B URAL S8 5 5 7t DA R A MR 8% IE 6] 3 e 1) AR B 34
i, SRR ARG D), A IERE RSO E PR A R
S IR KRB Opt-3 AEfgSBl e sk,
Opt-1 LW#, WA r=ie )1 L& Opt-3 22 Fif i s
5, FALARPRL AT 2, PR B PIRR
BEAE 2274 Opt-1 43 AN 12.6% 12.5% 9.3%:
22 J5 3 SN 3.1%. 3.7%- 5.8%. Opt-3 % Opt-2
BN AL 25%, HA g, . SR R et 2
HIEE Opt-2 43 B> 2.2%. 7.9%. 10.6%; M2 )5
AR 6.9% 6.2%. 6.5%, FEiE. T E &
L8 R I BT v . Opt-3 55 FP it I AR,
B WL BRSO 2 B N 9.5% 23% A1 5.9%, %
FRIEEHR 2 500 o/t EEBEIRES 3 500 Jo/t, MilR
B2 500 0/t KM 1 800 o/t 4, Opt-1 % FP
WLERLEA 64 J0/hm?, PR IS 1928 Ji/hm?,
TR 1 992 Ju/hm?; Opt-2 Fl Opt-3 43 5% FP
BN ACE A 450 J6/hm*. 83 Jo/hm?, 7RI AN
A5 2 434 J6/hm?’. 2 218 Ji/hm?, Opt-2 Fl Opt-3 4355
B 1984 J6/hm?, 2 135 JG/hm?s KM Z 53435
TR K R K, Opt-3 NIRALI g s R E
R
3.2 ARRFEFPRR T LIE-IRAZ-IEW B

B RGO AN [ A 2 AR U R oK R EAL

VR R R AT T REHTEPY, fEH Opt-2
W R T AL AR R, 32 RO LRI ] & ik
300 kg-hm™®, 4% 3 Wi, EBEIEAL, WIKRHERE
WEER TR, BACAET GFhD FERINReE
AISRAOI AR o AR AT A 2808 0 L3, b 3
AR BT A7 Lo, 8- goaEtE, MR L e SsE
P AT R0, Opt-3 78 12 JEMBISE T2 (30—
60 cm) HRFEM A, PG It AL BE T D Al S AT
TR, R TR R FILR R 5 FP
FHELEZ, Opt-1 J Opt-3 A 2# A B T 4 KA
Pt =y R A, T 29.5%. 14.0% (3 4
SEROPID , YA REKOE. AR R A ) A AR
A= JJWILL Opt-1 4bFids =, Opt-2 AbFRERAR, Xt
] Opt-2 AbEEREARL S K,  HARBAEYIA BRI
FIH . Opt-3 M. . FIAEMW A== 1% Opt-2 4w f
S —50, 490 31.8%, 8¢ Opt-1 435 FEAE 11.9%-15.3%-
6.8%, ] WL Opt-2 b FE R ZUIEF) ] 210
HA B BFAE A7 3K T 5 FP AR i —
1 Opt-3, ML ULHI T Opt-2 Kb 1EH Wi 1)
R B WIRR R S e i EREAER, A
AR BB DR UEAE DI A4 BT 12 S 37 0 WO 2
HIOHTHE T, Opt-3 it it — AL IR, 1 i
AHEL, $h PR TTER, ST R A
PR

4 i

5 318 FP A UAH LG, Opt-3 Ab BRI A0
I 34.3%, 77 & F ) 5 B AR 4l 0 13.9% A
22.4%., Opt-3 Ab#5 FP AR &8, k.
PRNC I s, ERERRA W, T SRR S RS
9.5%- 28.1%F1 23.9%, %« M. B B HIE R )1
TN 47.7%- 21.7%K1 45.0%, ZAEImA=7= 77380 14.0%,
TN i 2 7= 7 3880 4.4%, SR B T BP0 B Ax . W
FERW], MIIE MBI (70 000 #k/hm?) | FRI> I
(N 225 kg'hm?. P,0s 90 kg-hm™. K,O 90 kg-hm™.
FEIED) o AHLEEAE (15 000 kgrhm™) FIERFA et w]
PASEIRZR AL i oK SRR (1 P [ 32 T
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