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Abstract: Heat resources are abundant in the Jinzhong Basin and can be used for dehydration in the late growth stage of spring
maize. Lodging resistance is the key limiting factor for direct mechanical grain harvesting in this region. High planting density
and harvest delay are important factors for the development and popularization of mechanical grain harvesting technology, but
lodging in the late growth stage of maize limits the increase in planting density. One problem with implementing spring maize
mechanical grain harvesting technology in the Jinzhong Basin is the selection of an appropriate planting density with high
yield and lodging resistance. A field experiment was conducted in the Dongyang Experiment and Demonstration Base of
Shanxi Academy of Agricultural Sciences from 2017 to 2019, with three planting densities (6.0x10%, 7.5x10* and 9.0x10"
plants:hm?) and 29 maize cultivars. Changes in lodging at three planting densities were analyzed after the spring maize ma-
tured physiologically. The results showed that the average lodging rate for three planting densities at physiological maturity
was 0.4% (6.0x10* plants-hm™2), 1.2% (7.5x10* plants-hm™), and 2.5% (9.0x10* plants-hm™). After physiological maturity, the
average lodging rate increased significantly (P<0.05). For every 10 days of delay, the lodging rate for three planting densities
increased by 0.2 (6.0x10* plantshm™), 0.7 (7.5x10* plants-hm™) and 1.5 (9.0x10* plants-hm ) percentage points. The na-
tional standard GB/T 21962—2008 mentions that the lodging rate of maize should be less than 5% under mechanical grain
harvesting conditions. According to the fitting equation, the lodging rate for the 9.0x10* plants-hm™ density was higher than
5% after October 2. However, the lodging rates for the 6.0x10* plants-hm™ and 7.5x10* plants-hm™ densities were less than
5% until November. Therefore, maize grown at 6.0x10* plants-hm™ and 7.5x10* plants-hm 2 could make full use of the local
accumulated temperature for dehydration. According to the two-way average method with yield and lodging rate of the harvest
period, the varieties and densities with high yield and lodging resistance in three years were always ‘Jinkeyu3306° (7.5x10*
plants-hm?), ‘Jinkeyu3306° (9.0x10* plants-hm™?), ‘Dika517° (7.5x10* plants-hm™2), and ‘Huanong887’ (7.5x10* plants-hm?).
The average yield was 14 091.8 kg-hm™, and the average lodging rate was 1.7%. These varieties and densities of spring maize
were suitable for mechanical grain harvesting in the region. The planting densities of 6.0x10* plantshm™ or 7.5x10*
plants-hm™ were suitable according to the annual precipitation, irrigation conditions, and the density tolerance of the varieties
to achieve high yield and lodging resistance.
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805 m, 9.8 388.0 mm, 36 m’ 1 , 60 ; 2018 16 ,
70% 6—9 158 d, 6 6 mx6 m=36 m*, 3 ,
=10 3600 10 6 mx6 m=36 m*, 1 ,
, 84 2019 17 , 6
0~20 cm 13.2 gkg™!, 6 mx6 m=36 m’, 3 , 11
1.27 gkg™" 0.90 gkg™ 6 mx6 m=36 m%, 1 , 87 3
27.32 gkg !, 53 , 29 2017 2018 2019
39.8 mgkg' 4.3 mgkg!' 177.4 mgkg !, 5 8 4 24 4 24 2017
7 12 g8 11 ,
, , 6.0 hm™ 825 m’-hm™?; 2018 6 24 7
7.5 ‘hm™? 9.0 ‘hm? 3 ; 8§ 3 , 2019 6 6
, 3 , 30 7 7 8 13 ,
525 m’-hm™
( 1) 2017 20 , 8 1000 kg-hm *(N-P,05-K,0: 26.5-11.5-0),
6mx12m=72m% 12 6 mx6 m=
Fz1 2017—2019 FiX 18 E K R FH
Table 1 Maize cultivars of experiment from 2017 to 2019
Year Cultivar Cultivars number
958 1 3306 517 913 887 5 1453 1 Q9916
DF6396 L1S2042 1622 9953 668 72 696 kx9384 102 919
2017 Zhengdan 958, Lishou 1, Jinkeyu 3306, Dika 517, Dongdan 913, Huanong 887, Guangde 5, Zhang 1453, Huamei 1, 20
Q9916, DF6396, LS2042, Xianyu 1622, Yudan 9953, Longsheng 668, Bingdan 72, Xianyu 696, kx9384, Zhonghang
102, Deyu 919
958 1 3306 517 1 8911 913 887 5
2018 728 Q9916 DF6396 DF607 638 674 88 16
Zhengdan 958, Lishou 1, Jinkeyu 3306, Dika 517, Huamei 1, Zeyu 8911, Dongdan 913, Huanong 887, Guangde 5,
Jingnongke 728, Q9916, DF6396, DF607, Lidan 638, Kewo 674, Zhongdi 88
958 1 3306 517 1 88 913 887 5
2019 728 Q9916 DF6396 DF607 DF617 909 8911 30 17
Zhengdan 958, Lishou 1, Jinkeyu 3306, Dika 517, Huamei 1, Zhongdi 88, Dongdan 913, Huanong 887, Guangde 5,
Jingnongke 728, Q9916, DF6396, DF607, DF617, Ruipu 909, Zeyu 8911, Dafeng 30
1.2 , (
1.2.1 14%)
, 1.2.4
45°, , (53776) 15 km,
, 1981—2010
; 1 , 2017—2019
,2017 5 2018 4 ,2019 4 ,
( ) 1.2.5
(%)= / *x100 Excel , DPS ,
1.2.2
, 2 HZRE55H
2.1
1.2.3 (1981—2010 ) (
1 ) 1), ,
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Fig. 1

during spring maize growth season and after physiological maturity
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Table 2 Available dehydration time in the field after physiological maturity of different spring maize cultivars in 2017-2019

2017 2018 2019
- - -
v Mhuloselmn i Tolegelm e sl
958 Zhengdan 958 09-28 958 Zhengdan 958 09-17 958 Zhengdan 958 09-14
1 Lishou 1 09-27 1 Lishou 1 09-20 1 Lishou 1 09-14
3306 Jinkeyu 3306 09-26 3306 Jinkeyu 3306 09-13 3306 Jinkeyu 3306 09-13
517 Dika 517 09-26 517 Dika 517 09-13 517 Dika 517 09-10
913 Dongdan 913 09-25 913 Dongdan 913 09-11 913 Dongdan 913 09-07
887 Huanong 887 09-20 887 Huanong 887 09-12 887 Huanong 887 09-09
5 Guangde 5 09-21 5 Guangde 5 09-06 5 Guangde 5 09-08
1453 Zhang 1453 09-23 728 Jingnongke 728 09-06 728 Jingnongke 728 08-30
1 Huamei 1 09-19 1 Huamei 1 09-06 1 Huamei 1 09-04
Q9916 09-25 Q9916 09-11 Q9916 09-11
DF6396 09-27 DF6396 09-17 DF6396 09-12
LS2042 09-20 DF607 09-11 DF607 09-10
1622 Xianyu 1622 09-21 88 Zhongdi 88 09-20 88 Zhongdi 88 09-16
9953 Yudan 9953 09-19 8911 Zeyu 8911 09-13 8911 Zeyu 8911 09-11
668 Longsheng 668 09-23 638 Lidan 638 09-13 909 Ruipu 909 09-11
72 Bingdan 72 09-23 674 Kewo 674 09-14 DF617 09-10
696 Xianyu 696 09-23 30 Dafeng 30 09-04
kx9384 09-19
102 Zhonghang 102 09-26
919 Deyu 919 09-19
Average 09-23 09-13 09-11
50% f:g‘r)ﬁ”idence interval 09-20—09-26 09-11—09-14 09-09—09-12
Days of 34~40 46~49 48~51
available dehydration (d)
0; 2018 1.5%, 75 ‘hm™
‘DF607°, ° 638’ 4 5.1%,
0; 2019 GB/T 21962—2008 <5.0%
¢ | D 913> ¢ 5 7 ¢ 30°, 9.0 hm™ 3
¢ 887° ‘Q9916° ‘DF6396° ‘DF607’ ‘DF617” s
909’ ° 8911° 0 8.1%, 11.8%,
; 2018 2019 3
4 , , 2018
, 6.0 hm? 75 hm™
(P<0.05) , 1.5%  3.4%, 9.0 ‘hm?
2017 6.0 ‘hm? 7.5 ‘hm™ 6.8%, 2019 ,
, 60  -hm’ , 5.0%
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2.4 , 3 10 d
X Y 0.2 0.7 1.5
(%), GB/T 21962—2008
( 6) 2019 6.0 hm ™ 5% ,
, R? 0.9, ,3 6.0 hm™? 11
, , 10 , 7.5 ‘hm™? 2017 2018
, 6.0 ‘hm? 7.5 hm 10 20 1110 ,2019
9.0 hm™ 0.4% 12% 2.5% 1110 , 9.0 hm? 2019
10d ,2017 11 9 , 2017 2018 9
6.0 hm? 7.5 hm? 9.0 hm ™ , 10 2
10 d 03 12 25 , 3 ,
2018 03 06 1.1 ,2019 6.0 ‘hm™
0.1 03 08 3 7.5 hm™

R 6 20172019 FARRMEEEFE REEMAE RIBILFF AN
Table 6 Prediction of the latest standing stage after physiological maturity of spring maize with different densities in 2017-2019

10d
- -

Plant densit o ) R? S 1 . Lodging rate increasing . . -
Year 10‘3n1 en.Sli Y, Fitting equation ample Lodglpg rate at every 10 days after Physmlo.glcal Predlctlor‘l of the
( plants-hm ) s1ze physiological hysiological maturit maturity latest standing stage
maturity (%) physio og(ll;a) maturity (month-day) (month-day)
0
2017 6.0 »=0.0285x+0.5721 0.9573 60 0.6 0.3 09-23 —
7.5 y=0.1191x+1.7525 0.9463 60 1.8 1.2 09-23 10-20
9.0 y=0.2527x+4.0682 0.9120 60 4.1 2.5 09-23 09-26
2018 6.0 »=0.0304x+0.4957 0.9657 84 0.5 0.3 09-13 —
7.5 »=0.0559x+1.6802 0.9732 84 1.7 0.6 09-13 11-10
9.0 y=0.1078x+3.1327 0.9857 84 2.1 1.1 09-13 09-30
2019 6.0 y=0.0104x-0.107  0.8887 87 0.0 0.1 09-11 —
7.5 »=0.0258x-0.1602  0.9670 87 0.0 0.3 09-11 —
9.0 y=0.0777x+0.3659 0.9853 87 0.4 0.8 09-11 11-09
6.0 0.4 0.2 09-15 —
Average 7.5 1.2 0.7 09-15 11-09
9.0 2.5 1.5 09-15 10-02
— 11 10 “—" shows after Nov. 10.
2.5 2.6
3 (G
—2
. 7.5 ‘hm , s
2017 60  hm” 75  hm”
, (P<0.05)  5.5%, 9.0 , ,
‘hm? , 2.3%; 2018 , (
6.0 hm™ 7.5 hm? 8) |
(P<0.05) 11.7%, 9.0 hm? ,
;2019 6.0 ‘hm™ 75 ||
‘hm’? 2.9%, 90  hm? , ,
, 7.5 ‘hm™ (P<0.05) 5.1% ° ;1 ,
517« 3306’ 3 R R R
; DF607 2 ; vV
, ; 1 ‘DF617’ , ,
¢ 102’
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3 ‘ 3 itie
3306°(7.5 hm™?) * 3306°(9.0 hm™?) 11
‘ 517°(7.5 ‘hm™?) ¢ 887°(7.5
hm?), 1.7%,
14 091.8 kg-hm™2,
;3 ( ’ (
) ‘ 1 3306 ,
517" ¢ 1 913" ¢ 887" ¢ 5 ,
‘Q9916°  ‘DF6396°(6.0 hm?) ¢ 1 [1,10-12,23-25]
‘ 1 913° <Q9916° (7.5 ‘hm?),
1.2%, [5.23] ,
12 471.4 kg-hm 2, 2013—2017 11 41
; 3 ( =,
) ‘ 958°(6.0  4.76%, (GB/T 21962—2008)<5%
hm? 7.5 ‘hm? 9.0 hm?) ¢ , ,
517°(9.0 ‘hm™) ¢ 1 (9.0 -hm™), ,
16.0%, 13 142.2 26,
kg-hm™2, )
, 4 5 ,
2 5~7
‘DF607°(6.0 ‘hm™? 7.5 hm™); 1, 2~4
‘DF617°, 3 3 ,
2.7 3.2
8 , ,
, , 7.5 hm™ =,
6.0 hm™? 13.2 ,9.0 hm™ " ’
7.5 hm™ 40.9 ’
, 2017 ’
> > ’ [14-19,27-29]
6.0  hm? ;2018 , . ’
5 > [30] , [21]
75 hm> , 6.0 ’ ’
hm? 45 90  hm? 3 , ’ ’
’ , 6.0 hm™? 7.5 hm? 9.0
75 hm? 2019 ’ hm 2 0.4% 1.2%
4 > 73 2.5%, 10d
hm™ : 6.0 0.2 0.7 1.5 , GB/T
hm™ 1.4 9.0 ‘hm? 2, 21962—2008 ,
, , 9.0 hm ™
6.0 hm? 7.5 hm 10 , 6.0 ‘hm? 7.5 hm™
11
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[31]

33

[18,32]
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[5-8]
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< 51775
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7.5

10 -hm

11

‘hm2 7.5

3

3
3306°(7.5
< 51775

~hm’2) ¢
‘hm?)

‘hm?)
‘hm?),

3306°(9.0
887°(7.5

3

]

7.5

S 3wk References
[1]

[8,21]
2

(1.
265-272

LI S K. Factors affecting the quality of maize grain mechani-

, 2017, 35(3):

728°
[19]

7.5 cal harvest and the development trend of grain harvest tech-
nology[J]. Journal of Shihezi University: Natural Science,

2017, 35(3): 265-272

[J1. ,2016, (4): 1-6
LI S K, WANG K R, XIE R Z, et al. Implementing higher
population and full mechanization technologies to achieve
high yield and high efficiency in maize production[J]. Crops,
2016, (4): 1-6

. GB/T 21962—2008
,2008

http://www.ecoagri.ac.cn



868 ( ) 2021 29
General Administration of Quality Supervision, Inspection [J]. ,2019, 47(10): 1778-1782
and Quarantine of the People’s Republic of China, China JIANG C X, YANG K, ZHANG D M, et al. Study on me-
National Standardization Management Committee. GB/T chanically harvesting maize cultivar selection in medium-late
21962—2008 Technical Requirements for Maize Combine maturity region of Shanxi Province[J]. Journal of Shanxi Ag-
Harvester[S]. Beijing: China Standards Press, 2008 ricultural Sciences, 2019, 47(10): 1778-1782

[4] , . [1. [14] , , .

,2017,50(11): 2018-2026 [J7. , 2018, 26(4):
WANG K R, LI S K. Progresses in research on grain broken 118-125
rate by mechanical grain harvesting[J]. Scientia Agricultura MA X J,LUMY, XING C J, et al. Effects of planting density
Sinica, 2017, 50(11): 2018-2026 on stalk and lodging-resistance in summer maize[J]. Journal
[5] s s S of Maize Sciences, 2018, 26(4): 118-125
[J1. , 2018, 44(12): 1774-1781 [15] R s ,
XUE J, LI L L, XIE R Z, et al. Effect of lodging on maize [1]. , 2017, 25(3):
grain losing and harvest efficiency in mechanical grain har- 356-364
vest[J]. Acta Agronomica Sinica, 2018, 44(12): 1774-1781 LIU X L, MA X J, DOU P, et al. Effect of planting density on
[6] s R , . stem characteristics and yield of summer maize in the Hilly
[J]. ,2018, 44(12): 1782-1792 Central Sichuan Basin, China[J]. Chinese Journal of
XUE J, WANG Q, LI L L, et al. Changes of maize lodging Eco-Agriculture, 2017, 25(3): 356-364
after physiological maturity and its influencing factors[J]. [16] s s s
Acta Agronomica Sinica, 2018, 44(12): 1782-1792 [J1. , 2019,
[7] s , s 52(4): 629-638
[J1. , 2020, 28(6): 116-120 XUTIJ,LYUTF, CHEN C Y, et al. Effects of plant density
XUE J, DONG P F, HU S P, et al. Effect of lodging on maize and plant growth regulator on stalk traits of maize and their
grain loss and loss reduction technology in mechanical grain regulation[J]. Scientia Agricultura Sinica, 2019, 52(4):
harvest[J]. Journal of Maize Sciences, 2020, 28(6): 116-120 629-638
(8] , , ; [17] , , .-
[J. ,2018,51(10): 1845-1854 [J1. ,2017,25(3): 94-98
XUE J, WANG K R, XIE R Z, et al. Research progress of WANG R H, XU T J, ZHAO J R, et al. Effects of sowing date
maize lodging during late stage[J]. Scientia Agricultura Sinica, and planting density on maize grain mechanical harvesting
2018, 51(10): 1845-1854 related traits[J]. Journal of Maize Sciences, 2017, 25(3):
[9] , s 94-98
— (1. (18] , , .
,2014,30(14): 165-172 [J1. , 2018, 26(5): 71-77
PAN W G, GONG Z L, LU H Y. Factors analysis on produ- GUO S L, CHEN N N, QI J S, et al. Study on the relationship
cers’ application of mechanized maize harvesting — based between yield and lodging traits of maize under different
on empirical research of Shandong Province[J]. Chinese Ag- planting densities[J]. Journal of Maize Sciences, 2018, 26(5):
ricultural Science Bulletin, 2014, 30(14): 165-172 71-77

[10] , ; . [19] , , ;

[J1. ,2018,26(4): 63-67 [J71. s
GONG S, GUO Z Y, ZHANG Z D, et al. Analysis of rela- 2019, 51(6): 97-101
tionship between maize grain moisture content and quality of CAO B, ZHU Z W, SHAN J, et al. Effects of nitrogen ferti-
mechanical grain harvest in Shanxi[J]. Journal of Maize Sci- lizer and planting density on physiological characteristics,
ences, 2018, 26(4): 63-67 yield, nitrogen partial factor productivity and lodging resis-

[11] s , , . tance of summer maize[J]. Shandong Agricultural Sciences,

[J1. , 2018, 26(5): 117-122 2019, 51(6): 97-101

LI H, YAN X G, WANG G L, et al. Cultivars selection of [20] s s s .

high yield spring maize suitable for mechanical kernel harvest [J1.

and field demonstration in Shanxi[J]. Journal of Maize Sci- ,2019, 40(2): 19-25

ences, 2018, 26(5): 117-122 LIU Q S, XIAO Y, XU Y P, et al. Study on traits of spring
[12] s s s maize with standing time in field after physiological ripe-

[1]. ,2017,33(24): 20-26 ning[J]. Journal of Inner Mongolia Agricultural University:

NIU X X, ZHANG J, YAO H L, et al. Selection of mechani- Natural Science Edition, 2019, 40(2): 19-25

cal harvest maize varieties in Shanxi Province[J]. Chinese [21] THOMISON P R, MULLEN R W, LIPPS P E, et al. Corn re-

Agricultural Science Bulletin, 2017, 33(24): 20-26 sponse to harvest date as affected by plant population and
[13] s s s hybrid[J]. Agronomy Journal, 2011, 103(6): 1765-1772

http://www.ecoagri.ac.cn



869

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

> 5 >

[J1. , 2018, 44(12): 1755-1763
GAO S, MING B, LI L L, et al. Relationship between grain
dehydration and meteorological factors in the Yellow-Huai-
Hai Rivers summer maize[J]. Acta Agronomica Sinica, 2018,
44(12): 1755-1763
[J1. , 2018, (3): 162-167
LI S K, WANG K R, WANG Y B, et al. The quality of me-
chanical harvesting maize grain and its influencing factors in
central Liaoning Province[J]. Crops, 2018, (3): 162-167
s s , . /

[J]. , 2019, 27(3):
122-126
WANG Y H, ZHAO R L, LI H Y, et al. Exploration on tech-
nology mode of grain mechanical harvest under the condition
of low grain moisture and dense planting in Ningxia Yellow
River irrigation area[J]. Journal of Maize Sciences, 2019,
27(3): 122-126

(1. )
2018, 51(10): 1890-1898
ZHANG W X, MING B, WANG K R, et al. Analysis of sow-
ing and harvesting allocation of maize based on cultivar ma-
turity and grain dehydration characteristics[J]. Scientia Agri-
cultura Sinica, 2018, 51(10): 1890-1898
[J1. ,2012, 43(S1): 175-179

GAO W, CHEN Z, HUANG Y X, et al. Analysis of influen-
cing factors on farmers’ adoption of maize mechanized har-
vesting in Jilin Province[J]. Transactions of the Chinese So-
ciety for Agricultural Machinery, 2012, 43(S1): 175-179
NOVACEK M J, MASON S C, GALUSHA T D, et al. Twin
rows minimally impact irrigated maize yield, morphology,
and lodging[J]. Agronomy Journal, 2013, 105(1): 268-276
XUE J, GOU L, ZHAO Y S, et al. Effects of light intensity
within the canopy on maize lodging[J]. Field Crops Research,
2016, 188: 133-141

> 5 >

[30]

[31]

[32]

[33]

B34]

[J71. , 2007, 33(10): 1688-1695
GOU L, HUANG J J, ZHANG B, et al. Effects of population
density on stalk lodging resistant mechanism and agronomic
characteristics of maize[J]. Acta Agronomica Sinica, 2007,
33(10): 1688-1695
[J]. , 1999, 30(3):
215-218
GAO Z G, CHEN J, ZOU Q D, et al. Study on relationship of
pathogen types with condition for disease occurrence maize
ear rot and stalk rot[J]. Journal of Shenyang Agricultural
University, 1999, 30(3): 215-218
[J1. , 2012,
(5): 126-130
LIU X, XIE R Z, NIU X K, et al. Effects of planting density
on lodging resistance performance of maize varieties of dif-
ferent eras in north-east China[J]. Crops, 2012, (5): 126-130
[J1. , 2019, 27(5):
15-21
XU Y Y, MA QM, SONG X Y, et al. Cluster and correlation
analysis of lodging-resistance and yield related traits in dif-
ferent maize varieties[J]. Journal of Maize Sciences, 2019,
27(5): 15-21
[J]. (
), 2020, 28(4): 545-557
WANG J T, DONG X L, XIAO Y, et al. Analysis of kernel
dry down process after physiological maturity of spring maize
based on diffusion theory in the North China[J]. Chinese
Journal of Eco-Agriculture, 2020, 28(4): 545-557
(1. )
2017, 32(5): 216-223
DENG Y, WANG C Y, ZHAO L, et al. Effects of population
density on the stem traits and soil moisture in maize and their
correlation with yield and lodging rate[J]. Acta Agriculturae
Boreali-Sinica, 2017, 32(5): 216-232

http://www.ecoagri.ac.cn



