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Effects of varieties collocation between crop seasons on the yield and resource
use efficiency of maize—late rice cropping in Hubei province
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Abstract: Maize-late rice cropping (M—R) is considered to coordinate the production of food and feed crop. In recent years, M—R
has begun to develop in the middle reaches of the Yangtze River. However, technologies have not been systematically studied and
improved for its higher yield and higher resources use efficiency. Especially, a reasonable collocation of varieties between maize
and late rice seasons is an important basis to realize the yield potential of M—R, and still is under evaluation. In this study, differ-
ent maize and late rice varieties were selected and collocated to different M—R modes. Their yield performance and use efficiency
of resources were detected in different regions of Hubei province in 2015 and 2017. The results showed that under different heat
conditions, the varieties collocation modes had significant effects on the annual yield of M-R and the production efficiency of
resources. The modes of medium maturity maize-late indica rice cropping had obviously higher annual yield and resource produc-
tion efficiency under higher accumulated temperature (GDDs,¢-c); on the contrary, the annual yield and resource production effi-
ciency of the modes of early maturity maize-late indica rice cropping were higher under lower GDD5¢oc. The utilization percent-
age of the annual effective GDDs,¢-c of each varieties combination mode could reach 95.6%—100.0%, and the distribution ratio of
GDD:s, ¢, between previous and subsequent season (TR) had a significant non-linear relationship with the relative annual yield of
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M-R. When the utilization percentage of GDDs¢c was 97.0%-98.5% and TR was 1.06—1.08, M—R could obtain highest annual
yield. Therefore, suitable varieties of maize and late rice could be selected according to the local heat resource and reasonable TR.
In summary, high-yield maize varieties with a growth period of 125 days and late rice varieties with a growth period of 140 days
should be selected for the southern regions with higher GDDs¢c, while high-yield maize varieties with a growth period of 120
days and late rice varieties with a growth period of 130 days should be selected for the middle and northern regions with relatively
lower GDDs¢ec in Hubei province.

Keywords: maize-rice double cropping; varieties collocation; yield; seasonal distribution of climate resources; resource
production efficiency
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Table 1 Basic physical and chemical properties of soil at the experimental plots

Organic matter Total nitrogen Total phosphorus Total potassium Available phosphorus

Experimental plots

Exchangeable potassium

(gkgh (gkgh (gkgh (gkgh (mg kg™ (mgkg™)
Zhanghe 22.8 1.27 0.69 4.96 13.38 88.80
Qujialing 25.2 1.44 0.59 18.02 9.83 179.60
Meijiadun 20.59 0.65 1.51 7.67 24.86 71.75
1.2 2
b b 3 b
b
, (EM-IR) 240 m?, 60 m?;
(MM-IR) 156 m?, 78 m?;
(EM-JR) 174 m?,
(MM-JR) 4 87 m’
®2 BRESEAMERSGRERMREERER
Table 2 Selected maize and late rice varieties and their collocation modes
Experimental years and plots Crop variety EM-IR EM-JR MM-IR MM-JR
2015 958 958 771 771
Zhanghe in 2015 Varieties of spring maize Zhengdan 958 Zhengdan 958 Handan 777 Handan 777
953 17 953 17
Tianliangyou 953  Ewan 17 Tianliangyou 953 Ewan 17
Varieties of late rice 036 036
Huanghuazhan Tianyuanjing 036 ~ Huanghuazhan Tianyuanjing 036
2017 6 6 618 618
Qujialing in 2017 Varieties of spring maize Xingken 6 Xingken 6 Denghai 618 Denghai 618
953 17 953 17
Varieties of late rice Tianliangyou 953  Ewan 17 Tianliangyou 953 Ewan 17
2017 6 6 618 618
Meijiadun in 2017 Varieties of spring maize Xingken 6 Xingken 6 Denghai 618 Denghai 618
953 17 953 17
Varieties of late rice Tianliangyou 953  Ewan 17 Tianliangyou 953 Ewan 17

EM-IR: early maturity maize varieties cropping with indica rice varieties; EM—JR: early maturity maize varieties cropping with japonica rice

varieties; MM—IR: medium maturity maize varieties cropping with indica rice varieties; MM—JR: medium maturity maize varieties cropping

with japonica rice varieties.

1.3 , ,
3

, 1.8 m , 30 ,
1.5 m, 0.3m , 60 ,
cm, 22 cm, 75,757  hm™ 6 20 25

270 kg N hm 2, 50% , , 25 cm 13 cm
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Fig. 2 Effective growing degree days (GDD:¢c) in crop growing seasons and the ratio of GDD between maize and rice season (TR)
under different varieties collocation modes of maize-late rice cropping

ZD: 958; HD: 777; XK: 6 ; DH: 618; EW: 17, TYG: 036; TLY: 953; HHZ:

ZD: Zhengdan 958; HD: Handan 777; XK: Xingken 6; DH: Denghai 618; EW: Ewan 17; TYG: Tianyuanjing 036; TLY: Tianliangyou 953;
HHZ: Huanghuazhan.
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Fig 3 Relationship of GDD ratio between two crops seasons (TR) and its percentage of the total annual GDDs;¢.c (TUE) with the
relative annual yield under maize—late rice cropping

M-JR: ; M—IR: P<0.05

M-JR: maize varieties cropping with japonica rice varieties; M—IR: maize varieties cropping with indica rice varieties. ~ indicates significant
difference at P < 0.05.
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Table 5 Production efficiency of resources under different modes of varieties collocation of maize—late rice cropping system

Production efficiency Production efficiency Production efficiency Nitrogen partial factor

Experimental Mocj.les' of of 12%T 1 of radiation1 of precizpitati(l)n productilvity

varieties (kg hm ) (ghm " MJ™) (kg hm™“ mm ™) (kg kg™ N)

plots collocation
Maize Laterice Annual Maize Laterice Annual Maize Laterice Annual Maize Late rice Annual

2015 EM-JR  632a 4.64c 549¢ 043a 037b 041b 1922a 2064c 19.78c 33.682 3040c 32.24b
?hanghe EM-IR 6.72a  65la 0.55a 049a 31.12a 23.79a 43.73a 38.07a
n 2015 MM-JR  571b 437¢  509d 039b 035b 038c 1848a 1815c 1835c 32384 2625d 29.69¢

MM-IR 6.10b 589b 0.5la 0.44b 26.34b 21.50b 37.00b 34400
2017 EM-JR  7.75a 3.88c¢ 572¢ 049a 032c¢ 041c 2299b 1026b 1596c¢ 39.59b 28.03b 34.53¢
Qujialing EM-IR 447ab  6.05b 038b 0.44b 11.66a 16.73b 31.87a 36.22bc
in 2017 MM-JR  8.06a 440b 632a 05la 037b 045ab 2635a 10.54b 17.64a 45492 2871b 38.15ab

MM-IR 4.83a 6.54a 042a 047a 11.38a 18.10a 31.02a 39.15a
2017 EM-JR  547b 437¢ 490d 042b 040c 041d 1526b 1756c 1625b 29.12b 32.54¢ 30.61c¢
Meijiadun  EM-IR 532b  5.39c¢ 052b  047c 20.57b 17.54b 38.11b 33.05b
in 2017 MM-JR  648a 560b 605b 050a 052b 0.51b 19.07a 2129ab 20.08a 36.54a 39.41b 37.81a

MM-IR 641 a 6.45a 0.64a 0.56a 2339a 2098a 4333a 39.52a
EM-JR: ; EM—IR: ; MM-JR: ; MM-IR:

(P<0.05)

EM-JR: early maturity maize varieties cropping with japonica rice varieties; EM—IR: early maturity maize varieties cropping with indica rice
varieties; MM—JR: medium maturity maize varieties cropping with japonica rice varieties; MM—IR: medium maturity maize varieties crop-
ping with indica rice varieties. Different lowercase letters within the same column indicate significant difference among different varieties or

collocation modes at the same experimental site at P < 0.05.

( 4 5) _ [25]
( l-a 2 4) )
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