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Comparison of resources use efficiencies among paddy-upland multi-crop
rotation systems in the middle reaches of Yangtze River
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(Center for Ecological Science Research, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: A field experiment was conducted to search for the possibility of efficient use of farmland resources, maintain virtuous
circle of agricultural ecology and optimize traditional planting patterns in the middle reaches of Yangtze River. The use efficiencies of
solar radiation, heat, water and land in 5 paddy-upland multi-crop rotation systems (winter fallow-early rice-late rice — winter
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fallow-early rice-late rice, potato-maize || soybean-late rice — vegetable-peanut || corn-late rice, vegetable-peanut || corn-late rice —
green manure-carly rice-late rice, milk vetch-early rice-late rice — rapeseed-peanut-late rice, rapeseed-peanut-late rice —
potato-maize || soybean-late rice) with continuous cropping with winter fallow as the control were analyzed. Results showed that
solar radiation use efficiency in winter, late season and for the year under paddy-upland multi-cropping rotation patterns was higher
than continuous cropping with winter fallow. Annual solar radiation use efficiency was respectively 8.26%-82.50% and
2.63%—121.42% higher than continuous winter fallow during the two years. Vegetable-peanut || corn-late rice — green manure-early
rice-late rice pattern had the highest solar radiation use efficiency in winter, spring and in the whole year. Annual effective
accumulated temperature utilization rate of paddy-upland multi-cropping rotation patterns was higher than that of continuous
cropping with winter fallow, which were respectively 12.87%—-21.26% and 11.17%-25.88% higher than continuous cropping with
winter fallow during the two years. Vegetable-peanut || corn-late rice — green manure-early rice-late rice pattern was the best
among all patterns. Water use efficiency in winter, late season and for the year under paddy-upland multi-cropping rotation patterns
was higher than that of continuous cropping with winter fallow, with annual water use efficiencies respectively 45.36%—-83.50% and
40.00%—118.75% higher during the two years. Potato-maize || soybean-late rice — vegetable-peanut || corn-late rice pattern was best
in late season and annual year. Vegetable-peanut || corn-late rice — green manure-early rice-late rice was the highest in winter. Land
use efficiency of green manure-early rice-late rice rotation pattern was the highest, with an average utilization rate of 96.11%. Land
use efficiency of vegetable-peanut || maize-late rice — green manure-early rice-late rice multi-cropping pattern was the highest.
Comprehensive analysis showed that annual solar radiation use efficiency, annual effective accumulated temperature utilization rate,
water use efficiency and land use efficiency under paddy-upland multi-cropping rotation patterns were higher than that under
continuous cropping with winter fallow. Vegetable-peanut || corn-late rice — green manure-early rice-late rice, and milk vetch-early
rice-late rice — rapeseed-peanut-late rice performed better and thus suitable for promotion in the middle reaches of Yangtze River.

Keywords: Middle reaches of Yangtze River; Paddy-upland multiple cropping rotation systems; Planting patterns; Solar

radiation use efficiency; Accumulated temperature utilization rate; Water use efficiency; Land use efficiency
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, , 1 788.8 mm, 38.00 mg-kg™'; pH 5.59
17.6 C, 45427 kJ'em™, 1.2
258 d R , 5 , 3 s 15
, , , , 63.75 m* (8.5 mx7.5 m),
, , , 05Sm Im 0.5m,
0~20 cm 34.65 gkg™, A < - -
1.85 gkg ™', 151.0 mgkg ™, 59.76 mgkg ™', , 4 (D
F1 Rt
Table 1 Treatments description
1 (2013 —2014 ) 2 (2014 2015 )
Treatment The first year (winter 2013—autumn 2014) The second year (winter 2014—autumn 2015) Note
A(CK) R
Winter fallow-early rice-late rice Winter fallow-early rice-late rice Continuous cropping with winter
fallow system
B - I - - Il -
Potato-maize || soybean-late rice Vegetable-peanut || corn-late rice Paddy-upland multiple cropping
rotation systems
C - I . }
Vegetable-peanut || corn-late rice Green manure-early rice-late rice Paddy-upland multiple cropping
rotation systems
D
Green manure-early rice-late rice Rapeseed-peanut-late rice Paddy-upland multiple cropping
rotation systems
E - Il -
Rapeseed-peanut-late rice Potato-maize || soybean-late rice Paddy-upland multiple cropping
rotation systems
“f > “.” represents continuous planting; “ ||  represents intercropping.
2014 2015 ¢ 11 24 ,12 2 ,2014 4 10
17, ; ;2014 4 15
‘ 98, ( ) , 2015 7
‘ ’, ( ) 21 2014 10 7 ,
¢ 737 ¢ 7 11 16 ,2015 4 15
> >t T 292 ¢ ;2015 4 25
551 7 3, ,2015 7 15
L,
30 cmx25 cm 60 cmXx33 cm 40 cmXx25 cm; R « 7,
23, [ 37.5kghm™ 7.5 kghm™
40 cm, [ 35cm 2d , ,
1.3 ) )
2014 3 26 ,4 23 R (P,0s5 12%)
20 cmx14 cm, 7 21 ; 6 28 (KO 60%) (N 46%)
,7 29 , 20 cmx17 cm, 11 150 kg-hm™ , 250 kghm™
5 2015 326 ,4 25 80 kg-hm™ ; ;
, 20 cmx14 cm,7 12 ; 6 375 kghm™, 80 kg-hm™, 80 kg-hm™,
25 ,7 25 , 20 cmx17 cm, 2/3 , 1/3 ;
1110 3 375 kg-hm™, 225 kg-hm™,
3-4 cm , ;56 . 300kghm?, N : P,0s : K,0=1: 06 :
7~8 s 0.8, R : =21,
, , , : =2:3:5 ;
, 100 kg-hm™, : =1:1,
2013 10 5 , 250 kg-hm™ 100 kg-hm™, : =2:3
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: 500 kg-hm™ 1.6
320 kg-hm™ 108.3 kg-hm™, , Microsoft Excel 2010 ,  SPSS
S ; 17.0
333 kg-hm™ 173.9 kg'hm™ 416.7kghm™, 2 LZEEE4NR
80% ,20% , 2.1
1.4
14.1
5 ’ [21]
[20]
1.4.2 2122:23] ~
. [24]
5 ,4 , ( ) ,105°C
30 min, 80 °C , #2 FBHKEEHRERFIZEYVRLTYRRE
Table 2 Heat of per unit dry matter of crops of the tested
1.4.3 paddy-upland multiple cropping rotation systems
, 50
Crop Heat value Heat of per unit dry
’ (10° cal-kg™") matter (kJ-kg ")
5 ., , Rice 3700.0 15 466.0
Straw 3360.0 14 044.8
, 63.75 m’, () Vegetable (dry) 3918.0 16377.2
, , , 14% Peanut 5600.0 23 408.0
Grains of maize 3950.0 16511.0
1.5 Straw of maize 3470.0 14 504.6
Milk vetch 4785.0 20 000.0
Rapeseed 6300.0 26 334.0
Rape straw 3380.0 14 128.4
1 (8. () Potato (fresh) 890.0 37202
E(%)=3 (hxM)/YSx100% (1) Soybean 3620.0 15131.6
E M ;
h .S , 3 ,2014 2015
1 45427 MJm>a”!
2) >
, 10 ‘C 8.26%~82.50%  2.63%~121.42%, «“ -
l - ”
(%)= / S
@) A
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1788.8 mm, S I e
= / « - ] - - -
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4) 2.2
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Table 3  Solar radiation use efficiencies of different paddy-upland multiple cropping rotation systems %
Experiment Cropping pattern Winter season  Spring season __ Later season Annual
2014 - - Winter fallow-early rice-late rice 0.000 0.350 0.473 0.823
In 2014 - I - Potato-maize || soybean-late rice 0.131 0.218 0.542 0.891
- I - Vegetable-peanut || corn-late rice 0.692 0.332 0.478 1.502
- - Green manure-early rice-late rice 0.361 0.399 0.539 1.299
- - Rapeseed-peanut-late rice 0.835 0.180 0.484 1.498
2015 - - Winter fallow-early rice-late rice 0.000 0.324 0.437 0.761
In 2015 - I - Vegetable-peanut || corn-late rice 0.760 0.440 0.484 1.685
- - Green manure-early rice-late rice 0.449 0.343 0.529 1.321
- - Rapeseed-peanut-late rice 0.771 0.202 0.453 1.427
- I - Potato-maize || soybean-late rice 0.114 0.213 0.453 0.781
- - Winter fallow-early rice-late rice 0.000 0.337 0.455 0.792
Mean of - I - Vegetable-peanut || corn-late rice 0.726 0.386 0.481 1.593
multiple - - Green manure-early rice-late rice 0.405 0.371 0.534 1.310
cTopping - - Rapeseed-peanut-late rice 0.803 0.191 0.468 1.463
- I - Potato-maize || soybean-late rice 0.123 0.216 0.498 0.836
_ _ N - -
Mean of Winter fallow-early rice-late rice—winter fallow-early rice-late rice 0000 0337 0453 0792
rotation LT _ 0.446 0.329 0.513 1.288
Potato-maize || soybean-late rice—vegetable-peanut || corn-late rice

_ _ N _ _

Vegetable-peanut || com‘—‘late rice—green manure-early rice-late rice 0571 0338 0.503 1412
_ _ N _ _

Green manure-early rice-late rice—rapeseed-peanut-late rice 0566 0301 0.496 1363
) ) - ) I ) 0.474 0.197 0.468 1.139

Rapeseed-peanut-late rice—potato-maize || soybean-late rice

*4 FBHKEEMRENEFYRENBENZIG

Table 4 Utilization rates of annual effective accumulated temperature of different paddy-upland multiple cropping rotation systems

Effective accumulated temperature ('C)

Utilization rate of annual

Experiment Cropping pattern Winter Spring Later Annual effi::rtri]ve accuml;lated
season season season perature (%)

2014 - - Winter fallow-early rice-late rice 0.00 1396.00 1569.00 4 022.00 73.72

In2014 - I - Potato-maize | soybean-late rice 20400 148350 1569.00 4 022.00 83.20

- I - Vegetable-peanut || corn-late rice 337.00 148350 1569.00 4022.00 84.27

- - Green manure-early rice-late rice 630.50 1396.00 1569.00 4022.00 89.40

- - Rapeseed-peanut-late rice 337.00 1483.50  1569.00 4022.00 84.27

2015 - - Winter fallow-early rice-late rice 0.00 1309.00 1597.00 3913.50 74.26

In 2015 - - Vegetable-peanut | corn-late rice 32450 130900 1597.00 3913.50 82.55

- - Green manure-early rice-late rice 752.00 1309.00 1597.00 3913.50 93.47

- - Rapeseed-peanut-late rice 324.50 1309.00 1597.00 3913.50 82.55

- Il - Potato-maize || soybean-late rice 324.50 1309.00 1597.00 3913.50 82.55

- - Winter fallow-early rice-late rice 0.00 135250 1583.00 3967.75 73.98

leat?p‘l’ef - I - Vegetable-peanut |l corn-late rice 330.75 139625 158300 3967.75 83.42

cropping - - Green manure-early rice-late rice 691.25 1352.50 1583.00 3967.75 91.41

- - Rapeseed-peanut-late rice 330.75 1396.25 1583.00 3967.75 83.42

- I - Potato-maize || soybean-late rice 309.25 139625 1583.00 3967.75 82.88

Mean of ~ Winter Fallow-early rice-late rice:winter fallow-early rice-late rice 0.00 270500 3166.00  7935.50 7398
rotation - - - -

o Potato-maize | soybe!m-late riceﬂ—v)egetable-pe!nut Il corn-late rice 618.50 279250 316600 7935.50 8288

Vegetable-peanut || cornl-‘late riceag;:en manure-early rice-late rice 1 089.00 279230 316600 7935.50 se.81

Green manure-early rice-late;:eﬂrapeseed-peanut-late rice 935.00 270500 3166.00  7935.50 86.02

oo ) | ) 661.50 279250  3166.00 7935.50 83.42

Rapeseed-peanut-late rice—potato-maize || soybean-late rice
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5 ,2014 2015
, 12.87%~21.26%  11.17%~25.88%, 45.36%~83.50%
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_ s _ . E2) , 113 . _ — ,
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[
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Table 5 Water use efficiencies of different paddy-upland multiple cropping rotation systems kg:m
Experiment Cropping pattern Winter season  Spring season  Later season Annual
2014 - - Winter fallow-early rice-late rice 0.00 0.89 2.20 0.97
In2014 - I - Potato-maize || soybean-late rice 2.00 0.59 2.52 1.44
- I - Vegetable-peanut || corn-late rice 3.24 0.78 2.22 1.78
- - Green manure-early rice-late rice 1.21 1.01 2.51 1.43
- - Rapeseed-peanut-late rice 243 0.37 2.25 1.41
2015 - - Winter fallow-early rice-late rice 0.00 0.74 1.85 0.80
In 2015 - I - Vegetable-peanut || corn-late rice 1.57 0.91 2.05 1.75
- - Green manure-early rice-late rice 1.43 0.78 2.24 1.26
- - Rapeseed-peanut-late rice 2.04 0.37 1.92 1.19
- I - Potato-maize || soybean-late rice 1.50 0.52 1.92 1.12
- - Winter fallow-early rice-late rice 0.00 0.81 2.03 0.88
Meap of - I - Vegetable-peanut || corn-late rice 2.40 0.84 2.14 1.77
multiple
cropping - - Green manure-early rice-late rice 1.32 0.90 2.37 1.34
- - Rapeseed-peanut-late rice 2.24 0.37 2.08 1.30
- I - Potato-maize || soybean-late rice 1.75 0.56 2.22 1.28
, T , , 0.00 0.81 2.03 0.88
Total of Winter fallow-early rice-late rice—winter fallow-early rice-late rice
rotation R S , 1.78 0.75 2.29 1.60
Potato-maize || soybean-late rice—vegetable-peanut || corn-late rice
e , 234 0.78 223 1.52
Vegetable-peanut || corn-late rice—green manure-early rice-late rice
o , 1.63 0.69 221 131
Green manure-early rice-late rice—rapeseed-peanut-late rice
o7 - _ 1.96 0.44 2.08 1.26
Rapeseed-peanut-late rice—potato-maize || soybean-late rice
A \A \A
2.4 3 iHE54R
6 ,2014 2015
13 ’
> 20 70 R
- - 2
’ ( )
0 113 _ _ tE) 113 .
96.11%, I ( ) ( ) ,
.o 92,64%; © -
[

http://www.ecoagri.ac.cn



8 1203
%6 MHEHKREEMRENLHH BRI
Table 6 Land use efficiencies of different paddy-upland multiple cropping rotation systems
Land use period (d)
. . Land use
Fxperiment Cropping pattern Winter season Spring season  Later season  Annual efficiency (%)
2014 - - Winter fallow-early rice-late rice 0 89 99 188 52.222
In 2014 - Il - Potato-maize || soybean-late rice 129 97 99 325 90.278
- I - Vegetable-peanut || corn-late rice 137 97 99 333 92.500
- - Green manure-early rice-late rice 156 89 99 344 95.556
- - Rapeseed-peanut-late rice 137 97 99 333 92.500
2015 - - Winter fallow-early rice-late rice 0 78 108 186 51.667
In 2015 - I - Vegetable-peanut || corn-late rice 151 75 108 334 92.778
- - Green manure-early rice-late rice 162 78 108 348 96.667
- - Rapeseed-peanut-late rice 151 75 108 334 92.778
- I - Potato-maize || soybean-late rice 151 75 108 334 92.778
- - Winter fallow-early rice-late rice 0 167 207 374 51.233
:ﬁ:ﬁ:p?g - I - Vegetable-peanut || corn-late rice 288 172 207 667 91.370
cropping - - Green manure-early rice-late rice 318 167 207 692 94.795
- - Rapeseed-peanut-late rice 288 172 207 667 91.370
- I - Potato-maize || soybean-late rice 280 172 207 659 90.274
Total of  Winter fallow-early rice-late rice:Winter fallow-early rice-late rice 0 167 207 374 31233
Totation R S , 280 172 207 659 90.274
Potato-maize || soybean-late rice—vegetable-peanut || corn-late rice
- - — R R
Vegetable-peanut || com‘[late rice—green manure-early rice-late rice 29 17 207 681 93288
Green manure-early rice-late :cearapeseed—peanut—late rice 307 164 207 678 92877
Rapeseed-peanut-late ric;;potato-maize‘,‘ || soybean-late rice 288 172 207 667 91370
[25] 12.87%~
, 21.26%  11.17%~25.88%, “ -
- — - - ” Alberto 12
, )« _ 2
8.26%~82.50%  2.63%~121.42% [24] 1.51 kgm™, 0.59 kgm™
, , - 2014 2015
” bl 9
9.75% 14.70% 20.40% 45.36%~83.50%
12.10% 19.10% 40.00%~118.75%, “ - l - ?

1%~2%, 0.5% ,
, 1.03% (26]
0.76%~1.69%, “ - [ - — -
[27] “ _
» 16.4%
11.4% , ,
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