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Development of Cropping System Involving a Two—Year Rotation of Three Upland
Crops using Paddy Soil in the Middle Plain Area

Kang-Bo Shim", Hyun-Min Cho®, Myeon—Na Shin®, Areum Han®, Mi-Jin Chae®, Jeong-Ju Kim®, Seuk—Ki Lee', and
Weon-Tai Jeon"'

ABSTRACT This study aimed to develop a cropping system to use limited crop-land with optimum efficiency, while
considering management from farmers. To establish the cropping system involving a two-year rotation of three crops, three types
of cropping system were evaluated in Suwon (Seogcheon series) and Anseong (Geumcheon series) in the middle plain area using
six crops from 2018 to 2019: maize-perilla-onion, potato-sesame-garlic, and maize-sesame-onion. The crop productivity and
income of the cropping systems involving food-, oilseed-, and horticultural crops were analyzed, and the optimal cropping system
was reviewed. The total yield of each crop was as follows: maize 1,281 kg, potato 4,837 kg, perilla 125 kg, sesame 120 kg, onion
6,503 kg, and garlic 1,027 kg per 10a. However, in terms of gross profit, the potato was more than 3.8 times more profitable than
corn, sesame was 1.8 times more profitable than perilla, and garlic was more than 2.8 times more profitable than onions. As a
result, in terms of net income, the potato-sesame-garlic cropping system produced the highest income per unit area. Sesame
seedlings were planted after the potato harvest, thereby solving the problem of competition between the first and last crops.
Overall, this study confirmed that the potato-sesame-garlic cropping system, a two-year rotation of three crops, contributed to the
improvement of upland crop productivity and farmers’ income and was an overall effective cropping system.
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Cropping Growth Cultivation and harvest (month)
system year 1 2 3 4 3 6 7 8 9 10 | 11 12
@ Maize 5019 @ Maize (4.7~7.2;'§}""§
I @ Perilla @ Perilla (7.8~10.15) ® Onion
@ Onion 2019 | (11.5~7.2)
@ Potato  501g @ Potato (4.3~7.3)
O @ Sesame @ Sesame (5.5~8.21) ® Garlic

® Garlic 2019 |(11.5~7.2)

1 Maize @ Maize (4.7~7.23)
I @ Sesame ‘@ Sesame (5.5~8.21) @ Onion
3 Onion 2019 |(11 5~7.2)

Overlapped cultivation period

Fig. 1. Cultivation scheme for two-year rotations of three crops as cropping systems in the years 2018-2019. The Roman
numerals I, II, and III represent three types of cropping system. The first and second crops were cultivated in 2018
and the third crops were grown from 2018 to 2019.
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@ Maize (4.3~7.16)
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(7.19~9.20)
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Fig. 2. Cultivation scheme for two-year rotations of three crops as cropping systems in the year 2019. The Roman numerals
IT and TIIT represent different types of cropping system. The first and second crops were cultivated in 2019 and the third

crops were grown from 2019 to 2020.
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Fig. 3. Comparison of climate conditions from planting to harvesting according to cultivation region (2018-2019). The bars and
lines represent precipitation per day and daily temperature, respectively. A) Suwon and B) Anseong region. The purple
bar represents precipitation in 2018 and 2019 and the green shows average precipitation from 2013 to 2017. The black,
red, and blue lines represent the daily average, maximum, and minimum temperature, respectively. The thin lines show
the temperature in 2018-2019 and the thick lines show the average temperature from 2013 to 2017.
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Fig. 4. Comparison of climate conditions from planting to harvesting according to cultivation region (2019). The bars and lines
represent precipitation per day and daily temperature, respectively. A) Suwon and B) Anseong region. The purple bar
shows precipitation in 2019 and the green shows average precipitation from 2014 to 2018. The black, red, and blue
lines represent the daily average, maximum, and minimum temperature, respectively. The thin lines show the temperature
in 2018-2019 and the thick lines show the average temperature from 2014 to 2018.
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Table 1. Soil chemical properties of pre-cultivation paddies in the central region.

Cultivation region pHl EC 1 O'M.] Av. Pz(.?s Ex. Cation (cmol ke')
(1:5) (ds m™) (g kg) (mg kg™) K Ca™ Mg
At pre-first cultivation
Suwon 5.4 0.4 25 116 0.5 3.7 22
Anseong 7.1 2.4 36 505 0.9 6.1 1.1
At pre-third cultivation
Suwon 53 0.3 21 119 0.6 3.9 23
Anseong 6.9 22 32 519 0.9 6.2 1.3

Table 2. Growth characteristics and yield of maize (cv. Ilmichal) according to cultivation region in 2018.

Cultivation region Stalk length (cm)

Ear height ratio” (%)

Stalk diameter (cm) Node number (ea)

Suwon 227 43 2.7 11

Anseong 242 45 2.8 11
Cultivation region  Ear length (cm) Ear diameter (cm) Kernel length (cm)  Yield (kg 10a™) Yield index (%)

Suwon 19.8 4.7 19.5 1,204™ 100

Anseong 20.6 4.8 19.9 1,357 113

*Student’s t-test (*p < 0.05); ns means non-significant.
? Ear height ratio = ear height / plant height x 100.

Table 3. Growth characteristics and yield of perilla (cv. Dayu) according to cultivation region in 2018.

Cultivation region Stem length Panicle number Number of cluster Cluster length Yield
& (cm) (ea) (ea plant™) (cm) (kg 10a™)

Suwon 73 11.8 179 9.6 138*

Anseong 25 4.6 158 7.5 112

*Student’s #-test (¥*p < 0.05); ns means non-significant.
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Table 4. Growth characteristics and yield of onion (cv. Arsenal)

2 205

[im

3E R

oat

according to cultivation region from 2018 to 2019.

o . Plant height Average bulb weight Yield (kg 10a™") Missing hills ratio
Cultivation region . .
(cm) (& Large? Middle Small Total (%)
5,863 3,836 2,948 12,647*
Suwon 59.5 213 (46%) (31%) (23%) (100%) 6.9
8,634 4,238 5,296 18,168
Anseong 61.5 313 (48%) (23%) (29%) (100%) 7.7
*Student’s #-test (*p < 0.05); ns means non-significant.
? Onion grade (bulb weight, g): large = 300, 300 > middle > 200, 200 = small.
Table 5. Growth characteristics and yield of potato (cv. Sumi) according to cultivation region in 2018.
Cultivation region Plant height Stem number Marketability” Yield
ultivation regio (cm) (ea plant™) (%) (kg 10a™)
Suwon 49.8 3.6 83.5 5,118%
Anseong 47.5 3.4 81.9 4,556
*Student’s t-test (*p < 0.05); ns means non-significant.
“ Marketability (%): ratio of marketable potatoes (> 81 g each).
Table 6. Growth characteristics and yield of sesame (cv. Yangbaek) according to cultivation region in 2018.
Cultivation region Stem length Branch number Capsule number  First capsule length Yield
& (cm) (ea) (ea plant™) (cm) (kg 10a™)
Suwon 168 1.3 61 109 124™
Anseong 165 1.2 59 107 116

*Student’s t-test (¥p < 0.05); ns means non-significant.
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Table 7. Growth characteristics and yield of garlic (cv. Hansan) according to cultivation region from 2018 to 2019.

Plant height Average bulb weight

Yield (kg 10a™) Missing hills ratio

Cultivation region

(cm) (& Large? Middle Small Total (%)
183 210 728%

Suwon 77.3 22.6 (46%) (25%) (29%) (100%) 10.6
347 241 965

Anseong 65.4 38.3 (39%) (36%) (25%) (100%) 15.9

*Student’s #-test (¥*p < 0.05); ns means non-significant.

2 Garlic grade (bulb diameter, cm): large = 4.0, 4.0 > middle > 2.0, 2.0 = small.
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Table 8. Comparison of average yield and profitability in the middle region according to cropping system.

Crop Cropping system 1 Cropping system II Cropping system III
Maize 1,281 - 1,281
Potato - 4,837 -
Average Perilla 125 - -
yield Sesame - 120 120
(kg 10a) Onion 6,503 - 6,503
Garlic - 1,027 -
Total 7,909 5,984 7,904
Gross profit” (won/10a) 6,353,837 19,902,299 7,270,262
Managing cost” (won/10a) 1,297,000 8,639,000 1,497,000
Net income™ (won/10a) 5,056,837 11,263,299 5,773,262

*Gross profit (won/10a) = yield (kg/10a) x average price (won/kg).
Average price (Korea Agro-Fisheries & Food Trade Information, won/kg): (2018 price) maize, 2,113; potato, 2,170; perilla,

8,211; sesame, 16,190; (2019 price) onion, 988; garlic, 5,183.

**2018 Agricultural income data by region (RDA, won/10a): maize, 764,000; potato, 1,042,000; perilla, 130,000; sesame,

1,042,000; (2019 price) onion, 1,754,000; garlic, 1,647,000.

***Net income (won/l10a) = gross profit — managing cost.

Table 9. Growth characteristics and yield of potato (cv. Sumi) according to cultivation region in 2019.

Cultivation region Plant height Stem number Marketability” Yield
ultivation regto (cm) (ea plant™) (%) (kg 10a™)
Suwon 44.1 2.5 81.2 3,486™

Anseong 55.9 3.9 83.5 3,443

*Student’s #-test (¥*p < 0.05); ns means non-significant.
“ Marketability (%): ratio of marketable potatoes (> 81 g).
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Table 10. Growth characteristics and yield of maize (cv. Ilmichal) according to cultivation region in 2019.

Cultivation region Stallgcéf)ngth Ear hei(%/tl;[ ratio? Stalk( CdIiT';l)meter Node number (ca)
Suwon 163 77 2.7 12
Anseong 167 78 2.7 12
Cultivation region Ear(cl;r;gth Ear ((i i;llr;]eter Kem(eclml;mgth (k;if (])(:1'1) Yield index (%)
Suwon 20.4 4.8 20.1 1,354™ 109
Anseong 20.6 4.8 19.9 1,247 100

*Student’s #-test (¥*p < 0.05); ns means non-significant.
? Ear height ratio = ear height / plant height x 100.

Table 11. Growth characteristics and yield of sesame (cv. Yangbaek) according to cultivation region in 2019.

Cultivation region Stem length Branch number Capsule number  First capsule length Yield
& (cm) (ea) (ea plant™) (cm) (kg 10a™)
Suwon 155 1.0 79 105 85%
Anseong 69 0.0 20 45 36

*Student’s t-test (¥p < 0.05); ns means non-significant.
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