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ABSTRACT 
 
This study was performed to investigate the optimal cropping systems to allow the 
cultivation of upland crops on the paddy land. This experiment was conducted at 
Anseong-si Gyeonggi province, Korea from 2013 to 2015. For investigation of yield 
characteristics and selection of optimum varieties of foxtail millet and proso millet 
for paddy-upland rotation system, four varieties each of Samdachal, Samdamae, 
Kyeongkwan1, Hwanggeumjo in foxtail millet and Leebaekchal, Manhongchal, 
Hwangsilchal, Hwanggeumgijang in proso millet were examined under four 
different paddy-upland rotation systems. Four paddy-upland rotation systems of 
rice paddy (2013)-rice paddy (2014)–upland (2015), rice paddy (2013)–upland 
(2014)–upland (2015), upland (2013)–upland (2014)–upland (2015) and upland 
(2013)-rice paddy (2014)–upland (2015) were tested. Days from seeding to 
heading and ripening of foxtail millet were the shortest in upland (2013)–upland 
(2014)–upland (2015) system, but proso millet did not show statistical difference 
between four rotation systems. In the average of culm length, upland–upland–
upland rotation system showed the highest culm length in foxtail millet (141.5 cm) 
and proso millet (159.6 cm) respectively among four paddy-upland rotation 
systems. In average yield per ha, foxtail millet and proso millet showed the highest 
yield of each 2,340.3 kg/ha and 1,760.2 kg/ha in the system of upland-upland-
upland from rice paddy. The most suitable paddy-upland rotation system was 
upland (2013)–upland (2014)–upland (2015) from rice paddy and suitable 
varieties in paddy-upland rotation system were judged to be Samdachal in foxtail 
millet and Leebaekchal in proso millet respectively. 
 
Keywords: Crop characteristics, foxtail millet, proso millet, paddy-upland rotation. 

 
 
INTRODUCTION 
 
Nowadays in Korea, rice consumption per capita is 
decreasing with 72.8 kg in 2010 to 62.8 kg in 2015 
(Agriculture, food and rural affairs statistics book, 2015). 
Therefore, growing in total stock of rice is augmenting the 
running costs of it. Overstocked rice in is still in use in 
Korea presently, whereas the demand of upland crops 
increased from 3.5 kg per capita in 2000 to 4.1 kg in 2014 
as economic standard level in Korea improves and 
nutritional importance of minor cereals became recognized 
(Agriculture, food and rural affairs statistics book, 2015).  

Korea has a high level of dependence on import in minor 
cereals and the degree of self-sufficiency of them is 27% 
(Statistics Korea, 2017). The cultivation method of paddy-
upland rotation is the best method for high degree usage of 
cultivated land. Research for paddy-upland rotation 
cultivation is rare in western country, whereas Japan 
conducted a lot of research about paddy-upland rotation 
system from 1947 (Yoo et al., 1995).  

Paddy-upland rotation is effective in weed control, 
mineral use in soil, disease and insect  control,  soil  air 
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permeability, decomposition of organic matter and 
inhibition of soil acidification (Kim et al., 1995a, b, 1993; 
Ahn et al., 1992; Huang et al., 1995). Paddy-upland rotation 
system can secure safe farm management through 
dispersion of natural disaster by continuing rice paddy and 
upland cultivation. Therefore, this experiment was 
conducted to establish basic data for paddy-upland rotation 
system by cultivating of foxtail millet and proso millet on 
upland field rotated from rice paddy field over a three-year 
period.   
 
 

MATERIALS AND METHODS 
 

This experiment was conducted at upland field rotated 
from continuing rice paddy field located at Kyungki 
province, mid-west of Republic of Korea from 2013 to 2015. 
Inorder to analyze yearly variation of the growth and yield 
characteristics of foxtail millet and proso millet, four 
paddy-upland rotation systems (plots) of rice paddy(2013)-
rice paddy(2014)-upland(2015), rice paddy(2013)-
upland(2014)-upland(2015), upland (2013)-upland 
(2014)-upland (2015) and upland(2013)-rice 
paddy(2014)-upland (2015) were treated. Testing varieties 
were 4 in foxtail millet (Samdachal, Samdamae, 
Kyeongkwan1ho and Hwanggeumcho) and 4 in proso 
millets (Leebaekchal, Chalgijang, Hwangsilchal, and 
Hwanggeumgjiang), which were popular to famers. Seeding 
dates of foxtail millet and proso millet were May 23rd in 
2013, 2014 and May 24th in 2015. Foxtail millet and proso 
millet were raised at 105 holes seeding tray (Youngnong 
Co.) and transplanted to the field of which mulched 20 cm 
ridge in a row. Experimental design was randomized block 
design (RBD) with three replications. Planting spacing of 
foxtail millet and proso millet were70 cm (between ridges) × 
10 cm (between plants) and 70 cm (between ridges) × 15 cm 
(between plants) respectively. Basal fertilization such as 
N80-P50-K80 was treated in foxtail millet and N150-P50-
K80 kg/ha in proso millet. Heading and ripening date were 
determined at when 50% of them were headed and ripened. 
Characteristics of growth and yield such as culm length, ear 
length and ears per hill were investigated. 1000 grain weight 
was weighed after dried in heated-air dryer for 72 h at 60°C. 
Yield per ha was evaluated by four replications of 1 m2 in 
each treatment. Other cultural and analyzing methods were 
based on the standards of RDA in Korea. Statistical analysis 
of the data was conducted by use of SAS 9.2. 
 
 

RESULTS AND DISCUSSION 
 

Growth and yield characteristics of foxtail millet and 
proso millet under different paddy-upland rotation 
systems 
 

Foxtail millet 
 

There was no significant difference in days from seeding to  

 
 
 
heading and ripening between four rotation systems. 
Hwanggeumcho showed the shortest days from seeding to 
heading (62 days) and the next was in the order of 
Kyeongkwan1 (74.8 days), Samdamae (79 days) and 
Samdachal (79.8 days) among the four varieties. 
Hwanggeumcho also showed the shortest days from 
seeding to ripening (113 days). Paddy-upland rotation 
system of upland (2013)- upland (2014)- upland (2015) 
from rice paddy showed the highest culm length (141.5 cm) 
and the shortest culm length was obtained from the system 
of upland (2013)- rice paddy (2014)- upland (2015) from 
rice paddy (116.6 cm) among four rotation systems. 
Kyeongkwan1 was the highest culm length (135.6 cm and 
the next was in the order of Samdachal(135.0 cm), 
Samdamae(123.9 cm) and Hwanggeumcho (118.3 cm) in 
culm length among four varieties. There are few research 
results about growth characteristics in foxtail millet. Park et 
al. (1991) studied paddy-upland rotation systems with barley 
and reported that the longer the year of upland rotated 
period from rice paddy, the higher the culm length gained. 
His result was similar to this result. If upland crops including 
foxtail millet would be injured by excess water, most of 
upland crops decrease nitrogen content in leaf, cell growth, 
transpiration, photosynthesis and inhibit culm elongation 
(Wanple and Reid, 1975).  

In the ear length among four rotation systems, system of 
upland(2013)- upland(2014)- upland(2015) from rice paddy 
showed the highest ear length (23.8 cm) and the system of 
upland (2013)- rice paddy(2014)- upland(2015)from rice 
paddy was the shortest ear length (21.3 cm). In the ear 
length among four varieties, Samdachal showed the highest 
ear length (25.5 cm) and the next was in the order of 
Samdamae (23.0 cm), Hwanggeumcho(21.9 cm) and 
Kyeongkwan1(21.1 cm) (Table 1). 

System of upland(2013)- upland(2014)- upland(2015) 
from rice paddy produced the highest ears per hill (2.88 
ears) and the system of rice paddy (2013)- rice paddy 
(2014)-upland (2015) was the lowest ears per hill(2.36 
ears) among four rotation systems. Among the four 
varieties, the highest ears per hill was obtained from 
Samdamae (3.13 ears) and the lowest was from 
Hwanggeumcho (2.11 ears) (Table 1). 

In grains per ear among rotation systems, system of 
upland(2013)- upland(2014)- upland(2015) from rice paddy 
showed the highest grains per ear (5,216 grains) and the 
system of upland (2013)- rice paddy (2014)- upland (2015) 
from rice paddy was the lowest (3,909 grains). Samdachal 
showed the highest grains per ear (5,890 grains) and the 
lowest was in Samdamae (3,890 grains) among four 
varieties. Both of Samdachal and Samdamae showed higher 
grains in the system of rice paddy(2013)- upland(2014)- 
upland(2015) from rice paddy, while both of Kyeongkwan1 
and Hwanggeumcho gained higher grains per ear in the 
system of upland (2013)- upland(2014)- upland (2015) 
from rice paddy. Generally, rotation system of rice 
paddy(2013)- rice paddy (2014)-upland (2015) showed  
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Table 1: Growth and yield characteristics of foxtail millet under different paddy-upland rotation systems. 
 

Rotation 
system 

Variety 
Days from seeding 

to heading 
Days from seeding to 

ripening 
Culm 

length (cm) 
Ear  

length (cm) 
Ears per 

hill 
Grains 
per ear 

1000 grain 
weight (g) 

P-P-U z 

Samdachal 82 133 136.1 25.7 2.44 6,376 2.39 

Samdamae 81 134 116.5 22.4 2.89 3,827 2.88 

Kyeongkwan1 76 131 133 20.6 2.11 5,444 2.60 

Hwanggeumcho 62 114 115.9 23.5 2.00 4,710 2.92 

Mean 75 128 129.2 23.3 2.36 5,089 2.70 

         

P-U-U 

Samdachal 82 133 131.2 27.2 2.33 6,927 2.53 

Samdamae 80 134 127.1 25.0 2.89 4,377 3.19 

Kyeongkwan1 75 131 141.2 21.0 2.55 5,307 2.67 

Hwanggeumcho 63 113 117.5 19.8 2.00 3,523 3.17 

Mean 75 128 125.4 23.0 2.44 5,034 2.89 

         

U-U-U 

Samdachal 73 131 154.2 26.3 2.89 5,980 2.59 

Samdamae 74 131 140 23.7 3.83 3,977 3.01 

Kyeongkwan1 73 129 143.9 23.2 2.78 5,455 2.77 

Hwanggeumcho 60 111 127.9 22 2.00 5,453 2.87 

Mean 71 126 141.5 23.8 2.88 5,216 2.81 

         

U-P-U 

Samdachal 82 135 118.6 22.6 3.22 4,275 2.43 

Samdamae 81 136 112 20.9 2.89 3,377 2.89 

Kyeongkwan1 75 130 124.3 19.7 2.33 4,097 2.58 

Hwanggeumcho 63 114 111.6 22.1 2.44 3,889 2.94 

Mean 75 129 116.6 21.3 2.72 3,909 2.71 

 

LSD(.05)Rotation 
system (A) 

 NS x NS 9.3 2 0.51 917 0.21 

LSD(.05)Variety (B)  10.2 12.2- 10.2 1.6 0.44 820 0.11 

(A) × (B)  NS NS NS **y NS NS NS 
 

z P = Paddy rice, U = Upland; y *, **, ***: Significant at p = 0.05, 0.01, or 0.001, respectively;  x NS: Non-significant at 0.05 probability level. 

 
 
lower grains per ear and sluggish growth (Table 1). 

There was no significant difference in 1000 grain 
weight between four rotation systems. In 1000 grain 
weight among four varieties, both Samdamae and 

Hwanggeumcho showed the highest 1000 grain 
weight (3.0 g) and Samdachal was the lowest 1000 
grain weight (2.49 g) (Table 1). 

In the yield per ha among four rotation systems, 

system of upland (2013)- upland (2014)- upland 
(2015) from rice paddy produced the highest yield 
(2,340.3 kg) and the next was in the order of the 
system of rice paddy (2013)- upland (2014)-  
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upland (2015) (2,000.2 kg), rice paddy (2013)- rice paddy 
(2014)-upland (2015) (1,760.3 kg) and upland (2013)- rice 
paddy (2014)- upland (2015) (1,610.3 kg) from rice paddy. 
In the yield per ha among four varieties, Samdachal 
produced the highest yield (2,200.9 kg), and the lowest 
yield was from Hwanggeumcho (1,550.8 kg). All varieties 
used in this experiment obtained the highest yield from the 
system of upland (2013)- upland (2014)- upland (2015) 
from rice paddy and showed the tendency that the longer 
upland years from rice paddy, the higher the yield obtained 
except the variety of Hwanggeumcho (Table 1). Reason for 
highest yield of the upland (2013)– upland(2014)– 
upland(2015) system can beexplained that generally, the 
first year of upland rotated from rice paddy is poor in 
drainage and easily affected by wet injury compared to 
continuing upland, but soil aggregated structure is 
generated and wet injury reduced after 2nd year of upland 
from rice paddy (Park et al., 1991). 

In the case of barley in paddy-upland rotation systems, 
yield cultivated at sandy loam and clay loam soil increased to 
4th upland years continuously (Park et al., 1991). That 
experimental result was similar with this result. Generally, 
wet injury to upland crops lead to destruction of chlorophyll 
and aging acceleration and ultimately decreased growth and 
yield (Wanple and Reid, 1975). These results seemed that if 
foxtail millet would be cultivated in rotated paddy field, 
then the yield of it would to decrease due to weakness to 
excess-moisture. The longer the rotated upland year, the 
more increased is the soil porosity and improvementof soil 
drainage lead to increase of yield in paddy-upland rotation 
systems. 
 
 
Proso millet 
 
There was no significant difference in days from seeding to 
heading and ripening between four paddy-upland rotation 
systems and four varieties (Table 2). In the culm length 
among four rotation systems, the system of upland (2013)- 
upland(2014)- upland (2015) from rice paddy gained the 
highest culm length (159.6 cm) and upland (2013)- rice 
paddy (2014)- upland (2015) system showed the shortest 
culm length (139 kg). Chalgijang showed the highest culm 
length (166.6 m) and the shortest was from 
Hwanggeumgijang (131.6 cm) among four varieties (Table 
2). Culm length of Chalgijang was the highest (180.1 cm) in 
upland (2013)- upland (2014)- upland (2015) system, 
whereas upland (2013)- rice paddy (2014)- upland (2015) 
system showed the shortest culm length among four 
rotation systems. For Leebaekchal, upland (2013)- upland 
(2014)- upland (2015) system showed the highest culm 
length (162.6 cm) and the shortest culm length (143.5 cm) 
was from upland (2013)- rice paddy (2014)- upland (2015) 
system (Table 2). 

In the ear length among four rotation systems, system of 
upland (2013)- rice paddy (2014)- upland (2015) from rice  

 
 
 
paddy showed the highest ear length (41.6 cm) and the 
shortest was from rice paddy (2013)- upland (2014)- 
upland (2015) system (37.7 cm). Hwangsilchal showed the 
highest ear length (44.1 cm), while the shortest was from 
Hwanggeumgijang (32.6 cm) among four varieties. 
Chalgijang showed the highest ear length (44.9 cm) in the 
system of upland (2013)- upland (2014)- upland (2015), 
whereas rice paddy (2013)- upland (2014)- upland (2015) 
system showed the shortest ear length among four rotation 
systems (Table 2). 

Rotation system of upland (2013)- upland (2014)- upland 
(2015) from rice paddy showed the highest number of ears 
per hill (5.61 ears) and the lowest was from upland (2013)- 
rice paddy (2014)- upland (2015) system (4.39 ears) among 
four rotation systems. Those results reflect that the lower 
number of ears such as upland (2013)- rice paddy (2014)- 
upland (2015) system seemed to be affected by wet injury 
compared to upland (2013)- upland (2014)- upland (2015) 
system (Table 2). The highest ears per hill was obtained 
from Hwangsilchal (6.89 ears), whereas Hwanggeumgijang 
showed the lowest ears per hill (3.42 ears). Hwangsilchal 
obtained the highest number of ears per hill (7.67 ears) 
from the system of upland (2013) - rice paddy (2014) – 
upland (2015), whereas upland (2013)- rice paddy (2014)- 
upland (2015) showed the lowest ears per hill. For 
Leebaekchal, the highest number of ears per hill (5.55 ears) 
was obtained from rice paddy (2013)- rice paddy (2014)- 
upland(2015) system, whereas the system of upland 
(2013)- rice paddy (2014)- upland (2015) showed the 
lowest ears per hill (4.44 ears) (Table 2). 

In the grains per ear among four rotation systems, upland 
(2013)- rice paddy (2014)- upland (2015) system showed 
the highest grains per ear (936 grains) and the lowest was 
from rice paddy (2013)- rice paddy (2014)-upland (2015) 
system (708 grains). Among four varieties, Leebaekchal 
gained the highest grains per ear (1,102 grains) and the 
lowest was from Hwangsilchal (602 ears) (Table 2). 
Leebaekchal obtained the highest grains (1,172 g) per ear 
from upland (2013)- rice paddy (2014)- upland (2015) 
system and the lowest was from rice paddy (2013)- rice 
paddy (2014)-upland (2015) system (987 grains). In the 
case of Hwanggeumgijang, the highest grains per ear (1,108 
grains) was obtained from rice paddy (2013)– upland 
(2014)– upland (2015) system. In the 1000 grain weight 
among four rotation systems, there was no significant 
difference statistically. In the 1000 grain weight among four 
varieties, Hwangsilchal showed the highest weight (6.52 g) 
and the next was in the order of Chalgijang (5.75 g), 
Hwanggeumgijang (5.37 g) and Leebaekchal (4.69 g) (Table 
2). 

In the yield per ha among four rotation systems, system of 
upland (2013)- upland (2014)- upland (2015) from rice 
paddy produced the highest yield (1,760.2 kg/ha) and the 
next was in the order of rice paddy (2013)– upland (2014)– 
upland (2015) system (1,610.2 kg/ha), upland (2013)- rice 
paddy (2014)– upland (2015) system (1,420.4 kg/ha) and  
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Table 2: Growth and yield characteristics of proso millet under different by paddy-upland rotation systems. 
 

Rotation system Variety 
Days from seeding 

to heading 
Days from seeding 

to ripening 
Culm length 

(cm) 
Ear length 

(cm) 
Ears per 

hill 
Grains per 

ear 
1000 grain 
weight (g) 

Yield 
(kg/ha) 

P-P-U z 

Leebaekchal 75 118 158.5 40.9 5.55 987 4.79 1710.6 

chalgijang 74 117 168.1 39.4 4.44 738 5.52 1200.6 

hwangsilchal 76 121 162.9 42.8 6.67 500 6.58 1420.2 

hwanggeumgjiang 61 117 140.1 32.9 3.89 605 4.90 1250.7 

mean 72 118 157.4 39.0 5.14 708 5.45 1400.0 

 

P-U-U 

Leebaekchal 74 118 154.7 40.6 5.00 1,143 4.84 1800.9 

chalgijang 75 117 164.3 38.9 5.33 834 5.74 1700.2 

hwangsilchal 76 122 143.4 40.3 7.22 593 6.46 1810.1 

hwanggeumgjiang 60 115 136.0 31.0 2.77 1,108 5.61 1120.8 

mean 71 118 149.6 37.7 5.08 920 5.66 1610.2 

 

U-U-U 

Leebaekchal 72 116 162.6 40.4 5.33 1,106 4.64 1800.0 

chalgijang 73 115 180.1 44.9 5.22 751 5.92 1540.3 

hwangsilchal 74 119 160.5 45.2 7.67 685 6.43 2200.2 

hwanggeumgjiang 59 113 135.2 33.0 4.22 981 5.44 1500.1 

mean 70 116 159.6 40.9 5.61 881 5.61 1760.2 

 

U-P-U 

Leebaekchal 74 118 143.5 42.8 4.44 1,172 4.48 1550.3 

chalgijang 74 118 153.7 42.1 4.33 865 5.81 1400.9 

hwangsilchal 76 122 143.4 48.0 6.00 629 6.59 1630.4 

hwanggeumgjiang 61 116 115.2 33.3 2.78 1,079 5.52 1100.0 

mean 71 119 139.0 41.6 4.39 936 5.60 1420.4 

 LSD(.05) Rotation 
system (A) 

 NS NS 12.2 4.1 1.25 188 NS 220.7 

LSD(.05)Variety (B)  NS x NS 8.9 2.1 0.76 127 0.2 180.8 

(A) × (B)  NS NS * y * NS NS ** *** 
 

z P = Paddy rice, U = Upland; y *, **, ***: Significant at p = 0.05, 0.01, or 0.001, respectively; x NS: Non-significant at 0.05 probability level. 

 
 
rice paddy (2013)- rice paddy (2014)–upland 
(2015) system (1,400 kg/ha). Hwangsilchal 
produced the highest yield (1,760.7 kg/ha) and 
Hwanggeumgijang was the lowest (1,240.7 kg/ha) 
in the yield per ha among four varieties. 

Hwangsilchal obtained the highest yield (2,200.2 
kg/ha) from upland (2013)– upland (2014)– upland 
(2015) system among four rotation systems. In the 
case of Leebaekchal, the highest yield (1,800.9 
kg/ha) was obtained from rice paddy (2013)– 

upland (2014)– upland (2015) system, while the 
lowest was from upland (2013)- rice paddy (2014)– 
upland (2015) system (1,550.3 kg/ha). Yield of 
proso millet showed similar tendency with foxtail 
millet in their yield characteristics. As proso millet  
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and foxtail millet were classified as weak crop to wet injury 
(Kono et al, 1988), proso millet also seemed to be 
susceptible to a wet injury during rainy season.  

Yoon et al. (2014) reported that the most impact factor 
on upland crop cultivation rotated from rice paddy is soil 
drainage condition among many environmental factors. The 
direct cause of wet injury in upland crops is not excess soil 
water (Lee et al., 1994), but shortage of soil ventilation 
leading to occurrence of harmful substance (Crawford, 
1997; Salisbury, 1992). These wet conditions in soil bring 
the decline of root vigor, growth and subsequent reduction 
of yield. Kono et al. (1988) classified wet-resistant crops as 
four degrees groups through evaluation method of wet- 
resistance experiment. According to him, the highest wet-
resistant crops were paddy rice and the 2nd were foxtail 
millet, barnyard millet and the 3rd being proso millet, while 
sorghum and maize were the weakest crop. Therefore, it is 
necessary to cultivate with some drainage measure or 
making high ridge culture when foxtail millet and proso 
millet are cultivated in paddy-upland rotation system.            
 
 
Conclusions 
 
The results of investigation for the growth and yield 
characteristics of foxtail millet and proso millet under 
different paddy-upland rotation systems were that days 
from to heading and ripening in foxtail millet and proso 
millet showed no difference significantly between four 
different paddy-upland rotation systems, but there was 
statistical difference between varieties in foxtail millet. 
Among the four rotation systems, upland (2013)–upland 
(2014)–upland (2015) system showed the highest culm 
length in both foxtail millet and proso millet.  

In the yield per ha among four rotation systems, upland 
(2013)–upland (2014)–upland (2015) system produced the 
highest yield (2,340.3 kg/ha) and the next was in the order 
of rice paddy (2013)–upland (2014)–upland (2015) system 
(2,000.2 kg/ha), rice paddy (2013)-rice paddy (2014)–
upland (2015) system (1,760.3kg/ha) and upland (2013)-
rice paddy (2014)–upland (2015) system (1,610 kg/ha). 
Their yield was 85.4, 75.2 and 68.7% compared to upland 
(2013)–upland (2014)–upland (2015) system in foxtail 
millet respectively. Proso millet almost the same trend such 
as that upland (2013)–upland (2014)–upland (2015) 
system produced the highest yield (1,760.2 kg/ha) and then 
91.5%(1,610.2kg/ha) was from rice paddy (2013)–upland 
(2014)–upland (2015)system,80.8%(1,420.4kg/ha)from 
upland (2013)-rice paddy (2014)–upland (2015) system 
and 79.5%(1,400 kg/ha) was from rice paddy (2013)-rice 
paddy (2014)–upland (2015) compared to upland (2013)–
upland (2014)–upland (2015) system. As foxtail millet and 
proso millet are weak to wet injury, when they are 
 
 
 

 
 
 
cultivated on upland rotated from rice paddy, it will be 
better to reduce potential risk of wet injury on condition 
that practical drainage facilities and methods including high  
ridge cultivation. The results of this experiment suggested 
that the suitable paddy-upland rotation system was upland 
(2013)–upland (2014)–upland (2015)system and optimum 
variety for paddy-upland rotation system was Samdachal in 
foxtail millet and Leebaekchal in proso millet of which yield 
reduced little even in the first year rotated from rice paddy.  
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