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ABSTRACT In order to develop optimum paddy-upland
rotation system, we evaluated the 1st and the 2nd upland
growth and yield characteristics of foxtail millet, proso millet,
sorghum rotated from paddy field and rice rotated from upland
in paddy-upland rotation. Average number of ears per hill
was 3.3 in the 2nd upland cultivation. The value was greater
by 1 ear as compared to Ist upland cultivation (2.2 ears per
hill). In average yield per 10a, the 2nd upland cultivation
showed 220.3 kg, 23% increased yield compared to the 1st
upland cultivation (179 kg per 10a). In average number of
ears per hill, the 2nd upland cultivation showed 8.3 ears,
increased 4 ears compared to the Ist upland cultivation (4.2
ears per hill). In average yield per 10a, the 2nd upland
cultivation showed 152.8 kg, 16.8% increased yield compared
to the 1st upland cultivation (130.8 kg per 10a). In average
days from seeding to heading of 5 sorghum varieties, there
were no significant difference between the 1st (68.6 days)
and the 2nd (67.4 days) upland cultivation rotated from paddy
field. In the average number of grains per ears, the 2nd upland
cultivation showed 2,931.6 grains per ear, 12% increased
compared to the 1st upland cultivation (2,619.6 grains per
ears). Average yield per 10a of sorghum in the 2nd upland
cultivation showed 242.3 kg, 4.6% increased compared to
the 1st upland cultivation (231.7 kg per 10a). In growth and
yield characteristics of rice in paddy-upland rotation, culm
length in paddy-upland-paddy plot showed 82.9 cm, 7.3 cm
longer compared to the continuous rice paddy field (75.6 cm).
Ear length was also 1 cm longer than that of the continuous

rice paddy field. In average number of ears per hill, paddy-
upland-paddy plot showed 25.0 ears, 4.3 ears more than
that of the continuous rice paddy field (20.7 ears per hill).
In average yield of rice per 10a, the paddy-upland-paddy
rotation plot showed 526.8 kg, 9.8% higher yield compared
to the continuous rice paddy field (479.9 kg per 10a).

Keywords : foxtail millet, proso millet, sorghum, rice, paddy-
upland rotation
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53 ofth EF Seehe APATEO %S ARA k& A 25 AUk WY AR Ak, A, 2
99 FAQl B ol met AFEo] FAAT WA F B AL 858, 71FL 1558, S4E 15515 ka/l0aF 2}
o) AFHES oF 27% (5ENTH, 2013)0 Bk} FF 2 Axaick
WAL A BARTE B =0 BES Bl WAE 247 L ALUIE BE T 0%t 2045 ANE
AFES FAND Bast ek Wb FAFRE = A 257 D 4IRSk AKEAS $3]0] Bl
SO R ARIS AT Qlov], FRE FF ko 2 EFES Sl 14, AR, 24, oAE, 94 1
YRR WS QS Bl WAR AFE FAAY  Gu G 2ARGOM, SFEHOE E]F o4, |
2 203 QUCEYSAAES SAAGT, 2011), AR FUS, DARGRTT 15%) 12T 102 F S 24
o UH J15S BE H FS HORN AL o8 A etk ZlEk A Bl R 2 $EUFHL Y =
S RASS HNT S otk F EGAL B4 WE APP] Zstel AAstdnh £0E ARY FARAL
Ao, el Ao, FLolga e F) olglo] B thl  SAS 928 ol§ste] HAst
Fse 7H 3 glol WY A S I3 A gAl
28 B9 Aol AFI Aotk Seutet Rl Zat o o
Soll ofeh BARE 77147 B A, BR Yol Y
A 5ol Bek ATATHE ok, el gAadel B EEesl 0| Xo| Mg U 4
A7k A9 gt ARoR GALT ARAA LS EoRNH WOR SIE MUY X EFU AL U 4
Fotol AR AFE A1 BRAC) RTHINT Ytk F BAL B 520U FIEI} 65U bYWy
whebA] B AT BT e AMEE S Sak oy oul, Arhie] &3UR Vg &4k Rtk 1S A
B Bel7)E L BRe) wet FR/1MOR FAREA B} 1141 e G Fo0], A7) 862 e A4 &
2 5ol wE SFuel ok A9l theT 4 9 ek W 2L FFEsE 193 emE G AR o]
o AT Qg AR nhA Slak Ae] A b 2 AT B 17.6 om A ASkeh 2719 o)Ak
28 A% ARAA Ao AROE YRR A 2, 7, FFEsE 30004002 wokon, ek, Alck 7t 22}
S w oo S W S B4 S R BASED 17, 18 o409tk 1000952 Afthe] 26 g0
Vg B9rom, 100 Y SFE U7 E Akl 1921
R kgOR b4 B9Low], the-e ATiul7h 188.6 ke Lreby)
o, AIS7) 152.5 kgl 2 7PAF o] WEQktH(Table 1).
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Table 1. Growth and yield of foxtail millet rotated from paddy field to upland field in Ist rotation year.

. Days from §eedmg Days fr(?m seedmg Culm Ear Ears per Grains per 1000 grain Yield

Variety to heading to ripening length  length hill car wt(2) (ke/10a)
(Mon./Day) (Mon./Day) (cm) (cm) & &

83 133 b a c a a a

Samdachal 821 (10/10) 85.4 18.3 1.7 47154 2.61 192.1
81 133 b a be a a a

Samdamae (8/19) (10/10) 86.2 19.1 1.8 4431.7 2.56 188.6
76 126 a a ab a a b

Kyeongkwan 1 (8/14) (10/3) 114.1 17.6 2.4 4213.8 2.46 152.5
Hwanggeumcho 65 13 98.2% 19.3° 3.0° 4532.3" 2.48" 182.8"

£8 (8/3) (9/20) : ' ' : : :

"Means with the same letter are not significantly different at the 5% level by DMRT.

Table 2. The 2nd upland growth and yield of foxtail millet rotated from paddy field in paddy-upland rotation.

. Days from geedmg Days frqm §eed1ng Culm Ear Ears per Grains per 1000 grain Yield
Variety to heading to ripening length length hill car wt(2) (ke/10a)
(Mon./Day) (Mon./Day) (cm) (cm) & &

75 127 a a c a b a

Samdachal (8/13) (10/4) 124.2 26.3 2.7 6328 2.54 270.4
76 127 ab b b b a ab

Samdamae (8/14) (10/4) 117.3 23.5 3.5 5180.1 2.71 243.2
70 114 a b c a a c

Kyeongkwan 1 (8/8) 1) 125.4 23.0 2.5 5471.4 2.69 164.1
61 106 b c a b a b

Hwanggeumcho (7/30) 0/13) 113.2 19.2 4.4 4764.3 2.61 203.6

"Means with the same letter are not significantly different at the 5% level by DMRT.
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A% D S S AEFe Wby Hol7h i AoR  koRPEH WOR 3 WX AW /g E5d
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TIHSE 0] TITe| M W 2 Aon], Gzl 318 em@ VY Agkeh FAF ppk
LomRE WO Q3 WIWA /G BEE A Y oM@ FF1gol 8T0I0E Bekon], SYYL 3
FF EE U 428U e8] 5392 7P Aol 6236 T Egk 0SS Aol 477
Wpoul, FATo| T4AR 1Y E47F Rk WS H  goR Y RARO, 4BF0lE F9H Fol7t ¢ig)
71%0] 1209 cm=2 71 Ao, 7)Ao 69.4 cm =2 7} ot} 10a & =F ojdlzlo] 161.1 kgl &2 7} Wkom,
4 Aokeh S 4BE T Aok Ylon], TATY S5 ohee FAo| 1535kgO R WkrKTable 4).
© Fa71Ee] 5301402 wekow, 7)Aol 3.0014L HAEs] QoA =iy S3E Edy) T2t
2 /b Ak $YYSE o Wo] 4846702 A B Aol Glof /1Y A% W S SHS wlms) my W
growl, thg-e FAM] 4677HOR BTk 100085 WA 71 4EF BT 240U 67U ARHYOL B
U] 493 gOF VY BHOT], o]MFo] 424 g0 2WAE B 648% LR o] WA u]5) oF 29 UH
VA WOITE 100 B 43S oluiFo] 1489kg 0 R A B9F  Eolarh. EFuet ofudo] WdA 719 4ARE
om, o] 1369 kgl 2 T O EIthTable 3). & ¥k ¥2@xk= 65UR 6 &7 Bitow, 5717
Table 3. The 1st upland growth and yield of proso millet rotated from paddy field in paddy-upland rotation.
. Days from §eed1ng Days fr(?m §eedlng Culm Ear Ears per Grains per 1000 grain  Yield
Variety to heading to ripening length  length hill car wt(2) (ke/10a)
(Mon./Day) (Mon./Day) (cm) (cm) & &
71 130 a a be a b a
Leebaekchal 8/9) (10/7) 1143"  30.0 3.9 484.6 4.24 148.9
. 74 131 a a ab a a a
Hwangsilchal (8/12) (10/8) 103.3° 284 4.5 476.7 4.93 136.9
. 53 113 b a a c a ab
Hwanggeumgijang (722) (9120) 69.4 30.0 53 357.4 4.89 124.4
.. 71 127 a a c b a b
Chalgijang 8/9) (10/4) 1209 314 3.0 431.6 4.54 113.1
"Means with the same letter are not significantly different at the 5% level by DMRT.
Table 4. The 2nd upland growth and yield of proso millet rotated from paddy field in paddy-upland rotation.
. Days from §eedlng Days fr(?m §eedmg Culm Ear Ears per Grains per 1000 grain  Yield
Variety to heading to ripening length length hill car wt(2) (ke/10a)
(Mon./Day) (Mon./Day) (cm) (cm) & &
65 120 b a a b a a
Leebaekchal 8/3) (9/27) 157.6" 382 8.7 512.7 4.72 161.1
Hwangsilchal (87;‘2) (115/63) 165.7° 31.8° 8.5 623.6" 4.77° 153.5%
Hwanggeumgijang (75232) (91/(;63) 110.0° 348" 87 14 456°  147.5°
.. 67 118 a b a b a b
Chalgijang (8/5) (9/26) 170.4" 333 7.3 5214 4.46 148.9

"Means with the same letter are not significantly different at the 5% level by DMRT.
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7} 167.9 em2 7H4 Zlow, DS2027F 105.5 cm & 7HF &}
ofth. ExW xS W DS2027F 7S Aord Hhy 4
299 emz 7P Ao, el 22.6 em2 7t
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], 1000852 Fa2o] 263 g2 7H} =9kth 10a &
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wFokcK(Table 5).

o
S
FomiE WoR ST WA 24 FEY AL
&F Q D Z

B0 Aol 2 gy, L Set)
7 2 DS2027} 28.2 cm&
7}7< At S = 82027} 3221 TNZE 7F @k o
H, 100052 F%o] 29.7 go 2 7H4 &=Skt} 10a G
4552 DS2027) 2713 kgl &2 7H4 =9to, Lo g
=Zo] 249.5 kg©o 2 E=SQFtH(Table 6).

Ha& Oﬂ NOIA =L R HE ‘f”lbj‘ﬁr 2EARE Aol

Table 5. The Ist upland growth and yield of sorghum rotated from paddy field in paddy-upland rotation.

. Days from §eed1ng Days frqm seedmg Culm Ear . 1000 grain Yield
Variety to heading to ripening length length  Grains per ear wt(2) (ke/10a)
Mon./Da Mon./Da cm cm & ghiba
( y) ( y) (cm) (cm)

70 144 b b a a a

Nampungchal (8/8) (10/21) 147.1 254 2765.6 26.31 244.4
68 145 c a a a a

DS202 (8/6) (10/22) 105.5 29.9 3181.7 25.67 267.4

64 141 b c b a b

Hwanggeumchal (8/2) (10/18) 149.5 22.6 2315.7 24.11 218.7
70 145 a be a a b

Moktaksusu (8/3) (1072) 167.9 25.0 2817.1 2543 228.4

. 71 145 b b c a C
Aneunbangisusu (8/9) (10/22) 152.7 253 2017.8 24.43 199.6

"Means with the same letter are not significantly different at the 5% level by DMRT.
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Table 6. The 2nd upland growth and yield of sorghum rotated from paddy field in paddy-upland rotation.

. Days from §eedmg Days fr(?m §eedmg Culm Ear . 1000 grain Yield
Variety to heading to ripening length length  Grains per ear wt(2) (ke/102)
(Mon./Day) (Mon./Day) (cm) (cm) 8 &

70 141 b b a a a

Nampungchal (8/8) (10/18) 116.2 25.6 2817.6 28.73 249.5
64 134 c a a b a

DS202 (8/2) A0/11) 95.7 28.2 3221.7 24.13 271.3

64 134 b c ab a ab

Hwanggeumchal (8/2) a10/11) 115.3 21.1 2413.8 29.73 228.4
69 141 a b a a a

Moktaksusu (8/7) (10/18) 131.7 26.1 2986.1 28.17 242.7

. 70 141 ab b b a b
Aneunbangisusu (8/8) (10/18) 121.0 24.9 2218.9 27.80 219.5

"Means with the same letter are not significantly different at the 5% level by DMRT.

Table 7. Growth and yield characteristics of rice in Continuous rice paddy field and paddy-upland-paddy field in paddy-upland
rotation.

Paddy-upland rotation Heading date Culm length Ear length Ears per Grains per Repening rate 1000 grain Yield

system (Mon./Day) (cm) (cm) hill ear (%) wt.(g) (kg/10a)

Continuous rice 8/17 75.6° 15.3° 20.7° 66.4° 92.6" 24.2° 479.9°
paddy

Paddy-upland-paddy 8/17 82.9" 16.3" 25.0° 68.5° 93.2° 24.7° 526.8°

"Means with the same letter are not significantly different at the 5% level by DMRT.

1EA; 68U HE Wh W2 A= 64U R W2AAT} 4% ETESE0 A0 Ho| Mg N £
E57h wEtoy, 9, FeE, SYeg, woles B Qg0 =o R %%; T oA o2 S8 =
© SRkl w2darh 2 A7k gk -m SN Y W A o Y EAS BY &9
FEHeE CIEAE 2619.69 olglon, H2d= ¥ 7le 1dxel 294k gt 1} 17} fAgleh e =Ag
29316 O & oF 12% F715Hich EFERE ool 75.6 emo] HS|A =ikl 9817} 82,9 cmE 7.3 em A
7k E1d }2017 8%, W2dx 2218902 WX 7t on, £ URIVIAIR =& Hl A == S
A 2 2polE Hglon, DS2027F AR} 31817, w2 7h 1 em Atk E7|G oAl =ed&ty) 20.70]4), =
A 32217402 7W Atol7k AQlek 102 B 2 W1d W= {8 25 00]**0 %Cﬂé? of Hls) &7t
2= 231.7 kgob} VRS 2423 kgO & 4.6% S48 43 o4} WATh $ES, 548, 1000852 =d4Te)
gk Zxdal okoulo]447t WER) 199.6 kgof Al ¥ =kl o/}ﬂo} 0] A ¥ % POH:} 10a} 228k =
293} 2195 kg 2 10% 242 714 2 zpo]2 Hylon, &7} 479.9 kg, == RETE 526.8 kgl B A
DS2027}F "R} 267.4 kgollAl @2dAf 271.3 kgi Z}o %LOH )8l 9317} 9.8% =QrtKTable 7).
7} 71 Qi Kim ef al. (1993)& &2 Ggghof 9l Yoo et al. (1995)2 g&go] Slojd 2R G3E +=
R A& o e szt & wEs A & ”"Ek— o] Woks ALl Hlste] WF-H o] mato] A

10a F 298 kgo 2 7} wokom, 2\Wa} &A= 238 Aoy Bhis {3 oA = S8l o, O AxE
kgoi 1dxte] vlsl] 18~20% HrElo] &5to] H9- why W= UWR} SEoA SEALTE gib] 15%, A 22
S A] AZ}7|bo] AojAeE R BTkl sk 0~5%, 393} 9ATLLE £l 4203 el 619
=, & A4 Y] 40 S T Lrdate] Bl th Park et al. (1993)2 GAagolA 9 ¥ a2 2 of
off W2dart skt Zato] vl gA-gghtol A th'&ﬁﬂ AYgo] Egkar, Wy
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—?rﬂ:rl | 259 th E?‘} Klm et al. (1993) =]
o] oJsto] B FaES ARt BE pETAEL
S7HE o, - =gl A] Ko 22 d-=a

SO A S Zokshe Aakolsieka skt of
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