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Double Cropping Productivity of Main Whole—Crop Silage Rice and Winter Feed Crops
in the Central Plains of Korea
Eok-Keun Ahn"', Eung-Gi Jeong? Hyang-Mi Park?, Kuk-Hyun Jung', Ung-Jo Hyun', and Ja—Hwan Ku'

ABSTRACT In order to establish an optimal double cropping system to obtain the maximum annual quantity, we investigated
the annual productivity of whole-crop silage (WCS) rice, Jowoo (Jw), Yeongwoo (Yw), and Mogwoo (Mw), and winter feed crops
(WFC), Italian ryegrass (IRG), Greenfarm (GF), rye Gogu (GU), and triticale Joseong (JS), in paddy fields of the central plains of
Korea. From 2016 to 2019, each crop was subjected to two standard cultivation methods: WCS rice and WFC optimal. Using the
WCS optimal mode, the average dry matter yield (DMY) of WCS rice, early flowering Jw, was 15.8 tons/ha and 21.0 for the
mid-late heading Yw; there was no significant difference compared to the 19.2 tons/ha late-flowering Mw (p<0.01). The WFC
were not significantly different between GF (3.2 tons/ha) and GU (4.5) sown on September 23rd, while JS was the highest at 12.6
tons/ha (p<0.001). There was a significant difference in the order of JS (16.6 tons/ha) > GF (10.5) > GU (4.7)(p<0.001) sown on
October 11th. For JS sown on October 31st, the DMY was 11.8 tons/ha, which was significantly higher than that of the other two
crops (p<0.05). Except for rye GU, DMY was the highest when sown on October 11th. For WFC optimal mode, the average DMY
of JS was the highest at 18.3 tons/ha, which was significantly different from that of GF (10.9) and GU (9.6) (p<0.001). The DMY
of WCS rice transplanted on May 10th was the highest at 23.0 tons/ha in Mw, which was not significantly different from that of
Yw (21.4) but significantly different from that of Jw (15.9) (p<0.05). On transplanting on May 25th, the DMY of Mw was the
highest at 24.2 tons/ha; this was not significantly different from that of Yw (20.7), but it was significantly different from that of
Jw (18.6) (p<0.05). When transplanted on June 11th, the DMY was 21.3 tons/ha in Yw, which was significantly higher than the
DMY of other two cultivars, Jw and Mw (p<0.05). For the WCS rice-WFC double cropping, the total annual DMY was 33.6
tons/ha with the combination of the WCS rice, Yw, and the triticale JS for WCS optimal mode. Meanwhile, the total annual DMY
was 39.6 tons/ha with the combination of the triticale JS and the WCS rice, Yw, for WFC optimal mode. In conclusion, the
strategies for obtaining the maximum yield of high-quality forage for WCS rice-WFC, WFC-WCS rice double cropping are as
follows: 1) cultivation centered on the optimal mode of WFC, and 2) sowing the WFC, triticale JS in mid-October, harvesting the
crops around the end of May and transplanting the WCS rice, Yw, in early June to obtain the maximum DMY of 39.6 tons/ha.

Keywords : double cropping, total dry matter, winter feed crops, whole-crop silage rice
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Table 1. High fertilizer and density-ordinary season planting cultivation methods of whole-crop silage rice cultivars in paddy

fields (Suwon, Korea 2016~2017).

Machine

WCS rice Seeding date

Harvest date . Area Fertilizer level

. Yrs. Transplanting date hills/m? 2 N-P,05-K,0
Cultivar (mm.dd) (mm.dd) (mm.dd) (m?) (ke/10a)
2016 4.20 5.25 9.5 27.27 548 18-9-11
Jowoo
2017 4.20 5.25 9.7 27.27 548 18-9-11
2016 4.20 5.25 9.13 27.27 548 18-9-11
Yeongwoo
2017 4.20 5.25 9.18 27.27 548 18-9-11
2016 4.20 5.25 10. 7 27.27 548 18-9-11
Mogwoo
2017 4.20 5.25 10. 8 27.27 548 18-9-11
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Table 2. Major agronomic traits of whole-crop silage rice cultivars when optimally cultivated in the central plains (Suwon, Korea

2016~2017).
WCS rice Cultivar Yrs. Hegﬂi;.gd(;ate Cuh?céle)ngth Panic(l;aml)e ngth No. of panicles/hill

2016 8.5 83.7 21.7
Jowoo 2017 8. 7 84.6 22.0

mean 8. 6 84.2° 21.9° 9

2016 8.13 84.2 28.1 9
Yeongwoo 2017 8.18 90.6 27.8 15

mean 8.16 87.4¢ 28.0° 12°

2016 9. 6 78.1 27.0 10
Mogwoo 2017 9. 8 71.5 23.6 13

mean 9.7 74.8° 25.3 12°

*The same letter (a-c) in a column for each cultivar is not significant at p<0.01 using Duncan’s multiple range test.
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Table 3. Average water content and average fresh and dry matter yield performance and the ratio of dry matter of whole-crop
silage rice cultivars when optimally cultivated in the central plains (Suwon, Korea 2016~2017).

WCS rice Cultivar Yrs. RDM?” (%) W (%) FMY™ (t/ha) DMY™ (t/ha)
2016 42.8 57.2 36.0 15.4
Jowoo 2017 28.4 71.6 56.8 16.1
mean 35.6™ 64.4™ 46.4* 15.8°
2016 41.0 59.0 55.9 22.6
Yeongwoo 2017 31.4 68.6 61.9 19.4
mean 36.2™ 63.8™ 58.9° 21.0°
2016 35.8 64.2 54.9 19.7
Mogwoo 2017 33.8 66.2 55.7 18.7
mean 34.8™ 65.2™ 55.3%® 19.2°

“RDM: Ratio of dry matter, YWC: Water content, YFMY: Fresh matter yield, ’DMY: Dry matter yield
*The same letter (a-b) in a column for each cultivar is not significant at p<0.01 (DMY), p<0.05 (FMY) using Duncan’s multiple

range test. ns: not significant.
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Table 4. Broadcast sowing planting cultivation method of Italian ryegrass and winter feed crops in a dry field (Suwon, Korea

2016~2017).
WCS rice Broadcast . Quantity of Fertilizer level
No. of times harvest date sowing date w1nte.r feed sowed seeds A“Ea N-P,05-K,0O
(mm.dd) (mm.dd) cultivars (g/m?) (m) (kg/ha)

Greenfarm 5 182.6 140-150-150
Ist 9.5 9.23 Joseong 18 182.6 118-74-39
Gogu 15 182.6 118-74-39

Greenfarm 5 182.6 140-150-150
2nd 9.13 10.11 Joseong 18 182.6 118-74-39
Gogu 15 182.6 118-74-39

Greenfarm 5 182.6 140-150-150
3rd 10. 7 10.31 Joseong 18 182.6 118-74-39
Gogu 15 182.6 118-74-39

Table 5. Heading date, plant height, and stalk number of Italian ryegrass and winter feed crops when WCS rice was optimally
cultivated in the central plains (Suwon, Korea 2016~2017, winter season).

Seeding date Heading date (mm.dd) Plant height (cm) Stalk No./m?
(mm.dd) GF” IS GU GF GU GF JS GU
9.23 5.2 4.19 4.12 84.0° 115.6° 110.0° 1157™ 1533™ 1353™
10.11 5.4 421 4.12 92.7° 126.2° 120.5° 4819° 1415° 1294°
10.31 5.11 423 4.14 86.6° 123.6° 96.2° 2878 1281° 1722

9GF: Greenfarm (Italian ryegrass), JS: Joseong (Triticale), GU: Gogu (rye)
*The same letter (a-c) in a column for each cultivar is not significant at p<0.001 except for p<0.01 (9.23) for plant height,

p<0.05 for stalk No. using Duncan’s multiple range test.
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Table 6. Average fresh and dry matter yield and water content of Italian ryegrass and winter feed crops when WCS rice was
optimally cultivated in the central plains (Suwon, Korea 2016~2017, winter season).

. Harvest date Fresh matter yield  Ratio of dry matter Dry matter yield Water content
Sefi‘;lgd g;‘te (mm.dd) (t/ha) (%) (t/ha) (%)

' GF? IS GU GF JS GU GF JS GU GF JS GU GF JS GU
9.23 5.2 513 419 166 44.5c 26.6° 19.0° 284° 16.8° 32° 12.6° 4.5  81.0° 71.6° 83.2°
10.11 5.4 513 419 664> 573 3277 159" 26.8° 14.5° 105> 16.6c 4.7  84.1° 73.2° 85.5°
10.31 511 513 421 43.2™ 450™ 46.8™ 182° 263" 158 7.9° 11.8° 74* 82.8* 73.7° 84.2°

“GF: Greenfarm (Italian ryegrass), JS: Joseong (Triticale), GU: Gogu (rye)
*The same letter (a-c) in a column for each cultivar is not significant at p<0.001, p<0.01 (9.23) for RDM and WC, p<0.05
(10.11) for fresh matter yield and p<0.05 (10.31) dry matter yield using Duncan’s multiple range test.

Table 7. Total dry matter yield(t/ha) in double cropping when WCS rice was optimally cultivated linked with Italian ryegrass
and winter forage crops in the central plains (Suwon, Korea 2016~2017).

. Greenfarm Gogu Joseong
Cultivar -
Seeding 9.23 10.11 10.31 9.23 10.11 10.31 9.23 10.11 10.31
Jowoo 19.0 26.3 23.7 20.3 20.5 23.2 28.4 324 27.6
Yeongwoo 242 31.5 28.9 25.5 25.7 28.4 33.6 37.6 32.8
Mogwoo 22.4 29.7 27.1 23.7 239 26.6 31.8 35.8 31.0

* LSD(0.05): 1.8657

[1 Shaded gray box () indicates WCS rice and winter feed grass, and crops could not be practically combined because of

overlapping harvest and transplanting time.
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Table 8. Broadcast sowing planting cultivation method optimal to Italian ryegrass and winter feed crops in the central plains

(Suwon, Korea 2017~2018, winter season).

Broadcast seeding

Quantity of

Harvest date Area Fertilizer level

Winter feed Cultivar  Yrs. date sowed seeds (mm.dd) (m2) N-P,05-K,0
(mm.dd) (g/m?) : (kg/ha)
2017 9.26 2.8 5. 4 548 140-150-150
Greenfarm
2018 9.28 2.8 5.7 548 140-150-150
2017 10.16 8.2 4.27 548 118-74-39
Gogu
2018 10.19 8.2 4.29 548 118-74-39
2017 10.16 12.1 5.26 548 118-74-39
Joseong
2018 10.19 12.1 6.3 548 118-74-39

Table 9. Heading date, plant height, and stalk number of Italian ryegrass and winter feed crops when WCS rice was optimally
cultivated in the central plains (Suwon, Korea 2017~2018, winter season).

Heading date (mm.dd)

Plant height (cm)

Stalk No./m’

Yrs.
GF? JS GU GF IS GU GF IS GU
2017 5.3 426 4.17 78.1 145.1 118.8 3026 1096 1259
2018 5.7 5.2 4.20 98.7 133.9 128.9 2903 1103 1515
mean 55 429 4.19 88.4° 139.5° 123.9° 2965° 1100° 1387°

9GF: Greenfarm (Italian ryegrass), JS: Joseong (Triticale), GU: Gogu (rye)
*The same letter (a-c) in a column for each cultivar is not significant at p<0.001 for plant height, p<0.05 for stalk number

using Duncan’s multiple range test.
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Table 10. Average fresh and dry matter yield and water content of Italian ryegrass and winter feed crops when optimally
cultivated in the central plains (Suwon, Korea 2016~2018, winter season).

Harvest date Fresh matter yield Ratio of dry matter Dry matter yield Water content
Yrs. (mm.dd) (t/ha) (%) (t/ha) (%)

GF? IS GU GF IS GU GF IS GU GF JS GU GF JS GU

2017 54 526 427 657 503 587 157 329 164 104 166 9.7 843 67.1 83.6
2018 57 63 429 587 487 447 192 40.8 212 113 199 95 80.8 592 78.8
mean 5.6 530 428 62.2° 495 51.7% 175 36.9° 18.8°  10.9* 183° 96° 82.6° 632" 81.2°

“GF: Greenfarm (Italian ryegrass), JS: Joseong (Triticale), GU: Gogu (rye)
*The same letter (a-b) in a column for each cultivar is not significant at p<0.001, except for p<0.05 for fresh matter yield
using Duncan’s multiple range test.

Table 11. High fertilizer and density-ordinary season planting cultivation method of whole-crop silage rice cultivars in the paddy
field (Suwon, Korea 2018).

. WCS rice Seeding TraMn:;i:Illlt?ng Harvest . , Area Fertilizer level

No.of times Cultivar date Jate date hills/m (mz) N-P»,05-K,O
(mm.dd) (mm.dd) (mm.dd) (kg/10a)
Jowoo 4.10 5.10 9.3 27.27 183 18-9-11
Ist Yeongwoo 4.10 5.10 9.10 27.27 183 18-9-11
Mogwoo 4.10 5.10 9.20 27.27 183 18-9-11
Jowoo 4.19 5.25 9.5 27.27 183 18-9-11
2nd Yeongwoo 4.19 5.25 9.10 27.27 183 18-9-11
Mogwoo 4.19 5.25 10. 1 27.27 183 18-9-11
Jowoo 5.11 6.12 9.20 27.27 183 18-9-11
3rd Yeongwoo 5.11 6.12 10. 5 27.27 183 18-9-11
Mogwoo 5.11 6.12 10.11 27.27 183 18-9-11

Table 12. Major agronomic traits of whole-crop silage rice cultivars cultivated optimally to winter feed cultivars in the central
plains (Suwon, Korea 2018).

No.of times WCS rice Cultivar He(iiiﬁ.gd(f)ate Cuhzzéle)ngth Panic(lfml)e ngth No. of panicles/hill
Jowoo 8. 4 83.5° 21.5° 14°

Ist Yeongwoo 8.10 89.2° 25.9° 14°
Mogwoo 9.1 89.2° 28.8° 12°
Jowoo 8. 6 90.7° 22.9° 12

2nd Yeongwoo 8.11 88.4% 29.2° 12"
Mogwoo 9.3 81.9° 28.0° 10m
Jowoo 8.20 84.1° 23.9° 13™

3rd Yeongwoo 9.7 79.7% 26.7° 13™
Mogwoo 9.18 79.8° 26.2° 13™

*The same letter (a-c) in a 1%, 2™, and 3™ column for each cultivar is not significant at p<0.001 for 2™ culm and panicle
length, p<0.01 for 1* culm and panicle length, p<0.05 for 1 No. of panicle, 3 culm and panicle length using Duncan’s
multiple range test
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Table 13. Average water content, average fresh and dry matter yield performance, and the ratio of dry matter of whole-crop
silage rice cultivars cultivated optimally to winter feed cultivars in the central plains (Suwon, Korea 2018).

No. of times WCS rice Cultivar R?/I:;IZ) \zﬁ/f)y) F(l:/f;; D(yhz; )
Jowoo 35.2° 64.8° 45.3° 15.9°
Ist Yeongwoo 30.2° 69.8° 70.8° 21.4°
Mogwoo 31.9® 68.1%° 72.4° 23.0°
Jowoo 32.8° 67.2° 56.7° 18.6%
2nd Yeongwoo 29.4° 70.6" 70.3° 20.7%
Mogwoo 38.0° 62.0° 63.6™ 24.2°
Jowoo 37.6° 62.4° 47.9° 18.0°
3rd Yeongwoo 36.9° 63.1° 57.8% 21.3°
Mogwoo 31.1° 68.9° 59.4° 18.5°

RDM: Ratio of dry matter, YWC: Water content, "FMY: Fresh matter yield, ’DMY: Dry matter yield
*The same letter (a-b) in a 1%, 2™, and 3™ column for each cultivar is not significant at p<0.001 for 3™ RDM and WC, p<0.01
for 1% FMY, p<0.05 for others using Duncan’s multiple range test
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Table 14. Total dry matter yield (t/ha) in double cropping when Italian ryegrass and winter forage crops were optimally cultivated
and linked with WCS rice in the central plains (Suwon, Korea 2017~2018).

Cultivar Jw? Yw Mw Iw Yw Mw Jw Yw Mw
Transplanting 5.10 5.25 6.12
Greenfarm 26.8 323 33.9 29.5 31.6 35.1 28.9 322 29.4
Gogu 25.5 31.0 32.6 28.2 30.3 33.8 27.6 30.9 28.1
Joseong 34.2 39.7 41.3 36.9 39.0 42.5 36.3 39.6 36.8

*LSD(0.05): 1.9048

[1 Shaded gray box () indicates winter feed grass and crops, and WCS rice could not be practically combined because of
overlapping transplanting and harvest time. “Jw: Jowoo, Yw: Yeongwoo, Mw: Mogwoo
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