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ABSTRACT

This study was conducted to evaluate the productivity of whole crop silage wheat utilizing the paddy fields during a couple of
years from 2019 to 2021 in Suwon, Korea. This investigation was used the two maturity types of wheat cultivar ‘Cheongwoo’ (early)
and ‘Taeu’ (late). The heading date of 2" year (Oct. 2020 to May. 2021) cultivation was delayed about 11 to 13 days by more than
1" year (Oct. 2019 to May. 2020). The growth characteristics were shown that the plant height was increased in 2™ cultivation, while
the number of culms and the panicle part ratio were decreased. Moreover, the nutritive value of ‘Cheongwoo’ and ‘Taeu’ were also
decreased in 2™ cultivation. These changes have thought to a difference of the precipitation by cultivation years. Because, the
precipitation during the period from the end of winter dormancy to the harvesting stage in 2™ (337 mm) cultivation was more about
twice than 1" (169.3 mm) cultivation. However, the dry matter yield of ‘Cheongwoo’ was not shown a statistical difference by
cultivation years, while ‘Taecu’ was shown to decrease tendency. The total dry matter yield regardless of the cultivation years were
higher in ‘Cheongwoo’ than ’Taeu’, and especially ’Cheongwoo’ was more 3 tons per hectare (15.3 t/ha) than ‘Taeu’ (12.6 t/ha) at
2™ cyltivation (p<0.01). The trend of dry weight in ‘Cheongwoo’, early mature type, showed a relatively high ratio of dry matter
(»<0.05) was considered that due to a high panicle ratio by a fast heading and an adequate weight of panicles by a sufficient
maturing. In conclusion, selecting the early maturity cultivars could achieve a higher and more stable total dry matter yield
considering the cropping system in the central region. Furthermore, it also has the advantage of being able to double-cropping system
with forage rice, which has considered the maximum whole-crop forage production year-round. These results suggest that the
‘Cheongwoo’ be optimum cultivar to produce the year-round forage on paddy fields in the central region.
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i) Ratio of dry matter (%) = dry weight (g) / fresh weight (g) x 100
ii) Ratio of plant part (%) = plant part dry weight (g) / total
shoot dry weight (g) x 100
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Fig. 1. Suwon area climate from the end of winter dormancy stage to the harvesting stage. A) The bar and dotted line
represent a precipitation per days and an average daily temperature, respectively. B) The area and dotted line
represent an accumulated precipitation and temperature, respectively. The red and blue color means the measured
values at 2020 and 2021 year, respectively. a and b; heading date of ‘Cheongwoo’, ¢ and d; heading date of ‘Taeu’.
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Table 1. Date of two forage wheat cultivars from seeding to harvesting (Suwon, Korea, 2019~2021)

Cultivar (A) B) Days Harvesting Accumulated
Year (maturity) Seeding date Heading date from date temp. (C) from
2t (mm.dd) (mm.dd) (A) to (B) (yy.mm.dd) (A) To (B)
2019 Cheongwoo 10.22 04.20 182 20.05.25 1004.4
2020 (early) 10.21 04.21 185 21.05.24 1100.8
2019 Tacu 10.22 05.03 195 20.05.25 1169.2
2020 (late) 10.21 05.04 196 21.05.24 1256.3
A B
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Fig. 2. Comparison with growth characteristics by cultivars and cultivation year. A) Relative plant height and B) number
of culm. Data represent means + standard deviation. Asterisks indicate significant differences at p-value (**{0.01,
**¥(0.001, ns = non significant) by independent two sample #test. Different letters (a—d) within the column
indicate statistically significant differences among the samples according to Duncan’s multiple range test (£0.05).

CW; Cheongwoo and TU; Taeu.
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Table 2. Analysis of the growth characteristics by each year

Harvesting Culti Culm Panicle Fresh matter Ist leaf

ultivar length length yield SPAD

year (cm) (cm) (t/ha) value

2000 Cheongwoo 90.8+4.32°V 7.1+0.93° 43.6+3.37™ 46.6+5.03™
Taeu 89.2:3.00° 13.2+£0.96° 46.9+9.65 46.0+5.87
t-test?) ns Ak ns ns

001 Cheongwoo 97.9+3.46" 7.44+0.78° 48.04+4.66 47.544.53
Taeu 104.24+6.39* 14.5+1.48° 45.0+5.28 48.14+4.62
t-test woAE woHE ns ns

1) Duncan’s multiple range test (¢ = 0.05), 2) Student's r-test (**p<0.01, ***p<0.001) and ns means non-significant.
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Fig. 3. Comparison with the components related to the dry matter yield by cultivars and cultivation year. A) Ratio by part
of stem, leaf, and panicle calculated using dry weight. B) Relative dry matter yield and C) ratio of dry matter. Data
represent means * standard deviation. Asterisks indicate significant differences at p-value (*(0.05, **{0.01, ns =
non significant) by independent two sample #test. Different letters (a-b) within the column indicate statistically
significant differences among the samples according to Duncan’s multiple range test (£0.05). CW; Cheongwoo and

TU; Taeu.
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Table 3. Comparison with feed value of the two whole—crop forage wheat cultivars by plant parts and cultivation years

cy? HD? Cultivar DAHY Parts CP%)  NDF(%) ADFY(%) TDN"(%) RFVY

Stem 2.87 54.00 28.08 66.72 115.46

Clijggg' 35 Leaf 11.15 50.54 25.78 68.53 126.66

2019 Panicle 11.02 31.06 12.90 78.71 236.15
S0 0525

- Stem 3.73 47.04 24.34 69.67 138.31

Taeu 22 Leaf 12.17 53.69 27.13 67.46 117.41

Panicle 10.11 40.86 19.44 73.54 167.93

Stem 4.30 51.27 30.31 64.96 118.47

Clijggg' 33 Leaf 19.20 40.73 21.72 71.74 164.42

2020 Panicle 11.18 37.42 19.26 73.69 183.72
Sop] 0524

- Stem 4.56 54.09 31.33 64.15 110.91

Taeu 20 Leaf 16.85 49.00 27.13 67.46 128.64

Panicle 10.20 51.61 27.41 67.24 121.74

1) Cultivation year, 2) Harvesting date, 3) Days after heading, 4) Crude protein, 5) Neutral detergent fiber, 6) Acid detergent fiber, 7) Total

digestible nutrient, 8) Relative feed value.
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39.6%, 45.3%= 74 oA 2 RS H 0 (p<0.01), °]o
= TDN o] 73.7%, 70.4% “12]1l RFVE 174.0, 145.0 3k
o= AgTo] Ut P HEA w2 AEVIAIE HSl A
BARCE [OJgt follA] ERISIITHp<0.01). SHARE 2R}
442 E350l BAIRle] CP, NDF % ADF 3ol zgkdos
F5ololetl, 53] “FolA 2 Fo& FTIsto] 1dxjallA

L ZH45to] ZJolE HolA] 2RITHp>0.05). DMRT (Duncan’s
multiple range test) AREAAR O R 4945t EARLAS o) x|
7+ NDF 9tk ADF dgo] &350 THAgle] 11} Aefiet 2
2t Al &, AZF 7 Aol7t Q= AR HYERHIL(p<0.05), ©lo]
UE TDN Fga% RFV gL GA] Zol& Hol= 22 ERISI
p<0.05). 2t F5°] QAP =7 RIRFVE = 2

o]

Aol olfstal Qe 2R F4 W7t 71t Hlwe
(Marsalis et al., 2009), 1'Ax} Afe] g9 = 29 SHof £
okl Ee- = 15800 AL 2\t Apfolla] g2t
9 BE 25F Eolqitt AHpA R, ARt o) AlerkA] g
o] BiskH HAYRaL, o] = QIS 1132; AfufjollA] B lH 945t
ARE7RA] S320] 2WA} Aol tha Holglom, 1dxiolA
AiEoR Aol 4FH ARV o] 2WRjolA=
& 1 Aol e A0= Uehlth o Alerix] 24 Al
192} 7] 5915 AlQfst U] 2910t 2:da}0] HE HolojA
‘%99 TDN =3} RFV7ZL Bl Ho} B =2 2108 Uelg
AR(Table 3), AR} 2+ 224 F9E F=F 2AKFig. 3A)A4
1AxpET} 2132; A} ojalat o] 74 9 £7] $710] WsleF
o] ‘BTt HollA o A AT Qlof FA| Ak &
A Aol 3R £719] Hlgo] Eobsly] whize] Fepds 27t
AT AlRZ 9L SAE BASH AR 2 &jolrh i Ao =
) A, 193 Aol SA19] ARZEIE 294 5
9 F7H 158 B Ee B 955 Zog AR
U, 23} Aol et B HF 25F0R A AR
7H 21l 5 Ael7t gIiek. ol2fgt o= m|Fo] & ufj, A}
277} SUet saolet AARE SHoA 7t R
o BE AR AESol B £97] WiEl(Fig. 3B) SHEL
B Y AR o] Bl 243t 210 = s

olJe] AE T, Al WO 11X} Auiet 2|} A
jjo] Ago] AutE oz 2jolg Kt Yo}t B HE 4

20-CW 0 20-TU 0 21-CW °21-TU -
]
80 ™1 s %—l 180
= ? 1 17400
ns 73 ‘??n_4 E .‘I:_; ]: ns 150
£ 60 -~ 64.8 65.3 I
S ¢ | *%12 ns gl
2 40 I 452 - i 116.6 90
£ 396 1 2 @
2 0 ns ¢ ] 306209 60
O S = 234
b 5 a @b 19.2 30
0 64 55 8.1 7.4 5 0
cP NDF ADF TDN RFV

Fig. 4. Comparison with feed value of whole plant part after harvesting by cultivation years and cultivar. Data represent
means and standard deviation each chemical composition. Asterisks indicate significant differences at p-value
(**¢0.01 and ns = non significant) by independent two sample #test. Different letters (a—c) within the column
indicate statistically significant differences among the samples according to Duncan’s multiple range test (£X0.05).
CP; crude protein, NDF; neutral detergent fiber, ADF; acid detergent fiber, TDN; total digestible nutrient, RFV;
relative feed value, 20; 2020 harvested sample, ‘21; 2021, CW; Cheongwoo and TU; Taeu.
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P 24, 2, 2 Sk § A 1t WEE Bt
(Tables 1 and 2; Figs. 2 and 3). °|2]st HE/d2 S34 o]
IA AL AR W) 53], FRAGY A U TE
T YSA7191 2 512 20Y)0llA] 481791 59 Bl(5Y
259Y) B9t W E739eF0] 20206(1dxhe] 169.3 mmel Zo]]
H]5] 202192 dxpol| 337 mm=E OF 28] Wk, T2 7|7t &
Ot YPALEE FHES wl, 193} 1021.8TO] B[S 24¥3=
1117.6CE © E3UTHFig. 1).

220] 2|2 SHo|A 4 maf= B
1 ASHE 7 AL B, 933 B8 A A8 529
W3}l 58 x5k (Liao and Lin, 2001), Hoj] &&= A
A& ExJollA 7 3hao] 0|27 71| AZst TishE i
o= HEQtDavies and Hillman, 1988; Sharma and
Swarup, 1988). @ A97]0] L7} 1T AR A] R0 F 3-10%
S ZHAsithal B E9a(You et al., 2009), YWEAQ] ZsH
7F9g0] 50% oV w5 Al A O] I IA TASt

, 551 55719] 92 % WA 70-18%5 WY <
kAl 51 HSong et al., 2019). & AI719] AJLARY7] o]F 11
29| FFo= 1ARpECE 292} AufollA] g SOl 82
S7RIAEL A& 11202 Qlof) g Aol F4A JFES wH
S ZoZ WIETKYou et al., 2009). TESE 1'EX} ty] 2vf o
FoRRS BRI 2WRjolA FeFo] 737t A FhAo] g3
U5 2102 Holw(Song et al., 2019), 53] &5 0% 2]
| oAk & Al7]of| 2dAellA] 1dR}ET} T 2R
5] EolE Yz 9 I 240 e AYE]E =]
W} vlgoly AEHIE 2 AESTF 5 S0l i 849
APt WAYgt o= AlmErt

e, 23R Aol F EE B AW o] =2 2
2 7Rl 2= duehs, P99 AESTR 13X} vl

< oK} HIE, 4 HIE 50] 28R Hiskt FgoR s
s

d

A

> M
ot

|

fr o ol o

L

T
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o rlo
o

o
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S 4y
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]
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g FES 29RO E Bl B, ‘Efe-= 1WRpE 21|R}9)]
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$20] 2471 27} 49 2197 59 402 7VeIA] BA
5499 39 Az} vaSHA(Fi. 14) B 24712
slat 24 A4 403} 1% 79 59 97 glol B4oh &
7] 27101 o] AR el vle] TP 297 E 25
7] AR 2 790 BN I 2ol 250t £
o] ZYE wet olAte] Gk S0l FHe Fge] vl
2 F10 2Tk ol 249 HY 7L WY B i)
o] wl2 &4 Ul 54O 8| ATHHOR &4 olF AE
gloo] =8 7Iio] Foldl, BT} B Tt ARSol
QPgAoE g 4 Yol WEY How AmEth Uep,
5 AEds F 58] 39 Skl haslo] S5 IS

Ol

Zeio]d 927k 9 Hrt e Ao= WekEch thak
Ap0) 7P SielAl @Rl 7k w5 o] E3e] TAglo]
S el 1adkEc L7t B3 9] ok 23
Aol - BF B A7} ok 239E BErKTable
3: Fig. 4). ol ofahz ek 9 gefotael ol WA At
R/ gl Holshe Aeiehs Zwe] §44 fio] g 3
& At 39} Bj90] E50 W o) glo] A gt 4
29 Aow woE) B 4 Audao] diet A8 S
e 9 A7l thet et 27149 ekt mad Ao
2 Bl 4= Zuiol, 109 Sy ofsel 59 kA
U 7 A ARRE A 25 H9 7 UG B R
o A=sgo] wottkFig. 3B). £ @e] A FRF e
B19j0] Y 1] AEg # Ale] FE HXA ke
S0 =2 o}8% ARE Lol PAHES FIIIA 51
o ofefat B0l glo] W S A Kk FES] &
Btk S Heh A24He] £ ¢ WACH(Kim e al,
2019), FRA|oA] o} o]mAjoliz A 71zio] A
L B 7Nk, & Aol Sklet Aue] wet e mct
4920] o] a1 wiet oo 7Ksdt o] glo] B
Ao = o}g AR Ak Sl 259 B9 B A
Aol Wy Bl BERch o A RO werct

Iv. Q9f

U ARg we] 12 At B4 9 Aerg w7
37] $iolo] Sealmistel FRAER Sel B A A g
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97} B Aom Q) 7t AkkE kS BEol} BAHS
AJof il e, eSS <ixlo] TAlglo] 9ol
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A 5018 AR FF A A, 197 Al ) %
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