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=52 (Sorghum bicolor) Z 45 R80T » HAMMIRRE M Mo R EENERLE - SRET | 95i0-FEiY
R T 8,766 kg/ha » FHZE [1'E (Crude protein) & & (#ZEL) S EF] 10.9% » K5 MW KB &%) (Water soluble
carbohydrate) & &2 7.1% - M ELHE484E (Neutral detergent fiber) 78754846 (Acid detergent fiber) & & 18 47 7 Ky
59.2% k¢ 32.5% » @t EHEE R - 18 3 [EHIEAY AT R - SR E B R B R B N -
Z% saia (Avena strigosa Schreb.) W -2 28 E fem (P < 0.05) » 2 22,980 kg/ha » ##E2% swan (4. sativa L.) 7 >
Ky 18,210 kg/ha > [fii/NE (Triticum aestivum L.) BiE (K > {£ 8,880 kg/ha » BUREELFLRMEYI LA Ry el -
A= TV Y REHAEA SR > 2 swan F 120 HULHERFRZYZE BB s Fy 44,750 kg/ha 5 #%¢ saia {F 90
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P (BIERL) S EEEERE A ER AT 40 — 50%  (HEIAH R E B B RS E P B DR A REE
% HRIEHEFRE LR ARG E 27 EAN (MBS > 2019 ) » AEEEAERASESN TNERZ — - 28
J& A nn BT A 0 K25 DL AR JEE % [E EL (Pangolagrass, Digitaria decumbens Stent) 3¢ 3R B2 5 (Napiergrass, Pennisetum
purpureum Schum.) L FEABGAE BT » HATCEIBEN A ESH - AN EE TR ENEERTE » H
RN BRSPS - SUTFETE TR EZ B e )/ TR R SOS LR S ECE » SR R
FRHEY) A B £ K (Forage corn, Zea mays L.) » HREiE Z| F ORIV ERFECZE 7,800 &R/ EE » 14 &2 375,273
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{EY) > BI1/NZE (Wheat, Triticum aestivum L.) ~ 2% (Oat, Avena sativa L.) ~ KZ& (Barley, Hordeum vulgare) ZE2858(F
Yy o s S EYIAE S M SRS R BRI A (Coblentz er al., 2018a; 2018b) © 2 £ HA & fi ORI - E48
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JE& B 2B 2R A A B M IR B B R i S A (Huang er al., 2020) » SFEH HIRH B SRS - B (1984) ~ &
(1988) k& EE (1990) &1 & 1 4R TR N SR e R AR FE Rl (HERLAE - IO ~ B3R MoRETTE G 28
TRl A ER o LR (2020) IFSRAE AU > EEIEEIHN IS AV ETEE DL swan SfE Ry T 0 T BUPERRZ F B
FHik R EEE(LA A B -

EEEFLME K E  1ME5RIE (Sorghum spp.) (EVE2 R EAME ~ % ~ 77882 - EiEm AR IE
TEY) » RETESEERESENG - SRKel T E R TSR - I EERREAE R BT > (EF S B HCER ENE%
HEE RN ZRHIHLE (Bean et al., 2013; Jahanzad er al., 2013) - {TE i EEZ B G wm AT E 1989 FRIHETT
Bkl =22 (Forage sorghum, Sorghum bicolor) HFEATEEE (7 > 1989 ) » j2 1995 8 E HE TS E 5 1 5% (Sudangrass,
Sorghum sudanense P. Stapf.) (FE< > 1997 ) 5 £ 2009 FEEEH M oA T B & BAVEH S 5225 1 9% (Sweet
sorghum, Sorghum bicolor) » i EMERE - &8 KIS - TEAREE FOREHE - AN EESRIEE L
J& (BR%E - 2017 ) - 2019 FEkFE2E3R T —9ith Gpkants (SRAJE » 2019) - BEiE - PRS-~ i RIMEEER
EERME - BERER - ERMERSE - Bt ERE SR EYIRY S EEE BT E - AR IRE R e A
ZIREER AT

TRFRNREERR - ENRBUFIRAKREE S - EEREERPHEAE - Ry R B8 2% 0B
77 BURT IR R e B E A A A TR UEY » i S = (2017) $i5 H — /KRS EA—HH A B FORAER R -
B o] e op /KR A AR A FRIHV R RE - IR e it TR B ITRHE SIS B R A& - DU/ DS SRR R - 2080 12208
BEANEE - EME - ZRTEFRR - EREHENER RS - RS REEZREA - FTAEAERR
BERG ~ AESEAIRE RBR AR OR AN ERAHE » S35 (2004) 15 HIE (IRARMIS ~ SRlfet S AHBR RO TR - H AT AR
REEVNAEESE S A AR IR - Jit > PESREEII TSR EERR > BRZESHH
BMERESEEDRBSE SN BE S EISIEIR - AR50 B ReEih BA £ EB IS EEY
DAG AR E] - BT TR SRS R E iR (F AR S DR IERRESE -
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L BRI ST
SEBIE - TR TR L - AR AN S B LR R AT TE 2R (2016 42 7 F) Bk -
EEARL : BEREE 1 9% - BRIRRET= > 1TEE 75 om ~ #REE 10 cm -
SRERTEE ¢ SIS AR S fy 100 m’ -
Al @ N : 120 kg/ha ~ P,O4 * 30 kg/ha ~ K,O : 60 kg/ha ©
FAEH ¢ FRE Y SYEC R 8 (H/NE > BN | (EEUEEE: - FAE R 3.75 m® « FAEIE R 90 H Tl -
HHE SRS - H - YR MEEFREMIN - WETHRE T -
L. G RHEYRdE
bt - FEErE AT blE - ERREEE AT R A LR BT ETTA SR (2016 £ 11 A ) BCERHE -
aBRIR} © HEE swan (4. sativa L.) ~ JHZE saia (4. strigosa Schreb.) F/NEEEEHIEE 2 5f o S R NS B ERIUE T30
TEfE > FETE 0505 120 kg/ha Jz 100 kg/ha o #ZRET-iE H BH ST - I/ NEETFRIHZ R EEE
RS -
SERHEE © RIEEYIR 3 (B EAREERE S B 100 m® -
REfHiEE © N @ 120 kg/ha ~ P,O; ¢ 30 kg/ha ~ K,0 @ 60 kg/ha °
SAE T KR TR 8 (B/INGE > AU/ 1 (EEUER: - R 1 m® - BMERER 90 HAEE(TURE  FHEEE
Hatke ~ BFE - IR EZESREMER - BT E T
L. HZRHTA [FEFE A & F B w G
sEgtE - = EE Q016 £ 12 ) -
SREEATRE © R swan R R saia %5 2 ([ mfdE > SRESEE T > MR R 120 kg/ha -
SREG A BESE 2 IE RS (Randomized complete block design, RCBD) » &/ N& Hif& & 20 m® » 4 i -
HEfelitE: @ N : 120 kg/ha ~ P,O; : 30 kg/ha ~ K,O : 60 kg/ha ©
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B ¢ HAREE 60 ~ 75 ~ 90 ~ 105 ~ 120 HAETTURE] > 4t 5 FENEUCREN - B/ NERUEERE R 1 m® - JHE
HEEEHRS ~ ffE - YR GEESEREMIR R E o -

et E AT - SRl E R EEL R EFEHEE I E (Crude protein, CP) ~ FEE4H4E (Acid detergent fiber, ADF) ~ 1
Hedidt (Neutral detergent fiber, NDF) ~ /KA MR /K E&%) (Water soluble carbohydrate, WSC) & » {LEL 534 57440
T HEAE S EDL Kjeldahl J77AHIEME S 4% (Total N) (Bremner and Mulvaney, 1982) » F4 Total N x 6.25
HHEAEERE  BR4E - -PILYERIRIE van Soest er al. (1991) 2 FAMIE - F—HEER R - AR MR
KALEYIZMIE 775 T9EIER Paleg (1959) Fifg 2 737k » BFIEERH 2 80% G ZEHUREERGEK -

et orth © EE R R B IR AR B B oy L fE AR 4E R 72 (Standard error of the mean, SEM) #ETT 7347 5 /N
R ER ARG BB E R L 1T 8 7 7047 (Analysis of variance) » 52 BHE 72 5 » F DU/ NEIEE 72 521 (Least
significant difference test) LLEZFRIEEIHVZESE » DL P < 0.05 fyfE = 5/KAE § SRR [EURERHER AL 5 e th PR AH [E]
J7= o &at o iikEs By SAS EG 7.1 Jiiz (SAS, 2014) -
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2016 4F 7 FHFHITRREE | PRI (LA - BRI R 3 (BAUIE - He(T R BB B R 37
fis » ETERSRDREMA G 90 FEFTUCE - 3 (MAUEATTAIRT 5 235 om > 7P H98¢ B 2E B AES) 50,055 kefha » H74
BITORAVEE RS (TRIRELEZ L  2019) » IEETNATIE 59 OP &5 (#2245 5] 10.9% » [i] WSC
ST 7.1% » FLNDF J ADF & 852 HIE 59.2% K 32.5% » BURHHER B « 12 3 BBtk
s DA AR 922 247 om » TEESRCALIERNY 240 om 2. » LABERAHORR I 219 om : BEAR A8 05}t AR TS
DA R 2 61,100 kefha » TEESALE 45,175 ke/ha 02 BEFIIZE RARIEC( 43.890 k/ha § ES5RHEE D
53 LSRN £ & RS 11.4% » BERTHRHY 10.7% SR (AR 10.5% 215 : WSC HIDLE R
19 7.79% SR (LHUEER] 7.4% B » T DLEERALIEENY 6.3% S (% 1 ) - TESUBRTRHEINT - SR SRR B2
HEIELSE T BRI R S L BRI MEE R AATORISAVEE R LT 43,890 ke/ha - BEA1 > FHEARHT
R » AT K R IR T AT R EL I A BV SR T B2 42 - BRI » BT C R DV
EHEE -
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Table 1. Agronomic traits and the chemical contents of sweet sorghum Taishu No.1 at different locations in summer, 2016'

Location

Trait Changhua Tainan Taitung Mean SEM
PH’ (cm) 247 219 240 235 8
SD (cm) 2.58 1.66 2.13 2.12 0.27
FWY (kg/ha) 61,100 43,890 45,175 50,055 5,535
DMY (kg/ha) 10,570 5,925 9,802 8,766 1,438
DM (%) 17.3 13.5 21.7 17.5 24
CP (% DM) 10.5 10.7 11.4 10.9 0.3
WSC (% DM) 7.4 7.7 6.3 7.1 0.4
NDF (% DM) 57.7 60.9 59.1 59.2 0.9
ADF (% DM) 31.6 34.2 31.7 32.5 0.9

' Harvested 90 days after planting.
* PH: plant height; SD: stem diameter; FWY: fresh weight yield; DMY: dry matter yield; DM: dry matter percent; CP: crude
protein; WSC: water soluble carbohydrate; NDF: neutral detergent fiber, and ADF: acid detergent fiber.
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2016 4F 11 AIER2 L% ~ =T MEFRBET/NE (ZHEE 2 98 ) ~ #28 (swan [ saia) 55 3 ([ iA@Y E E5F
fili > PARERETR 90 HUSEN & KRR R E o #28 swan Fy4T H 2R Bl i R > FE A - Rk ~ ¢
PR LGN ST RIS EA - FEEREEMEN (5 0 1977 ) © #5628 saia BEImE - B EIL ~ 70
gelEfE - 2EREEROH RS - [EEBEE - BN EMNE I BERIFIE (K% > 2018 ) « NRB—FERA
RERAAEY) - Rt ST 3 KIVESIEY) > EHEREPRHEA - Gunsaulis e al. (2008) $5H - /NEEFEEAVE
EEE - FKEZIFE BN ER R - Coblentz et al. (2000) 725 1B/ NE ~ 2R ZE (Rye, Secale cereale
L.) S E (R RRIR R A (EAN A SR 2 240 IS S DR AT (EYBS A SR g9kt e B DUE & B 4689k}
HYELFERH

1E 3 {E sl 1y g fk e DA 2R swan [z saia VB S (P < 0.05) » 43518 130.0 cm JZ 125.3 cm > [fi/NEEH
E R[S 88.2 cm ; SEIMEEE DASCZR saia 7 swan BEEEL S 0 47 ARy 91,570 kg/ha Kz 78,520 kg/ha » T/ NRERE B
&A% 30,410 kg/ha 5 (FIEGHZEEE 5y » DASHEZR saia B =7 22,980 kg/ha » 28 swan 207 By 18,210 kg/ha » [ii /N2
A 8,880 kg/ha » BURHFEMEE/ERE AT/ INE (R 2) 5 R ERRWEE Y > 5 3 {ElinfE 2 R
FERAFE  Siaad - (EEEAHE A DI AR NE & -

T2 2016 FAFEMIE NI FHAHIR IR R B2 RT |

Table 2. Agronomic traits and chemical contents of wheat and oats at different locations in winter, 2016'

Location Crop PH’ FWY DMY DM CP NDF ADF
cm kg/ha B % DM =m-mmmmmmmme e
Wheat 83.4 32,800 8,400 25.6 8.0 56.9 35.8
Changhua Oat swan 133.4 78,800 18,000 22.8 11.3 443 29.9
Oat saia 112.2 96,000 23,200 24.1 11.1 57.9 33.0
Wheat 83.8 17,430 8,000 459 8.9 68.8 39.9
Tainan Oat swan 126.5 80,180 20,180 25.2 11.6 54.9 324
Oat saia 136.2 82,120 23,060 28.1 9.3 59.1 35.0
Wheat 97.5 41,000 10,250 25.0 8.2 55.2 36.6
Taitung Oat swan 130.1 76,600 16,460 21.5 8.6 58.4 36.0
Oat saia 127.6 96,600 22,700 23.5 12.6 60.3 35.6
Wheat 88.2° 30,410 8,880° 29.2 8.4 60.3 37.4
Mean Oat swan 130.0° 78,520° 18,210 232 10.5 52.5 32.8
Oat saia 125.3 91,570 22,980° 25.2 11.0 59.1 34.5

! Harvested 90 days after planting.

* PH: plant height; FWY: fresh weight yield; DMY: dry matter yield; DM: dry matter percent; CP: crude protein; NDF:
neutral detergent fiber, and ADF: acid detergent fiber.

“"¢ Means in the same column with different superscrips differ (P < 0.05).
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MAZE (£ 3) ° K% (2018) F5HHZE sala 5 22HEIARALG » ElEEE IR RIGRZYR R B ik - A &9khin
B A S FE HHRR R T 7 © Liu and Mahmood (2015) H135 4 & e 2R UG RERS A B Sh Ik = B 2 Bt ek
(% > T 8pichin B I 2 PR - F2F swan {F 120 H NG RZ BRI i By 44,750 ke/ha » TfiHE2E saia RITESE 90 &
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il B T % » B2 105 HUCHER: - [iEm FEHEE - B 11.5% [E 2 6.7% @ NEiRE 2z 41.7% - Coblentz e
al. (2013 ~ 2014) f5H - REHZEGIEE RS (LA Y40 CP ~ WSC Sidid & & - A EUEIIE A B ERE
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Table 3. Effect of harvesting stages on forage yield and quality of two oat cultivars grown in Tainan in winter, 2016

Variety Growth day FWY' DMY DM CP NDF ADF
% % DM
60 81,690 11,810° 14.5¢ 17.8" 48.7° 29.1°
75 82,130¢ 17,880% 21.8% 12.9° 52.6% 31.4%
swan 90 117,690° 27,440 23.3" 11.5% 55.0° 31.6™
105 137,750 36,380® 26.4" 9.2¢ 61.6° 34.6"
120 128,130° 44.750° 34.9° 6.7 57.9% 32.6%
60 80,940 11,500° 14.2° 17.4° 47.8° 28.7¢
75 87,880™ 18,000 20.5% 14.3° 55.2° 34.0™
saia 90 116,060° 29,060° 25.0% 11.5° 56.3° 33.0°
105 98,690® 31,440° 31.9° 6.7 65.3° 36.7"
120 64,690 25,560™ 39.5° 5.9 67.7° 39.2°

" FWY: fresh weight yield; DMY: dry matter yield; DM: dry matter percent; CP: crude protein; NDF: neutral detergent fiber,
and ADF: acid detergent fiber
¢4 Means in the same variety in the same column with different superscrips differ (P < 0.05).
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Table 4. The different modes of crop rotation for forage production in different locations

Location Crop rotation mode Growth duration (day)
Changhua A. Rice - Sweet sorghum - Oat saia 285
Tainan B. Sweet sorghum - Soybean - Forage corn 290
Taitung C. Soybean - Rice - Oat saia 275
All locations D. Soybean - Sweet sorghum - Oat swan 290
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Profitable forage production of forage crops -
sweet sorghum and oat

I. Suggestion of crop rotation for forage production modes "

Po-Yu Chen ® and Shyh-Rong Chang ®®

Received: May 22, 2020; Accepted: Oct. 8, 2021

Abstract

The insufficient supply of domestic forage drives to the demand for establishing efficient short-term forage production
modes in Taiwan. This study aims to evaluate short-term forage crops with a proposal of profitable forage production of crop
rotation modes in different regions. The averaged dry matter yield of sweet sorghum (Sorghum bicolor) reached 8,766 kg/
ha. The forage quality of sweet sorghum was excellent with an average crude protein content of 10.9% and water-soluble
carbohydrate of 7.1%. In particular, neutral detergent fiber and acid detergent fiber were 59.2% and 32.5%, respectively.
Sweet sorghum was tolerant to flooding and drought, and was suitable for forage production in summer. The average dry
matter yield in the three regions for oat “saia” (4Avena strigosa Schreb.) was significantly the highest (P < 0.05) with 22,980
kg/ha, followed by oat “swan” (4. sativa L.) with 18,210 kg/ha, and the lowest for wheat with 8,880 kg/ha, respectively. The
forage yields of oats were greater than that of wheat (7riticum aestivum L.), so the oats could be more suitable for production
in the winter in Taiwan. The dry matter yield of oat “swan” was 44,750 kg/ha, harvested 120 days after planting (DAP). The
dry matter yields of oat “saia” harvested 90 and 105 DAP were significantly the highest, with 29,060 kg/ha and 31,430 kg/ha,
respectively. However, the CP contents of oat “saia” were 6.7% and 11.5%, respectively. Hence, the optimum harvest period
for oat “saia” was 90 - 105 DAP. For the reason, the early-maturing oat variety ‘saia’, the late-maturing oat variety ‘swan’
and sweet sorghum variety ‘Taishu No.1” were suggested as beneficial for the forage production system in different regions.
Four new modes of crop rotation for forage production were proposed as follows: A. Rice (Oryza sativa L.) - Sweet sorghum
- Oat; B. Sweet sorghum - Manure soybean (Glycine max L.) - Forage corn (Zea mays L.); C. Manure soybean - Rice - Oat

and D. Manure soybean - Sweet sorghum - Oat. Mode B and D were entirely forage crop rotation systems.

Key words: Forage, Sweet sorghum, Oat, Crop rotation mode.
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