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A Comparative Study of the Feed Value of Alfalfa Hays Produced by
Different Curing Methods and Cubes and Nutrient Yields of Hays

Tokuzo HASHIZUME*, Hiroshi FUJITA*, Sakae MATSUOKA¥,
Kenichi TANAKA* and Kiyoshi URAKAMI®
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Table |, Weather conditions during hay making

: Av, daily Duration of .Daily
Date . temperature sunshine precipitation Main work
{c) ~(hr.) (tmm)
]uly 10, 1975 15.1 4,1 ' e +Herbage cutting & drying:
. . hay cube production
11 ' 13.6 12.2 —
12 11.5 3.2 —
13 13.0 10.2. —
14 13.1 6.4 —
15 - 11.9 — 1.0
16 13.9 3.0 4.0
17 17.6 9.9 — +—Finishing hay by conventional
_ curing method (CV-hay)
18 14.5 — 32.0
19 15.8 2.7 1.0
20 14.3 12.2 — «Finishing hay by wire stand
hanging method (WS-hay)
21 15.6 10.3 — «Finishing hay by plastic film

covering method (PC-hay)
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Table 2, Chemical composition of original herbage and feeds processed
by different methods (on dry matter basis, %3)

Original Drying at ambient temperature Drying with heat
herbage CV-hay PC-hay  WS-hay Hay cube Eﬂrieﬁefgroepp ed
cubing process
Moisture® (83.6) (13.9) (14.4 (14.0) (12,8) (12.4)
QOrganic matter 88.0 88.7 88.4 88.0 88.1 89.1
Cr. protein 22.0 2L 1 21.4 22.3 19.0 18.4
Cr. fat 3.8 2.1 2.3 2.5 2.5 2.6
Cr. fiber «(A) 263 27.7 28.9 2.8 5.5 28.5
NFE -« (B} 35.9 37.8 35.8 36.4 40.1 39.6
Ct. ash 12.0 11.3 11.6 12.0 11.9 11.0
NDF#* (G 38.1 41.4 43.4 42.7 44,0 47.9
ADE#** 34.3 36.5 36.4 35.1 34,5 35.2
Hemicellulose 3.8 4.9 7.0 7.6 9.5 12.7
Soluble carbohydrate¥** 24.1 24.1 21.3 20.2 21.6 20,2
Carotene (mg/kg, DM) 253.0 59.7 42,7 92.1 175.0 —

* Expressed as % of fresh matter or air dry matter.

#t NDF : Neutral detergent fiber, ADF: Acid detergent fiber.

#k Estimated by formula: (A+B--C).
Bo BEPRF . — TEEBET 8 ~%OABEEEMKN S LERE LTV D, ATE
BRRB ST A 0L 5 RHEAEORY, SROETHRROSE-ENORESNBEIGRT S
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Bk 2.8~8.5%", 6.1%%, 8~11%": HEINTKD, ChALLIIVEIDEH Y ORE
BERTBEA 7 # Y EENECC L BARND B b0 L Bbh 5, FREL AR LS
EELEANT, PCHLHASERC I 2BRERBWMERT L0, B, #HWklcl 35
BUHEREOBACERN LD D LR ARG, i, ATRELER . —7, ERBEEN
BN ER R LoD, BEERF v lRnBERER L~ el r —AGE~NBT LI &
CIdbDEFLLRD, A

VB CO ARG L ARBITER I, PC I X 3 BERERHGHE N LT b b
59, HEREEENE (K& /<, NFE nfEEEER <, M NDF & 208
Mol CHIIERCREMPE Loz L X2, RBFCE-S{REOETLISLDL
Bibhi, ,

AeFveaiE (mg/kg, DM) 2 Table 2icmd L 5 ATEBR LI . — 70 Ed £ £,
LZOFFIEER Lico BRERCREERENE» oo PCENRTRI D AL oD i
BXDOREEZT &7 4 4+ 2 CHBTOREKG LEBO DT hic o LICB#ERD
B, o ’

2. EEHISETOEERS

BOSHE & 3 B & Y Rl Lo E 0 FEEREIS & T O(b2paix Table 310w Lz,

AL L AEEOETLHGIRLEL, PC R L 3EREILEEE Thich - o0 TER
BiEsi D ininie HERENPC BRIV EWERT LAORBENHC Sl LKL D
LokBhbhis, - -

Table 2 R Lk 52, FREOCHEHHESRIEH cOREP ERREENb -
Db b, BRHECHSTELUE Rk 7on, Zhik Table3 Bbh 3 & 5 i,
I BWASE, BEREI VABRSNESEABEVILCLIBLOTHS L, TORBERESED

Table 3, Leaf-stem ratio and chemical composition of leaf or stem
{on -dry matter basis, %)

Originél.lherbage CV-hay PC-hay WS-hay

Leaf Stem Leaf Stem Leaf Stem Leaf Stem
Leaf-stem ratio 4 5 32 68 37 63 35 65
Orgenic matter ~ 88.2  88.4 8.4  88.7 87.4 8.3 87.5 ~ 88.6
Cr. protein 32,1 13.9 33.5 15.1 32.4 150 °  83.4 151
Cr. fat 5.7 2.3 3.1 1.4 2.9 14 3.0 1.4
Cr. fiber 12.5  36.5 12.3  35.8 14.1  38.3 12.6  37.7
NFE . 37.9  35.8 39.5. 36.4 38.0  34.6 385 344
Cr. ash © 1.8 11.6 1L6 ~ 1.3 ° 12.6  10.7 12.5 11,4
NDF 20.6 52.0 20.0 51,0 259 58.1 24,2 56.2

ADF 16.4  45.4 15.6  43.4 19.2 486 . 168  48.0.
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M, BERANAERcS-C ARAEIERE PR L - THEE LWvw o L9958, &
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RS A EEOEY% s PC L SR I AHIC W THERE LI DSV L LTS
DD NFE ptdin <, M, NDF, ADF SBAR WS Enbd 0812 2,

3. MERAOHELREERSER

ZHE OB OFE LR Table 4 127R Lic,

£ COHRFHIHHE L THEESE & NFE O {ERsE <, R & o BERME? -
tro Zhkk ARCHIBALD 5%, ZAFHBY OfEL I {—HLTED, T4 7 5 r BEOHH
EBRbND, HEBENEENECERLLT, 747 r A7 r OHEBEOEW)) v EES
Hx bh, EEBBOBCRMEL, OBk VoL, HEHEEIMES, ABRKEE
TEREDERAARE N ERLBEDTHD 5o

R O i T, + H7nﬁmﬁt«~&»w—zuﬂ®&£ak<Vﬁ§9§amﬁﬁ
35 £ 0 ADF 0 3{EHAME , DCP & £2MED 5 oo I HIE LR L D F o — 7 OHMER
BLABEOMIERMEN L VS HERORE ! L—KLTHY, Jhilkd . — THIEART
OBIEME R L B EENEREL - TWALDLBLRZ DT A7 s 47 7-F 2
—~ 7O DCP Rbten oo i F o« ~ 7ORETEREOMBE LTELDREILTHES S,
ATERIERC BT MR L VRS ORE LA CH DN, RAEOHIERLCONT
AT Lh % 5 TV, B2 E BRATZLER 5% 1% 92°C CHMR LIc7 4 7 r A7 £, 74,57,
43°C TEEM Lic b © & o, RAEOMEEIME N 2 ERBE LT 5, RIRICEW TR

Table 4. Digestibility and nutrient contents of feeds (%)

CV-hay PC-hay WS-hay Hay cube
Dry matter 67.18£0.6 63.0°£1.0 66,28::1.2 61,7¢+0,9
Organic matter 67.68 0.7 64.3°+1.1 67.00+1.3 63.6°+£0.8
Cr. protein 80,48 40.7 77.4°£1.1 79.6240.9 71.8¢+1.1
Cr. fat 23.2846.0 20,02+3.2 23.52+3.3 43.15+2,1
Cr. fiber 49.524+1.8 49.3+£1.8 49,721+2.5 45.8v+1.7
NFE 76,3810, 4 71.3+0.9 75.1°+0.6 72.99+0.5
NDF 53.2a+1.1 52.8241.5 56,9+1.8 - BlL7ax1.7
ADF 53, 7+1.3 51.2s+1.5 . 53.5842.6 47,36+2.0
Hemicellulose 49.28£4.7 61.0+5.3 67.10¢ 22.5 67.7°+2.3
DCP 14.6 14.2 15.3 11.9
. (16.9)* (16.5) Q7.7 (13.7)
TDN 52,2 49,1 51.4 50.5
(60.6) (57.4) (59.7) (58.0)

a, b, ¢ & d: The differences between the figures with different letters are significant
at 5% level.
* Values in parentheses expressed as dry matter basis,
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Lin LEEOBRRNC X 5 =4 ¥ —EEROETIL, »# v EELBEHMCLL=21F
C—REMETT A LR L L CHFEMbRHZ &P R, BEEYAV .y METHI LI LT

R#f=F A —HETT52, R#f=sr & OERFAENEMAHZ &P, ELEEY
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PR CEEERL Ui 3 BB R o [u] Tk, PC BEIC X A AILR A B a @S - i b
bbb, REE, HEEREC I pREREAT, B, Y ESHOMLERrEE F<
0.05) icf€ <, DCP, TDN & & & £ -7z HESW I PC ik & ¢t SRR & 5E D DCP,
TDN £ B FECh -1 L BELTWAA, ZOEWILER, FE AEFEOEVNER
LCwbhorBibhs, AERCHPCEOERCRIFELE Lok, HiEXhEWY
BAERS L R T ORI L » CHRE LT L3BENSA D, E7 4 L AT HWET A
DFEROKIERNEN 1z (69.1%) &b, COBHOREXETSIELRERFERLE
o ThbbDEEbR, P LIKSGER0% LT FTHELTxbAEZEMNTLZL
PREE LWL Bbhd,
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NDF & #13, S4n{bE (r=—0.88, P<0.001), HEABEMLE (r=—0.84, P<0.001)
ORI E G AOEB YR L, Eic ADF (bR & ofic r=—0.72 (P<0.01) OHE%ETL
foo Lin Lo R HOMBIEEILAREEOERV 2 W 5 BRYEHR LT 5 0 CH )Tkl
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Table 5. Percentage yield of respective nutrients from original herbage (A)
and percentage loss of respective nutrients due to leaf falling (B)
in three kinds of hay (%) '

Dry matter g;%:l;ic Cr. protein Cr. fat Cr. fiber NFE Cr. ash NDF ADF

CV-hay 70.4 71.0 67.5 38.7 74.0 74.1 66.3 76.5 5.0

(4) PC-hay 89.2 89.5 86.7 54.8 98.1 88.7 86.7 101.4 94.6
WS-hay 8l1.9 81.9 83.1 54.8 83.5 82.7 82.1 91.7 83.7
CV-hay 19.0 19.0 26.4 45.2 9.3 19.0 18.9 10.6 9.6

(8) PC-hay 8.8 9.1 12.5 37.1 2.3 9.1 6.6 0.2 1.4
‘WS-hay 12.9 13.2 7.2 40.3 6.0 13.0 11.2 4.3 5.9

DFER O A Table 5w L, 7

AOEINRIL A 70.4, PCk: 89.2, $t&MHE81.9% Th -1 ¥1, BHEDS
BRI w3 s RIS () © 4k, AR :10.0, PC#:: 8.8, #1431 12.9%
Ch -1 ,

RS TR OB b5 <, £ LCE ORAD RS RBROLE & BT d% L
T %, i, NDF, ADF oBURELE? - k)i, Thit B0 BIREEES S hbo)
FORRCHE VG L edThs 5o BIOBEITRIC L~ CRER B BILRILS %
®<n&motu:nm%mﬁ%®k%%ﬁ$ﬂ®%MW@%tﬁ@L,@&ﬁlaﬁago
HARBERE EAE QAP nThB S L Bbhb, | |
Eﬂﬁltmaoﬁﬁwﬁﬁxxwﬁﬁ@iﬁﬁmTwh6@&39@5%0

MURDOCH B* (3.7 47 r A7 7 « 4 #BHEBE O HEAMEEC L AR BRLO R ¢, =
AZRRIH LT o BERICHE LT, RETRRACRRN TH 52 RTF KRR 255
B LHE LT B, Lo LAERCH, HERREERCSH R s ke b pib b4
SRRBI I D ED o teond IV F 4 ¥ a7 —REALEVWES, FEE T T » £ —
TRE LIRS, ¥Rl hic»cBah L TREDRRECREEKNSHHL DL Bbh b,

Table §, Comparative yields of hay and nutrients from 1000 kg of original herbage

[

Hay ‘ ’
- DCP TDN . ~ Carotene
Air dry matter  Dry matter
3 73 T3 ] 73 ‘
CV-hay 134.2 115.5 19.6 70,1 6.9
. (100} (100) (100} {100) _ (100)
PC-hay 170, 8 146.3 - 24,3 83.9 6.2
(127) (127 (124) (120) (a0)
WS-hay 156. 2 134, 3 23.9 80.3 12. 4
(116) (116) (122) Q5 - (180)

Values in parentheses show relative yields to those of CV-hay (Base: 100)
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¥loh e v OAINEIHEERENBL S, PCEo 2 &AL L,
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I A—BSh bElBe -7 A7 747 7 1B & S RS 4 0 R 35N
Sk (B, CVE), BR7FAF v 2 7 4 M 28K X 55 (PCH), $&RE=FIH
THHH: (ST, WSE) TIsBEERLICS . — 7L, ThHIE2WT4HOME
ERFAWCTHEERREY Tl ¥ 3@oBEEC YW UREET D L ofG & 5 BRI 2V
Th#E L,

2. .- FIXIEOBY LN THESES BT 2~3% B2 o7 ¥, &K HER
B L O M LEAMED - T MIBEVEEEREIRLES VAR LI SEREL Y 8.6% LK
7 AN (P

3. 3MONE -t PCHEEREENEN it dh b bT, AEAEERR LS
7 <, NFE, wiEiigs, »evv B {, HiE, NDFEENER, T, RIGE
CERTES B AR S £ o

4. HEk s S AWEOBEOBLELIRTRETH - 1odt, PCEOEREI—FCE <,
DCP, TDN &5 {E4 » 720 |

5. ADF p§{bskitigdy & A Bl L ol &R (Withd r=0.91, P<0.001)
gk L,

6. BRI A BN ERE, ARk 70.4%, PCk:80.2%, #4531k 81.9% T
H 70

7. WEBLIC S QBEOBNs L UCHRGERSEY, TATh B 19.0%,PCk -
8.8%, $tGIRIL:12.9%, & LU, AWM :26.4%, PCik:12.5%, $f &Rk :17.2% T
#H 7o ‘

8. DCP &R (M7= b) it - —7 #113.7% TE L LEL, BRABVSHSRELC L2
BE LD 4% ${Ed 51, )

9. TDN &8 (4% b) 1, PCHERIAZHHE L& .~ 7HH68% T, fiod0 kb
#12% 5 57,

10. EREsboBRGAEERE, HEE00w X L, PCH¥ & &3 L Tl ThEh,
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Summary

Comparative experiments were carried out in an attempt to produce hay with less
loss of nutrients, The feed values and nutrient yields of alfalfa hays prepared by three
different field curing methods were compared, while also investigating the effect of artificial
drying on the digestibility of alfalfa-cubes.

The outline of the 4 feeds used is as follows. The forage was Ist-cutting alfalfa in
prebloom stage (height ca. 69cm) when it was harvested on 10th June 1975. The long alfalfa
were cured on the field by the 3 following methods under weather conditions as shown in
Table 1,

1. Conventional curing method (CV-hay) : Long fresh alfalfa was dried on the field
(500 kg fresh alfalfa per 9 m x 18. 5m area), windrowed in the evening, spread in the morning
and tedded once a day by hay fork. It was covered by plastic film during rainfall (2
times during curing period).

2. Plastic covering method (PC-hay) : After 2 days drying as in the CV-method,
windrows were turned once a day without spreading and were dried. They were covered
by plastic film in the evening and during rainfall.

3. Wire stand hanging method (WS-hay): After 2 days drying as in the CV-method,
the wilted alfalfa (69.1 % moisture) was hung on a wire stand and dried with no covering.

4. Hay cubes : Chopped fresh alfalfa was also fed into the drying drum of the hay
cube plant. The temperature at the entrance to the drum was 700-800 C°. The dehydrated
hay was taken out of the drum at a temperature of ca. 106 + 20 C° after 5 minutes after.
The cube, thus produced, had a diameter of 3cm and length of 3-5cm,

Digestion experiments were conducted on 4 sheep.

The chemical composition and digestibility are shown in Tables 2 & 4, respectively.
The hay cube showed 2-3% lower crude protein content as compared to the 3 field-cured
hays and its digestibility of crude protein and crude fiber was lower. The crude protein
digestibility of hay cubes was 8, 6% lower than that of CV-hay.

Although PC-hay showed the highest leaf content among the three hays (Table 3),
its crude protein content was not necessarily the highest, having lower NFE, soluble
carbohydrate and carotene contents and higher crude fiber and neutral detergent fiber
contents. CV-hay showed the highest soluble carbohydrate content (Tahble 2).

PC-hay showed lower digestibilities of dry matter, organic matter, crude protein and
NFE as compared to the other 2 hays, while the latter had nearly identical values. The
PC-hay also showed lower DCP and TDN content (Table 4),

High correlations were observed between ADF digestibility and dry matter or crude

protein digestibilities, each showing r=0.91, p<<0.001.
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The dry matter yield of the 3 hays as compared to the original alfalfa were as
follows (Table 5) : CV-hay 70.4%, PC-hay 89.2%, WS-hay 81.9%.

The dry matter and crude protein losses due to leaf falling were as follows (Table
5) : Dry matter: CV-hay 19.0%, PC-hay 8.8%, WS-hay 12.9%

Crude protein : CV-hay 26.4%, PC-hay 12.5%, WS-hay 17.2%

The hay cube showed a remarkably lower DCP content percentage of DM (13.7%),
4 % lower than that of WS-hay, The TDN content of DM of PC-hay and hay cube was
about 8% in each, 2% lower than the other 2 hays (Table 4).

The DCP and TDN vyield of the 2 hays as compared to the CV-hay (100) was about
20% higher than CV-hay and PC-hay showed a slightly better yield than WS-hay (Table

6).

From the above results, it was observed that PC-hay yielded the highest DM, DCP
and TDN, though its percentage content of DCP and TDN was lower. And WS-hay showed
higher nutrient contents and yields in spite of two exposures to rain,

Res. Bull. Obihiro Univ., 10 (1976) : 117~128.



