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The Relation between Palatability and Chemical
Composition of Herbages Cultivated
in the Shading Condition

MMasakazu Goto, Eisaku SiMapa® and Kezuo Sucawama®™™@

SuEEy

This :5.15||,'|3,l wis eximined on the relation betwesn pn.]n.ml'rﬂitj' of shaded huhug,u and thetr chemacal
eonstituents, such as total n'i!r{l-g:n, Erue pr:rh:'r.n. n'ltrnEEn., mitrate nitrogen, waler solulile clu‘hnh}'ﬂule
and total soluble carbabydrte.  Palatability trials with 48 pairs of herbages, wsing sheep by a two.choice
preference method, were corried out to compare differences between non-shaded and shaded herhoges,
differences among four herbage species and among herbages which were spplied ferilizers with diflerent
levels of nitrogen and phesphorus and different forms of nirogen dunng shading culivee The
consumption rate of herbage by sheep wos signibcantly lower (A0-408%) on the herbage comtaining
high concentration of nitcate nltrogen than that of low nitcste nitcogen b every wvpe ol experment,
Total nitrogen tended 0 show o negative relatan o herbage consumption.  On the other bamd, water
soluble carbiohydrate and total saluble carbohydeate partly showed a positive relation 1w that value. Ttis
thought that nitrate nitrogen should be the most important factor influencing on the palatability of shaded
fornge plonts, presumably because of a defense of sheep against nitrate poison,

Introduction

Mccarding 1o the survey on the forest grazing by the Rinseisogokenkyijo in 1976, abow 55,000 beef
catbe were penred on woodland pesture and the forests where the grazing s peacticed went wp 1o 100000
hectare in Jopan, OF theae forests, B500 hectare, including 3,000 hectare of alfforested land of
Jupanese cedor and Tupanese cypress, consist of o stocked land™,  The improvement of undergrowth by
inteodducing the improved pasture to forest Aoor will be expecied for intensive use of forests for
grazing®™®.  But, we have very little information, particulurly on the utilization of improved pasture
under middle-aged forest by grazing animals,

In o series of oar swdy on the productivicy and utifization of developed pasture imder Japoness red
pine forest™ M8 we hipve found thot in the 20=25 year old red pines, herbages under ordinarily thinned
wonds were leas peceptable for grazing cattle than that under 25 and 50% more heavily thinned woods™,
while in the 4046 vear old trees, even the herboges under ordinarily thinned woods were prefered very
well,  In other field experiments, it has been also shown that the palatability of herbages cultivated by
shading treatment could be considerably varied by the application rates and the form of nitrogen fersilizer
el by the speciez of herbages introduced ™,

The decreaze of palatshility of shaded herhages suppresses a voluntory intake and the utilization of
woodland pasture by grazing snimals, and 3t might cause a [ailure of farm management depending upon
forest grozing, Martz et al."" mentioned that the chemical composition of forages should influence their
pnlnhbiiit_!,rl aned I"t‘.ﬂd]‘”l stated thot the chemien] COMPOsIon was pq'r:lum.qH_',r the mnst i.111|:|r|r1.r||: factor
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for the palatubility of fomges,  This study waz examined on a relaticn between the palambility of shided
herbnges and their chemical constituents, such oz toml nitrogen (T-M}, rue protein niteegen {TP=N),
nitrate nitrogen (NOy=M], witer soloble carbohydrate (WSC) and wial soluble carbohydeate (TSC),

Muterials and Methods

Palatobiling irials, wsing sheep, with 48 pairs of herbages were concucied on plants with different
experimental treatments and cotting time from April 1979 o June 1980, Al combinntions of polatahility
test are shown in Table1 and were chorncterized into three cotegories us follows; 13 Comparisons
between non-shaded and shaded herbnges (Exp. A), 2) Comporisons smong berboge species; orchard.
gruss, meadow fescue, perennial rregrass and toll fesewe, in shaded culiure (Exg B) uned 3 Comparisons
amamg herbages (orchardgross) which were applied ferilizers with different levels of nitrogen and
phosphorus and different froms of nitrogen under shaded condition {Exp. T} Herbages were culttvaged
at Kawatabi farm of Tohoke University as deseribed in detoil in our previows papers™,  The shading
trentment, 30% omission of solar radiation, was carried owt by covering the herbage plantz with
cheezaclath in the fekd.

Palatability was examined by a two.chaice preference method "™ of feeding test with six o seven sheep
(Cornedal breed). Comporisons of palatability of each herbage pair were done from the standpoine of
chemical compositions in herbage, 1.6, heckbages were classified inte two (Chigh or low) geoups i renpect

Talkle 1. All combinations of palatability trials with 48 pairs of herbage

Herbagre nel fertliization Dt
Exp A Comparscs beiwesn herbage cultivated wnder 50% shading of solar radiation and the non-
shizalirg
1975 L9a0
Urcharlprass (aeids phiwermig L) ————————————— May. 11 Jul. 7 Ame 25 Oet 22 Jun 5

Meadom fescue {Festore elefior 1)
Perermial ryepgrass | Lol .l:t'rrlr.ln‘t>—_ Apg. 28 Ocl 22 Jur 5
Tall lescue |Fedwn arxmfissoy SCHRED )
Fxp . Comparscns among four herbsage speches enlthvated uider 5088 shading of solar radiation
1575 150

= = i S

Orchardprn=s va  mendowlescue
Orehargrass ve.  pereominl ryegrass
Orchardgrass ve tall fescue
Mesdow feseue va  porenmial ryegrass
Mesdonw fescoe ve,  Lall fescus
Perermind ryoprass va  Lafl leseds

Exp C. Comporsore amang orchardgrass cultivaded with the dalferenl anouis of Tepe of lertilizer wsler
0% shadivg of solar radiabicn

Ao, 30 Dol 21 Jur &

1879

Lewels of M oand P feclilizer §M-PKF
152 2kz 10 v 2-2:3kp'lla
12-2-2hw 108 ve  4-2-2kg/ 108
f-22hg'lta ve 222kg/lla May. 11 Jul. 7 O 2
46 2kg 10a we, & 1-2kg 10a
-G-2hg 1om ve 403 hp 10s
A22kg 10 v 3:1-3kp 10
Toype of M dertilizer (4-2-2 kg 10a)

Ammemiven salfnbe ve  Ammoniom nitr.tll_--—h__h‘___‘_‘_‘_‘_
Anvmemiven salfate vs. Urea Jal.d A 25

Apmaonbem witrace va.  Uren ———-———-*—""_'_H_PF
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o chemicol consivtuents such oz T-N, TP=-HM, NOL-N, WSC and TSC, and the mean values of lberbage
eonsmpiion 'hg,r s.]lezp were culoulbnied in snch Broup. Actual walies were E'['Ipil.'lﬂd fag {'u.:h.'l.ll-l.lli:hu: the
TeEan cnn:u‘mpﬂl:m mate of 1:r|:ﬂ:|ﬂg: B when the differsnces in pala!uHHt:p' betweem hetthH aEreE
significant, but the theoretical volue, S0%, was used when net significant’,

Herbage samples were deled ot 80°C [or more than 18 hours and then ground with o Wiley mill
Samples were anolyzed for T-M by the Fjeldal method, TP-M by the method of Warstein™ and NOL-N
by the oneselective electrode method™.  Carbohydrates were exteacted with water and 07N HCL, andd
pmalyzed by the Somogi method ™

HResulis and Discussion

The mean consumption rotes of herboge groug which is high content of chemical constituents are
shown in Table £ The mean value of high T-N group was significantly lower (278%, p<(.05) than
that of low T-M group in Exp. A, bt oot signilicant in both Exp. B and Exp. C. There were not
differences berween high and low TP-M herbage group on the mean value of consumption rote.  On the
ather hand, the mean values of herbages containing high MNOY-N were significantly bower (8.0—40.85%,
p L) than those of low MOS-N in all expeciments,

Tahle 2. The relatiomn betwesn the pafalabedity amd severnl chemical corstituents

The csumplion Tate of I'Er'hup,'e&%u;.m high In each

Chemical consttuent chemical oo ltuent Ly, Mean=

Experment A Experiment B Experiment C

Mitrogen

Toinl nitrogen 27 Badg g 4. 02.1 43144

Tre protein oitrogen 44,1 +43.4 o, o 362 §2.9+18.2

MEtrabe nitrogen 8.6 7.2 33.BL24. 9% W_s£IT 1"
Soluble carbohyddrate

Waiter saluble carbohydrate Al 200, %= 15, G427 8 B 1187

Tatal saldhle carbohydmse 030t T aee= L T 61 .9+15.3

a) *=® grgd =* gro significant ar 5% and 0% levol respectivedy,

The mean value of high WS growp was significantly high (3002% , p< 0051 in Exp. A, but wended o be
low {39.6%) in Exp. B, In Exp. C, there was not difference between herbages containing high and low
WS, The mesn value of the high TSC groups appeared to be high in Exp A {520%) amd Exp, C
(BLO%Y, but low in Exp. B (3065,

As shown in our previous papers™, non-shaded herbages had always low NOY-N content and high
WS and TS content, and also were more acceptable than the shaded ones.  That iz 10 say, the reaul
in Exp. A showed that the reduction of palatability of herbages cultivated under shading attributed 1o the
decrease of spluble corbohydrates and the increase of nitrate nitrogen,  In addition, T-N showed the
negative relation to palatabilicy,  But, it is considered that T-N &= not o conclusive factor o influence the
palntability. That substance seem w be a factor to increase NO4-N content in shoded herbages'™,

O the comparizons among shaded herboges in Exp. B and C, only NO-MN was reloted o the
pulatability. In geperal, WS and TSC tended to give a similar effecs on the consumption mate of
herhoges cultivored under shading.  TSC was negatively related with the consumption rate of herboges
in Exp, B, but positively in Exp. C. There are many evidences that soluble carbohydrates enhance the
plmahility of herbage' ™17, Therefore, it is also likely that the correlation between soluble earbolyy-
drates and polatability would be positive if the differences smong herboge species were examined in
many species, breause the negative relation in Exp. B was considerably influenced by the low palatsbilicy



& Masakazu GoTo, Esaku SiMapn and Kazeo SUGawARA

nF 1'n|| :I'r.pl:u:- l:unl:nmin.g' l'IIIEJ'I snlukle :m‘hnhydmlﬂ.

In nddition jo the above resulis, we aften observed thot the decrenss of |:|:|m|umr.|l:||:|n rate digl nof resulr
from less anc:q.ﬂ;hﬂi.tg,r bt refuas] ]:i].l :'hru:'p wich run'u‘nu.a::ﬂ n '|:r|:.r|.|g|'.| and ﬁn:u].' left from . For
E:r::mplr. the hhg;h Wnl‘.mli.-rm of miraie I:i.t.rngr.-:n seems o be the mapsk impnr-llnl: factor on thl.- decrease
alf consumpson i, prﬂrl.l.mu.'lﬂr becaise of the d-:ferﬁing of animals n.a;.ui:ﬂ.'ll: mitrate polsan. Davizan o
al® upnrbad thai nlfnl[u.-linnnth}' hu.}.r nibded 34% nitcate was unpa.]:tu'.i'h!: h-l:l:urd:ingl:.r. the low
n.n:u::-pl.:thilit}' |:|f herluge mitroduced o the Boor aof the r.|1.'i|:H|e-ag:d Jupnn:ﬂe reel p:ine forest secms 18] h{l
caused h}' mitrate accumulation in hl:rl'.lu,_g:v: die to the decrease of nitrete reducton®™! o profein
s:rnl:f'lnu: u.-l:l:i\-i.l:jr |:|}.l the :I:rnl:l.a.ge of solar radiation

We wall sugurest that &t di8 =iwtable o inrodoce low accwnulaie ]a:rh:gu af Nﬂ_p-”.. m.:«r:h ns
nrthu:ﬂgra:ls and meadow Jescue into woodlund, and o app[_:.r At n.itrug\.-ﬁ riither than vurea or
nitrate as & mitrogen fertilizer.  Porctlewlarly, we will vecommsend to use such middle-aged woodlnned
pastiore in combination with twme or pative geossland i oeder to offer various foruge comiponent for
grazing cattle, since Sutd et al'™ and Toda et al™ reparted that the shaded herbages were rich in crude
prodein, crude ot and coudle ash, but pear in crude Gher and nitrogen free estiract, and that those were
unbalapeed i mineral components such as extracrdinarily high potassium content,

I the future, it is necessary to develop the thinnlng proctice method as the light conedition In woods =
well kept for long time, since in 25 and 50% more beavily thinned Japanese red pine forest both the
quality and quantity of herbage decresse soon after thinning ewing 1o a rapid erown closing™.  And also,
it is needed 1o improve the spplication method of fertilizer which refiects upon the uptake and restworation

by tewes,

Aclnowledgments

The nuthors sincerely wish o thank the late Professor K- Hayashi, Geassland Research Lsborstory,
Tohoku University for his continecus and helpful suggestions throughout this study, Cordinal thanks
are alsa due to Professor 5. Hoshino of Mie University for reading and correction of this paper,  We alse
thank Mr. T. Isnwn for his pssistance sinq-:n:h,l.

References

1] Cowrisiaw, 5 ), ond F. E. ALDER,: f Ageic Soi, 54, 257-015. 150

o Davisw, K L, B McEMTEE, and ML WRIGHT.: S Daire Sci, 48, D88-077. 1965

BN Dewt, LW, and 0T, ALDRICH:  Prer, 308 e, CFread Conge,, 4159-424, 1901

4) Goro, M, B Susamaga, and K. Havasn:  Jf Jepaw Grest 5o, 26, 337=-50 1980

8) Goro, M, K oSusawarn, and B Havasin: o depar Graast o, 27, J81=-086. 1562

6] Goro, M, K Sucawaza, end K Havase:  J Jdepow Grasd 8ol B8, 30335, 1482,

T Gore, M, K Sucawaes, and B Havasng: 3 Jepae Grosd Sed, 30, R2-86. 1063,

Bl Govey, M, amd K Socswasi: o depew. Gresl Se 20, 255-058 1683

1 Havasil, Ko: Chidusambouseriionte [ The report of animal husbosdry) W8 4418 Chsschikusnnknal, 1977,
W Havasm, K, T Isawa, and M OTa: o Sepaw Grast Sci, 10, I6B=173 1965,

11) Heapyw, H For J Baage Mg 17, 76-82 1964

12 Kese, A& snd ML THART.:  MNetherfands J Agric. S, 5, 4 1567,

19) Makren, 6.0 Poc Notfesal Coml Fomge Qealicy Eved Dl L1=10 15965

14) Mamre, T AL LR Brows H K Das, and D000 Papsirr,: Agele J 68, S00-602 1467,

1) Makasmma, Y. K Kato, | YosHima, ond B Nakasura,:  Swil Foe Ageie. Tharadi Dade, B8, T9-84, 1978,
Wil Ramas 0L, & B SHan, and G, C Magmes:  Agric L 82, TR2-TRI. 1971
17 BEin, B L., snd G, A Jeas: Proc ek Torersar, Grrmsl, Cowgr, 863-866. 1966
1) Samn, Ko and N, Hasmsormo,: Hull Fulvliime Awior, e Srp S, 1, 65765 1974,

1) T, T, K. Kitezag, K Sa1o, aml S Comag eeals Bl foade dwim, S Erp S, 0, B9-TA 1980,



The Belation between Palutaliliy gid Chemdeal Composition 85

3 TREVELYAM, W, E., omd ] O Hamrmor:  Biockese £, 00, 2598 19052

211 Harama, L Boekwss o Biwe ie Sedr {Forage nutrition end leriilizstbon). Yakenda, Tokyoo 138=157. 1477,

2 Usami, 5. ond K Sucawags,:  Chednsaedeis o Toohéviy (Livestock [armeing nmed land wtlizaiion in Japan)
Kajii, I {Editor), Mosangyossobunkokyolal. Tokyo 145-204.

) BinsEsoGosENEYURNY:  Rinsriseken Bepurd (Bull, Fosest Policy Gensersl Res Insa). & 2<B1 1577

M SAKUMOTSUBUNSER IO AT:  Seibarskiyoko b huwrebisobineild (Chemseal nnalysis mebnds for the calviml
plants}l  Yakeniln Takya, 247-250, 1476

= -]
NEREM T OMRRHE £ Wch R ER T ST L OlRIZ 2T
Wil Ef- M@ - R ik

B B F Eh bl | eRE, RFoRRE, @EEN, Rk ks, SO THE T
Frlokfls] EmER TR LY, T bt iR T H IR T TSRS LSRRI e T, RS
RO L B, % 6 NI EERE o & O E RS R B L T N L

DERS R UL F 12, SRR A b, A o S ol AT LTI L L S
Fro b 40z, ROEPRRUEOD L B D S T S e R [T S E R T A, AR R SR
SRR IEE R ORI T M e a - E L S, 34, REEEOMI L AOREL LR
B, EREEREELEORUEET NS MENEEE LTI &, 4L ARPORBEER o ik
LTS EEHTREERL AR,





