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PHEREEHICB T 5 Y FOBREnEOHE

Hii LB - e

E B

AR IS 2 EREER O RIS HICH AR E TH LY F 2 AT L I LANEH ST 5,
AWFZECTlE, BRI LN OB ERER BT, YXFOREMHLHEETLIE2HMW
& L7ze BRI, BHEREER O TITHAIE T - T 6 558 L2 idIX (1615 m?) ICi%%E L.
TAAIX20164E B & U201 74ED 2 4ERIAT 2 o 720 Y ¥IX. HAYF— VHoOMTHLEE (AL
BN T5 — 6%, FIMkE454ke) 742 (4 - 5%, 424kg) D 2LEWNLRE L. YD
PREmifs L, YFORER/EMEMEE - AR I VIET Lz, YFORARIZ, A hE
b & HEROPEEEOME Uz MR Y72 ) O E - FAREE. —EiEoE i
ALY B AL DR L HORENEERS -10H O 6 »HHORAREIL, EEIN
831 kg, 74 IAT703 kg Th o720 BHXORIAEZIEFAELELTEBY . 62 H B WA
W72 ) ORI ERIZ1.92kg/m* TH > 720 TOFMER, BREMAILEE 25433 m?: 7 1 25366
mEMEE I N2 Y FOKREY 7 ) OFRIEMAILEE 229954 mYkg, 74 253864 m*/kgk i
EEINTzo HEESNAEE L) OBREHEIZ. ¥ FOMERF ICRIEKBELEZRLA M7 ) ofifE
Tdh AR 2 IR L& 12T LT iz,

F—7— 8 OHMEREE, BRI, R, RORAERL v

VAR, IR T, SEFH Y% < RTUR
MPEZ N b, BEREZO LT E KT
PHEITL TS Z L2 O EREEAEEML Tn 5
(FF 11 2003, AR PEARRETR 2007) 4 /2 ¥ ¥ %
OB AB AL AR E LTHIHT S
LT, EEOPHERICEA LREWBEEZEL S
728, HAREOWMIC X 5 P2 E
S5NTWwS (THIEA 2002), 7 sk L Chilze
THDIZLER 1HN 20 Ol KE < WHZ%
EO/NEREHTORBAIEIMNT W ARV, —F, ¥
FiE, 7R THBR MR . TR
X3 2 WA EDSE o ARAEREDR N ) 2. RS
INELL TR TV E s M ERH 5 (BH
2000, HiPH 2014), & 2 CTHAETIE. BHERER O
TR Z BV X2 4 U< BRERh R ASGE
ThTws (EiEA 2009, Ik - gk 2012, EB
(37> 2014, RE - g 2015) .

20184 2 H 6 H 5258 : 20184F 2 H28 H 3

1) RHRFRERER A A EARFHE e
T780-8520 AT HEMT2-5-1

2) AR L B A A
T780-8520 =5 ATl HE N 2-5-1

* L% 1T # e-mail address: genkai@kochi-u.ac.jp

A A HWICY F 2T 5720121 E, v F
OFREATEIE 1TEY 72 ) OBREIHREATHE R AR &
%5 AWZETIE, YFE2BAL T6FERBEM L7
FHERGERICBWT, YFORELTE & FAKkE, H
PRI EOBREERNB X O & ORIZOW
THRE L7z 2512, YXORAER L BAmAY7
D OEWEE - BAREZIEIC, Y LY 0B
HHAEZHEE L. YXOMRFICLELRT H4720
DR EIT BRIV FOREIKGFET LI L2056,
1HEN 720 OB D RE KT T 5, ZO7
Dy AR TIEY FOMRE T kg472 ) ORI
HEM L7z MBI, 1ZEALORPAREL 2w
AZRIZBUT 2V X OMFFEFEICE LT, BHERZEH
WCHAET AW EZFIHT 2568 ICHET Y
HOEMBEFTEIZONWTEE L,

MEERE
A M 7 AL R R T A M X L2 B T
19754E F TIEEMTH o =¥ EREEH (WH 3 %)

ERHGE Lo TOMERGESIZ, 20124E7 H6 H
2 1.8 mOMA TP b 7 X (1Hif%1615 m?)

117



X X O B RL O 2

Thbo ZORKIXIZIX, 20EDHAERY -1 SFED
YTEFBBEEINTEY . 1ICIZ20114E 4 H24H 4 %
noErEa LA TFoNM, 9 1IKEEEID
BACHRT20124E 4 H 6 HAE T o7 4 a L a4
SNMTH B, EEITORBUIAEKE2H HD2011
6 H2A4H DS, T4 a0fitdud E%92H H 2012
ETH6 AP OUE o720 AWFZETIX. 201644 A
WX TY FORATE v &) 7 X 2 A X
& LTI02 ik E L7: (Fig. 1a)o MHXIZ., A v F
SNEESE (WoLL{ATI /) I—, 196 m
x12m., b—73) %1196 mDIE=MAF (i
166 m*) & 75 L) ICHAAEDLET, BE12mOMH
ELTHW, ZAROTHNEZ 2 v ¥ Shz8obt
(9 91ZH, D16, 15m. F—7 3) THE L7 (Fig.

(@)

/\ : Enclosed area (1.66 m2)

(b)

Harvested parts

Harvested parts Central part

1.96 m

Fig. 1. The experimental paddock. (a) Schematic diagram of
the paddock. (b) Photograph of the enclosed area surrounded
by three fences. (c) Schematic diagram of the enclosed area.
Weeds were harvested at the corners of the triangle to

estimate the growth rate of weeds.
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1b)o BHXOHT, WXL OSAT HHXAL TH
Fif1600 m?) TV FAHBHICHPZIRAETE S
REEL L7,

HEHX TiZ. 20164E9 H &, 20174E4 HA 59 H %
THAWMAERE 21T R o7, RO 20, HHHIXD
ERRICZNENBRIX (FfE 1 m*) Z#E L. X
BRI A A 2 17 70 o 720 WM OFEA 134T 1Z
A (1985, 1989). wifE (1990). H=#l (1992), FH
(1993) CH#ePL L 7=, C 3 KM & C 4 Wiy DI 5E 1
B - I (1990) LA (2015) 2B L 72, fill
AR TR, B OB (%) &, BEEATT %L
FORIZOWTUIE L A2 WE L7z MIXIZBIT H4H
AFAR L, 201648 I3 IX = (IfiA51.66 m*) TAT%
W, 20174 M X 0 5 B et (HFER 1 m®, Fig.
lc) T o720 HHX & BIRIXICB T B R
OB (HZMRERE) L RIXIIBIT Mm% D
HR R - FiAERZHEE T 5720, 201645139 H24H.,
20174E13 5 H26H. 7 H27H. 9 6 H. 10H25H
WA HEFE OB A S 3 cm& ) LoEs 2 MY
o720 20164FIEMIX N (1.66 m®) D3 XTOHMY
ZADHLY . 20174 Al AR FR A L 22 e DAL o
B4 (HFE#0.63 m% Fig. 1c) O %A ) -
720 N YW o 72HWEHBTF Y % VKA (D-26,
W= &g »HeTRERZIE LZ#%ICH%E
FIZRHIR D, @EEZE (80°C, 24KER]) s+, Lk
WOF Yy VR Clz R ERZE L7z, Mo
EREIZ N B o 7-Hily o iR HE O E & R
HEEROBREZEIHEM L2, W% O B4R
W70 o HEE - fERE (GR: Growth rate, g-m™-
dh 1E. 201745 A2 S510F IS Y il 727 — %
AT, TRTRD 2,

Pwi

GRG, i=1)=— "

7272 L. Pw ALY HOY gl (2017487 H. 9 A, 10
H) AN Y B o 7= R B o AT IR S 72 ) OiRE
& (g/m?). A IY H (G- EHTE oA ) LY
H) THb. 5-10HDPEROKAICB 5 HAL
RS-0 ok - 54 (g/m?) &, HEE - 1§
HERICAOHEZPITHZ L TRD,
YXoFaLEIE. H (6 :00-18:00) OfRE
2 b & PRt 2 JE ISR - g (2015) T
e L7ze REIL. 20174E0 4 AN S 9HFTHIL
FOMET6 00, 12 : 00, 18 : 00IZFHAI L 720 1k
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HEIEIREICL > THWZ 207, HRHZ X > THAT
LT EOHEEDIRAE Lz, RICEHL T, HE
W&o THEIEZFERR LIRSS, TIRO O L x < (&
660 mL) #HWTERILL., L) ST L20m3E 0
LTHRIL, Y9 VRHEEHWTES 2572,
Y FIFE 2 PRI A BT H A o Z2F0IRIE 22 v as,
REPEMST 2RI LR GREE L 52 8050,
JROFEPUZIZHTO R WY FoREERITL. #E
ROBTIRATL S NREE, IROERZ DL % < THRIL
L. TV NVRKHTHS ZEmo7z, #EIROPEEM
Hux, 20164ED 4 AHH12H £20174ED 4 A5 5 9
HECToH 1R, a5 (6 :00—-12:00) &% (12:
00-18:00) 2T Ttk L7zc Y¥OHHEAR
(kg/d) &, HoKEZLE LHHEEOR L L7z,
YFXFOHRAERZEIC, 5-10HD 6 0 HM LERM
OREEEFHN L7z YXFOREREILZ Y FOR
fim & HATTRY 72 ) ORI R - FA R 2 2R ICHE
L7z SFHOBREREZHEET B8 AR xIT
o725 —10A AL 6 A RIE. 2o F% i
5 27-0ICMEORWMBLETH 25—, ML
W L2 ERE L7z,

X FOITEEIEE % 20164E 7 H 2 H12H L 20174 4
H225 9 HIZART & RIS TERENH 1 DL
FBIEER TR o2, YEOTENL. RATE (BRE
RPREDIZDOBE) L FOMOITE) (K45, KE.
MEIRSE) (200 SATEIOBIGEEZ) & 3 TR % R
FRL720 YFOMETH & AR EMNLEOMBRE RS
72D, ZBRITO AR — 20— (http://www.jma.
go.jp/ima/index.html, 2017412 H22H M) % 3
W LUTARID (BARERESAILET) (281 % R0
Feka & HEE R A S L7z, M3 5Y
FOVENER AL 72012, SHWMFEZFREL TV
Bz A by Iy FCEHIL 72 (U0 - hnik
2012, Aili - i 2016) . FREATEIOBILEL, 20164F 1
5H»S11H. 2017#X4 A58 HFTH 1 R
BET1IHIZOE 3N, 10521 % o720 A
(ZH R L 72 SR 3 2 AR 2 SR A L T 72y
W OEIG OFIME 2 FES . R AE O AH T 1 70 W I B8
(%) 5 M L7z0 20164E 7 HiZIE, EEIOLHBMK
DIBEFEZ Ao 7272, 288 (1T & A E DI
ZHREICER L TB Y RETHOBEINETH -
12720 F =7 BB L7,

HWHEE T E2YFOREEDORE 2 A D]
O, MAEMRPICES T AHEINICH /2T EXFOE

L E20164:9 BB 2 BUEmICB LT, HEHX & B
X D[ TR D & % e & H W CTHE L 72, il
B R OFEHIH OISO W Tk, 2017457 HEL
REDBUFRIIFTRI ORA] ) D 12 X B2 E PRI W2
B, 201649 H £ 20174 5 H O THISD & 5 ik
TR o720 HEE - BHAE & FHiO MR
ZowTid, BAERE 1 JChCE 5T & v T
Hrl. FHIBCTHERZEDPALNHE 1213 Holm
B2 HWTEHELRE TR o7z, HEE - =R
B L CHIEE AT 2172w, HERE - R 0Z1L
wmAHEE L. VX OMRELIE & PERBICE L
T, KA D L < 3FH o M o I 3 ioE % H
Wizo 14720 ofEtEIZoWT, Rt (RS
JR) OEREZRNT 5 L 2SWEET, EREICERINT
ST =V hdolz, TOH, 1HI%2) D
P DWW T ORI b L < IXFEIH O HEi3AT
bipolz, VEFORETE) & K & OB %
A7, RETHICES LKRMOFEGZHDY
ZRE LT, BRI Z AR E L7z g
WiziThw, AT~ Y ONENVABEREZ KD 720
FERHENTIIZ, 7 —OaEH#TY 7 F 7 = TR%
v 72 (R Core Team 2017. R: A language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https:
//www.R-project.org/. 20184F 2 H26 H #%) o

fBR

ERE MX T, AENEzELTIESF
(Artemisia princeps) W35 L Tw7z (Table 1)o
IEFIZRWTF TYY (Isachne globosa) . £ A ¥
BT I ¥ F Vo (Solidago altissima). A ¥ F
(Equisetum arvense). A 7% (Juncus effusus var.
decipiens). A A¥ (Miscanthus sinensis) DOREED
Fly INBED) B AAXZKRL 5HAC 3T
Holzo MIXTIE, 20174:D 8 HLLREIZ A R F Dk
FEDSEEIN L 720 BAX Cld. 20174E 4 H27TH DA A
FF2ELELTBY ., ZhUANORHETIEZI EF)T
BHEL W, SEFICRNTEAIATITFY
v, AFF, NV H TV (Hedyotis lindlevana) . &
A 7 7 (Cyperus brevifolius). F ITHH¥, A LA
v 3 & ¥ (Erigeron canadensis). I Y ) N
(Persicaria thunbergii) DORENE L. INHDH
He XA FEREL THBC 3HYTH - 72,
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Table 1. Abandoned plant species in enclosed and open areas in the experimental paddock. Coverage: ©, >25%; O, 10-25%; +,
1-10%; -, <1%. C3 or C4 plants were determined based on Okuda and Furukawa (1990) and Yoshimura (2015).

2016 2017

Enclosed area C3/C4 Sep  Apr May Jun Jul Aug Sep
Artemisia princeps C3 ©)] © O © © © ©
Isachne globosa Cc3 @] o + O O O
Solidago altissima C3 O + + + + o+ o+
Equisetum arvense C3 o O -
Juncus effusus var. decipiens C3 + + O
Miscanthus sinensis Cc4 . . : : -+ O
Hedyotis lindleyana C3 + +
Persicaria thunbergii C3 + :
Cyperus brevifolius C4
Erigeron canadensis C3 : +

Open area

Artemisia princeps C3 © O © © © © ©
Isachne globosa C3 + : + : + O +
Solidago altissima Cc3 @] + O O O O O
Equisetum arvense C3 : © O + ' : '
Juncus effusus var. decipiens C3 : : +
Miscanthus sinensis C4 : : : : :
Hedyotis lindleyana C3 O : + + + + +
Persicaria thunbergii C3 : : : : + - 0O
Cyperus brevifolius C4 + O O O
Erigeron canadensis C3 - + O O

FEFOFLITE LT, X & BFBIX O THbS - 72 (Fig. 2a)o 20164F 9 H O Wiy B F =13,
DHDH t REERAT RS TR, TRTOHFAEHICE MX LD HFERX DN/ EIA %> 7 (=237,
WTHHX & ) bR D I EXOELOFREEIC »=004; Fig. 2b), WO EKFIX, 66-83% (F

¥YE76.9%) TH V. FEINLIFEIIA SN 2o 72

180+ . .
(@) O Endosedarea (Fig. 3a)o M BIfF i 2 FHi i TLHoER L 724
160 . @ Open area "
140 1001
1201 (a)
§ 1001 & 80
£ 801 5
2 2 601
£ 601 S
401 & 40
®©
201 =
0- 20+
Sep Apr May Jun  Jul Aug Seg
0+ : : : :
2016 2017 Sep May Jul Sep Oct
2016 2017
15004
- (b)
15001
£ 0] : " )
§ g 1200+ *
2 900 %)
3 o
5 8 9001
2 | -
© 600+ 5 ]
g \ 2 600
= ©
o
300 5 3001
[a4]
0 T
0 T | Sep May
Enclosed Open 2016 2017
Fig. 2. Comparisons in height of Artemisia princeps (a) and in Fig. 3. Seasonal changes in percentage of water content in
biomass of weeds in September 2016 (b), between enclosed weeds (a) and biomass of weeds (b) in the enclosed area.
and open areas. Values are mean + SD. *, p < 0.05. Values are mean = SD. *, p < 0.05.
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ORI ADEBEZI A h o7 (=382, p
<001 : Fig. 3b)s

EMEEEONREDHTE AHINE 1 TThE 75 #
SR OFRER, WWEEE O HEE - BAER IR
THEBERAEND -7 (szlg =129, p<001: Fig. 4
a)o ZEHIBOME, 5-7HL9-10HDMIZD

25 7

o a (a)
< 201
£
(@]
N E ab
o« 15
e
Q 4
5 10 b
£
5 %
O
0 T T ,
May-Jul Jul-Sep Sep-Oct
251
5 (b)
2 204
£
;—’ 151 GR=-2.751+31.1
) R>=0.97
Q
b 101
<
O]

"Apr May Jn Jul Aug Sep Oct Nov
Month (t)

Fig. 4. Growth rate of weeds in the enclosed area. (a) Growth

rate in May—Jul, Jul-Sep and Sep—Oct. Different alphabets

indicate different growth rates. Values are mean + SD. (b)

Relationship between growth rate (GR) and month (7)

estimated by interpolation..

AEBEEDNH 7205 (p<001). 7-9 LD
BHBRENAON o7 (5-THET-9H
M, 7-9H& 9 -10AMDOVTFNLp =0.057),
5-7THOMOHKE - HAERZ6H. 7-9H%
8H. 9-10A%210HDHEE - HAEREOMRFEE L
RE L CHEIRGNT 21T o722 A, HEE -
i (GR) EH (1) OBICIRD & 9 2 BRIE S
7z

GR= -275t+311 (1)
(R* =097, Fig. 4b)o X (1) 2 bHESNLAZ
EOHRE - FAEEIEIC, BAHEL20 0 HK
E-PEsrHEMB LA (Table 2),

YXOREEBOHETE V¥ OIE TR HOTIHHEK
X, EEIIZDOWVWTII454kg, 74 2222V Tid
424kgThH o720 YFDOG6HR (6 :00-12: 00
L<1x12:00-18: 00) OFEZELEIE, FHMHET
EE2131.603 kg, 7 A T131.338 kgD TH -
7oo REZ LRI 2IEE S, FHi L FHROM (B
2 t=-088, p=038: 742 :t=-028 p=
078). bLLIIEEM (4-8H) LEHIY (9 -
12H) ol (F€3 :t=-070. p=049; 74 3 :
t= —137. p=018) ICHELRAZIALN LD 572,
KENIREL W EIRET S &, WAL 2KEL
LEIE. 6 1007518 : 00F TOI2EFH DRREZEAL
BEIEIC, TEIN321kg, T A 20268 kg & HEE
L7z (Table 3)o 114720 OFEilE O FIMHEIC
LT EIEEINI83IgTT A ah201gTHD.
JRIZEEINL62 gTT7 A4 IH109 g TH o720 6
M (6 :00-12:00% L <1%12:00—-18 :00) Ok
MEE O FEIZE LT, #IZOWTIEEETN

Table 2. Growth rate of weeds per day (g-m™-d™") and per month (g-m™) in the enclosed area.

May

Jul Aug Sep Oct May-Oct

Growth rate per day (gm™>d™")  17.3
Growth rate per month (g'm™2) 537

11.8 9.1 6.3 3.6 -
366 281 189 110 1920

Table 3. Feeding rate of the goats on weeds (kg/d), estimated based on the change in body weight due to feeding and the amount of

feces and urine.

Change in body weight Amount of excretion (kg/d) Feeding rate
(kg/d) Feces Urine Sum (kg/d)
Momoko 3.21 0.28 1.04 1.31 4.52
Aiko 2.68 0.31 0.84 1.15 3.82
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7650 TT A aN772RTH ). JRICOWTITEE
IH319MTT A TA38LMTH - 72 HEl I E 1%
2L RN E T HROMT, #IZOWTH (£ET:
t=—-096, p=034: 743 :t=-096, p=034).
JRIZOWTH (FEE€ET:t=0.p=1:743:t=
-032. p=075) AELZEIALONG P72, ED
PEMEIE L, 2 e FEEH & FRRBOM CHBE
WAHNTz (FET 1= —326. p<001: 74 2 :
t= =272, p=002)c —H. ROBEIZOWTIZ,
2L D FHBETHAEEZIAON 27 (£E
I t= 124, p=023; 743 t=-098. p=0.
34), BETHEKLALA, BRIRIEXXTL 2N
720, FEOPEPIOFHMN 2 ZLIZER LT, D
TTIE4 -12HDFEE Wz, FEROHTP D
PEME L, 1720 oPRkERE HP (6 1 00—

18:00) OHEMFIBDOIFIZ X - TR 72 (Table 3)o
HiofkEZ s L RPEEE oMY FOHRA
X, EEI3452kg. 74 213382kgtEEEIN
oo HIREREZRKICS -10HO 622 HM (184H) B
L OYERM (365H) o= AL L7 (Table 4),
i (kg) ZHPEER (kg/m?) TRTLZ &I
X0, YF2INORETAIEZ 5 -10HD 62 HH
T 800 m% 4EMITI586 m*THh % LHiE Sz,

VX OEBRITE v FRATEHR L KM
DEE EBAKE (mm/h) & OBIZIE, KILBIOB
waH b7z (Fig 5). MRERBOEEG L HPH
St (°C) ICEL T, A¥ T~ v O HEREE
Ro7AER, EET (p = -075. p<001) 74
I (p=-068 p<001) ®2MILEBITHELRAD

Table 4. Estimated feeding areas by the goats and the amounts of weeds fed by the goats for six months (from May to October)

and one year.

Six months (May—Oct) One year
Momoko  Aiko Sum  Momoko Aiko Sum
Amount of feeding (kg) 832 703 1535 1650 1395 3045
Feeding area (m?) 433 366 800 859 727 1586
% 1 (a) % 1 (a)
B 081 8 081
g 2 °o
E 0.6 E 0.6
S 04 Y
'1% ] o) '1% 00
9 0.2 2 021 y=-0.025x +0.809
o o R2=0.602
9 = &R
& O’Q\J‘rﬁ/—\/ T \ . 0 ; . . ; O—,(())—.
0 3 6 9 1215 0 5 10 15 20 25 30

Precipitation (mm/h)

11

(b)

8

>

2 081

< 0.

Qo

2

£ 061

[0

ks

5 0.4

s

) o)

5 0.21

&

o o-\&&w—u—v : ,
0 3 6 9 2 15

Precipitation (mm/h)

Fig. 5. Relationship between precipitation (mm/h) and the
proportion of the time spent for feeding behavior by Momoko
(a) and Aiko (b). The line indicates an inverse relation: y =
107+ 1/x.

122

Daily mean temperature (°C)

0.8 1
0.6 1

0.4

024  ¥y=-0022x+0735
R=0512

Proportion of feeding behavior

0 5 10 15 20 25 30
Daily mean temperature (°C)
Fig. 6. Relationships between mean temperature and

proportion of the time spent for feeding behavior by Momoko
(a) and Aiko (b).
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HEAH - 72 (Fig. 6)o REATENZ AT 7% ) RIS
LTI, 2PCE S|ETEHIE TR OEE)
FERIAICHRE) L T\ 72 (Fig 7)o ‘PRI OREAT
BowREN:, BERNEEEMICHTIRRELS
I D - 7205, FRIIZEEMN 2B A SNk
Molze YEOWHIX, EEaLT7 42 HI12A
AR F 2R A V) YR ORI B R
FEDEWENCH o 72 (Table 5),

—=0=: Apr-Aug
—e&—: Sep-Dec

17 (a)

Proportion of feeding behavior

0
5678 91011121 23 4 5 6
AM PM
Time

17 (b) —o= :Apr-Aug
—o—: Sep-Dec
0.8 -

Proportion of feeding behavior

0
567 8 91011121 23 4 5 6
AM PM
Time

Fig. 7. Proportion of the time spent for feeding behavior by
Momoko (a) and Aiko (b) in the daytime.

ZE

BHXTIE, FSEXFREA AT ITF IR E
D C 3HYDOWEIE D o720 TEFOFIDHEX
I LMK CTEY o 7201F, Y ¥ IEFITHT
LG ENE o 2 LD ERNTH A ). MHXICI
RCHBXOWYBAFRERD D o722 e b, ¥
FORRFEREITR S N7 MIXIZB T B =
BB CHBEREDNALNT-DIX, FITBLDT:
DOy PREAITEVIREEDOREAZ |, KITE
535 IEFHPEMTH ) BFEIM KL T/
DTHAHLEEZONSL, YFIZAAFITHLTEW

WEIFED3 D 5 728 (VNG - FEHH 1998, 38713 2> 2003,
U3 - g 2012, FRHEIE A 20130 EBLIT A 2014,
i - N 2016). A A F O DBIRIX TLEALD 7%
Mol LT, YFOREED VMK IZHE W
T20174E 8 HUBEIZE K oo 72D TH A 96
WX IZBWTES L TWwWnlk, C3HWTdHh
L5IEXFTHo7. C3HPOBEITIZIMER K
Ay HEHE2ZSREEL TS BIE A 2004)
FERRZ, HARICBWTC 3o FEBAR .
FIZ4ADS 7 A2 TATITHm L., & LIk,
WMOMENEZ L2 ERMEINTWDE GRIR -
111995, A1l - &I 2001, 2002, FEAkLE A 2002,
B(TA 2003, MEIEA 2004) 0 L7228 T, AHF%E
IZBWT S5 A2 510122 TR R b, 6
EEDITHEEEIRD L-DIZZ YRR TH A
7)o

T EAEREATINCE R LR oA & Bk s
DN B D BIRAA SN Tze —fRIZY FIIH R
B2 Mo TS (b 2014), HYE
YWRRDEL 25138, Y XEPRATENE I
M OEG A L7205, wEmEimdsm 75138y
FOITIIWPT L2 ENMLNTWS (FHIZH
2013) o AWFZEICBWT, YFIXHOHOK 1 K
BICHRERBOEEGS LA L. HHIZ3 - 4HOHK
TATEIN B - 720 BBEFZD ) LRBEY (7%
Ly Y) 1 HIZ3 - 8HDRETEZIT RV, F
ETENIHOM & HERFICR CERT 2 (B - 1
A 1991) . EAMICB B FRITTORETENEREE
MEod 1EEERLTW DX, HEW (4 -8H)
FHOMDB D 5 2O ERTHA ),

¥ FOREIC X 2REL LR & PR 2 IR E
BEMEELZHEE. 5 -10HD 6 2 ARMIZB W T,
EET (5 - 6%, FIRE4S4kg) £ 74 3 (4
- 5k, 424 kg) ORAEIZ. TNEFN832 kgl
703 kg Th o720 VX OMEFEEFE (ZRER) X
—fEIZ 1T HMS 72 DIKED25%E SNTwb (FHE
2004) o WEW D EKRFBORER? S, WY OV SR EE
FIBERD231% &R L. MERREEHE o SRS
Eownzz, 6K (184H) oY FoRaE (A
EHEEke) X, YFOKREZW (kg) £35&, F
OXTHZONS

F=184-0.025 W/0.231 =199 W (2)
(Fig. 8a)o ARHFFETHE L72Y FTORE RO
Eftiid, X (2) L) BRRENETH - 7275 12T
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Table 5. Preferences for plants were classified according to the grazing time allocation to each species. The preferences were
classified into four categories: ©, >25%; O, 10-25%; +, <10%.

2016 2017
May__Jun__Aug__Sep _Oct__Nov__Apr__Mav__Jun___Ju

Momoko

>
=
&l

Poaceae

Miscanthus sinensis + + O + O © O

Poa annua + O ©

Isachne globosa

Cynodon dactylon

Agropyron ciliare var. minus

Agrostis clavata

Festuca arudinacea

Digitaria timorensis
Compositae

Artemisia princeps O O @] O © +

Stenactis annuus +

Erigeron canadensis @]
Cyperaceae

Cyperus brevifolius

Fimbristylis squarrosa var. esquarrosa O
Polygonaceae

Persicaria thunbergii (@)
Juncaceae

Juncus eflusus var. decipiens + + + + + | © t +
Equisetaceae

Equisetum arvense + + O O +
Rubiaceae

Paederia scandens (@) +

Hedyotis lindleyana +
Thelypteridaceae

Thelypteris decursive-pinnata + + + O
Leguminosae

Amphicarpaea bracteata (@) +
Convolvulaceae

Cuscuta japonica O
Caprifoliaceae

Lonicera japonica + + + +
Caryophyllaceae

Stellaria media + +

©
N
©0 + +

+00

+
+
o0

(@]
(©]
© ©

O
©

Dennstaedtiaceae
Preridium aquilinum + +
Labiatae
Rabdosia trichocarpa +
Osmundaceae
Qsmunda japonica, +
Allko

Poaceae
Miscanthus sinensis + + + + O © O
Poa annua O © +
Isachne globosa + (@] + +
Cynodon dactylon + +
Agropyron ciliare var. minus O
Agrostis clavata O
Festuca arudinacea © + +
Digitaria timorensis (@)
Compositae
Artemisia princeps © + + © + O O +
Stenactis annuus +
Erigeron canadensis
Cyperaceae
Cyperus brevifolius © + + O
Fimbristylis squarrosa var. esquarrosa

+
+
+
+

© O

Polygonaceae
Persicaria thunbergii il © t b i t t

Juncaceae

Juncus effusus var. decipiens (@) + + + + @) + O O +
Equisetaceae

Equisetun arvense + + + +
Rubiaceae

Paederia scandens + + + +

Hedbyotis lindleyana (@) (@) + + + +
Thelypteridaceae

Thelypteris decursive-pinnata + + + +
Leguminosae

Amphicarpaea bracteata
Convolvulaceae

Cuscuta japonica +
Caprifoliaceae

Lonicera japonica © + + +
Caryophyllaceae

Stellaria media (@) +
Dennstaedtiaceae

Preridium aquilinum (@) +
Labiatae

©
4

Rabdosia trichocarpa (©]

Osmundaceae

Qspundajgponica Q
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Fig. 8. Feeding amount and area on weeds in relation to body
weight of goats. (a) Relationships between the feeding
amounts of weeds for six months (May to October) and body
weight of the goat. (b) Relationships between feeding area for
six months and body weight of goats. Broken lines were
calculated based on the nutrient requirements of goats
(Karasawa 2004) and proportion of water contents in weeds
estimated in this study. Open circles, Momoko (5-6 years old)
and Aiko (4-5 years old) in this study; closed circles,
Momoko (1-2 years old) and Aiko (0-1 years old) from
Asakaze and Genkai-Kato (2015); triangles, Mimi (5 years
old, male) from Ushiro and Genkai-Kato (2012). The body
weight of Mimi was estimated at 70-90 kg according to the
mean body weight of male Saanen goats (Manda 2000),
because the body weight of Mimi was unknown.

SNTARENLL) OFREERKIZ EETIEX126 m°
/kg. T A 213149 m¥kgTh - 72

5-10H DFAEMICBIF Y F 2L G5 LK
AR (HRE800 m?) 1%, HHX % Bv 72 Bk X o T
i (1600 m?) D5 Th o720 —Ji EMOBRE
fi (1586 m?*) (XA X OmifE & 1FIF—K L7z 2D
TENS, EMEMEUTHASL L, BAIX BT B
YR -FAEREYFOREEDOMIZHEAEIXZ <,
AWFZETHW 22 BIX L 2L Y F 2 4EH T X B A
ETHoloo MW E -FERICIIFHEIELD .
—H. YFORERIZIFMHEALG L oizZ &
5, BRI THFEOMYBAFA RIS VIR L
7% 572 (Fig. 3b)e D728, 13& A EDOHPHIL
ELAWATEIZIZ, RERICHT 2R E - #4E
HORFDPER LI O VLY 2477 - T
Y XOBAFR (FA L —ThE) ELTHRET S
HEbEZ oML, TOBEOEENRE LTI, AH
Wi TIPRALTYFOEMIfEMES 2 50
A H 5720, TNH 2T B LERH L (R
76 2014, wHIFiE22 2015) —H. 6 2HBEIIBIT S
Y XORAER LYK E - BAEERFED A FHER
TV T2 TSHE. AOTICIBA DY %
T b T IR EETH 5 55, T OHA 12,
PHEREEIC HAET 20 & 3N A RF v R A4 €
B, VEMREE 7 &L OBLER % IR T 508D D
% (H74 2014),

E i

AWFE % Ef$ 5 12H 7> Ty KENZHHIX
TYFoBHGiE L TL S RE2K, Ak
WIS & 7272 72U D5 W L &R B, R
HrEFLRoTLLBEE o HAITHELSEH#H WL T
T o BatH DI 4D HIERERICH L TAHERE
wieixE L

5| RSk

FRIRFEZ - R 1995, KHFEE: Y > & —FF L
BRIZBIT 2 LEMYHE OBIAEEOFHZL
Z DEREFIIRHT. FIERFAKRBLERR L & —
ik 20: 69-77.

Fribbs=. 2009. K& OTE)OFIH & Z Ok, B
Bbik - AR (F) KEORT (6) KEDHE

125



X X O B RL O 2

B STk A R

REFET - IETCHE. 2015, Y FOMREZAL & et &
I L RE R o2 B E R 8 160-
167.

TR - ERE - BT - EARKEE - KE—
FR - Bt — - R 2014 kA AT IS
F 7 D T B B EREE K H BRI L 7z
Y FOEBRIFIED X OBRER) B, B
M BLAE 4R 21(2): 4147.

HHERZ - B - IEEETRE T - IR 2002. P
WERBEMGE L v 7 — W2 B 520014 D
C3/CARATEDLAIE H FEi N4 < 2ADFE
FiZAL. PR F BRI T~ & — il 3
17-25.

FEFE. 1992, HAR OB AR © ¥ 5 SE AL

FEIE - EETCHE. 2016. BHEREICB 5 Y X0
PRANELFE. B PR 9: 156-163.

JEEE 2004, B O kL SOk A R

W - HAALT - RS - R - R ST - 1Y
FHZRA. 2003. ¥ ¥ 2 B U 7= e B St i oo A 2=
254k, H AR # 2 4 JUM S 3R 33(2): 23-29.

ANPEE - RRHFE . 1998, 1117 % v 72 B o WUk
2DV, FHERF R EERF 73 51: 3443,

B IEYR. 2000, ¥ FOH) AT L vy FLAE
B ORI & B o sy R. LA e,

BSORL - FEBESRE - RIS - JJITERAL 2003, Bl
BBEge £~ & — 352 BT 5 20024E 0 C3/C4
RABEFEOLAIE # BN A 4~ 2 DOFREIZEAL.
SR AF BB JE 2 v & — s 4: 109-117.

FRHEZE - HHEL - ANIEEIE - e — - EER
BE. 2013. ¥ FIZ BT B bk Ho IR AR 2E 0 I 4T
PE IR (FR2EEE)  16(4): 221-228.

W26, 2003, B 3EHETE D 2L & BHERGEE b D F8 2
IR D . i ) U f S SR B T ZE s 48: 63-
73

HRIEELA - BIAHER - AT - AR - VEERA -
IR, 2015, 7)1 H B 5 o fi R L~ D 3 A ().
ZHRIPSEZREHN Y & — 5 39: 1-12.

W 22 2014, Y FORE SIEE)E

MK BE B RRRTR. 2007, f#3E © 20054F AR & o 4
A, RMOKEES KB BRaTEs.

RO - W1 IEHE 1990. C4Ri o 71 5 & Z D |
REIWIC BT 5046 HARARERE LG 40: 91-
121.

126

FHRIE. 1993. HAA A FH#EY %, 7 FLAL.

Ty 35l - RS - EHERK - BRUEIE 1989. HAD
PFAREY) 0 ARAR, S LAL

T-HAEE T - BURZYE - I — - /NI - TS
2013. S NdH VENEIC BT 2 KB OFTE.
FOURSER 2 43R 58(3): 186-193.

T-HHEZ - BARRSE - /NLAEIH. 2002, A L Hik o
FEL b A5 R T R & e o0 W REE. T v [ DY ]
EWTe L & — Wi 10 1-74.

BT T3. 1990, BF K X85 b R fiE.

L - HIY ) - fEACKTE - FRTE R 2009. B
VEMEAKHICB T 5 Y FOBREAM. BEIEEK
SRR 59: 21-27.

YOG - I ICHE. 2012, BHEREEIC B % %1
SRR O X F O L By B, B R 5
147-154.

BEILART- - BESCHRE - ROINERA. 2004, BESSSREIIZE &
> & — BT 5 20034E DC3/CATR A #E
LALE Hi FEN 4 F < 2 OZFEAL. S KT
PelBRBEnige o ¥ — s 5 119-127.

BRI - BRI 2001, KBEGEER £ > & —[F3512
BUF 519994 DC3/CARM OLALE /5 £ F < A
DZEFEAL. FP R F B EBR B 7~ & — 3R
1 67-71.

BRI - IR 2002, B BRERfse £~ & —
B2 BT 5 20004E D C3/CAREFFEDOLALE N
A &< A DFEFEAL. Fidk K F PR SR 78 &
v & =i 2: 37-39.

AT ZRE, 2015, H AREWIZ 54§ 5 CARE o 7 1
T OFRES. HARVEY 45 84: 386-407.

Estimation of feeding area by goats in an abandoned

cropland
Makoto Kaki" and Motomi Genkai-Kato>"

! Graduate School of Integrated Arts and Science,
Kochi University, 2-5-1 Akebono-cho,
Kochi 780-8520, Japan
2 Graduate School of Kuroshio Science,
Kochi University, 2-5-1 Akebono-cho,
Kochi 780-8520, Japan



fifi - ECHL - T

Abstract

Management of abandoned croplands by herbivorous
livestock like goats has received attention in recent years.
The objective of the present study was to estimate the
feeding area by a goat in an abandoned cropland, based
on the feeding rate of the goat and growth rate of weeds.
Surveys were conducted in 2016-2017 in an experimental
paddock (area: 1615 m®) in an abandoned cropland in
Otoyo Town, Kochi Prefecture. The study animals were
two female individuals of the Japanese Saanen goat,
named Momoko (5-6 years old, mean body weight: 45.4
kg) and Aiko (4-5 years old, 42.4 kg). These goats have
been pastured at the paddock since their birth. The
feeding rate of the goats (kg/d) was estimated by the sum
of the change in body weight due to feeding and the

amount of feces and urine. The growth rate of weeds (g-

m~-d") was estimated by harvesting weeds in a certain
area at intervals of 1-2 months. The amounts of weeds fed
by the goats for six months from May to October were
estimated at 831 and 703 kg for Momoko and Aiko,
respectively. The amount of weeds grown for the six
months was estimated at 1.92 kg/m® in wet weight at the
paddock where Artemisia princeps was dominant. Thus,
the feeding areas by the goats were calculated to be 433
and 366 m’ for Momoko and Aiko, respectively. The
mass-specific feeding areas were 9.54 and 8.64 m’/kg for
Momoko and Aiko, respectively. These estimates on the
mass-specific feeding area were comparable with the area

calculated based on the nutrient requirements of goats.

Key words: Abandoned cropland, body weight, goat,

grassland management.
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