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bNhb. —F, REOMYEZEFTHIICL > TAEL
ZELTHEY, BAFOEYEITHEL TEBZON 2 15
THY, TANRGTAOBOENEIZ, »%h ¥4 F3
yIIEBLTWA I LRR LTV, ThbbROE
MEFZELSRSTIRBIERBLE2 r HICB X AEE
DOYWHER S L CINEROEEDOMEI G T 5. T L
T, TOBOEEOERIZI VEFEBRIOCERED»E
By 57DICEYEIHEML, BROEMEIIBRLH I
V-2 28z, ABCEYFEIRIE 2. 2oL
T EREEISNREREYB L UBFOBEITIF
IRTT 5, TLUTRACI VBEOZWEORIILIE
EAELWETZRONEEZNZ S, Do ks &4
WHE—FEZBLTHEINTWEEZZONA.

BIRRICESOER OB E 2 AL L, HERTEEYS
EREEBIIPTTIBETREBENRIL, #1724
BeREMLL: (M3 -9). —%, HiHEEOSE
EHVTLZEMLTEY, ZoBHICHE > Ef
FHZEGOWRSTOhTwA LD L EZ N, F7-
BAFNIIIEFZE 20 L LT LB EEES DR~
BITLTBY, BEOZWEOMME & b ICERESD
FRAB~EHEShZI0EELI LA DEoHERE

a % %

FER B SRINER S, T 235 H 2 DEFFILDOK
i LEE R T AH12EBIZE0EHB O BiC
BREIATDN, ORI L EEEEFEETH
HeEZONT:, TLTTANT HAQERBSERE
WEENHICLVELHEN LB L ZESEET AR8IC
W 5#EH5EE LT, BXEN:I200, P:05:60, K50
120 kgha “BELE 2 Shie.

RICIBEIC BT OB E A5 LIROEETE IR
ZHCERIIH hoTHEY, ThEFEEEZOLO
ThY, FENEICIVHLUHEELL, sy
HICHbZOEEERIBToTELY, BEBICHENSEH
ENDOEEEEKEIUGES, SBAH X TOHBETH S
LRI (W3 -10). —F, REOBTHES LU
TABRZEETRE L EOEmERL, BAEICEEE
HERHICE o, BELEOMEEFEIHEETHED
BEVPRLL L, o, ToEMLRE L, WERTER
EBABTEHIBELOEEAE (M3 -11). =
D EIERTHELZ VPICKBICHFESEL2NE W) 2
EWTANRGHADEEICL o TEERILETHY, [
LHDERTEHRENMET T2 Lk, BEONERE
DEDEFIIKRE (EBE2E525bDLEL LN,

CHOIHIWEBLUHEESERIIFENIFEICYA
FIv 2y hEHERT. TIT, EECTRLINNEE
WEPBEDLIICL TROEALEBEI D9 2B
LT EH7:01C, EEREBRDBOT 285 F 22
Y00, 2 FHE S, 72785 4 2 OWRERC BT 2 WS
IZoWTHEET L7z,

EEEEPMPICR S YCRLETH piE%E
L EEIIEZ L ET Y, BERICIZ20%BERITL
2DARIEoTH (R4 —4), BAFIICERSL LB ERD
FLREY DIREA~ORAT, BEOBERIITbI S 720,
ZORILEDOZ { FREICBITTLLEbN S, 72,
BRI TO MCHEEGIRE R, BAURIZHBWTE <,
ERDWNEE L FHEEOWME IS {5 L.

Kz, AMbshiz "CloH T 25 BEDOY Y 7 OKRE
SR IRSSHFAMLHMTH L2 H|E+AIHTREL, B
WEETIIRWOTH 728 (M4 -5), BEOLKRE
WKEET S L, IR EHEFEES100L ETHY, o
NSOFH L WHEBICRL S Wb EREY PBELENICE
fTLTw/, HERRTIRSEEIIE»- 7255, RSSIE
AE L, EMEENTHED v EREY I VB REML
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IZIERPICRBIT L AWwEEZoNhA. LiL, &F
B RIS & X0, WIRL & SEENE
BRICHEERLTWAZI LB EZIONS.,
BEOZEAZ BT 5 UCLEYOIERB OIS
EETHo72, BENICL D ZFOEEGIEIEL-THED,
WAR, HERR % EOFEETIE TV T - VRIEE S
PHBBRR EOHEGFE L (B4 -6), HEHBKCR
PODOFWPEFEAERENTH S REND 5.
SHICHLT, HEEBTRIZLALSETHY, o
BFEREEL LTHVTWAD, BRETRER7TVI—-LVER
BESOEHELRRE L, BERISHRELTWEI LN
3 hdsbihiz,
FLAISEBE ORIZBIF 2 MCTI RNV SR
I3, ZOXKBIHA O —ATHBEH, FOMIZT NI~
ARTNI P—ABREOBEREBLIUEGEIRTIILE

DEEFEOTINZ ¥ IZEL T (R4-7). 7 .

235 HAFEECTRLE NIRERERIIA 7 7 —2X
OBETHREBICBITLTCWwE DL Ebh, 27u—2X
DEIEHLDIZEEIOCERLTELAT T,
FL A 18 R L BR R AS T AU BB L T vz dioiR
HOZBREILFDTFLELEEF-TWEDLEEZLR
5. LPALEPSEEA~OEMLLED O, RIPURSP
5 v CTHEOFEEHEF B, o7z, THIERIURTIX
20— ANERGRINO LIV EF—FE LTORED
HEELLTHLFERENL O EE~R SN EEN
HIokboltEZON: —F, EFEIREAULE
DFE~OEITOVTIE, FMLEISHEE LA EEL Tw
BOICLEDLLT, TTIREFEAU DIV ¥ U
DEHEBRBIZBVWTALNR, TVr ¥ y~0ZEbi
BREITDONAZLPHLNP LT

E2H PWEBESTRNSHIAOETHEIC
RIZTEE

Ba RAFTRBIOHE LBBERLTH 201, &
LHEFER, TEBIUREEENT, RS T
ANG HADEEESCET, REOEHEABFICRITTR
BamEtLie.

T, MR LEMPF - CTERRERFEROANRL
5 2@EHIOWT, WHEHABZzZLEE, ROEETD
54 THEEFEOHERERE Lz, TOKR, BoE
ERERIEHEEBFHPL VRS LD LEENDH LY
BBLTYWRVESTEICECERBLTEY (B5 -
23), BAE L b LEFREEEEEPET T 0L
EZbNT TOIELRTANSGSHTAOHFHLEELD
ERHDLEEEINR, ROETEENEL LD LIROKF

BEEEEFENRECETL, ZOLDETIEL, ®
BTERZFOLONRHBRLTLE) DO LERE SIS,
SHICHEDESERNERHGOEHOER L AL L,
AR TER TIEE, “HEOHEEGPS {, PR
PELBRHICEEFERL TV IRIILEENE o7z
(5 ~-24). ChiZZEEOARIIEGEOBWEIEY
BCHRL, ERENICERINGOLEIONS.
ZOBBEREOBVEOREIIHML, BLHICIEMHE
B HNEREAECIEEESEOEVEOEI &I Z
otz EHEBERERORLIBEHETIX, EHED
ROBESTIEECES LD DIEER, EEFERH, &
AL WThoOBHICBWTEL, EEEOEVT Y I
DEEHNE L, BROBIEIEEEOE VT Y THERHO
BETHH26LTWIHEREITRRS .

xIZ, EFER, TEBIUREZRICT S, LiE
LZHOTANG HFAOEEE, 6#R, 9 BEHICIHE
HRMEZ 4 BRREL, BE55HTICBILT AN
50 AONERBICN T 5 EFHEEREL .

MHE 2 EBUROATERLNEOBREERT L/
DI, EFBERBIZW L 2DDO TNV —TI5T 2iTo 7.
Thbb, 18VFELROEEBRERTL~54H, 6~
SHEH, BERDI I N—=TIIHT, FIN—7T LI
FEROWNEZFH L (B5-3). HEHHLVE
T4 4 ~ 5 4E B OB T UL B 2540 B B Tl a4
Hr Ly ZmLzA, S0HBTIkEIE—%, 608
ELEA L. EHE 6~ SEBDOESTIRVTho
HHECTLNERBRPEMICH Y, 408 TIRRIED
bERiEolzhs, NHEHHIEL 25 ICWIEIEEL
CETF Lz 510, BAFEEPIEOEBETTH
REBRXTHRERESLTEY, TOBEEE Lo,
T ARG HADEBHMPONBOEBIIENEHK 6, 7
FFTEBEML, Z0B—EETHERL, TORETL
BEHIchsEvbhTwa, t-T, EMHki~54H
DTN —TTRNEHEMT MY TEEELS
NAA, DHEHEA 6B EE BIcR2 &, IR
DEFEERMNFE L, +AIURNFEEESER ST
RNEFETLZDIOLEDNS, EfE6~8EDS
W— T TR ERA— B EORIEA, [HEHR 508 R
THoTHNRITETLTEY, HESLEHEREOR %
ETREOURPRGHEINTVRVWIESELZOL
5, BEETRVTNOMBR TLINEIFELJETL
Tz, SHEER LA L) ICAFTEREAT LI L
&Y, FEEEEFENFEFICERTLARBIID S/
HLEZOND.

HEHROREICLY, BRLBELZTS L 0IIEH
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THhbLEZONLID, MBERRFIZBITLBEBL
CIROBEEEIZONWT, BRET57-0ICEMERL
BRI V—T5F L7 (R5-21, E5-22).
EWMERTHL LBEILT4~5FEEN6~8FEB LD
KEL, WMHFL SNEHEFR 22IZERERIETL
Twiz7s, BEETIEIOEMITHRE Liadroi. B
BRIFEEROBBIHEVREIIKEL 2E2D0TER
G BHAERIRAEIGELBRIEIFNPHEE SIS D,
BALPOERTHEZZIITRITIIDEELOR
72, 7, MOBEERIZ4~54E, 6 ~8FEHLD,
MR AE 2D LIET LA, 4~556B0HFX
DERIGASEETH D, 134 B TIIIVEBIRIC X 5 Kb i
BHONLholz. 2F 0, NEHHIBELBOES
HRICEFICHEERITTF, EHEEBEREN PR L,
BPBZVIEZOZTBBBIERE L, BIROEESSR
FIIRIZTTEEDIRKEVWEEZEZ BN,
WEIZTERTRELY, Kt, A8t KbLEto
JETKRE Do 7z, PHER RIS 5 s tE b 1A
WEVELRD, KT TIIRE, BEEEL L IIHES
BAREL 2BIFERFIZET LA, At CTRIBRER
ZEd, BEEFEOMET L. KL TERHEED
R e etiv@micho/. ThonZ izgitt
RKIEL L ED X HIZHEYEENS ), REOHE
MHIRE NG VLG T, RICER SN BEREY O
ZIBOKREL LD LT, HEARCHODILL
HEEZZONG, BOMENEES LT HBEEHT
i, BOBEFEHLNEL BoTWBHLEELZONS,
5T, MEICLY, BEBIUVBOESEREIRR
>THY, A—DEBERL B THLARESD 3 &
HECIE, BE, BEEFFELHIHLASHFKRE L, 20
TUC157, #L TMWS00W TP EWEmER L7 (K
5-19, 5-20). PHEHARLEIC LB, (2IZF
LTHo727%, HLASOMEBRINERAMIE - T
LREGBEBEOBTREDON o, T/, hb
3 HEOEENRIZHLA-SHE LS {, 2w TUCLS?,
Z L TMWS00WDIETH Y (5 - 2), HLA-504
EUENBVEBEACO L) 2ROBE, THabLIRE
FREL, BOBEEEELE L, EHIRHTH-
TLZNZEBREET AL Vo R EICH D D
DEEZ BN

TANG HZADEERZIRVROBB L FTOROEES
RLHHELBEREH DA, BB LL ) IENEEE S
OROFTERA TS o7, FLTIOBROTERIZINE
HEATRED ISR o TWhH D EEL N, HIERIGE
B ORENPERED - DICRLETHS.

B3I TANTHAOEBEEMER EFE

TANRGHAGIEEIZE LM E LTEEF LT
BH, 181EE,SPNEIIHI L Tw5, £ TlhiEE
DERET ANG HARFEEMITBIT 5 BB 0E
BEFRELLLIA, HEEESERHEICHZVE
EBHAFEL T, 2, A—HBHNTEERDORLR S
B2 B0, BESHARR, RE, LENEREBLC
TEWEOHMAERRE2TTo2L 25, BINOEY
WWIREYS {, BNTIEAR L, EIETRBEOFE
FHETLHEBEFICH 7. TD7-0, HBERMORHERE,
D ABRSAIREM O, BREOLKIEEL I, L7120
CESGEEICE T AH LB R EICOWTRI L
HE, CoEfu—sY—2HwLEEEHFECLV L
BYUREMNZESSMEICBTE, BuBoE PR
Wlhotz. ZOOBEIIIHRL, HEHFOEFTRIIR
ELTHRETEEEEFREL:. /2, 7ANSHR
BT Luny—WEFREZVWEVwbhTBEY I | £
DEBZEDRIABTOERBOERL LTCZOT LT
VBRI LZAFRTOTMREE LD, FRABRTRL
FEREEFEOMREOVEDL LT, TLussy—iH
DEFHRLEZZONS.

VEDXHWAEEAZHEEL TS LERGIEFET
AR, FREBETAILICL o TT ARG HAD
BN HEEISNEH, £ DT AT HAENOEE
RIS EE FOMEREEREEL 5N 5.

FITRIBERBDT AT HADOTEEEH, 6 HiR,
9 BSGICIVEIR IR % 4 BBk E L 7oL R 3R, 3
EHDSEBMITO- TNES, EERICEDIEEL
EEAFE, BE, BoOBrixESEF I CHLLIERZH
FL/z. TOHR, HENERINERROEEICERS
M, UWHEEA R LERBAAE L9 CIINEH B EL o 2 &
2, BEESND EHEMLD, EROBBIZLE LW
EHIERRMECRAEFIRINL 2. 72, BEIZN
HHEPR 22 1o TR L7, BosEEaEERI
MBI EL 221> TRT L. D EDZ 225,
T ARG HAOEINER & U CIFERE o BELE8T
SN, BELZINEHEOREPLETHLEELLND.
2F ), BIECHECL > TEBER2ZT LT AN
HAL, BFEBE~NOBEEOEWMPIT T THHLEEZLD
N, ZOREELRUREESEFRLEHETIHEI1T,
ITITERLHETAILNREEINS, TANRGH
ZZRIEDO BN ST H I TRME L - & B EY %
WMEBICHEREE LTEMEL, REZThE2HoTHEERERE
L, S5ICHCHAED-DDEFEFEREIEE, T2
LRNEOBELET PRV EELBRICH LR
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£6—1 TANSHAONEBIUESHEHOHEBERE

A H £ &

—XF INE@Em* #EOBrixE  HE

Brixx#&E IE/H §IFEOGI

N H 1

INE —-0.077 1

—%8 -0.652™  0.29%4 1
IR ay -0.564™  0.311 0.407* 1
R#DBrixfE -0.621**  0.087 0.354
WRE -0.253
BrixxR&E  -0.468™  0.705™ 0.410"
INg&/ 8 -0.566™  0.839™ 0.566™
BI4EDGI —0.772™  0.379*  0.568™
GI x Brixfl -0.817"  0.321 0.583**

0.736™ 0.283 0.315

0.648"*

0.540 ™"
0.550**
0.4727*
0.566 "

0.096 1

0.460% 0.919™* 1

0.395* 0.698™  0.797™ 1

0.416* 0.536*  0.638™  0.697 1
0.614™* 0.463™  0.660™  0.684™ 0.966™

ALTHEY, BWIEREBL D LIFEHBEZ W3 612
EETHLE, 2OBROEZEEFTFORTZEL. Liodo
T, EEOREGHIE L FELBRICH AWHERBOE
ERTFRRFICEELLOL LS.
CORELRETLL-DICEFREEROERBED
BMEZHEL, ThoolBfRlEERe - 1I1TRL7.
ZOMEERLIS, WEZFD L DIHEERT OROBrixfd
LREBRTTHIBEZTHITEDLE L BBLIUBRELS
WIEOHESEH Y, ThoZBETII LI VEED
WEA2%VERICFNT 2205 TES, ALY
RFEEHRE THAALBRHRE L BOBrixE/SNETE 53
BRI EOHCNELHET A LATMETHLLELT
Wa, LaLEDS, ERICHEBEISATWAREETRE
PHETAILIZEBRLIIFTETHS.
EBOEFLREQONR L IIEELRBRICHL LD
NTWwa A0, KRB TIRGL (EFERI LEZFD
LOEOMIIBVWHBRELO NP7z, THITIUER
BA40B B & ) HVHBTEEEEFTEISHE LN
EMRRICERONEFZL TwiAVKED-DEEZ
b, 22T, GIL—HL4:-HhoWELOBRE A
ZLEHBEERPLVEL LD, WEDOGIPREL LS
FEr—H4- W NEHFEmML: (K6-1). 2ZTH
EDIEEFHF 5 7-HI250H H 72 b DUYLE & L T2000
(kgha™, LLFR) BLTF, 1500~3000, 25008\ k& 3 X
542k, GIIEZFh212,0008LTF, 2,000~4,000, 4,000
PEeZb, BIENGIZMET LI LITL I BEDIL
BE2HABEFUTLIOLERLEAED, FRITHBL
RESHEATESLOLEZ NS GLIZINEH £
EEVWAOHBEBERICH D, WHENBZzERTI LI
FoTGIABHAILENTE, W0OBMOEMICE->T
BLAGIZL1, 500 BERDL 2 Lk L HEE S L.
—F, KEEWMTH LT ARG HADEEEPEZET
G, BEENEOSZLIITIREL, WEFERE
LLICEIBRL T AP 2BBTALILINETD
5, FIT, BERNE2 VEONEOFHELRHED 2

% NBEOEH D OBRE (keha year™)

(ke ha™
120

100 |

80 |

60 | a

I~ e 55

40 |
r=0. 697*x
20 |

250081 &
(508 % 7= 0 4T &)

\\_,44/ 1500~3000

20004 F . .
0 2000 4000 6000 8000
AIEOEFRH

E6—1 AFREE—BL4-YONELDOBEFK

HEOFEHELDEE L VNEEME L, WES—F
W) POREEMNS L VEERSILOo2oHE0EEHLT
By, ZoNEMERNELSERE OHBEEFRD 5SROI
BELOFRHFTENEIPEHFF L. F0ER, =
OYWEFEMIIWOBrixfE & & b &V IEDOHEBERICH 5
ZLABHLHN, FROWEDEMIIROBrix{E TFH
Wt E2Z 6N (F6 - 2). BIEOROBrixEN S
¥2k, WREMIITIAOKFE, 2F VFHEOINE &
DLW A AR XIHIChB FIT, TIT
LINEER RS L, IR %E-500 (kgha-lyear™,
PFRE) BT, -1000~0,-500~+500: 35 &, THhZF
e 2R OBrix @120 F, 12~15, 1580 Eiz%
5%, BrixfE15P EOR 5% & 518 THEIT 5 L &
@M 43250~ + 250 L WROEEIEI /N E {, BELIZK
SiEShe. LizdoT, BEIZHITFALL4EFICI IR
BEMAZHECELLEZOND. T/, BOBrixfEd
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(kg ha™)
1000

500 |

I = S

-500 r=0. 648%*

-1000 |

-1500 ¢

-2000

B4EDBrixfE
R6—2 MWoOBrixfl & NEMEM & DOERK

WKL BDOBRICHY, WEHHL2ERTIZLICE
S>TBrix{iZ B A5 I EHTE, VHEOERBICL-T
B X ZBrixfE%2.5%ERED 5 Z EAMREE A bh 7z,

L AT, ROBEERESEI O~ 75 7 14— (HPLC)
THH L 72 & Brixgh CHlE L7213 WA ED
Hh (r=0.768"%, n=311), BOWEIIBrixfETHS
RKETELRLELZON.

VEDZ s, BIEOKEICHEBNMES R E TR
ZGIE R OBrixfi % HwvwWT, BEUEROAEREOFH
UL EZ, ChoDEREHAEDLEIHEHE O
HELFKE - 20X ITER LA 2L 2 1IEGIA5464
T, Brixff4519.2%0kK (F6 - 2 HO@E), LLTH)
LR I134000kgha 1Bl ETH b, IWEETD 0 {35 T,
ZD L5 EBEIIS0H B oNERB RO LiCk
DVREMGEENFRATNS. T 7:GIH32469T, Brix
EAY13.2% D8 (&) 1ZIEIZ2500kgha™, YURMGEMIX
FERM500kgha ' D<A FATH S, ZhrWEL AN
4500~ 6000kgha " TILR B 0 {5 D@D SHIZED
A9, NWHEHE LGB L CIROBrixfE DY
B b, WUHERIR 2 30 H 113 L4 L7220 0 BREE IS &
Yo 5 0END S, GIH1711T, Brixfl39.6% Dk (B)
ISR oM TIINELZEETS LIIEETD
D, BHITILERHDLLEZ LN

O X ) BREOWHIIE BB EICRREL, €
DRBIZD o T-FHEFTIZLILEoTT ARG T AD
BERGAEENTRELEZI DN,

T AN A ONWHEBICET 2HRIEHE A4S

E£6—2 TANTHTAOIGEMB SR ESLM

BoEFIEE KD OBrix{l IS A ER
4,000L k. 18%BL 1 #50H R *
2 15~18% #40H S
» 12~15% #3084
2 12%LLF #1208 [
2,000~4,000 18% Ll #4081
» 15~18% 1308
P 12~15% #20H R
s 12% 00T fE I
2,000LLF 18% L.+ #5300 R4
s 15~18% #20B 8
» 12~15% N
» 12% T BEHE

(% Z OBEOILE L~V 124500~6000kg ha™t)

NTED, [BBOFHRIZE Y FOHSIh- ¥,
Tholz. 2F VIRBELFRETHRETICL T ARG H AN
WA TETT S LD T, IHEER»H o BEE
CLTHEERTHICRILEY 2 RMICERTES, L2
LPAEHED X 5 ITFORMEHLEL, WA TAORED
TDEEPMIEL2D T2 L5 LA CIIEFTHR» P4

DERONZ2DDERD., E5HICHIBENTLHIRICL T
FfE % COEPRRE R 572012, BITRRIUE B B itH
LT&7% iz, BEOEBILELRFRLEDEIILE
BOBTHAEEDE L ZOREAREEIHREIL T
LHEOETRAZINDLZEZONAL. o T, EFEN
EBFRBTRERPERL LT A—VEZIFBE, 2
NETOEEDATEF T CTHILEYOERBRZIHEET
L EIIEETHSL. CTRLAEBIZEEZEDESZE
THEFRELFLEYOEE LR TIREBOBrixfEICZ L -
TR L7720, HEEORSNERSLEENE, 258
FOBEZEDTHMTELLDEEZLNS,

—F, CEREYZEETLETHABRITSITHEE
LTwa I, BHENEETILIIRD, RFEORE
EATREZEZ OGNS, RFROKRTIE, HERIZX
DIRECHESERIIENDD, HOTL Yy v—Di
BICL2RESLROBEEEOCHLERICX YV ES
o TWiz, THIBOIERICHEOBEBLEMNERHE
BELTWwWAdEEZONS,

BRERHLCREOEED 220 &5 L REBICHE
L7 BB OB L UEELBERSSRSSHET
BUERIEREKI ) #3240 w2 EEITE S
AGERSE 2 EH LW EEERORA L L3N TWw B,
TR TR LIERBICIZNEREDOBELBRIZB
LHEREEHOEHOBEICIHTAIZLICE ST, 21
FROBREEMISHIB T EHFARE LS L0 L
5.
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BUE =

1 PANFHIAEREBOLERS SOCRESD
THORE

EEDT ARG HAEEEMSHEIAICBITET A
285 HARREREGOTEREE L RBESHOERLH
L7
1) FTANRSGHFAXEEH S AT 5 & 25040 5 D 188

PERIL, TEoEEERE L. 205, pH

36, 0L T OB 13#61%, HMHEK0EF FEH315mg

/100g BLF & # 5%, 21 CaO & F H $1200mg/

100g DL T ix#943%, Z#MEMgOEH A 25me/100g

DT iE#30%, EHED ABREHEFEH 15me/100g LL

Tix# 9 %HFEL.

(2) FEGIET & ZBAHF BV TEERORL ZBHORE
2o R, MK L BNOBBIIRENS{,
RINE S TSR h o 72,

(3) TANTGHABIEEG SR H I ARRL TH HH
BBV, BINECRIBHEPESCELL, 12
WELEL, BAEALICS WRBAFEEL, HiEK
BAMELTHERASRAZY VEREAN Y Y ABMEET
D—EFZL EEoTBY, WOMESHFSLL T
7=.

(4) TANGHAFREEBFRRLTHHEETBICH
TiE, BNETEELLRRBIZRMES T, Ridk
BETICEF L T, BRINER I HIER BEM ORI,
e~ ORREMFARTH o 7.

2 TANSHZAORZENEE - RERFH

T ARG HADBEZ EO W kEhkoumES &
UERESEEFEOERzB L HER, HEAEEIIRS
M5 LTS IREOBEONEES X UM TH 25
E0LENE, BERE, RESOZEHERALELL.
(1) EEGEYEIEHICRLS L, Bk, BFECRIL

7o, WBOEMEIATRBIC L 2ZHHIFREL, &

EONHICE VBB L, To®RMML, BLERICIL

R TEZEON 2B TH o /.

(2) M bEA~OESERIE, HERTERD O EEHE
B TEBIIZITbR, BAERICIZH EEICE
LB HREA~BAT L. BEOERESISHE
EHY T LBREFOKED " EDIN, HEOWHIZX
DAL, BREFNITIEHEMT BNy - 2R VEL.

w0

(3) TANTHAD 1 HHDOHEMESLEEIINI200,
P205:60, K;0:120kgha 1T o 7-.

(4) BEICERTA2HEL LTIERTHEORN R D »
DELLEHL, HEIMICL OB EELED, X
TR DR I3 L CRAE RN TR TR OK
3SfEITTHEML., COEHICKE(HESLTWS
DEFHFEICER LTV EIRBICEFENLIEET
WTHoiz.

(5) BENWNEEDY -5 AhHEPS 6 B LHET
»Y, ZO—2XZOHBEORIES L UHIRE L 1ZIT
—F L7 LaL, ZORHADRERRENIEZoT
b, WEROBMZED ST, HEEOINEEIIROE
EEEOWR L BEICHA/RL Tk,

(6) WHELEZOHZWRINEROREEIZL ko TR
TL, E5&EFII LR L7, BrixfEidEEPREL
EIT B TYERET & L B ITET L7

3 EEEFEDHICHT B3 C-REAREDDS
BCEBEBICHBITIEDER

PN T 235 2O EEEEKIC C0.%
FLEE, 7R85 FAOREICBIT BHERHICONT
WET L7,

1) @EEFRIFHEFERTRIBE L, 2V TIHEFER
I, IBERRES, 257V, BIUBROETH - 7.
FEBICBVWTIIA 7 O —ADEENREL, DVWTE
BES3, 4OTINT I VEEPol. EEEOEVT
Nz yyDEERTEEBRTRIE, o2, WIURT
FA 70— A LBEEOEEENEL, EFEOEVT
W75 VOEEEIEL M Ehodl. 7T VBN T
A7 u—ADEEREL, EgE koINS ¥
Y OEEIIEDP o7,

(2) FMLHEISEREB% O “CIRELEITH s HRE+
B L FEIEL L LEToTED, BEICIT20%EE
BAT L7 BERTO UCHERIFIBERR, IR
WCBWTE L, TRGBIUR L BB OIS <
SELL 7z,

(3) “HEWEOHEEITT 5 EHEDOHIEEOBED
BHIE L7, MR v 7 BRI TH 2R3
+ R TRLKE (H230TH Y, BEEETIZHL0
THolzh, WIUREFEFERTIZI0U ETH D,
BOPTIEINS OF L VHBICREIE S Wb EmkE



64 B RERBRGRE  £45

WA BRI BAT L7,

(4) REBICHEE L MColbERRBIE, TORES I
THolzh, BEICE Y ZOEEERER - 72, RIUR,
IR R EOHMABTIET vV a— VREE S, G
BT IVBEEOEENVEL, HERBRTIZIZEA
EAETHY, HEBRBIBEOREEELLTH L
Zz2ohi.

(5) R TRINVY ¥ VOEFEFEFITERNIZHE
bod, BEEEINLoIVY ¥ VITETNS Yoo
FEDTEH o 72 BABAT L2, K G2 7 o—
A Tho7zh, EMbHEOREEREA 18R L H I
Bboe, EEEAULEDOTINVY F VADELFTT
ICEBBEILBVWTALR, 7V7 ¥ v ~OELIZAE
TR B I EFHLP L o7z

4 WEHEIT AN HADEEESLVIR
HEBREEOBEICRETRE

FEEEGHROT AT HADOTEER, 6, 9@
BICPEHmEL 4 BREREL, 3EP L 5FEMICDh
7o TEF, L&, ZEOWEEE, RE, RoBEIC
Bz EBEREL.

(1) BEREZDEREOREICEG S, YKL
BRBLU CTIRIERRSE 25 4%, ERS
NBEEIMLA2, EROZBICE b v REED
LT T BRI IR L 7z,

(2) BEOFH—ZEIINA 2 FHETI, HEHH
PEWIEIEEASL, WWHERRORH{LII—ZEEOKE
WHEIESEOETZ 4726 L.

(3) MEOEFETHHEFTHRE (GD ZWHEHE
FLBIEEREL, WHEHEAFR 2512E, &)
BEIIET L.

4) BEICHEETHIEIINZ h=2X, FVa—-2Bk
CAZU—=2DHRTHY, TVI P —=2AHPELE,
RATINI—=ATHY, Aru—2AdRL L idho
Tz TNTF YOERIIBO SN odz. TR
EHERIERTRITEL, RATHPRETHEL, KHT
R b Ko 72, IHERHEEFRIIEGHTE
<, WA S BEICH T TIET L7z, IR
RAOGHIEEEOHERFIIET L.

(5) MREIINHEMM AR 251X TR L.

(6) MOEEESEFRIINEHBAEL 251 TET
L7z, AFEHSSEVIECIERHOERICHES R
DEWEEFEOETERIE Lo/,

(7) REREEARL, MR TERCTREGEOR
WIEOEI GBS o 7288, EEEEHMHPECIESE

PEVEOEES ER L. HEHBNEIZOWTHR
5L, BEAERICBTIERBEVLERX TIRE
FEOBVHEOHEN B o 72, WHEHRFEVL
B T Ed» o 7.

(8) BMAROMIIBIZERENOBEEEEIL, NH#
HEPE 25 LEEREE HEOMENERL, H
WEAES D EoT Y IHEEMET L.

9) —H®7:0) OWELEFKRFEORIIBIT2EFERN
BERRLOMIZETHEUT OB CTIREBIRE R
Do hold, EFEIULOFELICIZIENHES
BRI ED BN,

0 HUEDERDPS, TANSHAOEINERE LTI
MR oEILSRT N, BEZIEHEORED
VBETHLLEZ LN

5 FANZHAOSEBOEEER EHE

MEEBATL ZNIESFH L HERREICOW
THRE LA, 251, THEMBLBIZL ST AT T A
DEE, EENESL X UCROBEERE) SIGESRRED
FERERL, FENEERR EODOFEERET
5.

1) EEENEVER TR BEMORES L UEL
& LBELFHRRRE L ORMARFERE LTHEITFS
n, L LCHERICB I A D EERREL X
RRBESHEEISHT 28 LV EBERRECOWTKR
Fli EBtu—2 ) —2BHO2EEREICLD,
DA, AIRBLUEREDLR EOTERYREN B
EHRICENT 2 LATEICR D, BEVWBoTESE
WRICko7:. TORKR, BEEIHRKLBEROEFTE
ERELTCHERT A LPWERICRY, AEE,MHE
L7-.

(2) TARTHRAOENERE U THGEL B o &L
EiFoh, BERINEREORELRE L. —BY
20 OB FFEREOETRELBVEOHE D
D, 72, FREBIHS INEHEOBERM (EE)
BEEKFOROBrixfE: EVWIEDOHBBEZRICH -
72. FIT, BIEKEOETI S B L IROBrixfE
4 B A G I8RE LT A I R e o %
Ealer - RELA.

(3) TANGHAOEERLKEEZES-DICRER
H¥ThrMHEOPURERRTLIZL L, BERTL
LTRICERENIEEERESCILNEFDH L. €
DD HFHEEOEHBHEICL S TEYRE 2D
DB HIEDEINGES B ORELEOFBANE
BEThH5.



BAwH  TANSHF AL BIT 2 EFHF G L REOBEERFRICES EBEORREICHE T 5% 65

51 W

1) FE—8 « Hf5 . 7 AN T AOBIEW#E  FHiR
MREDRE. LB, 55(10), 38-45 (1988)

2) FIHFH T AT HAOKE D BT 55
» TZEFA D 35 CTRETRNIE & BFiR N 7 OHER,
BB ERZE. 37, 251-252 (1985)

3) WX B AiEEEEORR, 65-99 (1948)

4) Blumenfield, D., Meinken, K. W. and Lecompte, S.
B: A field study of asparagus growth. Proc. Amer.
Soc. Hort. Sci., 77, 386-392 (1961)

5) Bouwkamp, J. C. and McCully, J. E. : Competition
and survival in female plants of Asparagus officinalis
L. J. Amer. Soc. Hort. Sci., 97, 74-76 (1972)

6 ) Brasher, E. P. ; Effects of spring, summer and fall
cutting of asparagus on yield and spear weight.
Proc. Amer. Soc. Hort. Sci., 67, 377-383 (1956)

7) Chang, D. C. N. : Fine structural changes of aspar-
agus spear during strage. Acta. Hort, 138. 305-312
(1983)

8) Clore, W.J,, Carter, G. H. and DrakeSR. : Pre-and
postharvest factors affecting textural quality of fresh
asparagus. J. Amer. Soc. Hort. Sci., 101. 576578 (1976)

9) Culpepper, C. W. and Moon, H. H. : Effect of tem-
parature upon the rate of elongation of the stems of
asparagus grown under field conditions. Plant Phy-
siol., 14, 255-270 (1939)

10) Dogras, C. and Itskos, A. : Seasonal changes of dry
matter and carbohydrates in the storage roots of
asparagus, Adv. Hortic. Sci, 6, 74~76 (1992)

1) tERSWEEZEESE LBRESSE EBE
&, . (1976)

12) Downton, W. J. S. and Torokfalvy ; Photosynthesis
in developing asparagus plants, Aust. J. Plant Physiol,
2, 367-375 (1975)

13) Dufault R. J. : Impact of Forcing Summer Asparagus
in Coastal South Caro-lina on Yield, Quality and Re-
covery from Harvest Pressure, J. Am. Soc. Hortic.
Sci,, 119, 396-402 (1994)

14) Ellison, J. H. and Scheer, D. F. : Selecting Superior
asparagus plants on basis of earliness, Proc. Amer.
Soc. Hort. Sci.,, 72, 353-359 (1959)

15) Ellison, J. H,, Horward, O. and Scheer, D. F. : Yield

X W

related to bush vigor in asparagus. Proc. Amer. Soc.
Hort. Sci,, 75, 411-415 (1960)

16) Espie, G. S. and Colman B. ; Photosinthesis and in-
organic carbon transport in isolated asparagus
mesophyll cells, Plant Physiol,, 70, 649-654 (1982)

17) HaynesR.J. : Accumulation of dry matter and
changes carbohydrate and amino acid content in the
first 2 years of asparagus growth, Sci. Hortic,, 32, 17
~23 (1987)

18) B%HIE - AIRHEE] - BRER 1 U ¥ Tbwikal
DEE, NEBIUREGRBIIBLIZTEZERHED
P8, B RREH. 55, 23-31 (1986)

19) BEwWE - SHEHE: < oM - RAREDD
EHIIRIEITEHERBEEOLE, L. 64, 377
~384 (1993)

20) BEWG - SEHE— | TANRG T A OFENETR
Ik, LREEE. 65, 34~40 (1994)

21) HAEHRR - SHBHE  ZEREZNHOT ARG I
BB 2 EEREMC - REREYOHE, LI
. 66, 609~616 (1995)

22) Hikasa, Y. :

nutrition of cabbage to increase sugar concentration,

Diagnostic technique for nitrogen

Plant nutrition—for sustainable food production and
environment, ed. T. Ando et al.Kluwer Academic
Publishers, Japan. p. 369-370 (1997)

23) TR - SFHEF - REX 1 7 AT H R EH
RSB 2 BB OEADER, RERFREZARYS
. 2, 43-50 (1982)

24) Fiufe— - SHEHE - LRS- Z#ET 0 7T AN
F HADNEBR TR - RO BT 2R,
BP3E - FRAEBARTER. 3, 16~17 (1990)

25) Filife— - HOEG - —FHER TANIATAD
EHR Y BREoOBME, SUMHEEMZERRER. 9,
313-314 (1994)

26) JLHEE T 285 HAWE 1 T AT A ADFREICH
35 BREHGEE, 88-93 (1976)

27) iRERERBL SR | TEB XUIEYREBODE
e (YETRD). 12-13 (1989)

28) JLIEEBEE . TANT A TEBELRHE KT 5
B, (1981)

29) LBV REREYS | REBRFABREEE, T AN



66 WHHE RERBSRE £945

I AMMD TESRIT K B kB WA OFELIZE 3
LBk (1981)

30) JeipE PR EEREY 7 A8F A0 Y
BHICET 538, BAS6FEEE IR % o CICHRES
ZHE, LImERBE. 93-114 (1981)

31) dvipEirp R BEREY | WM RO M B ALK EE
XIS U2 HERBEE, PR B R 3Emh 2 & TN iR E
ZEZHH. JLipE R, (1989)

32) duigEI A BIERERY - iR E BB R R
DB X UTESREODREE (O, (1992)
33) dbiBEPRBEEREY [ T AT T AONEFER
BB O & X RABR. PR 7 FEL RIF% S O
HEZZHE. LiEEREERE. p.152-155 (1995)
34) hiBEFRYMEREEEEH S  BEHREH.

p.29 (1991)

35) JbimSLEERERERTIERT | ABREAE. 85-97 (1991)

36) Howlett, F. S. : The effect of carbohydrate and of
nitrogen deficiency upon microspogenesis and the
development of the male gametophyto in the tomato
Lycopersicum esculentum, Ann. Bot, 50, 767-804
(1963)

37) AHMHE - HEILRS - KPR - ZHAfT MY b
RENICBIIHERLVCTI AN ENBORE
ERICK HHRBOMN. B¥EE. H63tk. 324-325
(1988)

38) SHIEHE - MRS © bv MBI RYC-HEM
EYOILFIERE, ESEM. 59502, 388-389 (1990)
39) fRiE R - EHEMA - 8 & FHT— D TAAN
T I ADIE B RAT T, CO, BB R UIRE

ORE, E¥HE. 58(2), 369~376 (1989)

40) PHRBG - SHERE - RO - 02N
BHICBIL 7 =Y T ARG H2OFEICHET A
7 E1H L RERT TS5 BERERE
DOWEHIZOWT, LEBRZEERN Y ¥ %
#. 60, 35-45 (1994)

41) Jones,H.A. and Robbens,W.W. : Growing and hand-
ling asparagus crowns, Calif. Agric. Exp.Stn.Bull, 381,
1~24 (1924)

42) G 1E - IR - BILRER | BRI R A
RERVEECBIT2RBEA TV OAEFTRUTREICR
T REIZOWT, B, 50, 306-316 (1981)

43) EH/EE YoM E L REBER, BERMER
TEEME. 2. p.147-152, BRI S,
F (1991)

44) HH R CiRKRE, RHEETEICA D HBFIE

v, RERMAR DEEERE. 3. HELFAN,
115-119, EIL#EA L&, B (1987)

45) & KN - BFIsE= - BB D T AN FAEE
DMRERICRIITRROTEB L EEEONHE, B
M. 58(1), 155-160  (1989)

46) & KAl - LSS D T ARG HABEDOERICH
T 2R R UVED PR, WM. 58 (1), 161-166 (1989)

47) & KHE - WSS L T ARG FABFEOMREER
CRIZTHEROBR IREDLE, B, 58(2),
377-382 (1989)

48) & kil - WILFES 1 T AT HABEBIRICBIT S
FEEFRIROEOLEL, EFHE. 58(2), 383-390 (1989)

49) /MEHRET BT ORBELEICETIH%E, (E1H)
TANG FAETORFICRITTERELEOIE, 1t
EEEFAZEH. 70, 42-55 (1956)

50) /MFIEZ C BT OREMIEICET 2 REE L R
BEDZEL, JuipERRRE. 73, 9-19 (1957)

51) Legard,SF.SprosenM.S, Douglas,].A. and Follett, JM.
: Influence of time of application on the utilization of
nitrogen fertilizer by asparagus, estimated using 15N.
Plant Soil., 147. 41-47 (1992)

52) Lin,A.C. ; The physiological characteristics of as-
paragus officinalis, Memoirs College Agri,National
Taiwan Univ.,, 23, 57-66 (1983)

53) Martin,S. and HartmannH.D. : The content and
distribution of the carbohydrates in asparagus. Acta
Hortic., 271, 443-449(1990)

54) il T AT HARBEIE I BT B IEERK
ZREBIROGFMELE, SAORE. 36(2), 71-75
(1992)

55) BEHIES - #0 R - BEET I EBRREN M
POWRE L ME B L UERRSOBREZIIRITTE
B, E¥H. 58(3), 641-648 (1989)

56) MAER - RILER - AIFHEE - BREHEE . F b
DEF~DFE L BEOEWEB X URML, 1AEEE. 58,
465-472 (1987)

57) AR - sk B -FH B 7TANSIHTAEE
HMEBICBT s HEEROGHE - REEMZE, EEREZEN
TRHFESH. 27, 22-23 (1994)

58) ¥IHE— 1 TANRTG HF AR 5 FERE (D
BEBXUEZE. 68, 304-808 (1993)

59) BIHE— @ TANRG A AORBEIZHET 2 HME (2)
CBEBIUREZE. 68, 894-898 (1993)

60) FNIHh— : T AT FADMEIZHT % 54ME (3)
CBEBIUREZE. 68, 1011-1015 (1993)



HE#HIE © 72289 5 2B 5 TN L RBOBEERFIEICE S (EEORRMEICET 2 6% 67

61) =WHER - HRAHE - EBELE 1 TAFHADNR
FAT L ERCCERR O, [1SERGTIIBITLT
285 AR Mo HEERE, FILREMZE. 40,
315-316 (1987)

62) Mizahi, Y. Taleisnik, E., Kagan-zur, V. Zohar,
Y.Offembach, R., Matan, E. and Golan, R. : A saline
irrigation regime for improving tomato fruit quality
without reducing vield. J. Amer. Soc. Hort. Sci,, 113,
202-205 (1988)

63) & i EROEICRITTERYKHORR, HR
WO Ly EE, HARTEERSAEE. p.85-137,
kA, BE. (1986)

64) FHEE— EEOREL HEZHT %, HER
BRI RS, 12, (1979)

65) &I B EFLRE, BEDOT AT HTADH
ReE, ASEETE. p.51-61, BEEMERHET
17, LB (1985)

66) WAL ROk b, B AEE 2, REH
EHERR. p.109-134, FEFE. Hx. (1992)
67) TisE MR MM oRE LR, LEEREL TR
FEA1987. H A8k A &b g E ST R, p. 250~

259, JuE%. #LER. (1987)

68) EFKEGIIEERETEMP LR | dliEE R E
BiatEH (FRWH) . (1957-1997)

69) KEFNE - RREFEH - HPEEE, TANTIHTAOR
BHER 0 BIE T BT DL EARR L TR, JUNRSENT
ZREEH. 9, 311-312 (1994)

70) K i EDREBRSOMSE L ER, BYE
EERE, WORBREBEREZESE, B K
. p.204-217, (1990)

71) ParkSK. and Yoon,W.M. : Studies on photosynthesis
and respiration in relation to the growth of aspar-
agus officinalis, J. Kor.Soc.Hort., 166, 53-58 (1975)

72) Pollock,C.]. : Physiology and metabolism of suc-
rosylfructans; In Storage Carbohydrates in Vascular
Plants, ed. D.HLewis, p.97-114, Cambridge Univ. Press,
Cambridge (1984) )

73) Pressman,E.Schaffer,A.A..Compton,D. and Zamski,E.
: Seasonal changes in the carbohydrate content of
two cultivars of asparagus. Sci. Hortic., 53, 149~ 155
(1993)

74) Robbins, WW and JonesH.A. : Sex as a factor in
growing asparagus, Soc. Hort. Sci., 25, 13-16(1928)

75) AARKMEK | REFEOKESIICHTHHE (B2
) EHHEOWRBRFREIES A FITORED

Wi, HERAPHR. 19, 19-29 (1992)

76) AAKHIEK | BEHORXESMNICHE T HH%E (1
) BHTROWRBERREIIIEDSF 27 ) OHFE
Zr, HEERHE. 18, 1-15 (1991)

77) AAEARAEK  FESHOBRIRE HRE, BEEEDE <
IHREBICOWT, FFIEE. 69, 80-86 (1994)

78) VIS ATERB SR | RIS O REE, p.272
~343, #EE. HFE. (1975

79) ERE ¥ BEHE OB BRI TR T AR
BRICE T 5078, HESBUOMBIEEICIBITS
RERRE, KB, 14, 76-89  (1983)

80) EREWM - IWK—F 1 TANS A ADEH AR (8
3f) HOKRE SPWERRICE XIZTEEIIONT
- ZOHBOEBIIOWT —, L EREZHARE 2.
10, 50~51 (1977)

81) RHFES - AEFIER - B H : TANRNITHTADHEK
BICHT AR (F18) HOEMICET 52, 30
ExpiiE I, ERE. 35(4), 719-720 (1960)

82) RHMEDE - AL - B A T AT HADHK
BICETAME (F2H) MOEHICHEY 52, 30
Expcia I, BRE. 35(7), 1165-1166 (1960)

83) IRHEE : 7 AT HA, EFEEEHMS, p.95-
98, FILEFOLH. HE. (1962)

84) RHEFERE : TA ST H A L5, VI IU#, WLE
#oktt. 224-279 (1962)

85) ScottL.E.Mitchell]H. and McGinty,R.A. : Effect of
certain treatments on the carbohydrate reserves of
asparagus crowns. South Carolina Agric. Exp. Stn.
Bull, 321, 5~36 (1939)

86) SheltonD.R. and Lacy,M.L. : Effect of harvest dura-
tion on yield and on depletion of storage carbohy-
drates in asparagus roots. J. amer. Soc. Hort. Sci,, 105
(3), 332-335 (1980)

87) WBHRAE I FEDOFEAFL TIE. p.205-244, B
WA ks, B (1976)

88) R MK 1 7 2,35 H A (Asparagus officinalis
L.) #dDFructosyltransferasesiZ B4 5%, b kB
At 13, 242-316  (1982)

89) EHEL - KFIMHIESE  iSEFRATEICLLT
AT A ANEOHE. HEFMRE 67(512), 350
(1998)

90) Sosa-Coronel].Vest,G. and HernerR.C. : Distribu-
tion of fiber content in asparagus cultivars. HortSci-
ence., 11. 149-151 (1976)

91) HE B - ZERE - AHOHE - FHEE - HHE



68 HRE RERBS®E £5

BR @ duigd - RIS BT 5 B S0 ER L
ZOMBERIZOWT, JLiBBELERER. 4, 25-36
(1980)

92) B B ALEEICBUAHERELBIOTT AL
BPWENHELICBIT 50158 (1), JLiEEICs
TAFEHIEOHREL BRBROFRERELEOE
RE, L. 48, 15-3¢  (1981)

93) &R B - HNFEA - FEH BE-PFE O 7 AN
5 HAEZMBNEEEONEIRA, R, &
RORFREICL 228, i EREMEDRFSH.
26, 34-35 (1993)

94) ZERHE : TANTHAMO T EEERR L EHEEE,
R, 47(2), 12-23  (1980)

95) ZHREHE - SWIEER - \UR—FF - EREEE - 7 2%
FHADEFIIRITTRBEZEROEN, H1#,. £E
WHESI R D4R & BrRiR T O BOK LR R O ILE.
iEERAEH. 43, 63-71  (1980)

96) ZHEER - BOAME - BRESE . 7 AN H2ADE
ML TR L O JLE. 48, 1-23 (1981)

97) LHERHE - MOAKE - =K%E— - IWEHE - B0
BB - IUR—F - (REERER ¢ T AT A A FEM O 1
WRE. duE. 48, 19-38 (1981)

98) ZEEH - BMOAME - =K%E— - IWGHE - B
BR « IUMR—5 - (ERERER @ 7 285 7 A PRl o0+
BB L. 49, 26-39 (1982)

99) ZHRRHE - BOAME - BHEER @ T ANSG T ADE
ERICRITTEREERORN GB2#H), TEABOLF
W EEE, FIORBESR L TEBRELOBR. 1t
BN BAER. 47, 66-77  (1982)

100) ZEES# - HE B - ML & - PHIEL diE
BIZBT 5 B LIS 2 RIS EATRELIC
B3 AR5 (8 38, 7 AT B AMOERE L EEE,
b, 50, 1-22  (1983)

101) ZEESH - BOARE - IWR—35 - EEEEE . 72
N5 HADEENEESETHS L CNEICRIET
WE. LB, 51(7), 21-34 (1984)

102) ZEEHK - MOAKE - T ARG HADEFIIRIF
TREZEROFRN, 0. AFHB L O#SRIURIEF
TRFEMGR ORZE. LB L BREH. 62, 25-30
(1985)

103) ZEESR - PHEEE - EE - 7 A5 T 2EK
MOTFRBLGE. LB, 61, 395-397 (1994)

104) SAFWTHER - i ZE - BOAME : 7 A5 H 2
MoOBRERE (B1H), ZEZRBEOFEEIID
WT. HEEERE. 32, 198 (1986)

105) =& +ER - B ZE - BOAME D 7 AT TR
MORRELE FB2H), BEFRHAED X LR
HMoFBIIOWT, LREEE. 32, 151 (1986).

106) HABEE - RREER @ 7285 ¥ ZOREHICR
ELEEE L IREOEE. EEME. 61511, 268-269
(1992)

107) HOEHE  MIEASLV A 2 a OREERE R
TABES. 63, 723-727 (1992)

108) Tiedjen,V.A. : Some physiological aspects of aspa-
ragus officinalis. Proc. Amer. Soc. Hort. Sci,, 21, 129-
140 (1925)

109) TE—H : TARGHAIIBIT LT Loy —Hf
ROBUK. BERUEZE. 64(3), 373-378 (1989)

110) B2l L - MEEE - IRER - O . 7
ARG HAT Ly —ZERT HUERM. RHIR
BIERME. 10, 35-40 (1997)

111) Wagner,W. : Hydroculture for forcing Asparagus
officinalis L.. Gartenbauwissenschaft. 44. 277-280 (1979)

112) Weaver,J.E. and Bruner,W.E. : Root development
of vegetable crops, 1st ed., 59-69, McGraw-Hill Book
Comp. Inc., London (1927)

113) Worthington,J.T and SmithW.L. : Effect of root
trimming and storage containers on field survival
and yield of asparagus plants. Proc. Amer. Soc. Hort.
Sci., 89, 346-349 (1966)

114) NEKFNER : BFE DR F— Y L EHAERE, BERIWN
% EEMRES, TA/NFH A, p.13-25, B
Mxiee, B, (1978)

115) /ASBFER - HHE [ - SERE - BFEA - &E
F— ZHRE - B - EEEE - Lk—% - 10
BT ARG HAOWRICET AH%E (B 2#H),
SEMRU 6 FRADOERIIOWVT, JLRBHILKL.
13, 102-108 (1982)

116) AEKFIER - BH [ - SiGRE - BEA - KE
R— - IEER - RERECE - EREH - BildE— -
Wi B 7ANGFROBRICHET L% (53
W), vAN - Tay 7 5EEIC LB 128 EROBR
FE. ALRBEFRICH. 13, 433-440 (1982)

117) ASKFIER - FH (& - REL 1 7ANRTHAD
RIS 20F%E, HEOEEL S ICEHHIA
DERICBT 8B, WRBRILR. 14, 174-186
(1984)

118) ASKFUER © s LS, BESMER  BERS,
TANZ A A, p.14-16, BIENR LS. HE.
(1986)



HEMHIE | T ARSI H 2B 2 EEEE RSO EEHEEEICES ARORREEICET ATRA 69

119) ABFIEE . 7 AN H 2RO —H, BEEHER
BFIEMRS, T AT H R, p.22-24, BILEFSUbE.
H, (1986)

120) Wwk—35 - (EBEGEH - SRR 0 T ANS H AL
BB EAOME (818 EEIINELHBED
Bk, duifEREZEMEHEES®. 11, 45 (1978)

121) WwWk—35 - {EHEGER - SRR L T AN A A
BULHBEOME (E2H) FREGHLEICLS
B oM. dLiEEREERHESR. 1,
6-7 (1978)

122) WWR—F - EREEHE | EEEEFICBT L7 AN
SHAONEICET L —, ZOFE, LiEEEzEmE
FEEEHL 15, 60-61 (1982)

123) WWR—3F5 - REEEA - BH— - 2HERE - B0
AHE T AT HADBEETREIC X B IR
b EREEMRSE SR, 17, 15-16 (1984)

124) Wk—F @ TR HAORERE, LiEEDOT
ANT A DB, BB TR, p.27-29, BE
BT R imaTIAT. LB (1985)

125) WR—F © I, RiEEDT R8T T A DPEER
. ABFE#R. p.47-51, BESMT RBETAT.
LA (1985)

126) Wiwk—% : IWEICHET 2FEER, L&D 7 A8
5 2 OPFIEHM. DR E. p.51-61, BIERI
LR aTIIT. T80 (1985)

127) WHEE=-mEeE-HF &-8 & BlE

FIVTNIA LT FRESHICES P L OF)
RRMEER (£18) EMTEOWRBRBEICED
SO, ZMBREAMR. 27, 205-211 (1995)

128) WWHE= - miERE - HF -8 & - BllE
KIUVTNE A LTEE - REBWICEDS M LOR)
FRYEEEHE (F2H) FROEEOTDOREEH
Beay. BMBAATIE#R. 28, 133-140 (1996)

129) WAEEME - (ERERR - IWIR—5 I T AT HAD
HFHaRE (148 ~—1—Fy MIBHIZL2FH.
B REF RS SR 3, 29-30 (1970)

130) WUARFRHE - EREES - IWR—35F { TANRFHAD
FHAE (F28) BHoKX SHFIERBICE XIET
BEIzowT. hinEREMERES]R 3, 31-32
(1970)

131) REFEFK - FEE ¥ - SUKREE - NEERE  BE
DORECRIEFTEELHOBEET 2%, HER
. A8, 53-67 (1981)

132) KB - AIIEZ - BT - IEREEE © EY
AREOBERE | HURESHoEE. BERVE
3=, 70, 951-957 (1995)

133) &HMW E - SIHME - FHME - BEEIER @ RE
HICBUI 28R EYOBRICETIHE Ir<b
OUCRLEY O - ERMICRIT TR, WREO
WCABHOREE, NIEELEOEE. BEARE. A3,
31-41 (1977)



70 JtigE RERBLHE FU5

Study on Growth Properties and Continuous Production Based on

Sugar Accumulation Properties in Roots of Asparagus

Yuji HIKASA

Since 1981, the yield of asparagus, which is one of the major vegetables grown in Hokkaido, has been decreasing
but the reason has not been clarified yet. Thus this study aims at clarifying the growth properties and sugar accu-
mulation properties in the root of asparagus and investigating the physicochemical properties of the soil and the
root distribution in the major asparagus production areas in Hokkaido to thereby present measures to rationally im-

prove the productivity of asparagus.

1. Situations of soil and root distribution in major asparagus production areas

Soil samples were collected from 250 points in 8 major asparagus production areas and the chemical properties of
these soil samples were examined. As a result, 61% of the fields showed pH value of 6.0 or below, 43% of the fields
showed exchangeable CaO content of 200mg/100g or below, and 9% of the fields showed available phosphate content
of 1bmg/100g or below.

When fields differing in productivity were investigated, fields with high productivity showed large root quantities
while those with low productivity showed small root quantities. In asparagus fields with low productivity, soil
amendments stayed just below asparagus stocks and thus disturbed the elongation of the roots. Namely, the uneven
distribution of soil amendments and insufficient mixing of the plow layer with the layer having poor physicochemical
properties caused the low productivity.

2. Annual growth/nutritional properties of asparagus

Dry foliage weight attained the maximum level in summer and decreased in late autumn and early spring. Dry
root weight widely varied depending on growth time. Namely, it showed a drastic decrease due to the harvest and
then increased. Immediately before wintering, the dry root weight amounted about twice as much as the level im-
mediately after harvesting. Nutrients were accumulated in the shoots intensively immediately after harvesting to
the foliage growing time. Immediately before wintering, the nutrients accumulated in the shoots transfer into the
roots. Inorganic nutrients in the roots decreased due to the harvest and then showed an increase before wintering
and this pattern was observed repeatedly. Based on these results, the amounts of nutrients needed for annual ferti-
lizer application were estimated as follows: N 200kg/ha, P-Os 60kg/ha, K20 120kg/ha.

Among sugars accumulated in the roots, non-reducing sugars amounted to the largest part. Although the content
of the non-reducing sugars rapidly decreased due to the harvest, it increased again after the foliage growing time
and attained immediately before wintering to the level about thrice as much as the level at the completion of harvest.

The harvest reached its peak around the middle of May to the beginning of June. The peak agreed with the air
temperature and the earth temperature during this period. No increase in the yield was observed after this period.

3. MC-photosynthates distribution and sugar accumulation in roots in the early luxuriant stage
New storage root showed the largest total sugar content followed by old storage root base, old storage root tip,
crown and absorbing root in this order. In the storage root, sucrose amounted to a large part in the total sugars

followed by fructans of 3 and 4 degrees of polymerization. New storage root showed the largest content of fructans
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with high degree of polymerization, while absorbing root showed an extremely small content of fructans with high
degree of polymerization.

18 hours after assimilation, *C much remained in leaves and main stem that are assimilation parts. 20% of e
transferred into the roots. In the roots, *C was distributed at high ratios in the old storage root and the absorbing
root. Namely, it was much distributed in the part absorbing moisture and nutrients and the storage root. The leaves
showed the highest relative strength as a sink of 230, which was judged on the basis of the relative activity index of
each organ to the relative activity of the whole plant. The whole root showed relative strength as a sink of 40 while
the absorbing root and the new storage root showed each a relative strength as a sink exceeding 100. These facts
indicated that the assimilated photosynthesis products transferred preferentially into these new tissues in the roots.

The 4C contained in the roots mostly occurred as sugars, but the rate was different in each region. In new tissues
such as the absorbing root and the new storage root, 14 was much observed in the alcohol-insoluble fraction, organic
acids and amino acids, while it was observed mostly in sugars in the old storage root. It was therefore assumed that
the old storage root would serve as an organ for storing sugars.

Although the absorbing root showed an extremely low fructan content, 14C was contained in fructans having
degree of polymerization of 3 or above in the absorbing root. Sucrose amounted to the major part of the sugars
transferring into the roots. However, conversion into fructans having degree of polymerization of 4 or above was
already observed in each organ, though only a short time (18 hours) had passed after the assimilation. Thus, it was

proved that the conversion into fructans proceeded quickly.

4. Effects of harvesting period on the productivity of asparagus and properties of sugars stored in the roots

The yield varied depending on the length of the harvesting period. At the early stage of the harvest, the yield
decreased as the harvesting period was shortened and increased as the harvesting period was prolonged. As years
passed by, the yield rapidly decreased when the harvest was carried out for a long time. In autumn, the foliage
growth was enhanced as the harvesting period was shortened but rapidly depressed as the harvesting period was
prolonged.

From the second year, the average spear weight decreased as the harvesting period was prolonged. Namely, a
prolonged harvesting period brought a lowered percentage of marketable yield. As sugars, spear contained exclusively
fructose, glucose and sucrose. Fructose amounted to the largest part followed by glucose and sucrose in this order.
No fructan was accumulated in spear. As the harvesting period was prolonged, the sugar content in spear was
lowered.

The root weight decreased as the harvesting period was prolonged. The total sugar content in the roots was
lowered as the harvesting period was prolonged and this lowering rate became the more remarkable in plants
grown in the smaller number of years.

With respect to the sugar composition in the roots, the content of sugars having high degree of polymerization
was low immediately after the completion of the harvest. In the second half of the foliage growing time, however,
the ratio of these sugars with high degree of polymerization was elevated. In the roots before wintering, the contents
of monosaccharides and disaccharides were elevated while the content of oligosaccharides (degree of polymerization:
5 or above) was lowered. There was observed a tendency that when the content of sugars of degree of polymerization
of 3 or above was high in the roots in the previous autumn, then the yield per day increased.

Based on these facts, the prolongation of the harvesting period has caused a decrease in the asparagus yield. It is

therefore necessary to adequately set up the harvesting period.

5. Measures to rationally improve the productivity of asparagus
Overall deep plowing at the planting stage makes it possible to apply soil amendments (organic matters, phosphate
materials, etc.) to the whole field and thus the soil in the deep layer can be softened. As a result, the root quantity is
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enlarged and the stable growth of the shoots of plants is ensured, thereby elevating the productivity.

Yield positively correlates closely to the growth index in the previous autumn. Also, the tendency of the
increase/decrease in yield with the passage of time positively correlates closely to the root Brix value in the
previous autumn. Thus, we have constructed and proposed standards for setting up the harvesting period with the
use of an indication wherein the growth index (expressed in 3 grades) is combined with the root Brix value index
(expressed in 4 grades) in the previous autumn.

To achieve a high productivity of asparagus and sustain the high production level continuously, it is necessary to
ensure the enlargement of roots (ie., the volume factor) and to enrich sugars accumulated in the roots (ie., the
strength factor). It is important to utilize the standards for adequately setting up the harvesting period and the soil
improvement by the overall deep plowing method at the planting.





