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Wild bitter gourd is an anti-stress and healthful vegetable which is very vigor and
distributed all over the taiwan island. The inheritance similarity of wild bitter gourd is
80-98% compared with bitter gourd. Therefore, the wild bitter gourd is the best
materials for breeding. Hualien District Agricultural Research and Extension Station
used high ability of continuous female flower initiation and fruit bearing of bitter
gourd and bred the new cultivars ‘Hualien No.1-4> which were high Vit. C,
anti-oxidant ability and folic acid. These cultivars were used as vegetable but also
health herbs. Our organism had developed the best production process. The well
growth and maturity fruit of the bitter gourd was produced to health products
including powder, capsule, and ingot. The products were analyzed for nutrition
component and PPAR activity, and revealed that the products had ten times
economical effect than fresh fruit. The results from the research group revealed that,

the ethyl acetate extract of bitter gourd had the function including anti-inflammatory,

: TR E FY Tl R U [P U R PR



22 2008 B % ik F N 1P

anti-atherosclerosis and anti-tumor. The triterpenes from the bitter gourd could
overcomed cellular insulin resistance. Those techniques will be transferred to the
interest. If the production models were estabilished by the reseach team composed of
medical and agricultural groups, the bitter gourd production will develop and raise the

competition of healthy herb products in the world.
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Hualien no.1 & 4.10 108.8 200.2
Hualien no.2 ERPE; 2.72 107.9 208.4
Hualien no.3 K5 3.28 171.2 167.2
Hualien no.4 ks 3.59 99.86 200.4
HM18 7S 3.81 232.6 130.7
HM17 2 2.89 67.94 58.68
MA941281 R 2.60 71.17 85.59
HMSS85 X% 3.09 80.00 70.30
HMINS517 S 3.94 95.95 197.9
HMV234 R 3.50 56.08 205.3
WB36 % 3.21 126.5 69.38
HM27 5 3.47 117.1 186.8

Wild species 3% 4.04 53.47 26.99
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Table 1. Maize and tomato cultivars used in this study.
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FAE( 2 5F) % ik e CED) % i Fefd(hiv) xR

H5 -4 R A2 | Bolzano DeRuiter Seeds | * & fed faa
H10 o &R A | Campari Enza Zaden E NS BExfiw
Honey 236 o # B A& | Chapeau DeRuiter Seeds | % & BAfay
MADONA s PE A |CHTI312  AVRDC v 4 B4y
Shimmer o &R A& | Clarance DeRuiter Seeds | % 3k BEAfaw
oom 22 ¥ tt =+ & 3 | Daydream Enza Zaden M 3k Bxfa
£ 328 fr4 3+ | DRK909 DeRuiter Seeds | £ * BExfaw
£% tt 3+ & 3 | Elstar Enza Zaden £k = B BExfaw
LR fra 8+ | FAI89 T ¥ &3k B iy
&7 tk+ &~ 3 | Lemance DeRuiter Seeds | £ #¢ fe2 faw
LA X B xfiw | Lovett Enza Zaden %k Bxfiu
BY -5 B xfaw | Nectar Enza Zaden aEx] fed fw
SN B X fw | Salomee Enza Zaden & frd faw
2R 506 tk+ & 3 | Sensacion Enza Zaden f = Bafiw
BRyErR S8R A | Sensel Enza Zaden i BAfay
B £ E frd A+ Sunstream Enza Zaden * 'K & fed fu
e &% fr4 8+ | Tarantino Enza Zaden E % 301 B fiu
o o4 PR A | Temptation Enza Zaden B Bafiy
=a 610 SR A | T-1306 iR ¥ &+ | e
g 5 T Y73 o33 B IR Bxfbu
PopCorn A2 H £ i BEAfEw % B fiu




44 2008 LY 4 RS R

EREEZ FMRET S R dEE S o Wi el 1ok ¢ DIA B G 3
(W 1) o BA 2 ¢ 3 A ek Pl 2 F B4 e e
bl A G ERE 9T 60% - BERE K 9F 10% 0 ot dcdf s H - g
Wz er R T gk 2 a R A DM AT T R ?F‘Ff”‘“i*“
e BP AR FRAF T H Y HRET R FRE L A E Y R 30 A
B 40 AL B 3 A enses s 7 BT 0 R R FIARY B R 2 W E
AFIERE LN 2 % 7 o RIER LB WP ALK S & AFRT ATIEA
2K BN o fed N2 K2 TR SR BT A kAT g @A TR
LA FERF L - HE R BN > S FEF R TR

h T \ "R :
-y k s

Py

Bl L 24 BT MetERi - (AN T 58872 1 7R A w3
%o (B)2LA TR 1 o o WA A R X 7= 3N e T L e o
3 H(C)EmE% (Glyphosate) ~ 2 (D) F# % ( Glufosinate ) & 7 ot % 4|
RS o

Fig. 1. Maize herbicide-tolerance detection. (A) Maize seedlings used in study. (B)
Non-GM maize died after herbicide application. Some imported feed corn

showed herbicide-tolerance after (C) glyphosate and (D) glufosinate application.
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= ~ ¢tk DNA B 7|2 & Rl

AT 7 K RN A5 R R AT p RSP &
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DNA B 7|7 =& G AT BB E L m > i chppise poaw § ez et %
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21 AR 2 F &% 42 B fHicsEfAP 0 32K & 35S promoter 2 NOS terminator
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Table 2. PCR results of maize and tomato in 35S and NOS detection.

(2 F) 355 NOS | (%) 355 NOS | &f(#Hiw) 355 NOS
H5 - — | Bolzano — — BNl — _
H10 — — Campari — — 1B — —
Honey 236 — — | Chapeau — — |4k — -
MADONA — — | CHT1312 — - &K - -
Shimmer — — Clarance — — % Ik — —
w3 22 50 — — | Daydream — — |mk — -
£% 2% — — | DRK909 — — 4k — —
£% — — | Elstar — — £k - 5 — —
iE — — | FA189 — — | &% — _
S22 — — | Lemance — — | &3 — —
217 — — | Lovett — — | &= — —
AR N — — | Nectar — — - 7 _ _
Y =5 — — | Salomee — — i E _ _
R 506 — — Sensacion — — AR — —
2P rErR — — | Sensei — — |+ — _
B eE - — | Sunstream — — |z — _
e &7 - - Tarantino — — B % 301 — —
Hu - — | Temptation — — | ¥x — —
= 610 — — | T-1306 — — | B* — —
&% — — | Y73 — — | mik — —
PopCorn — — e — — B2 _ _
FeedCorn + + (2o &5 1 5)
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Fig. 2.CaMV 358 promoter detection of imported feed corn by PCR.
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Bl 3. &2 &5 35k 2 PCR #& B NOS ¥k + 2 & %
Fig. 3.NOS terminator detection of imported feed corn by PCR.
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Genetic engineering of rice productivity by enhanced
photosynthetic capacity and stress tolerance

Maurice S. B. Ku'

Rice is the staple food for half of the world’s population. Thus, rice production is
important to the food security of the world. After the successful application of the
hybrid rice technology in recent years, rice yield has been largely improved. However,
the world’s population is projected by FAO to rise from the current 6.2 billion to 9
billion in the next 25 years, with most of the population increases occurring in
rice-consuming countries, and rice yield will have to be increased by 40% during this
period of time. Although wide adoption of hybrid rice technology will further increase
the global rice production, hybrid rice technology alone can not meet the demands in
the long run. Traditional breeding approach is time-consuming and ineffective in
solving the food shortage problems. In contrast, molecular breeding, a technology
combining genetic engineering and traditional breeding, will be a powerful and
effective approach to overcome the food production problems. Our interest is to
increase rice productivity via genetic engineering of its photosynthetic capacity and

stress tolerance.

Manipulation of photosynthetic property

Photosynthesis is the most important metabolic process relative to crop
productivity because carbohydrates account for more than 85% of the dry weight in
plants. The C; pathway of photosynthesis evolved first in autotrophic organisms.
However, over geologic time plants evolved several CO, concentrating mechanisms
(CCMs) in response to decreases in atmospheric CO, level: bicarbonate transport
system in cyanobacteria, algae and aquatic plants and the C; pathway and
Crassulacean acid metabolism (CAM) in higher plants. Higher vascular plants have
two main photosynthetic mechanisms, namely the C; and C, pathways. The most
productive crops, such as corn, sorghum and sugarcane, use the C4 pathway while
most of the important agronomic crops, such as rice, wheat and potatoes, use the C;
pathway. The photosynthetic efficiency is much higher in C4than in Cj plants, due to
the C4-CO, concentrating mechanism. Therefore, C4 plants are more productive and
use minerals and water with a higher efficiency, especially under high light, warm

temperature and drought environments. As compared to the C4 crop corn, rice is Cs

! Institute of Agricultural Biotechnology, National Chiayi University, Chiayi, Taiwan
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crop and has a low photosynthetic efficiency and thus a lower yield. The main effort
of our laboratory is to engineer rice to express various CCMs in order to improve its

photosynthetic efficiency and grain yield.

So far, we have produced transgenic rice lines over-expressing several maize Cy
photosynthesis genes independently or simultaneously: PC (phosphoenolpyruvate
carboxylase), PK (pyruvate Pi dikinase), ME (NADP-malic enzyme) (PC, PD, ME
and PCxPK, PCxPKxME). In general, the photosynthetic efficiency and grain yield of
these transgenic plants are higher than that of untransformed rice plants, but high level
expression of ME causes photooxidation in transgenic plants. Thus, a functional Cy4
CO, concentrating is still lacking. To address this problem, we have produced
transgenic rice to constitutively express a simple CCM from cyanobacteria. Under
low CO; or alkaline water conditions, cyanobacteria use high affinity bicarbonate
transporters (ICT) to pump in bicarbonate as a major carbon source. This adaptive
CCM allows cyanobacteria to survive unfavorable growth conditions. All transgenic
rice lines expressing the transporter exhibited enhanced activities of Rubisco (25-30%)
and PC (10-20%), higher carboxylation efficiency (15-20%), higher photosynthesis
rates (10-30%), and lower photosynthetic CO, compensation points (5-10%).
Consistently, the transgenic rice plants produced more panicles per plant (10-120%)
and more grains (10-70%), relative to untransformed plants. The enhancements in
growth and grain yield are closely related with the increased photosynthetic capacity
among the transgenic lines. This study demonstrates that the simple CCM from
cyanobacterium can largely improve the photosynthetic efficiency, growth and
productivity of Cs; crops. In addition, we have produced transgenic rice
overexpressing maize PEP carboxykinase (PCK) in the chloroplast for effective
decarboxylation of C, acid (oxaloacetate). Compared to untransformed plants, the
transgenic plants showed higher total biomass (5-20%), heavier grains (11-16%) and
increased grain yield (3-12%). It is anticipated that simultaneous expression of ICT,
PC and PCK in rice is likely to confer a functional C4 photosynthesis, leading to

increased photosynthesis and productivity.

Stress tolerance

Many environmental factors, such as heat, freezing temperature, drought, salinity
and flooding, reduce rice productivity. We have produced many transgenic rice lines
with enhanced tolerance to drought and salinity by overexpressing cyanobacterium
sodium/proton anitporter, which reduces the sodium accumulation in plant tissues. In

addition, we have also produced transgenic rice with constitutive overexpression of
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hemoglobin, which exhibited enhanced tolerance to anaerobic conditions, growth and
productivity. These traits should allow the new strains of rice adapt to adverse

conditions with enhanced yield.
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L EREEERT S R

B g FliEet s Fas s ki s 2 2§

-+ F {©4L(Brassicaceae > ¥ ¢ Cruciferae) » E45 4 ¢ &% Fenflz - » 1 4
7 388 B 30004 AR A EREFETF O RS AIFEIIE L o
LFERTERAEEY G L RN AR G Y 45 Brassica oleracea t ldeH §F
(cabbage) ~ {1 5 (cauliflower) 2 7% §(kale) ¥ ; ¢ ¥ 4f Brassica rapa * bl4c®& F
(turnip) % ¥ ¥ (Chinese cabbage) ; 7% ¥ #f Brassica napus @ 5|4 ¥ (rapeseed)
Raphanus sativus * ©]4c % § (common radish) » Armoracia rusticana * |43 42
(horseradish) °

TE KD WL FRERFEEG 7 REF s EH (Glucosinolates) > & 3 B K
ef174 »x(Talalay & Fahey, 2001; IARC, 2004) » § 7 =% & Wi E F @i g o8 ~
PR R BUR 2 15 > ¢ fk i A A% % Myrosinase -k f# Glucosinolates
A2 E G AP iE R pL B (isothiocyanates) # vileh » gt Frokenit 40 1
. RIEANGE 3N ﬁ.ﬁ%  k SLeE Mk -‘i“f R4 F(Lampe & Peterson, 2004) o d
RSP EF IR ABDFE L ey C G T M F AR AT
FLT AN A UEERE ECE R BB SES PR B
BRBAPHP) wreafiy Pt o TR F BB Rwe o B Y FIE T YR
4 B 75§ pe B (Keck & Finley, 2004) » 2 #r# N Kb Foimck sh 4 o @ L+ 3 7%
PEFRryY - BEL2 iyt B0 blepfmd & A T3 5B
(Indole-3-carbinol,I3C) Ir thae #rf | nd £ » T3 F T EF > AFT-3-" @&
T T Rl r’?’?«‘)%:ﬁi’ﬁ # (Longcope, 1990) « # ¢ i+ §¢ 7 5 syt
B 40 g5 (H&S,2005)0 & F 4F (v r 8 B (GA&E, 2003) 0 L 3 TR EE
TEMEGAHRY EL F l% i “ﬂ‘ T A WA T 2GR F‘ £ 4 ik E
foo ARMEFHIFL LAY o L F R FEFS B AAFTELRE o MArh
2007 # 4 F2 2782 Ao 5 %~ &0 43,088328 2 (% 1)

BEGRHLFEHETL AL BBLBYP

TEHRFEFRARRR LS r2 P B BER S LFEEEER
N«
j!_

éa“iﬁﬁ%aa’ﬁﬁaaiﬁﬁéiéﬁ FREFAFELS TRA A
FRBAPVIAE ZLRHIFLR > FHENLFLARNFHLY 3 ARLFR
, CETEELY S [\ i LY B
2fﬁﬁ%éiéFﬁﬁr%ﬁﬁﬁﬁy&%ﬁ%Wmf

| PR (1] BB SRR i g
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o & kd 2 2zRa AP GRE  FHARERRY AL FEPEY
A BEG RER R ERRE Y PARTIER . RIBFHTF e REBFE | 2
(The Intergovernmental Panel on Climatic Change, IPCC)#* % 3¢ 4 4 H9f o 23k §
BEELEE P2 503CJones ef al., 1999) > 4ot #5175 2rfeg i B AL o § F ¢
A2 AERHEI VAL TR PR 2 Y ( FEREREL AT 2L
W % 4432 % & (Porter, 2005) - TR BUE & BB R HA K 2E K v
4 A4 H - 30 B chs §(Hall, 2001) -

l-t-

SEFEPEFFHRRERESH FONE L&D %%ﬁr} T AL B
fEgpafifdom (cqr chmf B TR 5 A B SIS 3 T84 14 83 6 B § g
BERGHEDER/N A B RER %j’mtﬂi*)& NRARRFIREFE-BEPFRLED
REVEREF A EZFTEIFTFPROFEFT - a3 F RERD
BARRDAF > P Y B R ﬂ"%iﬁfﬁﬁt 10~15C > {54 5 >r LB B8
BT oA RBERDBRGTHE BEBA FEHE RIER TR 4ot K 5
AFREIEH o iTH T ﬁ—*‘ IR S - 1Y el ’)J'}‘S‘U‘éﬁ@'?*” EREEETE
BEFIFAEFTEZAAESHRA T DS o udmFH EL B ¥R AR

2L AP ERFEIRELRG H(2T)

PR 1967 1977 1987 1997 2007
Beans, dry 23,925,421 24,306,124 25,611,532 25332376 26918076
Potatoes 21,400,798 19,069,667 17,946,463 18728298 19327261
Sweet potatoes 11,480,209 12,379,270 9,129,188 9,175,036 9,093,081
Tomatoes 1,782,476 2,277,917 2,771,220 3,407,258 4,626,232
Watermelons 1,929,536 1,903,086 2,529,865 2,528,018 3,601,910
Cabbages 1,280,574 1,414,992 1,791,381 2,180,199 3,088,328
Eggplants

' 617,715 648,334 839,586 1,267,739 2,043,788
(aubergines)

Pumpkins, squash
1,047,302 757,515 937,512 1,235,641 1,503,336
and gourds

Other melons

] 552,374 563,169 890,391 885,857 1,277,474
(inc.cantaloupes)
Carrots and turnips 397,323 486,176 600,732 827,398 1,205,125
Garlic 535,932 533,677 771,260 927,350 1,204,711
Lettuce and chicory 393,614 430,782 499,845 733,121 1,065,955
Cauliflowers and

. 278,887 367,145 541,959 751,801 1,022,770
broccoli

3T T kR http/www.fao.org/
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PR EF TR B S E D ERBIEREEI R
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LFREHEEFRANEFLFE R ORLE T ARAOKET A N FFTT A
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4 o ¥Aipd F A %%W?Qﬁmﬁﬁﬁm’%ﬁiiﬁmﬁ R E AT
T oA RA WT’SCaﬁﬁ,FﬁﬁﬁwﬂE%%*' BEt L FETT
it FIVE REMAER W R MRS I“Lr;ﬁB?F'a“ o M kT B (T
HFrEr A TEPRIR T LS EERFCAZ AT A A H PR
% (Brassica oleracea) » fp 5% 1t 4] > i ¥t FiE - TARAE L 5 4 B
BAEFETT A Rbo F8(B rapa)% b 55 (B. napus)R| 3+ F i
A B TR A AT R T A

b3 AT A 6 Mk- BIEFRE RO ASFFEERER R
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12 EMEFLAT FHZ RV

TSRS A 4 SemE BEYE BERFACIBRED &
N E Brassica i - E4 fEHRE [S4e % 3~4 mm
Kale oleracea var. b 4.5°C M g2 8 6
acephala F
B34 & B oleracea var. Exp A - &£ 4 Jfa WE IS4 ¥ 6~8 mm 1
Cabbage capitata i Fom4.5°C MR RIE Y 6
F
#+4E B oleracea var. Bl5 g K
Brussels  gemmifera
sprouts
kEH ¥ B oleracea var. g g 2 10°C MR g2 ) 1~2 3%
Kohlrabi  gongyl/odes
i3 B oleracea var. % g 2 REBE2CTTT s L
Cauliflower botrytis LZivg R g Mg
fed2
FHSEAERE RS
6~8mm 2+ 12 4,5°C i
BRILH 6%
Fig&? B oleracea var #tich - &2 (A fﬁéﬁﬁgﬁ’f? ,
Rr & italica AP g § I SEL VA
Broccoli or
Chinese
kale
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hiv (AW 105 $v i3 > o 3) AR ERT2RE A HEEHETZ B Hickf
FIN/K 6] 5 120 g2 § gy:m’ 2.33a% € aNKw" 3152 atet 32 B
G AL PP RET RN BRSO anfp AL 1UAF & e
TR R P gl R 2 P ehe A F o gL S gl i w b
KPR E vt B m BB B BERT T URRRRENRS G I D
S o

h\:

S
<

I% \‘4‘-

ﬁﬁﬁ&%é;@; m&iﬂﬂ%@@%ﬁ
TR T (B R
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A BT ELETF e a kA BRAEE > A
s ARA A N ER BT FRERA TR LA EM R E SR
%“_,.x; ;gm ’E,gﬁﬁ'ﬁlf‘ﬁﬁ\%&%;}\? qﬁfgamg\m‘b*l&»
%1%§;w’wﬁ$@i9 it A BB S T R P RPN 2 FlEE
FEEFFEIREEY  FT&£72 8 3R I FRRPLE TV 5 4
2R A A T E R FASTER L PR FHNRASST LR R AY
ﬂﬁﬁﬁéﬁﬁé%%%éﬁ FRTAE RIST B EAY - ERIEEN
BRI PAR XGRS LR ELEL Y N

iﬁ’iﬁﬁgﬁ%

/

?‘“\ ]

=~

bt

’“ﬁ I

k‘*

<

d R ELII P RRBELUH G AN AR 2FL R
EEEN VIR Agﬁ_EA TP ALz B R TF &> 224 h &2
BRI ERCERCBEDE S AR ETRAFLLIE LR 2
BrRBAE ETY gﬂﬁh/x%o$%¢mﬂm;*wtﬂm5aa&~$§%’
AP EELEB 2 Pl e 5 3 RE K2 iz 49 f XiE 19,429
DF e P WA XKL AR (T ILER A A /M:"i?;éﬁiiﬁﬁ#”?'l%ﬂi'i"
FLZASFREAY TP 8T 35 HREFTHT;
R PTG I RSB PP ?%‘ﬁ%i’ﬁ
dAT P TR AR T A A A BUNTUERE B e 3
FHEINE S

P
-i
(\x
ki
ra
e
=]
N

Hop P ATRBFIRGREAALRADEL - BRI LR P OLa
KRR E GRS RPN I TP R CRAIETR  FRIVA AARTE LS T
ALY XA RGP FERF BB AERIFHLITFIEOCz
FEREXSLR < IR RBERT IS kA d T Pﬁ%z‘h
BRET T 2T X ‘%«’%wiﬁﬁ %iﬂﬁi

B kAR R S TR B iR

3 e

<

R

o

DA

& Rz

PRRFLRGH A RERAFER IR FEER AR
CERREE S PR LD A ERERLF-ESS AR S F A RRIEL
FEREFPHIREET LB LYFEIERAFERRET I AL AR
CECEA RS F T L R AL SO RS O SR
}%&%‘,E&_ﬁg CRE#FIR - FpT 282 K A FATER pLE ~ 23 4 EC
Eﬁ% doip RSB R T R FE Y TR R AP F R
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TR RBPREPLERS

FRP LB E LT M

KGR FIPEGRTL T L L2 6 !

T

- RSB A RO

KB ERPRTVALLIEEZRLEZ B RZRLR o2 F R AR
KEZ) caBERPARERUIZRIREREIFR -WMES I TR RER

-

AAPRRFLUASEE IR LR
ARV FRAGANEFROFY -

1 & ERAeE (2005) % kR fope

=~ ’T'JFB*IE\‘%‘/]QEEJ\‘R‘Q’%\'l 7]
AL AR DR R 2 RERE

éfﬁ’iﬂ (%‘\2‘ %\3), lj'r,}-a‘%i}s&;é—j‘

ig—}’ B e Fégﬁﬁﬂm °
Bl R FRE B FR R (Ff0d 0 2005)
R RS PR 0 e gs @

sl sE B IAfRML L E e BRI B TN S R LT S
WA R PR SRR e A S eI N
W R BRI I- pEy) R MR (RFz g 24
% %5 ), 5 U
Bkt R ik Aok EEkE Tk
AR R MR R 2 B SR BT — LT
rseE
22, % R vz~ @ AED TR (22/p/AE) (B0 > 2005)
X

t

[ %

it 4 & T & YA

s R E 300~400 1000~1200 500~700 2000~2500
I 500~700 1500~1800 800~1000 3000~3500
5 A 600~800 3000~4000 1500~2000 6000~8000
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#3. Jmfw Sonneveld * 2  firk R ERENFR D 2

£ % Sonneveld= B Fe > k& (ppm)
ER(pm)  Hu~F- bR~ 9 Ak~
=5 F% A ok
O & 192 60~112.5 45~115 36~85
ARE ¥ 17.5 17.5~60 35~105 35~84
pox3 38 38 38 38
4 342 360~420 300~375 360~420
4t 170 250~350 300~400 300~400
ES 48 36~48 36~48 36~48
48 0.84 2 2 2
4 0.55 0.55 0.55 0.55
# 0.33 0.33 0.33 0.33
F 0.32 0.32 0.32 0.32
4 0.05 0.05 0.05 0.05
48 0.05 0.05 0.05 0.05

(=) 2 #2R&Y
1. B % o a0

AP F LIRS ~pHT46-EC(4{r)1.42dS/m - % =% (Vyking -
Darklinker = &) v (o % H g5~ B30l ~ v - 5L~ fdv M5
EEAE) SRR AT ARRRERE (RRR T FS L 44) 800 L/day/ A~
# > # # (30—70 cm) 1500~2000 L/day/4 ¥ » % #p 1000~1500 L/day/~ ¥ >
N—P—Ki#* kR A5 %150—80—300 ppm+ 48 @ * £ - ¢ #H g * >
BogMar 2§ 2 ki I ECAE £2.5-3dS/m > € * p B mip
SURIERRE R AT WA o favd A R R R £ 1200 Liday/ A o b1 Ep
1500~2000 L/day/4 ¥ » %3 % #/2000~2500 L/day/~ ¥ » N—P—Ki& * k& &
%] 5 120—80—300 ppm > 4B # * L E > 4B R 2R 0 BEP R Y12
BarE o EAETR IRECHESF & 25-35dS/m R E R AT Lo
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4. %f&l”é%ﬁaiv&r’r (ﬁ B\!}*{jg':_;i)

% 5% (ppm) % 3 (ppm)
efi § 75 80
A 75 40
b 80 80
4w 300 300
4T 80 250
4 60 60
4 3 5
& 0.5 0.5
b 0.05 0.05
& 0.2 0.2
o 0.3 0.3
40 0.05 0.05

2. ARIBFHVHERT I TETZEE

R (P R AL RS RGUR A RGP R OR Y R S
v &% )4 T A8 &% B E 1200 L/day/~ 0 @ H(15—45 ¢cm )1500~2000
L/day/A ¥ » % 8 2 <8 1000~1200 L/day/A ¥ sN—P—Ki# * jk & 4 ] 5 120
—70—120 ppm (N/K=1/1)>120—70—240 ppm (N/K=1/2)> 120—70—360
ppm (N/K=1/3) = rJ2 o 4 3 & o 1% 2 EC24F £2.0~3.5 mS/cm » 2
TiEARY WP gL RfE IR AT 2 TR % 0 AT S 30% o dER ¢ B S
ZHFRRE A ERTALRERET (A5) F v T E T
T‘*—l‘gt& FAFBE G M2 BE S FAVRZ O RETFRE THERL w
ERBE o G HE RS, AP BB AN EER Y
P R HERN RS R DR 5:% WP A z;sfoN/K—l/l
HEREERF T U22 134 > 2 %582 B %304k -

VREIRG WY HEARH P ETETEEINE F 39 ERAY
5120 ~ 240 ~ 360 ppm » = ELIE 2 1 e fodh J g EC MdF 41.5~3.0
mS/cme d %6 T30 B AL TR B R ETA P 360 ppmF % 6
PRV R E o 2AEHEY 360ppm §F F 2T T E T
FHEFLIEE AR AR Y SR RE S TR o
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25. AR F A HERK Y EET2 B P

FIL = B SRk THIE ik I E &
(cm) (mm) (%)

N/K=1/1 68.3a" 6.8a 4.12b 11.1a 6.3a
N/K=1/2 68.1a 6.9a 451a 10.2a 6.5a
N/K=1/3 67.4a 7.0a 4.63a 11.1a 6.8a
ByAm
N/K=1/1 63.3a 5.8a 4.38¢ 7.0b 7.5b
N/K=1/2 63.5a 5.6a 4.73b 8.6a 8.3ab
N/K=1/3 64.2a 6.0a 5.09a 9.7a 8.5a
g
N/K=1/1 74.8b 7.9a 4.70b 11.1b 6.3b
N/K=1/2 79.0a 7.6a 5.39a 12.8a 6.8ab
N/K=1/3 76.7ab 7.5a 5.51a 12.6a 7.3a
N/K=1/1 98.7a 8.6a 5.46b 8.4¢c 8.3b
N/K=1/2 92.6b 8.5a 6.12a 10.2b 8.8ab
N/K=1/3 94 .8ab 8.7a 6.23a 11.7a 9.5a

TR- MR- IR ECFAHRELALEANEY (P<0.05)

306 AFF RN BHERTY ERFLEY

EEEAESE S ELR B B AUEA A T30 < kA
(ppm) (cm) (mm) (day) (cm)
B % 120 69.05£2.05 4.65£0.10 10.2+0.7 7 19.79+0.52
B 7y % 240 69.00+1.78  4.61+0.20 9.6+1.0 7 19.55+0.50
77 % 360 70.75+1.47  4.17+0.35 8.5+1.5 6 20.65+1.03
v &% 120 90.30+2.09  5.69+0.32 11.4£1.0 10 13.78+0.91
v &% 240 87.55+0.41 5.31+0.16 10.0+0.6 9 15.20+0.98
v &% 360 92.35+3.11 4.55+0.19 7.9+0.6 9 15.76+0.86




( ) # = %‘ p? i\‘ }P}'
1 FoRET 2
(1) 3% 4 7 -

KR A E
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N

PH AR ETLBE
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) HE A (g%ﬁ}_&?r‘%ﬁ_’ H:8%) 47

A ¥ & % % £ 1500~2000 L/day/~ # > & % #2500~3000 L/day/4

oo A% % JER A % 5120~ 240 ~ 360 ppm =

ROL 47 L2

&

FRD oV THEIT EE ANEAAFT ST A TR AFFRE

(£8~49)c %%+ 360 ppm§ %35 * B AJLH 1525 % &

A%

GEF T AR BT SRR F ARl

P R F F

2 g2 FFR

27 )FEAET r‘;;{rg%

wrEE o F

}f]‘”}\7 4)3—5291‘5“"‘[_:'0

MMipsg s B A

ERTE S 3 EE I W SLE (T ]

EJ2Z  NO;-NNH,-N P K Ca Mg Fe Mn B Zn Cu Mo
ppm
N=120 90 30 40 240 80 30 2 055 032 033 0.05 0.05
N=240 180 60 40 240 80 30 2 055 032 033 0.05 0.05
N=360 270 90 40 240 80 30 2 055 032 033 0.05 0.05
28 52§ 2% EHIFAERTSTEE
Wk AEIL WA % I 2 i (34 £/# £)*100
(%) (%) (%)
Ist 2nd Ist 2nd Ist 2nd
N=120 12.0 44 4 2.1 33 4.44 4.13
N=240 19.6 50.0 24 5.7 4.17 4.06
N=360 333 61.1 3.7 9.2 4.15 4.05
Herilst 5% SPRAR-XEFEDE W AUFF= (1§ % K

%) X100 jn A & K=

2nd 5% 26 pEiTHR-ZEFEDE

(i A 5 B/ =) =100
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29 LiEAkF A% BRI AL ETRE

WL WA % I A (Fz4 £/# £)*100
(%) (%) (%)
Ist 2nd Ist 2nd Ist 2nd
N=120 18.5 533 4.7 7.2 4.35 4.10
N=240 37.2 67.5 53 8.4 4.13 4.05
N=360 52.5 83.1 54 11.5 4.08 4.01

BFixilst 82 10 pPEFH- X% 5B 4
M g 3l pFE oS ESRn D

QQBHAFT LRI FP P A FERBITHEERES S (2
PEH LRESA) O NTEBIFPIFR ISP ET 1152 B X
hREA (2pELEESRA) - FFv P2 FRLE P AR ERE
1200~2000 L/day/4 ¥ » % % #3000~5000 L/day/4 ¥ » # {Fu ) 2 &
%4 £ 8 %% % £ 1500~2000 L/day/~ ¥ > % % #73500~5000 L/day/
A BEF R AT § R JER A B 5120~ 240 ~ 360 ppm= A
WML AFBDEFTET A TIEREAFTEELT (2
10~ 211) 0 %% 28 7360ppmF 25 * R AEIL 2 % o d (FA M IT2 &
S B E T2 RA RS RE PSRRI RN o d RS
HRF Fo eI FRFWHTALLF > FF AW EL 0 W
BAREZRF2ZRE G E 2 RAF 285253 HI#FAZLEEAR

210, 52§ 2%% L4 # AEF ETREF
% LCRR S oA % (§c4 & /# £)*100
(%) (%) (%)
AR A4 AR A4 AR A4
N=120 0 1.1 73.5 1.3 3.16 4.22
1" N=240 0 7.5 92.2 3.7 3.07 4.15
N=360 0 8.2 92.5 5.2 3.05 4.12
N=120 0 2.6 21.7 2.1 3.24 4.29
2" N=240 0 9.6 353 168 3.11 4.17
N=360 0 21.2 46.5  19.1 3.10 4.13
et Al = (F 3] % B F R 80) <1000 SR A % 5= (R A % e it i)

x100
1 £l %5048 02" 525550 8
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21l AT RF H%5% B4 FAEFSTREE
e v % %t T 3 (§c4 £ /# £)*100
(%) (%) (%)

150 118 B¥ 1% 115 H¥ 1358 115 BE
N=120 11,5 84 1.1 135 9.0 33 612 656 439
N=240 227 108 72 185 125 57 6.06 642 430
N=360 26.5 21.1 85 304 255 145 579 6.09 4.11

B SR PAEL I 1152 pE
R = (EA R B/FRE) 1000 RA R = (A %R
¥ d) <100

2. 7R F AT BHEAAETLBE

Wﬁﬂghhw R FET WA F AL LY ERERE 1200~1800
L/day/A ¥ » B =& %8 3 54 2500~4000 L/iday/A # > § 2% % kR A
aﬁlm\Mm3®mm;ﬁ;’Q%w1ka7°%ﬁ$@ﬁ%?§?ﬂ
Bk X AT 360ppm F T AIZE 2P § 7 £ #0120 2 240ppm AJIZF
RHTHEAEFFAPHRMZ MG o AF2 pH 2 EC &> = A2l g
oo R SRR (£ 12)360ppm § 226 B L G (T2 LR

P EE > FIEE S 53550120 2 240 ppm A2 B 0 R ER & PR 120
2240 ppm AU M o FE AR LS E R EE LS I BRAE S FAR
T et F ORI 240ppm§x7i °

-7

212, FAA AR FES Y EHEFTRTEE

B

W ASL  Tonf % WA F it o

(g) (ecm) (“Brix ) (%)
N=120 1078 12.8 12.8 80.56
N=240 1469 14.6 13.2 81.85
N=360 1618 15.3 10.6 82.19

3. AR F e blEr BHEERA R STEY

AR XELZ EE R NK W o205~ 11.5 (e & 4
13)c % iew i 2 4 %2 &8 %% &% E1200~1800 L/day//»\fl R
I A 2500~3500 L/day/~ # o 1 B A3 BN/KLZ 1525 #% 2 EC
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% pHE -

EIEFE S ek §

B 222 %€ 2 %% SRS (v

EeataaRgs (214) EaNKe 6] 5 158527 %

PR R R TP 0 KR 30P ke e

mA_E 3
REMSEIO] 2 R E S RIS A H A S TR

% iEu g
%A EHERERESE A H1500~2000 Liday/A ¥ > B 1% %8 3 Hofc
#13000~4500 L/iday/A # » § (4582 A A A F M & AJLiR G (735F R F 2
ECi » aRIE FEARE > A F kA FIE* RPENR - 5 F EFTH 2

2REJE A o AR ARG (T 0

ﬂ%*ﬁﬁ%ﬁﬁ$°%ﬁ*&ﬂﬁ%%ﬁ§?%mﬁ§ﬁk,uNm;u
BlE 15 AR 3 hE £ 1A BB Rt 2 5 F 5 ¥ EE PSS
EAER M WA R RE o

‘ b

13, 2 RAD IR F 0ol 2 & F e
BJ2 NO3-NNH,N P K Ca Mg Fe Mn B Zn Cu Mo
N/K ppm
0.5 90 30 40 240 80 30 0.5 055 0.32 0.33 0.05 0.05
1.0 180 60 40 240 80 30 0.5 0.5 0.32 033 0.05 0.05
1.5 270 90 40 240 80 30 0.5 055 032 0.33 0.05 0.05
214 FEAFFLET L HHEILASE TR
R fdL A % & * g RIL et W R
(%) (g) (ecm) (%) ( "Brix)
£3 £ E3 E£%M £33 M £33 £ 31 L%
% it
N/K=0.5 89 0 346 389 284 291 778 781 133 135
N/K=1 78 0 421 489 293 305 793  79.6 138 142
N/K=1.5 367 6.7 452 513 30.1 312 804 8.9 109 107
3 it
N/K=0.5 121 12 373 451 289 291 794 786 123 13.1
N/K=1 147 0.7 474 542 299 318 797 793 124 129
N/K=1.5 318 7.6 502 589 317 323 8.1 813 9.4 9.8
4. 2R F st W EHEIREATAETLEE
g amimar L (051,15 Fiesm (B 105 fv i %)

L EE & i B 1200~1800 Liday/A ¥ § %4 ENE BRI H
fc#p 2500~3500 L/day/A ¥ » % iefie™ & 13 HE» A 479 & S5 5

7 » N/K=1.5 EJ2 = fﬁ%fﬁﬁ? v i:—j}a _#iq.—’g g—g_ s e HT A AR
B em P e Fme st W HEFETRE (X 15) 288

i Rk
B % 3o s
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fErars N/K=1 g2} et 2359% € > @ NK=1.5 gL hfi* 52 R 2 &
ARRAL TR NK W5 35 RTFRILAR - FRIFRFET R
Bisw st £ g2 (40~ 80~ 120 ppm) & ivd TR ER%KD L v P L
% & 1500~2000 L/day/~ # - ¥ % 2 £ 2 B 258 % 8 2 H 4 3000~
4000 L/day/» 3+  {e 4 ¥ A 173 A % % 87 > 120 ppm #3735 * £ @ F
PRI RB LR R F FRAHKNA T AR SR R TR ELD
% (% 16) #R > = B Fic&E BB 40 ppm ki F m«u;a:gi ¥
Ao AER AR AR 120 ppm vt B RJTIRE o

215 5152 P § 40575 L G 4305 T B

fd2 % £ Yt R e &

N/K (g) (%) (°Brix) (%)

0.5 186.9 75.48 4.39 4.0

Faa 10 50 1 2374 74.53 4.26 4.0
1.5 213.8 74.11 4.18 3.6

0.5 175.5 76.46 3.97 5.0

Feix 1 227.1 75.48 3.85 4.6
1.5 207.4 70.12 3.91 4.2

0.5 173.8 68.81 4.45 4.2

=3 1 205.3 70.44 443 4.0
1.5 214.6 62.59 4.25 4.0

%16, #1572 Pt EHRFICEFTETEEN A

JaJL PE R e A %3
F4%* ppm (g) (%) (°Brix ) (%)
40 235.1 73.35 4.22 4.1
faw 10 5L 80 218.5 72.43 4.17 4.2
120 193.2 70.10 4.85 4.5
40 197.3 74.37 4.87 4.4
Fe iz 80 189.7 74.42 4.97 4.3
120 175.6 73.97 5.65 4.3
40 205.8 70.34 4.02 4.2
= F 80 203.2 69.22 4.23 4.2
120 186.8 68.83 4.86 4.3
Fez 24 tﬁ;%;‘fif%fﬁfv’ﬂ%ﬂéé EERIPER: & iy cA R AR IR B A O
23 F A=A 31\4\&"”?* PR ARG PELFS o IERXR
PR 1LE G R ITRES T ;"U,%ﬁ%"%?i D TR 0 2 2 P

]’K%f}?},—%?%iL ’¢}C-é: é_g%ﬁ'f%wnﬂ"ﬂi_t'%LLf}] ’ .%{%Kﬂw#“l:’\;j\r—g 7#5’%{-#}‘;?
FPFRBL P TR BEM G LE LS TR 4 (TS
2A AT RITF AT RNEEAE AL EFTRBEC TEHELE 3 RA 2
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BAIPoe% B 48T B FAFIUEAT o A FERBRLART LRA 4
TRsepld kg HETRMFRBED P24 FEEL] - 32w g
KRR BE R -

B e SRS L

4% T AR TGS e R 8 R
ﬁ{ﬁ AL X AAp the p oA ;‘;‘%"ﬁﬁi’w TRADTE A R B ET

s Ren: SIEECREE S LS SR O A i
7] 57 o T > 3 %—f%ﬁﬂ?\li:ﬁjﬁ Br okl MR E R NS S BLBRF B R A
Vrlichh g o B AEAE & SR OB B o TN E B S R e Rl R R
GRAR S FITRE R T HREAA RS R TR AEA DL RLALT K
T dd Ak (15T )24 R 3 ien o #0kT R D Sk #0k (60T
CLE )N 24 BER A A e g o

317 gl § el 2 By

% b B By i
I ~AKk¥%% Ak E
O~2 k2 FRERKTAF A
I~ #-k* ¥ %% 1-2 &

i p HaysJ. T. (1965)

FE AR R R e AR

WEHRP B AFHREABERZ SR CFAAETE 06 E2 2 B
#ERE CRCBD K 42 P 6 £4F > * €47 6 1% ©
R RIL
A. FE 5 S (13-11-13-2TE » 180 = ) N-P,05-K,0=12.9-10.9-12.9 g/tx
B. i R (10%4 #9% ) N-P,0s-K,0=13.7-13.7-13.7 g/t
C. 2#RERw (10%4 45 ) N-P,0s-K,0=13.7-13.7-13.7 g/t
D. #EAHEE™ (10%% $ % ) N-P,0s-K,0=9.1-9.1-9.1 g/+x

WA NGRS F 2 wpla L4 18 kI 2 3E EC cnsg it L £
19 d 3 B~ C AJZ5w % & cf» x%gmw% £ (% 18) s #1rt A 2T
ercaﬁa’mi?%ﬂ@uwﬁ%Wm%&W#n%mﬁﬁ%ma%
= (% 18) 1A B AJZEC ERCAIL: M 4 A A1
B3 A 2000 220 ParkE R S AEITE ) s CAIEE L EHE L
Bov s GRSt EIRE B2 RAEZALTAHDF W

2 o
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3
=5
et
14

218, W IEAH PR el

%R N P K
7 A1 (%)

a*-10C 0.3 0.04 0.09
a-30°C 0.6 0.2 0.4
a-60C 4.6 0.7 2.5
b-10°C 18.2 2.9 25.6
b -30°C 20.6 3.2 26.7
b -60°C 36.9 4.6 54.0
c-10C 23.6 2.4 38.6
¢-30°C 35.1 3.4 47.2
¢ -60C 475 5.6 63.0

“a. W B % 4o (13-11-13- 2TE » 180 % ) » N-P,05-K,0=13-11-13
b. i kB (10%2 # %) , N-P,0s-K,0=14-14-14
c. ERABREE® (10%4 # %) , N-P,0s-K,0=14-14-14

219, W EA RERY B 2 EECHE

e i 11 = e 25 = #4E 39 = i 53 =
EC(dS/m)
A* 0.40 0.30 0.24 0.36
B 1.29 111 0.26 0.36
C 1.47 0.75 0.25 0.35
D 1.15 0.55 0.25 0.35
A, FB 5 4R (13-11-13- 2TE » 180 = ),N-P,05-Ko0=12.9-10.9-12.9 g/+x
B. it in & K57 N-P,0s-K,0=13.7-13.7-13.7 g/+&
C. 2% %% N-P,0s-K,0=13.7-13.7-13.7 g/+&
D. #2# %K% N-P,0s-K,0=9.1-9.1-9.1 g/tk

%020, EAAEEA

ASL ERf(p) HA(m) FEEA(m) HA(CBix

A 746 36.5 2.94 11.87 2.6
B 822 37.5 3.24 11.32 2.5
C 945 39.0 3.07 11.07 2.6
D 898 38.7 3.01 11.53 2.6
LSD 66 0.9 0.15 0.85 0.2

o EUTR 419
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2008 B % Flerk R T

BRI T 08 § e

W B EEARERRKG > A Fac ] B o1 20 P BiE
Bk CRCBD #3482 » 3 €4F » # £4F 47 #% -

WAL CK B R RFE -

A FE 5 S (13-11-13- 2TE» 180 = ),N-P,05-K,0=6.36-5.38-6.36 g/#k ©
B. i< i & &% N-P,0s5-K,0=6.85-6.85-6.85 g/t

C. ¥2 % &% N-P,05-K,0=6.85-6.85-6.85 g/+&

K FAvEskR T 2R NS R EEER A (R 18) BH%P L 3 EC
gt A 21 d WRBRVHP UL IRED  BARBRIERAAG R F
FERADECHFFHEUAIL XS FirA B2 SR A%% L4 22
W B C AW s Rock £ o b’L’rugg:x ST AR MNFER oD A
R grd srawsl e R o hAcd TR R FHERAE B
£ o7 I RJILRE 1Y A;@vﬂmfz;; FRHEFMNEHRE BRI CRITERE
e‘z;zg;g A Fd2 o B~ C g2 § it ﬁw&ﬁ;w ¥ &E:f% SRR e o £ 23

iR RRAS ERE A E SR ROF R T R 16 2
o EJ 120 BFR&HFZEV THRET G B Lo v ip Al A4

SACE £ LG R g § A et $ 3

# 21, R firidsk P B2 EC chgg it

EC(dS/m)
fedL
20 = 50 = 80 = 110 =
CK * 1.81 3.22 4.09 428
A 0.73 0.90 0.95 1.03
B 1.86 0.87 1.09 0.96
C 1.82 0.91 0.97 0.89
LSD 0.74 0.45 0.73 0.52

CK B X & i B AL

A. B 5 4B, N-P,0s-K,0=6.36-5.38-6.36 g/tk
B. i in & %, N-P,0s-K,0=6.85-6.85-6.85 g/t
C. #2 8 & %97, N-P,05-K,0=6.85-6.85-6.85 g/t
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£22. R R ESR R 5 i A B R R

RAE gkt

T&,Fo.;_l. _‘$

W

i R

kg2 %) (® o) CBin ) T
CK 3253 7.28 74.6 7.60 0.39 19.8
A 1486 8.75 68.7 7.51 0.36 21.2
B 1754 7.58 71.7 8.03 0.33 25.3
C 2034 8.31 72.3 8.26 0.35 247
LSD 573 1.99 5.3 0.69 0.05 3.68
L ERIER A 21
523 wEERFRY B
% (kg/0.1ha/season ) % v FEA
N 22.89 11.97
P 6.10 3.99
K 36.63 23.95
Ca 11.48 &.02
Mg 6.10 3.99
S 15.03 9.82
Fe 0.077 0.050
Mn 0.076 0.050
Cu 0.007 0.005
/n 0.050 0.033
B 0.049 0.032
Mo 0.007 0.005
Cl 0.032 0.017

3. FrEAT R R A E R ARE

(1) ¥ 8 EER S BRE %0 > 5/ 0 £3 0 2007/06/23 348
AR CRCBD K3t » 4 a2 - 3 £4F 0 & £45 24 4% o
ol gl D CK. B X & RFE -
A. i SOFT 100 (12-12-12,100 =) N-P,05-K,0=15.7-15.7-15.7 g/t&

2 AEF2.6 g/th (5 % iBRRPLAT)
B. # % # & 55 (7%2 # % )N-P,05-K,0=15.7-15.7-15.7 g/k 2 BE{+2.6

g/tr (36 * B RRL4T)
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C.oM2 SRR (7% 4B A N-P2OsKoO=157-15.7-15.7 g/t
5 PHIF2.6 g/t (35 % BB 4T)

R E LA 2 A DK DA 240 ik 24 2 £ 180 T A A
e AR RR S HITE EE SRR DL RRY T AL
EC ahggit L& 25> d WRHHPFEARREADF - CEHRFER D
ECHEFR T ABCAIL -~ d w4 kAL THE (6 230~87 147)
ORI AR @i R L B AR e A
A 2l ko FAERGEEALEE SFNALFLL 20 A B
C = AL BIoM§# R T » #ifld 50 A B C = 5w enfl oy
WEERAGEEY > TUERFTRM TR RREFHEFLE -

7 R N P K
3 0% (%)

a*-10C 1.9 1.21 1.44
a-30C 2.6 1.32 2.41
a-60C 6.8 1.57 6.60
b-10°C 47 2.34 5.79
b -30°C 5.8 3.14 7.10
b -60°C 9.0 5.27 12.47
c-10C 6.6 2.99 7.01
¢-30C 7.3 3.27 7.96
¢ -60C 19.0 11.09 22.80

*a 4§ (12-12-12,180 =)
b. M2 REW (T%2 F %) ,14-14-14
c. MRWREW (T%2FR+F R ) ,14-14-14
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%25, W5 EE A RSRY W 2 4 EC %

EC(dS/m)

e
10 = 18 = 25 = 32 =
CK * 3.17 3.02 3.29 3.61
A 0.59 0.70 0.81 0.89
B 1.70 0.95 1.02 0.75
C 1.94 0.89 0.93 0.84

CK B 2% % f AL

A. SOFT 100 (12-12-12,100 % ) N-P,05-K,0=15.7-15.7-15.7 g/+k % #4[+2.6 g/tk

B. & B R E (7%2 $# %) N-P,0s-K,0=15.7-15.7-15.7 g/tk ® Hf+2.6 g/tk

C. 2B REERW (7%2 W+ ) N-P,0s-K,0=15.7-15.7-15.7 g/tx % B4+
2.6 g/tk

%26 A PR EITHREEEAEZEZ ST ORE
AE Ly £ 5p £
B e R
(kg/0.1ha) (cm) (2) (2) (2) ’
CK 2308a" 30.8b 42420 222.7b 201.1b 12.8a
A 926b 32.3b 473.2b 252.5ab 207.0b 11.4a
B 1298b 34.8a 627.6a 298.8a 259.0a 12.2a
C 1328b 35.1 653.2a 278.2ab 244.7a 12.8a
R & 25
- ERAEY A kL AR HEF (P<0.05)

(2) &8 £33 0 2007/08/28 T fE -
R I RCBD %3t 0 4 AJ2 - 3 £4F » & #45 24 % o
RLRJL 1 A SRR e
CK. %45
A EZRBREEW (25%2 $ 7)) N-P,0s-Ko0 =2.5-2.5-2.5 g/tk-+i %
%R (5%2 %) N-P,0s-K,0 =7.5-7.5-7.5 g/+k
B. #E2#RE™ (2.5%2 %) N-P,0s-K,0 =5-5-5 g/th+iE 2 R
7(5%4 3% ) N-P,0s5-K,0 = 5-5-5 g/t&
C. A REW (2.5%2 $ %) N-P,0s-K,0 = 1.25-1.25-1.25 g/th+iE 2
WREWGS %2 %) N-P0s-K,0 =5-5-5 g/tk
RER TR N F LA 27 B A 24 2 Rt o b 20 A iR o
LRI SEIRIL SPRLE S 229 U i S ol S ’Ffr EC g it L £ 28>
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d 3 ABC AJLE R Y £ 0 2 A ok R STRTR S RSk EC 4 b3
WFET oRGERNAALESTALEERLL29d 229857 w3 B
RS R > AEHRNHEBR P C B RHEBRRTHEFLE -
BEARFEF T A FIE R L RUE RNk MR B RJIIRER S RF 0L
BC RZpt TRFBEFEARE cRFERAFERRLAAAERE LN
223 mAPYIEE SR LG IERRY 26T TF A ARERLR
Mo B ERERE N T 2 AL o

#0275 F kAR e

3 kg N P K
% 1% (%)
a*-10°C 40.8 6.03 48.9
a-30C 453 5.94 53.9
a-60C 48.5 6.26 63.2
b-10°C 31.1 4.20 31.3
b -30°C 32.5 3.53 34.3
b -60°C 472 6.21 60.7

. EERRT (2.5%4 3 %) 14-14-14
b EBRE™ S%E &%) ,14-14-14

% 28, G EEARKRY W 2 EC chg i

re  RIE14 14 28 = 4 42 = R
EC(dS/m)
CK* 5.20 5.79 4.70 2.48
A 6.33 13.66 491 3.37
B 5.30 8.92 4.71 2.22
C 5.10 6.61 4.93 3.30

*CK. %5

ARR" (25%2 %) N-P,Os-K0=2.5-2525g/tk +H R (5 %2 %)

N-P,05-K,0 =7.5-7.5-7.5 g/tx

Bfﬁw (2.5%4 %3 ) N-P,Os-K,0 = 5-5-5 g/tx —i—&ﬁl 97 (5 % 4 3 5% )

N-P,05-K,0 = 5-5-5 g/4k

C.EE™ (2.5%2 %5 ) N-P,0s-K,0 = 1.25-1.25-1.25 g/t +R B 57 (5 %2 4

%) N-P,0s5-K,0 =5-5-5 g/tk
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320, 7 e RASEHR 5 R R A AR 2 ST R

A% ¥ S HA% & *p £ 4 E

J- % = R
(kg/0.1ha) (cm) (€3] (€3] @
CK 792b* 31.5a 393.7a 304.8a 274.8a 12.6a
A 841b 32.7a 462.6a 323.3a 279.5a 11.5b
B 980b 32.9a 478.0a 330.4a 292.0a 11.4b
C 1284a 32.8a 4713 a 321.8a 285.4a  12.0ab
DR 4 28
FoEWAECFAMFEFALEIEF (P<0.05)
ZREEANARY WREES SR
SR RREASAAAA BN EL 0 EF TR ACE AT A

EA A FIEABRE LR TR - AR S R i Fe
o R SRS FIR BB LR ENTA 0 F R I ARF TG A G
kM NE F o AR E A - AR RE 2R L R LDE B LR DERES
NESNE O Y S N NS AR SVE T i
—E P2 ARAR L BRI TR -ERANE A AR 25 2 3381 € B 20
R MEE QT 10 oA £ G FSk o B4R FIE G Ao - A F]pt g o
Kk AR L s IS R LT & & R QO 1l mv)u]z ok K HEE o A
P AFHBRBARAR D FEBE 2 TR E 4 £ 30231432 %
B d i BHAR AT " RE HiemAE L ST HA -

#30. ERFARFAHE L L2 BT

2E WP F R EA )
i Feld2 i v
AR (kg/0.1ha) %)  CBrixy (W) T
P —M 5,790 70.9 513 0.560 9.16
=1 +M 5,970 72.6 527 0.540 9.76
. Ly M 5,710 68.3 460 0440  10.4
FEERETER Ly 6,050 72.9 493 0455  10.8
-M : Non-mycorrhizal seedlings ; +M : Mycorrhizal seedlings
23] RBFANEAR S TF- R T2 0P
tR% (AR B b IR(g/20 $%) BT IR(g/20 15)
JedZ . - —
(cm) (cm) g T2 g T2
A3 20.6 7.35 16.93 2.25 1.67 0.35

7 23.1 8.43 2432 2.93 3.21 0.45
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132 BPBERFH S LE AL BE
EEEE
s F & (k)
1 2 3
B 84 84 82 250
* &7 83 85 76 244
AR R 67 81 79 227
BT R 60 75 66 201
CHBRAANAREICARRGRE TR A KA YRR BA R
Wﬁﬁ*gé*f*?igmﬂi 4033 LB IR EER t+_ J\if“ffi'zzwfs,
. f i

FI1 7
i o % 34 % 'ﬁr;}’z&ﬁ Ef]*]f -
B E R RS SEG LD K kKA R ﬁﬁﬁﬁﬁégﬁ

e B oF 3R T 3% (g/5plants)

B E o & i o &
A - BLERRFLE ¥ K 22.08a* 3.78a 12.43a 1.09b
ERTI %,'{j%ﬁ | AR 21.68a 4.03a 10.20b 1.07b
fau - BLAEEL ¥ Rk 10.97c 1.97d 5.44¢ef 0.56d
Bu - SLARFR IS ER 12.99¢ 2.46¢ 7.63cd 0.77¢c
o ¥ LR ﬁi‘. ¥ Bk 23.07a 4.16a 12.49a 1.28a
o T RLEFRKAS Y 16.02b 2.99b 8.83bc 0.81c
SR LELR ansepﬂL *wt’ ok 10.14c 1.66d 6.25de  0.58d
o ¥ gt gji%«fﬁ-ﬁ | AL 10.01c 1.81d 4.68f 0.52¢
*

A Q—?“E‘#E}’?*z\&ﬁl%ﬁ%’ (P<5% )
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% 34. #A8 Glomus etunicatum ¥+ § i bd LR T 5 F A E 2B E

fe R A28 (.3+)
B - BT ¥ Bk 1,628b*
Bw - REREkAS GRS 706e
By~ BAREL ¥ oK 750e
B = RARE KA BR 482f
cP BELRREAD T &K 1,916a
c¥ LTESEEFS R 1,122d
P TELELARELDT ¥ Bk 1,280c
o Tt AR kA EE 714e

F-ERELF RS A LB HE (P<SG )

235 FHPAALHERAR AR e £ 2P BE AR 2 AR
iy 5 B 1
» H

§AAEN Y EFRAA I e FEA R TR BEETZ ERA
BRAARAY RS G TE FINEZ ’Vﬁ“‘%tﬁk ®a SR 4
L AR B fhw - %’*&%ﬁ/,}gm;agz@ CRABETAR & 301 1 2E 5 TR
ﬁﬁ%i’ﬂﬂﬁﬁﬁﬁa T R4 E N E ST ﬂ%,ﬁg AT A ¢

BET o BEFNEAS B T%ﬁ?f 2 £ % Glomus etunicatum 2. ¥ » 3% % 7
Ehid;a o0 THELEPAHAABALBAGRT BB HREAY L I E2

FREORAZRAL Ay - AR LE RO T o TIEZ T A B ERA
Glomus mosseae % = FfaiR &2 Bt m L ¢ L FR- 5 TINE R §0E P4 B
#748 Glomus mosseae % Glomus etunicatum % 1% > % 36 5 B A JLH A § iv2
?i%@’ﬁﬁé%@%ﬁ?;%%ﬁ@m%w&&gﬂ%m’a;ﬂﬁﬁ*%
Bl 4 o3 RBAKILTIRA SR AIE  BFEHET REGEE ¥ 297
FEAER R F IR R &PT#{H@ ARFAT R fir2 mBPEEEF SF -
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%35 BAREHERARRAE L L LB

o AMF = 3% b3 B T IR B TR
Varieties Treatments status #% () i () #% () i ()
—S NM 279¢* 29.4d 7.90g 2.0e
Ge. 361d 34.8¢c 12.7d 2.8¢c
Gm. 283e 33.2c 11.3e 3.2a
B 4 301 G.mix 490a 38.2b 16.0a 3.0b
+S NM 283e 41.0b 10.0f 2.4d
Ge. 363d 33.8¢c 15.4b 3.2a
Gm. 405c 40.4b 16.1a 3.0b
G.mix 449b 46.8a 14.5¢ 2.8¢c
—S NM 444b 50.8b 13.6f 3.2d
Ge. 407c 44.8c 9.70g 2.8e
Gm. 247¢g 56.4a 20.2¢c 3.8b
, G.mix 465a 27.2¢g 13.4f 3.2d
7%
+S NM 326e 35.6e 16.0d 3.4c
Ge. 408c 56.6a 22.2b 3.8b
Gm. 351d 37.4d 14.9¢ 3.2d
G.mix 276f 29.2f 25.1a 4.8a
o P IR —S NM 412b 43.6b 14.0d 3.4b
10 5% Ge. 272e 34.2¢ 13.3e 3.2¢
Gm. 362c 44.2b 14.3cd 3.6a
G.mix 207f 33.6¢e 6.70g 1.8f
+S NM 533a 55.8a 15.3b 2.4e
Ge. 36lc 37.8d 18.9a 3.4b
Gm 329d 40.4c 12.4f 2.8d
G.mix 271e 33.6¢ 14.5¢ 3.2¢c

NM : non-mycorrhizal control, G.e.

: Glomus etunicatum, Gm. : Glomus mosseae,

G.mix : mixture of Glomus etunicatum and Glomus mosseae

—S : applied with pure water, +S : applied with 29 NaCl solution

* . Means within each column followed by the same letter are not significantly

different at 596 level by Duncan’s Multiple Range Test.
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%36 AL HERARSCATEET L EE

cp  memm g AR FPE B omEm

(g/plant) (9%) (°Brix ) (9%)
g —M 929 67.4 4.40 0.320 13.75
B +M 1,059 69.2 4.88 0.340 14.35
45 —M 771 64.1 4.70 0.338 13.90
+M 811 67.8 5.00 0.351 14.25
_g —M 849 65.3 4.70 0.319 14.74
o ® IR +M 912 75.2 4.90 0.318 15.42
-+ 5o 43 —M 926 67.7 4.89 0.320 15.24
+M 1,201 69.7 5.08 0.312 16.26

-M : Non-mycorrhizal seedlings ; +M : Mycorrhizal seedlings

—S : applied with pure water, +S :

R Y 3 R
bR RFaLAS
3T A

T g

LLAER R JEEWE S > 72 54
'?

w

L 2 Be

4 TR
W R TR RPEERT ¥ LTS

sl o

’U&ﬁﬁﬁﬁﬁﬁﬁ

ok P iTAFRE S ELR B o FU
TR R

EREEIEE LT

»

o

FeRL

2.0 AP EEET Ao frE A ALY 4 PR

10N EE ﬁja

T4 T M BT w”q’ﬁﬁ;}”"f§’w‘} 1&"{1?"_,

applied with 29 NaCl solution

S RIY T 0 NS
L7 At o ) AT E KRR

SRR TS T
AP EPE I F i TRE %“’ﬁﬁﬂﬁﬁwiﬁﬁ%
T EAT RIS T
B AR BRI BRA AR RE ARG o 5 TG
B oSk kyhip A s 3R R

kT

A

BRPERRLR AT 70
SIAIE o

3EERAFNAT ARG ARE R IR 2T H sy AR R

EE 4 :rﬁ:&%ﬁ&g

1. &4 .1995.

z._ﬁf

g e g

NEEF 5.
#avlﬂ‘pﬁ

340

z5 p.97-111.
L2001, K2 Sy FIMRTATE FRHK. B ¥

T i AT o
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A 210: 23-26.

3. vHESNFOR1994, Ffesel A KGR E 2 BT ZBEY. M ekl B
FEAFHE LT pl4 SBY R ERKITER A T

4. Frct b £1 f £.2006. (T4 55 L0 p143-145.

5. AR EELER €.2001 REEA-ARASKL PRy SR, L3215
R L 5p.32.

6. FTrleR ¥E R €. 2002 X P2 W FRP g LR £
# 6p. 48.

7. FRIRERBE RESF. 1990, S8 RRMEIES AP A1 FZRRE A AR
W T ATRE R R i,
Maa«; 1999. S F 4 e 2 f|* 2 E I 2 BB 2:99-116.
E#r2 . 199, REFEAREHL AL A FRE BEAL AL ARAFEFIT. K
ha i AL EREEF T A LA p172-191.

10. E#r> ~EFAF ~EE R, 1995 ¥ "L T icERY 2 A0 B4 K
2K . ¢ WFIE 41(1): 54-67.

11.;»&&;/» 1995, ficA frnwkl s B b2 v EE P L PR FEH 27:81-87.

12. 8 0 7.2001. % *ogag +memmeslengd b 2 £ B ¥+ & 210: 28-35.

13. 85 1 %.2006. €473 £ 557 P 4g > |3 TR B4k | . #& 56(16): 47-52.

14. 5 k. 1994, S#p 2 ARFTRADERGEFMLI Pl Bgafir &
g BT pl31-156. &Y R ERHATER A T

15. % sk ~ HhZ H. 1998, FE ) 2 ARFARY B R . S8 R EREK T
p.54.

16. A E 3 .1982. jrff 2 WA R £ 2 pan.? WFIE 34(1): 13-26.

17. f2 A28 4 &35 ~BR% 4 g #1991 P2 FIREAEE AR 2B 5
AP % 27:53-55.

18. A2 RZE~ B ~H £ . 1993, P 2 F12 ) Glomus clarum J&* wiF4 N2 A&

M F R .Y ER EF T 42(1): 74-84.

19. ram% 2001, KN L HBA R iTHww, B EL R 210: 10-12.

20. % L2006, KELs 4 TR E IR B E R 275:36-45,

21 F AR ~ FEE M S v 47,1989, ¢ Ik R B FEEFLE2 IERT FFIAEL.
o RE L AHFT AR 24:63-70.

225 %2 195 BEEF(FEF)—FFHF AN cBFRFERRIER()
p.377-382.

23 5% 2 7. 1988, FERGLBRICFEE AT FE F &;&%ﬂs%}ﬁ
it g & & p172-191. S8 B £R%arh LA R LS 175

24 3R M~ F L S BERY CETE . 1990, AR E SRR TR RE ;‘g —FF



25.
26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

L R Eﬁ%%”ﬁ”'%fi'ﬁrﬂ/ﬁmF 103

422 R FR AR, RS FEL AT BHEE S E T 592 p. 12-18.
BAL. 1990, fgd pieflenfasp 2 R 0. R R 81:33-35.

BAR. 1997, FF FEABFSRY 2B R EML P AR EL 2 Y P
¢ %7 p.11-26.

WAL, 2004 FEFWEHZ2AZ B W% BFHREL B Fitg
PABE A 22 R EREA L € Wi p.143-152.

ERRIE. 2003, EHANHER S FEFARBEER T AL 2B R 48+ %
R Yoy
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