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Effects of Nitrogen, Phosphorus, and Potassium on the Growth
and Mineral Component, Hormones Level in Xylem Sap in Eggplant

Toru KATO and Huining Lou
Laboratory of Vegetable Crop Science, Faculty of Agriculture

Abstract: The present studies were carried out to investigate the influence of nitrogen,
phosphorus and potassium nutrient on the growth and mineral composition and hormonés
level such as cytokinin, abscisic acid and gibberellin—like substances in xylem sap in egg-
plant.

1. Effects of nitrogen

The growth was accelerated by the higher level of nitrogen supply. The concentration of
N, P, Mg in xylem sap increased, and K, Ca decreased as _thé level of nitrogen in culture
solution increase.d. The cytokinin and gibberellin—like subétances level was the highest, but
the abscisic acid level was the lowest on the plants treated with 600 ppm N.

2 . Effects of phosphorus -

The higher level of phosphorus depressed the growth of eggplant with’ the decrease in
concentration of NO3—N, K, Ca, Mg Mn in xylem sap. Plants groWn under 600ppm P condi-
tion produced the lowest cytokinin and gibberellin—like substances level in contrast with
the highest abscisic acid level in xylem sap.

3 . Effects of potassium

Dry weight was significantly greater on the plants grown in solution containing 600 ppm
K than those grown in 200ppm. The higher level of potassium resulted in an increase in
concentration of N, P, K Mg, Fe, Mn Zn in xylem sap. The highest level of cytokinin and
gibberellin—iike substances and the lowest level of abscisic acid were found on the planté
grown under 600 ppm K concentration.

4, It may be concluded that the top growth of eggplant was not only regulated by flux
of mineral elements, but also by hormones level especially cytokinin and gibberellins level

in xylem sap.
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Table 1. Composition of nutrient solution

. . . mineral nutrient
~ Chemical salts used .
concentration (mg/ £ )

NH,4NO; ‘ , N 200
NH,4 Hz PO4 o 200
Kz HPO4 K- 200
Mg (NOa) 2. 6H20 - Ca 80
Ca (NO3)». 4H,0 . Mg ‘ 24
ZnSO4. 7TH20 . Fe 1
Naz MoOQ4. 2H20 B 0.5
MnCls. 4H,0 ~,, Mn 0.5
CuSOq4. 5H;0 Cu 0.2
H3BO; Zn . 0.05
Ci0Hi2 N2 Og NaFe. 3H:0 o Mo » 0.05

ERRTE, BREPO5mbDE IATERYML, TLELIZOT, AEEWM T 24B R RIE
L7zo RELABWHIZT CHABL, —20CTHEREL, I, BROEFFRET LD,
B, & BISIT, ERSORSEEBMLAE L. LBEIITTHEBRL,

W OEREFTOMT HBRESRL 7/ - VHBET, 7VyE-7RESEHIA VLT
J—WET, VAN F VR TTF UBET, FOMOERRSIEFRINGELERCHIE
L7

RVEYDFH (Fig 1 DL IOBRBE»SH A bhA=0, P72V 8 (ABA) VXL
U UBE (GAs) FEEMB LT, ¥4 Fh 4= & ABA REEBKs < 75 7 4 (HPLC)
(Fig. 2, Fig. 3) X 5T, GAs lil/&lﬂﬁi%&%ﬂi (Flg 4) ICEoTERL, BEDH
DEEE GAsHFRTRRL,
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EXUDATE
FILTER
ADJ. TO pH 2.5 WITH 1 N HCI
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| ' |

AQUEOUS PHASE EtOAc PHASE
ADJ. TO pH 8.0 WITH 1 N NaOH EXT. WITH PHOSPHATE
EXT. WITH n—BuQH X3 BUFFER (pH 8.3) X3
R
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n—BuOH PHASE AQUEOUS PHASE AD]. TO pH2.5 WITH  (DISCARD)
(DISCARD) 1 N HCI
EVAP. TO DRYNESS EXT. WITH EtOAcX3
DISSOLVED IN 1 ml
WATER:ACETONITRILE (50 : 50) |
FILTRATED WITH DISMIC—13]P EtOAc PHASE AQUEOUS PHASE
FILTER UNIT - DEHYDRATE WITH AN (DISCARD)
HPLC ANALYSIS FOY CYTOKININ : HYDROUS NazSO4

EVAP. TO DRYNESS
DISSOLVED IN 2 ml
EtOAc .
FILTRATED WITH DISMIC—13JP
FILTER UNIT

]

HPLC ANALYSIS FOY ABA BIOASSAY BY LETTUCE HYPOCOTYL
) TEST FOR GA's

Fig. 1. Procedure for extraction and determination of endogenous hormones from xylem sap of

eggplant.
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Fig. 2 . Chromatogram of cytokinin standard (A) and xylem sap of eggplant (B) on a shimpack
CLS—ODS column. Injected amount: 1 ng of t—zeatin. Injection volume: 10 1 of a mix-
ture of water: acetonitrile (50': 50). Solvent A was water and solvent B was acetonit-
rile. Elution conditions: flow rate 1 ml per min with 76% A and 24% B solvent.
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Fig. 3. Chromatogram of abscisic acid standard (A) and iylem sap of eggplant (B) on a shim—
pack CLS—ODS column. Injected amount: 1 n‘g of abscisic acid. Injection volume : 10 ul
of ethyl acetate. Solvent A was water containing 1% acetate acid and solvent B was
methanol. Elution condition : flow rate 1 ml per min with 30% A and 70% B solvent.
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Fig. 4 . Lettuce hypocotyl bioassay of ethyl acetate extracts from xylem sap of eggplant. Ex-
tracts was chromatographed on Toyo No. 51 filter paper in isopropanol: water (4:1)
{(v/v) solvent. Solid line represents the growth of control.
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Table 2 . Effect of nitrogen on the growth of seedlings™®

Root weight (g) Stem weight (g) Leaf weight (g) Leaf area
Treatments - - - -

FW DW FW DW FW DW (caf)-
N200ppm - 28.9 2.8 32.6 3.2 - 46.3 4.5 1158.4
N400ppm - - 28.8 2.9 42.9 3.8 54.3 5.2 1387.1

N600ppm 31.2 3.4 44.4 4.1 56.3 5.9 1505.5

* Values represent means for sixteen planté; FW, fresh weight; DW, dry weight.

Table 3. Effect of nitrogen on the concentration of mineral elements in bieeding xylem sap (ppm)

Treatments NO3-N NH4-N Total-N P K Ca Mg~  Fe Mn Cu’ Zn
N200ppm 267.5 28.0 901.5 65.9 385.7 101.8. 41.8 0.180 0.175 0.113 0.089
N40Oppm 264.7 121.6 1234.2 74.6 316.8 = 96.6 '53.1 0.174 0.375- 0.214 0.096
‘N600ppm  279.4 121.7 1352.1 93.3 260.9- 93.00 54.6 0.117 -0.500 0.324 0.099
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Table 4 . Effect of nitrogen on the mineral elements flux in bleedmg xylem sap (mg/plant/th)
x10~2

Fe Mn Cu Zn

N200ppm 2.983 0.312 10.052 0.735 4.300 1.135 0.466 2.007 1.951 1.260 0.992

N400ppm 3.730 1.713 17.390 1.051 4.463 1.361 0.748 2.452 5.284 3.015 1.353

" N600ppm 5.890 2.565 28.502 1.967 5.500 1.960 1.151 2.466 10.540 6.830 2.087

Treatments NO3-N NH4-N Total-N P K Ca Mg

3) BBBEPOYL I HIZDOBEES
Table 5 ICELHND & 52, BEMEBEAT T, iﬁ(ﬂﬂiq’@‘b“'f FAA = DBENRR
B Lo LAL, REBEHBOBYEEIZBFEBLCBREDORINIC LA o THIMLADOT, K4
LD OREUL) OBBBFOYAS P4 =y OERIIBFECOppm KBRS0 o 72A, BF
200ppm X & 2 F400ppm X & DHICIZE L WERFR O P57,

Table 5 . Effect of nitrogen on the concentration and flux of cytokinin in bleeding xylem sap

Treatments Xylem exudation Cytokinin concentration Cytokinin flux
rate (m¢/plant/h) (ng zeatin/m¢ sap) (ng zeatin/plant/h)
N200ppm 1.115 0.066 ’ - 0.074
N400ppm 1.409 0.056 0.079

N600ppm 2.108 . 0.053 0.112

4) MBBPRD ABAIRE SR

Table 6 IR HND & HICEBBPOBFIBEIMIMT 5 & &SI, BREFP O ABA BEIE
LB L0C, BUBOBMEEMNMIOLZICO»db o, M40 OBMHMN: h OB
D ABA &RI3RE600ppm MERX A —FL {, K TRF200ppm LER T, 2BF400ppm LF
XA—FEh o7,

Table 6 . Effect of nitrogen on the concentration and flux of ABA in bleeding xylem sap

. Xylem exudation ABA concentration ABA flux
Treatments '
rate (m¢/plant/h) (ng/mé sap) (ng/plant/h)
N200ppm 1.115 0.103 . 0.115
N400ppm 1.409 10.093 : ' 0.131

- N600ppm 2.108 0.037 0.078

5) EBEPD GAs DIRE SR
B D GAs z&ﬁuﬁasﬁmﬂzﬁﬁoﬁ,@ti Table 7 L?J‘Tt BhYTHh 5, giﬁﬁﬂﬂzﬁ
EAEVIZL, BT D GAs DEREIEIM L7z, BFK600ppm X D GAs DIBEIZIZIZRE
200ppm LBR DETdH o 720 BRIELREDOHMIC LATo T, BB ) ORML7 h OBWH
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Table 7 . Effect of nitrogen on the concentration and flux of GAs in bleeding xylem sap’

~ Xylem exudation - GAs concentration GAs fl_ux o
Treatments oo - , (X107 3ng GA3 - (X107 3ng GA3
. ratq(mﬂ/plgg;/l{) " equiv/mé sap) g equiv/plaht/h)‘ ’
N200ppm o 1.115". - . - 0.894 - B 0.997 -
“N400ppm - © 1409 - 1702 - .2.398

N600ppm ©2.108 . 2.153 4.539
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Table 8 . Effect of phosphorus on the growth of seedlmgs

Root weight (g) Stem weight(g) . Leaf weight(g)  Leaf area

Treatments -

. FW DW FW . DW FW DW . (cf)
P200ppm 45.0 4.6 64.1 7.1 - 75.6, .80 .. .2177.6
P400ppm 35.7 4.1 58.0 6.2 67.3 7.5 1957.6
P600ppm 34.8 3.6 47.7 4.7 58.3 6.0 1692.2 -

* Values represent means for ten plants; FW, fresh weight; DW, dry weight.

2) BMBAPOEREIOBEES o

Table 9IZRONB LT, WHBROREE, AV, ANVIIAL ITEFIIL, = H DB
BN Y ¥ BEARIREE RIS L7t TIET L7ze MR D) » & EHOMALITY ¥ HIERE DR
B L7=2% 5 TSI L7z, WP ok & #iz1) »200ppm RBIZBVWT—FE» o7

Table 9. Effect of phdsphorus on the concentration of mineral elements in bleeding xylem sap (ppm)
Treatments NOs-N NH4-N Total-N P K Ca Mg Fe Mn Cu Zn

P200ppm  302.8 32.2 1011.0 58.5 '391.3 112.7 46.1 0.107 0.175 0.148 0.025
P400ppm 284.1 28.8 942.4 58.5 339.1 94.1 51.8 0.064 0.091 0.091 0.028
P600ppm 191.2 22.0 878.5 64.0 242.2 38.2 40.6 0.074 0.046. 0.110 0.032

Table I0ICROND L 542, V) VIERRENEVIZE, HRBA) ORRML7 ) OBBEF DTN
TEBEADERAED Lizo T HLZERIEHD ) ¥ R ORINICEE > TEIBHEOBREE OB
LD TH5b,

3) )ﬁ%ﬁ*@‘b"f rH1=ZOBEES

Table 11CESNB X 12, ) v IEEBEIRMT 512007, ﬁwﬁ¢®ﬁ4bﬁ4—/®&
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Table 10. Effect of phosphorus on the mineral elements flux in bleeding xylem sap (mg/plant/10h)
%1073

Fe Mn Cu Zn

P200ppm 6.056 0.644 20.220 1.171 7.826 2.254 0.922 2.140 3.500 2.960 0.500

P400ppm 5.114 0.518 16.963 1.054 6.104 1.693 0.932 1.152 1.638 '1.692 .0.504

P600ppm 1.358 0.155 6.237 0.454 1.720 0.271 0.288 0.525 0.327 0.781 0.227

Treatments NON NH4-N Total-N P K Ca Mg

Table 11. Effect of phosphorus on the concentration and flux of‘_cytokinin in bleeding xylem sap

Treatments .Xylem exudation Cytokinin concentration Cytokin@ln flux
rate (mé/plant/h) (ng zeatin/mé sap) (ng zeatin/plant/h)
P200ppm 2.000 0.116 » 0.232
P400ppm 1.800 -0.121 . 0.218

P600ppm 0.710 0.244 0.173

EAMIML7, LA LAMBUHOBNEEIEZ LRI LADOT, YD) OBY Y OEW
BWHOHA P4 = ORI L,

4) BREPD ABABRE SR

Table 12iZ/R LTV A L 5142, V) Y HERBEORMIMIIC Lz, Bl ABA BEAEM
L7zo BRE7: D) OBEMIY 72 ) ORSHER O ABA D& I3 Y > 600ppm LBRX C—FS (, K\ T
) »400ppm MEX T, ) »200ppm MEBRiZ—FL L do/ze

Table 12. Effect of phosphorus on the concéntration and flux of ABA in bleeding xylem sap

Treatments Xylem exudation ABA concentration - ABA flux
rate (mé/plant/h) {ng/mf sap) (ng/plant/h)
P200ppm 2.000 . 0116 - ... 0,232
P400ppm ©1.800 - 0.167 . 0.300

P600ppm 0.710 0.429 = 0.305

5) EMBERD GAs DIRE SR

B O GAs DI & S 8HIC Kiz$) /ﬁfﬁﬂlﬂl%ﬁ@ﬁ/@li Table 131F T &£ B0 Th b, #
Wb o GAs A1) ~600ppm MERX T—FE b - 7275, B 72 b DERR Y 72 ) OB D
GAs DE i) »200ppm UERX C—FE» o720 ') »400ppm MEX & ') >~ 600ppm LERX & D
KRKEWZERERON LD o7, '

Table 13. Effect of phosphorus on the concentration and flu;( of GAs in bleeding xylem sap

. GAs concentration GAs flux
Xylem exudation -3 -3
Treatments te (nt/plant/h) (X107 °ng GA; (X10™°ng GA3
rate an ‘
P equiv/mé sap) equiv/plant/h)
P200ppm’ 2.000 1.270 ) 2.540
P400ppm ©1.800 ) 0.992 1.786

P600ppm 0.710 - 2.219 7 ' 1.576




FAOEE R UASR U DEBES, FVE Y VAVICRITTEE, ) v, 7Y RS (hiE - %) 63

BIXR HUREREORE

1) HOL BRI ) | |

7 ) HIREOMIIC LA 5T, FAOEFHIERIA ), BE, $E, FE2 L CEERY
S90L7: (Table 14)

Table 14. Effect of potassium on the growth of seedlings *

Root weight (g) Stem weight (g) Leaf weight (g) Leaf area
Treatments

FW DW FW DW FW DW (crf)
K200ppm 42.8 4.0 55.6 5.9 64.9 6.8 1890.3
K400ppm 45.9 4.6 76.1 8.9 67.6 7.5 2150.5
K600ppm 50.9 5.2 83.4 9.9 73.9 8.0 2203.4

"% Values represent means for sixteen plants; FW, fresh; DW, dry weight.

2) BREPOEBRSOBE AR ,
Table I5ICE SN2 X H 12, 5V HEABIEE % 200ppm A 5400ppm IXEH 5 &, WMEHOBE,
VY, AN, TXERYY LG EOBESEICHM L7, 400ppm ¥ BA B L, BHRFORE, U
Y, VTR ADBEDNRRET L7, 400ppm MER & 600ppm LEX & OMihH I HER .
BROARN o7 &, <Y, BHOBEITY ) HREE QRN Ldts T L7 H
3 h LS H ) R A5 2 BT A IEEASE 5 s,

PR 72 1) OBERI S 72 1) OBSNHER DB S DA R Table 1605RT L B ) Th D MR BVT
V& A DB S OBWET DS RIS U RIEBEE ORI U725 TR L 72,

Table 15. Effect of potassium on the. concentration of mineral elements in bleeding xylém sap (ppm)
Treatments NO3-N NH4-N Total-N P K Ca Mg Fe Mn Cu Zn

K200ppm .210.6 10.3 1065.3 62.6 322.2 122.7 41.1 0.103 0.082 0.118 0.066
K400ppm 524.8  22.4 1311.2 94.4 573.7 98.2 57.5 0.118 0.103 0.032 0.093
K600ppm 508.1 23.6 1270.2 93.3 576.7 82.3 52.5 0.179 0.138 0.049 0.094

Table 16. Effect of potassium on the mineral elements flux in bleeding xylem sap (mg/plant/10h)
x1073
Fe Mn Cu Zn .

Treatments NQOs-N NH4-N Total-N P K Ca Mg

K200ppm 3.094 0.151 '15.649 0.919 4.734 1.802 0.604 1.513 1.205 1.733 0.97Q
K400ppm 13.089 0.559 32.701 2.354 14.308 2.449 1.434 2.943 2.569 0.798 2.319
K600ppm 18.898 0.877 47.239 3.470 21.447 3.061 1.954 6.657 5.132 1.822 3.496

3) BBEPOYI ML= DBEES

Table 17IZR 605 L H 12, #Y) 200ppm MEBRICBWTHIBBEFOHA b h 4 = VBEND -
ELBEM ol B HEICEBEEDRIN Ldts T, BWEDOBWEESEBIHML, %S0
BRI ) OMWBMBOF A M A4 = OSEOBIML 720 5 ) 600ppm JLBR X THEWHE F D4 4
MAAZDEEN—FLL, H)200ppm RBRX Tizdb o & b %dh o7,

4) BT D ABABE SR
. Table 18ICR 6N D & H I, WP D ABAREIXH Y mlﬂzﬁlﬁr)x‘%wz EXTLRD, kY
720 OB L7 ) OBWTES D ABA 825 ) 400ppm MEX TH 5 & i)%?b‘o f:o 1) 600ppm
MERIZBWTb L b 0B o7 :
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Table 17. Effect of potassium on the concentration an>diflrux of cytokini'n'in bleediﬁg xylem sap

Treatments Xylem exudation Cytokinin: cgr_:s:entration B Cy;okir.iin' flux’
rate (mé/plant/h) * (ng zéatin/mé sap) (ng zeatin/plant/h)
K200ppm 1.469 .-0.085 0.124
K400ppm 2.494 . .0.073 o 0.182
K600ppm - 3.719 0.068 - . 0.253

Table 18. Effect of potassium on the concentration and‘vf'lux of ABA in bleeding xylem sap

Treatments Xylem exudation ABA concentration: ' ABA flux
. rate (m¢/plant/h) (ng/mt sap) (ng/plant/h)
K200ppm 1.469 ' 0. 113 : 0.166
- K400ppm 2.494 0.069 072

K600ppm 3.719 . 0.040 0.149

5) A RD GAs DIBE LR

I D GAs @?ﬁ)ﬁtﬁﬁli Table 191Z/RT & 3"0 U] '("3)50 1) 600ppm ALEL X (2 B\ THW
WP D GAs DBEH S > & bF L, #J200ppm BREXIZHNTH 5‘&: bED o7, T, B
BRI A5200ppm A5 600ppm IZE T A &, BHRBAD @%ﬁﬁé’if’ 7) DWW P D GAs DEE I
L7z

Table 19. Effect of potassium on the concentration and flux of GAs in bléeding xylem sap

. GAs-concentration . GAs flux
Xylem exudation -3 . -3

Treatments (%10 °ng GA3. . (X107°ng GAs

rate (m¢/plant/h) ) - :

equiv/mé sap) . equiv/plant/h)
K200ppm 1.469 -0.985 - 1.447
K400ppma 2.494 1,085 0 2.631
K600ppm 3.719 o157 4.303

& =

Table 2 KCROND & 5 ICERBEREOMMICE - THADEENRIFICR 572, FHY B
FREOHMMAEET L RETHEHREL TV 2, FERTHRALZBRBRERZAL V2L E
Broradt, it BRBENT 1T LET AURE SN HEN A M7, —AEIZI12600ppm 13 E
BB IRERELT S RIT T Th o4, AERTIHERBE I RERICERLEZS &
Fy FAPENI LI L T, BRBESHVIELETIERI L -0 TREVHEZE X SND,

BEREEEH5200ppm A 5400ppm 12O 5 &, BUBHFOBEDBENRAIIE (& o7 (Table
3)o ROV 7 XFITBTEEBRRHS L BT OLBEIMMT 5 LH/EL, FER
DFERL—BLTVE, V¥, 727 A0BKEDBF600ppm BRETho Lt bBEh o, &
NEBEA) v ORNREZRE, FHCk- THEBMBRICH 2273227 AORIN S L7 b
DEBDbND, BV NHFOFEES ) ORINEIHT 2L HE STV, $72, HiAksY
PEEREDAB L, BROHL LY AOGEAMBEL 25 L B|E LTV D, BERTHLHFD
B, ANTY L, GOWRBEAEEE S OBRFMEORMNNIC L7 o TET L7080 O
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NH, 12 & BREHERS L UNBIEE RO X A ERBEOMINCE > TIh b DRFOEN
Ml S WD EE 2 bNb, WILcoxP 61t 7 v ES 7TREENEVE, B ﬂi“PfD?J W /'7’
LADBENRLTHEREL, FEROERLE—BL TV,

BERWPOBEBEDWIN Lzt T, BHlEOBWEBEITEL 2 o7z728, BRM/- ) ORH
W7 ) DWW S OBEBRTDEEAE {2 o7 (Table 4)o MASUDA S5V IZEMRF 2 ) Il
T, BEKRF 29V IBWTHRBBEOBDLEEIEL, BUHPOERETORENHNIEDDL
BEAKF29) OBKGOBRESENL EVIRBREH LTV E; LA oT, BF600ppm &1F
T, i’é‘?)\&&%’@ﬁ)oto)aimﬁkhﬁﬁ}wl&ﬂlﬁiﬁbuL Fhizk of-rza)iﬁfﬁﬂ%a@éhf-%
DEEZ LN,

EEBFPOSBEBEOMIMIC LA T, H&Jzﬁ 7o) OB L) OBWEPOYA VAL =D
SEAHML7 (Table 5)0 TNRBTEEINDIHA M A4 =V ORIEREMHIL - THE
ENBTEERBLTWS, KIBBRBPOY A b A4 = OLRUATIEERE, 38 pH, #XK
BECIoTHEENDLHESNTWEE™D 7 KEBWBHOHF A A4 =2 LRV
BT ERBRMGEOEBIZOWVTIE, SALAMA 527, WAGNER 5P i3 7= ) IBVWTRBERZ A
HAMHAZ Vv OEREBET S/ E8E LTV A, SATTELMACHER 52 i3 ¥+ 4 BIZB VT
BEYWHRL L, BREPOFAL ALV DLRUVPERELBILAEEHREL TS, BER
DRERE—BLTWVD, $4 bA4=VizEE LTROERETHES P, E#iic Lo
THEBICESRTVRER ™ s, BMETOHA P A4 =V LARVIRBRICEL CHES
NBLDEBbNL, FEROERR T LEBHRUBIMBOEFTLREL, 1 VIM =V OEE
ABEOLbDEBbRS, LA L, KUPER 5% REBBSFEEICHA b= O8RIZES
LTWB LW IMERToTVAI LSS, MENFMBELTREELEIOND, 1 bHM =
RSB, TEFEOTE, EBILOBIE, RNA &7 VS BDOAKR R &S T & OAEBRRITEL
b o T840 skpne 60127 F 728V, STEVENS 52 1x4 7 b IS BV TAREB W
FOHA PH A =V DORERHSEVITE, DEIWMTELEHREL TS, ChHORELYZERL, &
KROBRERAD L, %%aMmmMEzfumf@&4bwf_/@¢§#z< FRHAEE
BTHEHICELON, EFZRELLZOTREVDIEELIOND,

BRW D OBEBENTE VIIY, WD ABA DERITL LAMA L7 (Table 6), 8540
A4 RCBOTHESREEONE ABA SR ISBERBOBMICLIH > TRITHERELTY
%o DAIE H¥W b BERZHERD ABA DERLHMELLBEL TV D, FEROGRL—
HLTWD, 377, BWHTED ABA DL ANIZOWTIRAKR FLAKRETCHNTAEHBES N
TWBEIO | KEEHR D ABA BTSN bOH, HAVRETHELNR, RICELN, B
URBEET, HEFISESNDLONIIOWTIRENBEOSH L EEATHLY, EHICFFHL
SETTREFWE L LTO ABA DAEIMML, £FIZHENLLMETIZ ABA DEENNLS
hatBbhs, :

S FIMBEEA200ppm A S 600ppm (SEEH B &, BHEEHO I XL BEAEINLA: (Table 7).
RAJAGOPAL 59 i b v MEBAD YL Y 4 FEL, PEROPETHERSOYRLY Vg
ErdiviBEL, PEEKHBTRINLY VOEEDHVIZERBEEDOEEINR S, Wi
ERNEMEDOEED L2V RIBFERIRESNLIDTRZVHLEHL T2, FEROERb TN
AL TVD, IRLY VP ORKILYOER, DNA, RNA, & Y32 B EDERE1R
ETDHIEFBESNTVEY 9, yapava 60 13) v TICBWTE, EHBOINLYYOL
NUHEREMELTWD ERE LTS, T/, RED 5P DR kDBE, ABBUHEPOY
NUYYHEAL, ZRICE > TEDHENTL LN LBELTWVE, FRLOBEDD, BF
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600ppm LERX Tid, YRV UHE VDT, EHMERINZLEZOND, bbAHA, BRE
DERVEFERELT, YNV VOEENBAICZ o ATRELEETE2WVE ) ICEbNRS,

1) REREEERE % 200ppm A 5600ppm ICEO A L, FADEENHEI SN/ (Table 8), i
TADEFIZL 5 T400ppm LA ED ) VEIRBENE T E/27h e EX 6N D, 1275, &) ViBE
DEBLZBED, HEVRENIES Y VFELTERLEY YBF L) 40+ MY Y ADH
ML B LD IRHL DL Thdhorz, Table INLRBE, Vi, & 8, BEHREBRVT, EHD
ERR S OWE L) ~600ppm LER TR L EdD o7 SHIIERERICEISTEE, #), 1
YIL, RTATY AL EORIABE SN E X OND, UV RN IZ Y, SRR
DEBE S OEREITRA L7z (Table 10), & MM OBFIEAT < 2 0 BEWE O BEWEE A
B Rolo b, ) YORFERICL ARIBRIAHFI S WA cd e EIOND, T2, O
DRPOBLPEERRERE LA LEZ NS,

) YRR DRINC Lo T, BR&7h OIS ) OBRBBEF DT A M4 =V DERD
@A L7 (Table11), DHILLON IRZ XA 4 ) ¥ DERICRITT) v OFBEA~N, TOKREL
T, 0.02mM £0.5mM £ 1 $0.lmM 0 Y Y DOBETEY, XoKkE, BEEITKE L, Ko
WHAFRDOHA P ALV EH0.ImM U EDBEICLZL L, BBICELL, KBOYS b AL =
DEERVEYE, EORSLKRS, TLTERRLFRICHELTVDAILERE L, Z0#
RPLHEWIZL > THHRRAEBIZBVIRED) Vi3 A b AV OEBEIZE > THRFITH B
L3 IZEBbNb, SALAMA 577, WAGNER 5%, Jako®D i34 ) Y DRBETHA M H 4 = v DERE
PHEONDEBMELTVAA, HELOERICBVLNRA Y v ORENSHT HEVDEEDNS,

BB D) VIREANIMT 5 &, ABA OBWEAMML 7 (Table 12), Z it Mizragr 559
DML TV D L) ICEFIIARFI 2 4BV THYO ABA QEERARML O TRV E
FAXONb, ) 600ppm EX T, ABA DEERNE {, TAETY¥IH LA—2oDEEICE »
TeDTRBZVHELEZ LIS,

') »200ppm MER TI XL Y Y OBMBENS o & bED o7z (Table13), EFICHFLEET
TRBEWEE LTOIRLY V2B EE SR, /«vvzﬁéwg&uiﬁﬁﬁﬁkabﬁl
D—DOTikZwhtEIZONL,

U@ﬁ%ﬁﬁ@ﬁmkLﬁ#cfiﬁﬁ%L(E@L&oﬁ(hmd@ 57 DAL SRR Y o 2
10, 80, 160ppm EZEZ THEH *FHR L2354, 80ppm 3 5\ i2160ppm X CIEOREHERE T, B
VR, EOEREOTL, BEIMHMALALEHE L, FEBRICBVWONA Y OBERED
BELNEP o225, FALBERITH o7 H ) EBRELEDBENT VAL > TE L ATIEE
ENBILENMBE R - ICBLTHRE LTV, FKEROEEET OWMBSY ) OWERK
TORBHFBROFIREED, EFFREL-ODS LAk,

AVBRBEFBVIIE, BUBTFOWMBBRE, vV 2E0BEI ML (Table 15),
BLEVINS 5% 13 2 AFITBWVT, MINOTT 6543+ A FITBWTH ) 4572 S T CHBES
FOBNAIRE S N7 L BE LTV D, T77, RAMANI 50U H Y ate v 7y ORI E{REST 2 &
BELTVD, FEROERE-H LTV, # VHERBENEVIIY, BRBEFOHILI T LD
BREVEL L7ze SRIEAVEANTTLEDRFERICL DD EEZ OGNS, B4 ) OB
7o) OBHHF OBERELS OERATY ) HEALRBE ORI L7224 THM L7z iz ) Atk
BErRELT, ﬁﬁﬁ@(&offbﬂ&%ﬁwwMﬁﬁﬁéh T/ENICL S TEFTIMEE S
N0 TRBEWrEEZLRS,

Uﬁ%&ﬁﬁ@%?ékLtﬁof,mw&¢®#4bw4:yoﬁﬁ#§<&ot(hMe
17), STANEV 5V A YRZHH A b4 =V ORBOANETIZRITOTREVILEREL



+ ADEF RUARRLEPOERRS, FVEY LRVCRIZTEE, ) v, 7Y OFF (i - %) 67

TWh, SALAMA 50 L H Y DEBT TEEBOPIETATVEYA b AL =0 d % %D
EBEL TS, AV YA VALV OEEICEE L, &) REAEEREA600ppm DI ) AH A b
AV DEESSRESNDEELLND, '

) BIEREAFCIE L, BUETO ABA DERAIDEL, YNV YOGEFE( ko1
(Table 18, Table19), Z#Lidh ) DEEOME D, HH\V i, EHFLBELEEICL B bON
RAEBRTIRIFL S Ti>AH o425, # 1J600ppm LERICBETREYE L LTOINL Y vt
%<, HEE L LTO ABA DS nI L REEIERICL - ERO—D2TH b L Bhbl,

3OMEERE BT, #RLU7-) ORFL ) OBUEROERETOER, YA VAV OERE
EVRVY) Y OEREORICAEIERLUER TE , EFIRBEZR TO 2 WVERNA SN,
ERRTORPALEL, 1 bhA=>, /«vu/miﬁﬁE%&%Afufxmiﬁﬁﬁﬁk
nbEEbNRD,

FERD LEEHPERTRMSZVIIE, 4 M HA = OBWRENED o770, THIZEHH A +
WAV DEEBRETHLIEXBMFI-b DL BbRA, RICHARDS b2 2R LTV A &) iC
MTEESNIH A P ALV EROEET 23 POV L TWAEDTIR WA EBbhl,
TRV VRBTOEREND LV I s b b 250, REBBEF DY XL Y i< TR
THELNIZOPIZOWTIREAL» TRV, KBBAEFOINLY) Y OERFEFTLIEBEEL
TWHZELREE»DEL ) TH S, : v C v

ABA DEALIDOWT—EREEA ROV, T LTABTIERLLBR TEOEREND
24, BRI 244 T ABA EEMSVEANRE SN, X ML AEMATFT, ABA £EROHY
Ik o T, BYORREMHEIHT BIRADIHMT 2O TREVAEZEL GRS,

ULto&RL), KEBUETOERBFIOEEBLIURNVEY DL NIVIZHEY O EFIRERFIC
BB o THBEND, 372, ERESRETIRBEEA5ILI0L-T, MIVESDEEI
MELTWa LS icBbhs, -

3 #

FTADEFICRIZTTER, VU7, wUmwﬁﬁwﬁﬁkowf*%mwﬁ¢®ﬂ&&ﬁ&avk
!TW%/®VAW®ﬁ5#6ﬁﬁLto .

1. ERKRBEOMIC LA 5T, HOETIEBIC L 7, BERERESFVIZE, @&
WHAEL, FOFOEE, VY, YT/ATILOBEIBMLA, H) ANV T ADOBER
BA LI UL, BRYAHORMS ) OBRBEFOERKSOESRIITNTHEML., BF
600ppm B X IZ BV TBHBMHEBDH A P AL = & GAs DEEND o& HF {, ABA DERHS
4.)01‘.’69‘73?75‘97*:0 ' .

2. UHERIBEE A%200ppm A2 5600ppm IKE T A &, FRADEFIE S hi, BidEb D)
COBEIWMLIA, BE, AU, ANVTTLADBEIEL kot IR LADBERD T
NEDLOL Dol )/ HIRRENEVITL, mwﬁ*wﬁmétb@ﬁétbwﬂm&ﬁwéﬁ
BRLL, FA M4 =22 & GAsDEROBA L, HiC ABA DEREAHML,

3. A)HBIRBRESTHNITIE, FRADEFTIMEES R, mwﬁmowumﬁﬁﬁﬁmuf# 7
W) ADBEET L, BUBPOBE, V>, 72T L0OBREIIEFE400ppm LE X T
Do & bEh o BT OERRSDOER ST NTH Y HANBENBL 25200 THEML,
ﬁwﬁ¢®ﬁ4FW%-/&GMO%EHwUH%&Eﬁ%wBE§<&otﬁ,megﬁu
BT aEAMER SN -
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