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SUMMARY

(3 = a2 o F

For developing the new functional teas, the anti—diabetic, anti—-hyperglycemic effects by
vanadium-, selenium-, or germanium-enriched green tea extracts and organic component
contents in vanadium- or selenium-enriched green tea were investigated.

To investigate the effects of vanadium-enriched green tea on glucose consumption in L6
myotubes, L6 cells were treated with vanadium-enriched tea extract(Va-TE) group for 3 h.
Va-TE group significantly increased glucose consumption than the control group to produce
regular tea. Va-TE group stimulated the phosphorylation of AMPK but not of Akt. Va-TE
group also stimulated the translocation of Glut4 from the cytoplasm to the plasma membrane.
Taken together, these findings suggest that vanadium-enriched green tea displays beneficial
effects in the glucose consumption, at least in part by stimulating AMPK activity.

Selenium-enriched green tea extracts(Se-T) on glucose consumption in vitro rat skeletal
muscle cells and anti-hyperglycemic effects in diabetic mice were investigated. Glucose
uptake were determined in L6 rat skeletal muscle cells. 32 male ICR mice were randomly
divided into 4 groups, mice in each group: normal, diabetes, diabetes with green tea
treatment, and diabetes with Se-T treatment for 4 weeks. Diabetic male mice were induced
by streptozotocin. Oral glucose tolerance was determined at the end of experiment. Se-T
extract increased basal glucose consumption in a time and dose-dependent manner in L6 rat
skeletal muscle cells. Se-T decreased a glucose, food intake, water intake, and showed
improvement in oral glucose tolerance in streptozotocin-induced diabetic mice. Se-T shows
anti—diabetic effects in rat skeletal muscle and streptozotocin induced diabetic mice.

The effect of vanadium and selenium absorption on organic component contents and tea
quality was evaluated. Chelated vanadium or chelated selenium was foliar sprayed with
5-day intervals 15 days before plucking in the 1st and 2nd cropping season, respectively.
The contents of these components were increased with an increase of spray frequency and
concentration. There was no any significant increase of content in organic components
including amino acids, caffeine, polyphenols, and catechins by an increase of vanadium
content. However, it was not clear that selenium can induce the change in contents of
organic components.

The study was conducted to evaluate the capacity of tea plants absorbing vanadium or
selenium with the purpose of developing the special tea with added functional components.
Chelated mineral (vanadium or selenium) was supplied into 'Ryohu’ or 'Yabukita' tea plants
by fertigation system or foliar spray at different concentrations in different tea seasons. Tea
leaves treated by fertigation above 6.0 ppm showed higher content than control and
fertigation supply at the early stage of one leaf a bud increased the vanadium content of tea
leaves compared to the late stage of three leaves a bud. Potted plants showed higher

absorption rate than plants growing at open field. Once spray before harvesting 15 days had
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a dilution effect as plants grew and the increase of spray time up to triple had the tendency
to increase vanadium content in tea leaves, which was in accord with different tea seasons.
Vanadium contents were not same in tea leaves at different positions harvested after treating
chelated vanadium and old leaves located at the lower part of shoots had higher content,
which may be caused by dilution as shoots grow.

To research how to use the selenium mineral on the tea plants, the tea leaves treated
with 20, 40, 80 ppm showed higher content than control leaves. Foliar spray applied to the
early stage of three leaf a bud was increased the selenium content of tea leaves compared to
the control of three leaves a bud. Tea plants was shown the more incresing apply number
foliar sprays the more absorption rate was increased. highly. Once spray before harvesting
15 days, tea plants had shown a dilution effect as plants grew and had the tendency to
increase selenium content in tea leaves. Selenium contents were not same in numerical order
of tea leaves after treating chelated selenium and old leaves located at the lower part of
shoots had higher content, which may be caused by dilution as shoots grow.

The general processs of making the tea products was conducted by high temperature
steam, which was the problems of wasting energy, high costs and unsanitary conditions. It
was invented that the tea leaves was treated with microwave in sultry states. The micro
wave process was spotlighted on setting the great sultry method to reduce the waste energy,
unefficiency and microbe contamination. The sultry process making the tea products has

been used the microwave in the first sultry states.
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(1) AAEE o183 vbF=ER 55 37}
A5 2 2714 (hAMSCs) & MesenProRS™ vl Aol A vl ebalglom), Aujul b2 A4 o)
Ired O @49 o5t AMAE FESAL it 3T3-L1 A AFAEE WY F

8 7 B3HE & sl ded APYS FEST, vhbE e %S YA

L a0 L

| | | | |
[ [ [ I [
. 0 2 4 1 1
10% BCS (SHEEAD 10% FBS (2=tA|) 10% FBS (EZHAl 0.2% BSA
) Serum free DMEM

0.5 mM IBMX 10 ug/ml insulin
1 uM dexamethascne
10 ug/ml insulin

(2) 2RAZAN E=F F55 53

L6 %xﬂmm PR AU SR 98 Y §ha

gols 93te], L6 LSolAME
(myoblast) & L A E (myotube) & ¥3A1712, vivyE AHFE 5242 223 S5 =32
a5 ¥ 3e 7];8% golsldet. 254 £F2 LA £= Korean Cell Line Bank (KCLB) 2%

B} ¥k wFol 100 units/mé penicillin-streptomycin® 10% fetal bovine serum (FBS)°] &4
DMEM ®l A& AF&3le] 37T, 5% COg 271 A vigFatdom, Ao v 3L s
A PstATh L6AI XS 4.5 ¢g/Le £ =22 £33 DMEM HHX]E o] &3] 5 x 10* cells/ml
2 A3 5 24 well platedl seedingstal 24A17F vl FAIZl & 1 g/L ¢ X =TS X33
DMEM HiA & w&ato] 447 O wigsidleh, =55 & &
W Aol A X2 = F S SHAT. X =T 2 glucose assay

sheith
G 93A/0 AR RGN AdE 2 AZvy e &% B}

(1) in vitro 2%:

AZA BUE BHLAN 5T BF FEAL, $ A AEAAE. A 5, 4
=

¥ 2 A2ty A Ak ik, Lo & 23 55 84 o9 E, =29
Hiolt 353 DPPH #&HZ &ASS &2 389t £ dlET %2 Folin - Ciocalteu Hol
olste] 435It (Kim %5, 2010). A=< 2 N Folin - Ciocalteu AleF 50 e} 42 & A2
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ANA BEZF WS AT B ¥, 20% sodium carbonate 0.3 m= H7Fetal vhA] 1587 ¥vh5-2
A F S7F5 1 s #F7siae. s EFE F3 %= spectrophotometer (UV-1800,
Shimadzu, Tokyo, Japan)& ©]&3Fs] 725 oA 43Rt 5 8t =°]== Moreno 5
(2000)9] RS A7 FA A AFESATE. AR 200 uploll 100 yl 10% aluminium nitrateg 4
37, 100 ul 1 M potassium acetate® E€F3tAth. I F 4,600 ul®] 80% olet&S 23, 40+%
¥ UV-spectrophotometer 415 nmolA S3 =& 439t PPH ZZ2idZd 2452 Hyun
5(2014)°] Rl oa AAtstdtt. DPPH Zd gtz &2A5E S48 93t vdds &
T A e S 4 E % $F 0.15 mM 1,1-diphenyl-2-picryl-hydrazil (DPPH)E #
7hate] Ao bAoA 307 WA T I F WS A S 517 molA FFEE AU
o, o ®E G4 AsAIQl BHTe A A3dstAcl vEgwl E (F-EFAE)E AHEst
SATH.

(2) T F AFAA Adg st =529 FTdm A a3

=2k 20 g2 85CAA S/HFE HAZE 8F FE FFS 200 mlE 250 AP AR

stk Aol AHEe e dElwgAE 5A4FEF99 Se 5+ 61.05 ppb olReH, B4

525229 Se 5 108.15 ppb °olAth 6 FH ] §4 ICR miceE ¥FU7 &3t

T AF ArEEA T AR S B2 AAFEA wEetden, AT 12417 @9 E 24y

= @ﬁé%% Ao A ALS-3F A T Steptozotocm (50 mg/kg/day)= 5 47t 54 U FAEIS &
7 o] 7

selenate %o

AYF=2t FEE52 1g/kg of body weight, sodium selenate= 60 ug/kg £%S 2 2 7+ 7
T Foeldt. AF, 8% 2 g9 HIE 1 F 7H40E A9, A4d £85 14 A
W5 AAF oral glucose tolerance test, OGTT)S AAsAT. s AAS 93t 0.5 g/

keol 232 AFFHA stAXL AR Fo A Q3 2= Fo F 15, 30, 60, 90, 120, 150,
T A

180 ¥uje] A& mAgWo A dFS SAHSAY, TG ATFFAF A7k S A s}
E 1922 Yeh 22, SigmaPlot 12.5 program= ©] &3t A otg ™ 4 (area under the

curve; AUC)E AT,

o f71 vhiks 2 Al ASA e F H=A S R dFET

=
o
711 %‘31101‘55} *“Eﬂn < 20 % 80

Tol2 49 C eny} Zhou®] W (2005) ¥ Caffin 5< WH (2004)
Ak T7HZ 2 AR, FHER], dHold 52 HPLCE ol&3te w438ttt HPLC &4
271 30% &"A(0.5% acetic acid+3% acetonitrile) 94l 100% &"1B(0.5%acetic acid+30%
acetonitrile) 2 1.0mL - min ¢ #4222 407} linear gradient® 7E9] 4.6x250mm Capcell
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Pak C18 MG Z ¥ (Shiseido, Japan)# 35C ZH2E(GO-20A, Shimadzu, Japan) 2.2 #43}
< UV/VIS A=7]1(SPD-20A, Shimadzu, Japan)Z A ZF3d . A5 NIR WH
2012)0.2 E A3},

L
(&_E_
o o,

=

2.9+ g # 24

A

7b 9E8/UAE AN E) Rl A vhtg Ao 2% W

(1) ALHNEZEE o] &3 viyFHa 8% H7}
hAMSCsE MesenProRS™ wj Ao A WA ZLE E3HA]17] 2 Oil Res O G0 &2 gola}
AH(Fig. 1).

Oil red O staining

| PSSR

Fig. 1. Lipid formation in hAMSCs using Oil Red O staining.

3T3-L1 AEAAM £33 = F d&ed AFde FEstL, vivgel a5< H7H6k3
GoohbEl Y TR §4E 374 2% hbEw AcEe] A W el T
< Wzl vigte] oF 50% =] =T F SUFE Een Bu ol dedd vy
e 2ol A A T FFE US S AHT. 53], EujEL 9% 229 55
Has vhygol MM H(Fig. 2)
2.000
Eﬁ 1.500 ] [ | 1i2
EE 1000 | 0.089
g
0.500 1
0.000

100 nM insulin: (-} [
0.5 mM palmitate: (-} (4
100 ppm vanadium : () (-

3T
“E3

) (*) (*)
) ) (+)
+) ) )

*P<0.05 VS. untreated cell
#P<0.05 VS, insulin-treated cell
2P<0.05VS. Insulin and palmitate-treated cell

Fig. 2. Vanadium ameliorate palmitate-induced insulin resistance in 3T3 L1 adipocytes.
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(2) 2EAZAN EET E5% A 53
() L6 ZHAZAA wdE AAD Sl @ T F5EH G
= H

TR
HhuERE e o] s WEd el =g FAE ] Hlste] ofF 50%8=° =
CUES 218 BYon Aedd vhbES Pol AE A% Trw §5E 0§ FA7
o HlvdE AEE SAE vthug AR EA G S v 22T S5 SRS 6
ppm A vhE FA A TR S5 U SV DH(Fig. 3).
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] I : . B oo . = g
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§ ; £
== L -
EE e
= & —_
[
3 -g 100 1 g b
g=
=
g = E =
(L]
Fat]
LET
o
& pprn Va-TE (ugyml) (-] {1oay =¥ £=3
12 ppm Wa-TE (ugsdmill -3 (5] {100y -2
ooy ————r 24 ppm Va-TE (ugsfmi) (=) =1 =3 [ 0]
Trvsudies (100 nS8L (-3 =} =) L= Lo ] L=} =k L] =3 =3
AT (ugdmil (-} €=3  (LOO0) (LOG) (-} £=3 =} L=} £=h
& ppm Va-TE {ugfml) (-} - £-3 -3 (1LO0) [100F (-3 (8] -3 L]
1 ppm Wa-TE {ugfmid} (-] L&) L] L] =¥ -3 £1o0  (LOOd (-} ¥
24 ppm Wa-TE {ugfmi}p (-2 -} Lo ] ot R ] i-2 i-¥ d-b Lo (L0

Fig.3. Effect of vanadium-enriched green tea extract (Va-TE) on the viability of cell and glucose consumption.

(W) ¥bbE A ElE Sk tigk AMPK Q14kst 9 Akt 1AFSkel tigh J &

Llas e ﬂﬁlﬂ S2ke Akt QIAEstel A9 @S mAA Xty AMPK 14bsteE =
7bskAth. 8 AMPK inhibitor (compound C)E vluUF A" Sxto] H71stRe Agodes
AMPK <14tst7t 2 43bs @le ittt B8 oty AlZ 59 F57F Z4ss s
o o] A viug A"E Sxe EET ol&ES TRV S8 Qled-nlgEA]

AMPK A=z #do] das &dstdth(Fig. 4).
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Fig. 4 Effect of vanadiumrenriched green tea extract on the phosphorylation of AMPK and glucose consumption.
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Fig. 5 Effect of vanadium-enriched green tea extract on the translocation of Glut4.
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%1 2% 107 QS vbE SuUATo) Aze] ALsHE, EEasls 24§ T
A= 9
AxFs F£8d Az vlyggs Folr|x4l Hold 7] FEEHE 24
(mg/L) AEAZ] W @gkg) (%) ) (%) (%) (%)
Control - 506+134 3.2+04 1.8405 2.6%0.1 18.2+£1.5 21.3£0.3
15 384+ 35 32+0.3 1.7£0.3 25%0.1 19.6+1.2 21.4+0.2
15 15, 10 759+ 74 2.8+04 1.6x04 25%0.1 17.9+1.5 20.9+0.8
15, 10, 5 1,564+159 3.0£0.3 1.7203 2.4+0.2 18.7+1.1 21.6x04
15 603+126 3.0£0.5 1.6x0.5 2.6+0.1 18.2+1.1 21.4+0.2
30 15, 10 635+ 83 3.0£04 2.0£01 2.6x0.1 19.3+0.4 22.2+0.2
15, 10, 5 2,750£505 3.0£04 1.6£04 25%0.3 20.8t1.5 21.9+0.2
15 385+ 32 31+0.3 1.3+0.3 2.7+0.1 20.2+0.7 20.7+0.4
60 15, 10 692+ 79 3.0+04 1.7+05 2.7£0.0 21.0+1.1 21.8+0.1
15, 10, 5 4,576+347 29+0.3 1.5+04 2.5+0.0 19.8+0.9 21.9+0.3
¥ 2. 2% 147 QAT v AWML e gl WA G
AxFs F3H Az vhdE GCG EGC Z=7}e| 71
ég/oL) MA@ <u§§) R S O —5<t/o>]
Control - 5061134 24+0.3 1.6x0.1 4.5+0.3 4.3+0.1 12.5+0.3
15 384+ 35 1.9+0.5 1.6+x0.2 4.2+0.2 45+0.1 12.4+0.5
15 15, 10 759+ 74 22+04 1.5+0.2 3.9+0.3 4.0+03 11.4+0.7
15, 10, 5 1,564+159 2.2+0.4 1.3£0.2 4.0+05 4.0+03 11.3+1.1
15 603£126 2.0£0.2 1.7£0.2 3.9+04 43+0.1 11.9+0.5
30 15, 10 635+ 83 24+0.3 1.4+0.1 4.2+0.3 4.0£0.1 11.6£0.5
15, 10, 5 2,750+505 27104 1.6£0.2 4.3%20.6 4.2+0.5 12.2+1.6
15 385+ 32 2.3+0.3 1.6+0.1 4.0+04 3.9+0.1 11.7+£0.5
60 15, 10 692+ 79 2.2+0.1 1.6+x0.2 4.1+05 3.9+0.3 11.8£0.4
15, 10, 5 45761347 1.9£0.2 1.3+£0.1 3.6x0.1 3.9+0.2 10.2+0.4

3 3. oFFIT 2HAP)Y f7) Adlg dUAETT ALsehEd 2

Al [e e}
FxEe Az AdE . L s
Z o} 1] e 4H(% . FE 275 (%
(mg/L) B (ppm) 5 (%) (%) sEEh)
Control 0.2 1.940.1 1.9+0.1 11.7£0.5
2013 20 52 1.7£0.1 2.8+0.1 13.2+0.7
80 48.1 2.7+0.1 21+01 16.1+0.8
Control 4.0 1.6+£0.1 2.1+05 6.7+x0.5
2014 20 52 1.8£0.0 24+19 91+1.1
80 111 1.5+0.1 2.3+0.2 8.0£0.3

7201392 1439 < 201492 14582 ©l§ &

IP:14.49.138.138, 2017-11-03 17:22:21
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AEXFE =xte] Adgls  GC GCG EGC EGCG .
= X . . i 7120 (%)

(mg/L) &= (ppm) (%) (%) (%) (%)
Control 0.2 1.2#01 02+0.0 5.4+03 3.4+03 13.7+0.7
2013 20 5.2 2.0+0.1 0601 81+04 4.8+0.2 20.6%0.9
80 481 15401 02+0.0 6.0+0.3 4.0+0.2 15.9+0.7
Control 4.0 1.1+0.0 0200 4.0+0.1 3.1+0.1 10.3+0.1
2014 20 5.2 1.2+0.0 0301 57+0.1 3.5+0.1 12.7+0.5
80 11.1 1.4+02 0.4+00 6.0+0.8 3.6+0.3 13.8+1.5
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H AlsEe AR QIA oA 123F A3 Agste] AoA A3 3, 66T EF 7oA 24
AZE Az & A E2AEk T A S 52 B8 H (H0.-Ho SO ) 2l 3l 3lsh & xS
F B335 A (AAs 700, Perkin elmer, USA) #H] S o] &3] 2413199 HSong 5, 2013).
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ol
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F45 2 ARSY B

10d4 oFF7IHY FFE ol &3 =A Aol 2013 d 2H A}, 3HAF 241719 2014 1H A}

71el A F=388tAth f71 AelFE A A7l Table 7914 2= wpe} o] 1A}, 2W A, 39
A A7l sk, s A= FA2, 20 ppm, 40 ppm, S80ppm o=, A Al7] e} A €]
B 14 399714 7l deuA" 10 4/mE AdEs 9W Axwges | 3 5431
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S 14 397] AWAES AP E 1HA, 29 A, 3WA 1592 FAsslh 2 Aol A
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state] A zo] F7b ol fristd Auws ol&edtt At 7] Ay F5% Hl
wE AT AEE 1A 39S VIEeR® AFste] v 24l 7] ddlwe FeE F
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AT AEs 14 395 7R AFste] v 24 AHE BEE Alse 325 =9
e Aojdlol 2715 AASAT FRlE Alse vlo]lAR s AR A 123 A 25k
’é]%oﬂjﬂ 2%l ok, 66T EFAx7]oA 24A17F Az 5 wjA EH5tdnh BAHMHS &

, AT SFFE=A(AAs

- 21 -

IP:14.49.138.138, 2017-11-03 17:22:21



2. 97 e % 24

7b f71 vtvgge A AEA S5 2 ASSA
#FA 2 e ok {7] vivs AHZA] 2 F
Fig. 1201 YeEllch 1HAANA viys SFEEE A
(0.75 ppm, 1.5 ppm) EFolA FA gt o] H]S=3k 7
kth 2Rt A = A A7 7F MEFE Ao F4EHE ol B
oA =

= 71 BhvE 3.0 ppmE o 6.0 ppm A2 FE 2 A%E Eden, 53 14 1‘§7] T
gt 22¢9)el F718kyE 6.0 ppm A2+l A 133 ppb/kgl 2 7HE E=okTh 3WAA A= 14
1971(7 A 219l f718tyE 12 ppm A T+E ALt RE A 77 FA e v
Ao g7 AL Az FHEA ZUth ol 2 TE Aol =d XAl A Al F A
= /\] g 71z 71 v EY T olwd AUFe §F olFel dEFE A
= Ao E s HT

=]
it

stGop 21d Gop ¥dCnp

=]
=

o

184

¥V Cowlest funkfknd
- s

Concentration and Shoot growrh stage of restments

Fig. 11. Vanadium content (ppb/kg) of new young shoots from treatment of organic
vanadium by fertigation at different concentrations and different shoot growth stages. Mean
values were compared with Duncan’s multiple range test at 5% level..
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Concentrations and Cultivation Methods by fertigation system

Fig. 12. Vanadium content (ppb/kg) of new young shoots from treatment of organic
vanadium by fertigation at different concentrations and different cultivation methods in 3rd

crop (harvested on September 11). Mean values were compared with Duncan’s multiple
range test at 5% level.
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Fig. 13. Vanadium content (ppb/kg) of new young shoots from treatment of organic
vanadium by foliar spray at different concentrations in 2 nd crop (harvested on July 12).

Mean values were compared with Duncan’s multiple range test at 5% level.
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42 8 AU FASA Wb Aze] FrEE ARt GE AL BAT

QuiAu Wl €% §7) WlE §5 AEE Table 5% Fig. 13 2 14 epjgich 19
Aol A f7) MbES AA7] L AelEEd GUAE F oA Adel BE A2 whtE
S W (Table 5), GUAM F 59 534 A ¥RT, /7o) AHLFEE ol AGS
BYth o f7] whtEel AZe] FrEel A ) olFo]l AA %S AL ReFE Aow
Bgth A2 M FFS f7] vIE A9 B ¥3 A9 A5E BL4E Tl &

Table 5. Vanadium content (ppb/kg) of new young shoots from treatment of organic

vanadium by foliar spray at different concentrations and different spray times in the 1st
crop (harvested on May 9, 14, 19).

Vanadium content (ppb/kg)

Concentrations Foliar spray Dates of
of treatment times treatment 10days before bdays before  harvesting
harvesting harvesting day
5 %
Control 0.8 h
One times 15days ‘before 621 + 339 £ 65 +
harvesting 26.30 c? 1855 d 14.88 h
. 15, 10days before 1,042 = 592 £
075 pom — Two times 4 osting 7344 ¢ 6774 g
. 15, 10, bdays 1,495 +
Three times before harvesting 50.23 e
One times 15days before 1,329 =+ 834 + 412 +
harvesting 76.50 b 72.24 ¢ 3451 g
15 ppm Two times 15, lOd.'flys before 3,111 + 1,787 £
harvesting 104.99 a 14255 d
Three times 15, 10, 5days ‘ 2,092 +
before harvesting 3301 b
One times 15days .before 3,205 + 2,296 * 896 =
harvesting 78.36 a 5871 b 40.86 f
30 ppm Two times 15, 10d§1ys before 3,311 + 2,308 +
harvesting 26.50 a 59.99 ¢
. 15, 10, bdays 3,874 +
Three times before harvesting 184.63 a
* Mean seperation within in columns by Duncan’s multiple range test at p = 0.05.
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2R A 7] vhubE o] GEAIHIZE A A7) B AR e AR FFEPEE
(Figure 13), A3l Aesrlt 555 T3] FolA= Aot A sxe 3
A 6.0 ppm 5% 33 A7t 2,934 ppb/kgN 2L, 12.0 ppm 33 A+ 3,783 ppb/kg ©l
AN M = 2 A} vl=gk AFE EHA=U(Fig. 14), 24 ppm F% AHolAl 13 A+
1,722 ppb/kg, 23] A2+ 21,207 ppb/kg, 33 A= 21514 ppb/kgZE "¢ == TS YE
Wt wetA, §71 vidgEe] Alxe S5 AHEwEEe AFE =" S5 B2oAE
A% BHJ

26000
3rd Grop 21,207 a 21 614 a
.. 20000 |
% 17,222 b
& j5000 |
S
E 10000 |
=
TR 3,080 cd 2 5":":
1,408 de =17 ED = . o
S e=
& .
Cne Twwo Thres Cne Two Thres Cne Thres
tirmes times tirmes times timss timmes timas urnas times
Control 8.0pprn 12.Cepm 24 . Cpprm

Concentrations and times of foliar s pray

Fig. 14. Vanadium content (ppb/kg) of new young shoots from treatment of organic
vanadium by foliar spray at different concentrations in 3 rd crop (harvested on September

11). Mean values were compared with Duncan’s multiple range test at 5% level.

%71 vhbES AR EES 057 Axe) ¥ FLYEE Table 604 R vhsh o
Aze) P9 vhIE FFS whbE AUAE) A9 FRE BAV dE A0 BaHy
38 ARNNE 490 26, 39 % 49N A wkn, 28 ARE 49 395k 49, 13
A2E A9 495 5914

o
AL RS AR s

’

gelstel AFA2YH GAANE BF FFF opR/T

%o xmo}adu} 60 ppm °14¢] FEE #u AxPoE Aelsde A%, 14 39719 )
A1 197100 94 BEAE DA NS hbE 4L TR AN AL L
A} A7} lzzbﬁc}Oﬂ ANE AUFEG S FFES BeFAth gRAAMAE £3
A 18 HEE Aol AT wet 54 &AE M, 3844 A A5FE A g
Nze) §7) whbE BFE Zlets AFL Bel 2T, ol BE el fAR AR
Aok AZze 90 wek BE 9O whE FHS FUAA @3, 2AE FAGAM EL
FHe VIR, ol AE/h ART me Gl A ANARE /A7) GEA R
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Table 6. Vanadium content (ppb/kg) in different parts of new young shoot from treatment
of organic vanadium by foliar spray at different concentrations and different spray times in

3rd crop (harvested on September 11).

_ _ Vanadium content (ppb/kg) in different parts of new young
Concentrations  Foliar spray

i shoot
of treatment umes Ist leaf  2nd leaf  3rd leaf  4th leaf 5th leaf
controle 11 = Tt I * r* 6+
185 *  1667h 1856 h 1528 h 1667 e
e times 511 £ 1108 + 1632 = 2,063 * 2225 +
18279 ef 49482 fg 40523 fg 40193 fg  37.302 d
. 1002 £ 1869 + 2594 + 3,147 + 2903 +
6.0 ppm Two times

50.598 e  47.485 ef 78.869 f 51.598 ef 31.381 d

Three times 1,818 + 3,013 + 4,872 + 3,799 + 3,056 +
50.598 d 66.109 d = 210452 e 144.32 e 38.004 d
265 + 633 =+ 1,275 + 1,696 + 1,922 +

One times

6.065 f 35272 gh 31.061 g 43.589 g 92.719 d
1,757 + 2,135 + 2417 + 2813 * 2,039 £
34.353 d 07263 e 85530 fg  81.385 efg 68.314 d
2,405 3,121 + 9,314 + 9,776 + 8,604 +
44.333 d 07097 d 506.602 d  293.464 d 146.319 ¢
10,845 + 16,168 + 18,739 = 18,234 + 16,929 +

12.0 ppm Two times

Three times

One times  _gyar) o 233548 ¢ 258204 ¢ 107.290 ¢ 157.330 b
. 13315 + 23763 + 26607 £ 26344 £ 22864 +
Two times
24.0 ppm 278328 b 299921 b 603499 a 853821 a  1006.490 a

18,747 + 24,643 + 23,214 + 23,624 + 22914 =+

Three times 430917 2 802575 a 903997 b 1101550 b 898.749 a

7 Mean seperation within in columns by Duncan’s multiple range test at p = 0.05.
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AN A E AR EE 2185E AAFO FaATE 2 AR HLee 5, 2008), £
AGlME ADFEst AT AKPP] 2 GFL A4 G A0 ARHG F/AE
vhrol Ael= v @su i y_aau}. AR A EAAR AAR TS At
2 AW FHgo] AR =X 4 :

?5—1'

TR B B F

= Bolvh A3t ‘M%E
FHYEE Ave AY3E7t A4S #i 2?3 39, ek 33 AelA= 14, 291 M
B2 gol A5 Fde Bl

Table 7. 7] Aelgw =¥ 34 dUA R F 3o A5

Growth characteristic of shoots

Concentrations Foliar spray Dates of

) number of . length of
of treatment times treatment weights
shoots shoots
Control 92.00 60.10 6.13
One times  1°days before 89.67 64.63 750
harvesting
20 ppm Two times 1> 10days before 96.67 65.97 6.22
harvesting
Three times 12 10 2days 86.67 65.30 6.24
before harvesting
One times  1odays before 89.67 51.37 6.47
harvesting
40 ppm Two times 1> 10days before 98.33 51.57 543
harvesting
Three times 1> 10 2days 110.67 54.83 460
before harvesting
One times  1°days before 89.67 72.87 6.60
harvesting
80 ppm  Two times . 10days before 83.50 56.90 6.06
harvesting
Three times 12 10 2days 109.67 61.97 470

before harvesting

* Mean seperation within in columns by Duncan’s multiple range test at p = 0.05.
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Fig. 15. The different shoot growing stage which was treated with organic Selenium by

foliar spray with different concentrations
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Selenium content (ppb/kg) in different parts of new young

Concentrations ~ Foliar spray leaves
of treatment umes Ist leaf  2nd leaf  3rd leaf  4th leaf Sth leaf
control 966 12007 793 15312 15882
One times 3606%° 13112° 17238 14438° 10172
20 ppm
Two times 6580P 32260% 24208 208557 15238°
Three times 323254 35623% 31978" 26312¢ 262674
control 1715° 5512 4577 1209° 463
One times 19507¢ 15505° 15010° 8290P 5703
40 ppm
Two times 23175° 22307¢ 17063 11382 10563°
Three times 41907¢ 305474 22342¢d 18483° 14312°
control 138? 8287 435 400° 1096°
One times 284124 38463° 30110 250334 239274
80 ppm )
Two times 75783 57660 52010' 43450° 34923¢
Three times  115700% 866972 66460 611738 49890f

? Mean seperation within in columns by Duncan’s multiple range test at p = 0.05.
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Fig. 17. Selenium content (ppb/kg) about numerical order of young leaves treated with
20ppm organic Selenium by foliar spray (harvested on May 16). Mean values were

compared with Duncan’s multiple range test at 5% level.
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Fig. 18. Selenium content (ppb/kg) about the numerical order of young leaves treated with
40ppm organic Selenium by foliar spray (harvested on May 16). Mean values were

compared with Duncan’s multiple range test at 5% level]
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Figure 19. Selenium content (ppb/kg) about the numerical order of young leaves treated

with 80ppm organic selenium by foliar spray (harvested on May 16). Mean values were

compared with Duncan’s multiple range test at 5% level.
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o f71 AZdkE Ao og AEA F55H ASFEA HUt

71 A=zvkw Agsla 2 sk wE Aui 2 A sla= Table 9 o YEbHow, A
g & A7) Az ASAES Fig. 20 o YERWTE 20emx20em Foete] wHAHE Al %
T, 7 AxAole Har, WA Z] FHAE A s 7 2ARE Hito| {oa T 5%
B sl AARS AAstR o, 4 A FoAde] gledes® vEewgt AZrkE A
7t Ao AS el WEE 7 A=A golr izt e AElwEd Alxdo] ¢EF
Ae FAE T A7 Fode HolA gkon, AZvubyE A 3lad A FitelEs A
A IS PAA e Aew Holw, FALF AuA Adwe A eyt SUHETE A
ol HaFre Bavk dgloy, B AdddAe Aewserl Auie ASFdl & 3=
NAA %= Ao AlgdY. F71 Ao A= vls2dt 4o A34E Bt

Table 9. 7] Al2vts F=¥ AY3sE A0 F 3] A4S

Growth characteristic of shoots

Concentrations Foliar spray Dates of
of treatment times treatment number of weights length of
shoots shoots
Control 91.00 52.60 757
One times  120avs before 87.33 56.23 8.13
harvesting
20 ppm  Two times 1> rodays before 96.00 51.37 7.19
harvesting
Three times 1> 10 °days 85.67 53.13 747
before harvesting
One times  120avs before 94.67 58.73 754
harvesting
40 ppm Two times 1> 10davs before 101.33 50.63 726
harvesting
Three times 1> 10 °days 108.67 52.20 6.63
before harvesting
One times  120ays before 101.33 50.80 722
harvesting
80 ppm  Two times > 1odays before 98.00 4743 755
harvesting
Three times L2 10> 9days 93.67 57.97 8.39

before harvesting

* Mean seperation within in columns by Duncan’s multiple range test at p = 0.05.
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Sl =2 FFe HEAET, ol Az Aol wet AdelM sHaAE Tt
A7) Wed Ae® FHHAJY. 771 AdwgS AVER FEE Delste] duAGR oFF7]
o FFol A&k 0, 20, 40, 80 ppm FEES A7 AE #7F Bl BA FE7F Jda A
T AU AW FAFS AA SUHES BAon, Aesied duAe WHeE sl
= BF, A7t SEEE FAES S, 99 Adw FAF vadAes 2~39
ool A 7HE FAFe] B2 AR SAHAL IMAH 5WdE FAFol va HojAA W
Bttt GaApedA s F8 A 13 dxs Yeo] A wet 34 aHAE VA= Aew
Holw, 33 7bA A g F7hdol wet 29 7] Adly dF2 FUete A¥S 2o

A, ol B Aol #Aglel #FAkst BE o ddy dEFe
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