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Effect of Sodium Selenate Supplied Condition by Fertigation
on the Growth and Content of Minerals, Ascorbic acid, Nitrate,
and Selenium of Some Western Vegetables
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Abstracts. This study was conducted to investigate the proper supplied conditions of sodium selenate sup-
plied by fertigation to improve functionality of major western vegetables; beet, broccoli, cabbage lettuce,
celery, and parsley in highland. In this work, the growth and content of minerals, ascorbic acid, nitrate, and
selenium were measured in western vegetables that treated sodium selenate by different concentration, treat-
ment time and treatment frequency. While there was not different in early growth of some western vegeta-
bles among different concentration of sodium selenate; 1, 2, 5 and 20 mg- L™, at 20 days afier treatment, the
fresh weight was reduced 33% at cabbage lettuce, 47% at broccoli, and 74% at parsley compared control in
5mg-L™" treatment. But the fresh weight of beet and celery reduced just 20% and 15% compared control in
even 20 mg- L™, The ascorbic acid of cabbage lettuce, celery, and beet increased as sodium selenate concen-
tration increased, so that of cabbage lettuce showed 1.2 times compared control in 20 mg-L™" treatment and
also that of beet and celery increased 10%. But the ascorbic acid of broccoli and parsley was not influenced
by treated sodium selenate. As the concentration of sodium selenate increased, the nitrate contents decreased
regardless of crops compared control. This reduced effect of nitrate was highest in cabbage lettuce, fol-
lowed by beet and celery. The mineral contents, such as K, Ca, and Mg, decreased in all crops, as the con-
centration of sodium selenate increased. The potassium content showed an obvious negative correlationship
with the concentrations of sodium selenate regardless of crops, but the magnesium and calcium content did
not show significant difference between treatments. The selenium content increased in proportion as increas-
ing sodium selenate concentrations. The broccoli, celery and parsley treated 20 mg+L™" sodium selenate
showed 24.4 times, 76.4 times, and 560 times higher than control, respectively. When the sodium selenate
supplied to some western vegetables in different growth stage, the selenium content increased 1.3 times and
1.4 times higher in early stage than in late stage in cabbage lettuce and broccoli, respectively. However in
parsley and celery, the selenium content showed the highest in middle stage. The selenium content increased
in proportion as increasing the sodium selenate treatment frequency, but in above 10 times treatment, the
increased effect alleviated in parsley, celery, and cabbage lettuce. On the contrary, the selenium content of
broccoli increased constantly as treatment frequency increased.
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Soke B 98-S e Aoz BRI (Burks}
Sevander, 1999; Cai &, 1995; Thompson¥} Scott,
1969), Aol el a5l P e A7
7} RPEHEA delgo] 71543 AF AEE AEA
Fzhe)a k. AEe] A Aelkge QA 23]
o] AksPA|8- 02 olutathione peroxidase(GSH-
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1. dillE Nolszo mWE FiFe MIDH
Selenium, nitrate X F7|M8 &2f

AT (‘Unake’, MicadoZH, 9B) 1&g
(‘Paramountin’, TakifZH, YE), A2 (‘Picnic’, Takii
Seed Co., Japan,), B 2F2](‘Nicegreen’, CoregonsH,
) 2 B|E(‘Detroit Darkled’, Bikima Seed Co.,
USAYE 3A] A& 3] 20049 49 69 2003<]
plug trayell ZF3le] SHE & 59 64 F7F 30cm
T Ed] FAEHT}. Alble A58 @d99)e 24
3l FAF 1Y 12 FFEOE 1 o)FE )
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(Na,SeO,, Fluka Co., Japan)Z ARE-3lg o A g
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EAl AlE 5g& ARb:ofdaAt (3:1) 10mLE ¥
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- Nitro(Foss electric 1030)2 #2493} t}. Ascorbic
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Sodium selenate®] EGAT Hejubi o] wlE Ajoka]io] ST 748, ascorbic acid, nitrate

Table 1. The effect of selenium various concentration on the growth of cabbage lettuce after 60 days.

Selenium ) Number of leavers Head Head Fresh
E:I(r)lr;:.elrjfrlz)itlon Total Outer leaf Inner leaf h(ilril;t ‘22;‘;;1 (;v/gllihn:)
0 310 S5¢ 26a 18.5b 16.6a 605 ¢
1 37a 10 be 27a 192b 162a 713 b
2 39a ilb 28a 223a 175a 745 a
5 31b 20a 11b 188b 143 b 417d
20 26 b 19a 7c 145¢ 125¢ 365¢

*Mean separation within column by Duncan’s multiple range test at P=0.05.

(Park 5, 1997). HPLC(Waters, USA)®] ZA& UV-
detector= 3IH3L, AHL symmetry C3 5um(3.9x
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0.5mL/min® &2 254nmollA] 278383t
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HlE} dzle] AAFL Se T/} F/RICEE
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A FES o} 2R Seof R FE st A
olglthe A& ¢ 4 A=, AUl Se T=rt &
TR 9] AFS A= Park 5(1996)2] Hiie}
Table 2. The effect of selenium various concentration on
the growth of parsley after 60 days.

Selenium . Plant height Number of Fresh weight
concentration

g1 (cm) stem (g/plant)

0 18 a* 16a 61b

1 2a 17a 692

2 20a 16a 58b

5 15b 11b 16¢

20 9¢ 5¢ 8d

“Mean separation within column by Duncan’s multiple
range test at P=0.05.

Table 3. The effect of selenium various concentration on
the growth of broccoli after 60 days.

Selenium

concentration Plant height Number of Head weight
(mg-L) (cm) leaves (g/plant)

0 31v° 2a 180b

1 29b 23a 192 a

2 33a 23a 193 a

S 29b 22a 95¢

20 19¢ 19b 52d

*Mean separation within column by Duncan’s multiple
range test at P=0.05.
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Table 4. The effect of selenium various concentrationonthe ))&} BkX]E 9B ~EFAZ 915l ool Ul-L3}
growth of celery after 60 days. © Pasr)ate] Anke 22akm ook ABAEI} o

Selenium Internode Number Stem Fresh
concentration length of length weight
(mg-L™h (cm) leaves (cm)  (g/plant)
0 31 v 25a 52¢ 742 a
1 32b 26a 63b 736 a
2 35a 27a T0a 745 a
5 33b 23 ab 46 d 662 b
20 26 ¢ 20b 32e 628 b

*Mean separation within column by Duncan’s multiple

range test at P=0.05.
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Fig. 1. The effect of selenium various concentration on the
fresh weight of beet after 60 days. Vertical bars represent
+SE of means (n=9).

LAY ol AFEET}t 252 se0] 3} A
AHoR F5EY A4 cystein A selenocy-
stain ©] =] BHAL] disulfide Agto] WalE) L
@i o] WBlE <13 Se Ty TEo] A
%l 7158 E37] wlEolti(Lauchli, 1993).

AdE A Fxo wE ZIEAW ascorbic acid,
AE 9 73RS gl vXls 93 Table 5
of veRAT}. HIEN C (ascorbic acid) ¥R 2T
Ao 7B AYEAE w50} BoldSE Zlshe
78%E B 20mg-L X2l e 8.2me- 100g 'FW
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o] HE, dgjg] wo|qld. olEst Aae T4
2% 73] F73ApRIAl vl gdel] 0.5~2.0mg:L %
T2 SeE ISt AWEAES A5, FAAY
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ZFet BARle] MElenrl SV1ESE A4
o] ZASIYTh= Hae}h 22 Ay}, o)XY Aele
ol W ZAEAN nitrate ] A EIE= 7R}
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Sodium selenate®] EFHT Ao w2 MF)2e] A&7 77

B,

ascorbic acid, nitrate

Table 5. Effects of various selenium concentration ascorbic acid and mineral concentration in nutrient cultured occidental

vegetables after 60 days.
Selenium . Vitamin C Nitrate content Mineral contents (%, D.W.)
concentration content 1
(mg-L ) (mg- 100g'FW) (&' LTFW) K Ca Mg
Cabbage lettuce
0 7.0¢* 6,850 a 985a 0.98 a 0.28b
1 73¢ 5,800 b 871b 0.73b 022¢
2 7.8b 2,612¢ 554¢ 056¢ 0.29 ab
5 7706 1,820d 542¢ 0.34d 032a
20 82a 1,610d 498¢ 047 ¢ 0.18¢
Parsley
0 139.0a 1,400 b 9.6la 1.08 a 044 a
1 1400 a 1,892 a 978 a 0.83b 0.16d
2 1410a 1,250 ¢ 5.58b 0.85b 033b
5 141.0a 1,130d 532b 052¢ 0.44 a
20 142.0a 1,120 d 3.17¢ 05lc¢ 025¢
Celery
0 10.1b 2,012a 8.09a 120a 041 a
1 10.2b 1,623 b 847a 1.15a 0.31b
2 104b 1,415b 641D 1.87a 0.37 ab
5 112a 1,215bc 5.66¢ 0.75b 024c¢
20 11.2a 1,147 ¢ 3.39d 057b 0.26¢
Broccoli
0 982a 3,160 a 9.71a 1.85a 0.52a
1 98.4a 3,125a 9.47a 1.21ab 0.46b
2 994 a 3,026 ab 7720 1.99a 033¢
5 99.6a 2,875b 645¢ 0.87b 0.25d
20 99.5a 2,546 ¢ 327d 0.96b 0.26d
Beet
0 10.1b 2,597 a 736b 1.38a 0.53 a
1 102b 22310 8.02a 1.26a 0.49b
2 104b 2,102 b 5.56¢ 1.15b 042b
5 109b 1,857 ¢ 5.04¢ 0.89¢ 0.26¢
20 11.2a 1,214d 3.42d 0.74 ¢ 024 ¢

“Mean separation within column by Duncan’s multiple range test at P=0.05.

Hojx Aoz FASHT)

olFF 8L B AgiME 1Fe Aol
ofs) Ago] AAlA Aol Fr)1A8e] defo) 7t
&% AAE £ o et F20i8 AZEY, vun
5(004)°] 739} drjBelA AylEFe] Al e}t
SRRl T F7dRe] R A7) itk B
o}, B Aol A8o] JAFR] EAY 2318 AA)
0] 71 YR AFE A TolNE T8
Fo] A% 295 B o e Ry &

ofe] AlE FF Bt AAFR] AEZT 8% Ao
2 H3E9Y). Sodium selenate X]&)ol] WE A1Ex|
W AdeledEe Me vt S5 wet 28 F
ARREOA HIFIH R FrIet e, 53] 1Exl]
20mg-L7! H2lollA B2EEE 437mg L2 §4
279 179mg-L'BTh 2449, AHHE 4597
mg L2 7648 #& IS Uepon, d&ie
TR 7 se0n B8 FS nloen, A7
A, HIEE 22 A3 BYr(Fig 2). ©J4H Se
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Fig. 2. Accumulated selenium contents in occidental vege-
table by the nutrient solution culture treated with various
concentration after 60 days. Vertical bars represent £SE
of means (n=9).
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Fig. 3. Residued selenium contents in soil by the nutrient
solution treated with various selenium concentration after
broccoli harvesting, Vertical bars represent +SE of means
(n=9).

ol Aol Mele=rt 2oReE SR A
AL F3 FAF(Park 5, 1996), A} drin
(Yun &, 2004), Pk=(Yun &, 2006) 2 FhBarke}
Goldman, 1997y59] ZEM%E olv] ®irgu} 9ot
SEER 60U A AMElet § B AR
Ses =8 AR 2, Aelesrt 2245 E9l &
¥ AlEres S8 T2 0.01mg-L9)
HE, 1, 2, 5 2 20mg-L Aol M 22t 245,
3.11, 4.14 2 62.75mg-L '] AF31tHFig. 3).

2. M2 A7l ¥ S0 mE ARF MS
Selenium &5

ZHge] A& DAl e delExa)r) FEA
AHE FFl rX= TS GolR 1A sodium
selenate 2mg L7190 =5 A8 7], 7, 372
T3 1081 ARt da A7EE ASEr] A
77} 83mg L2 A{F7) AT 6.5mg-L'HT}
1.3 Eghow, BRI A827) X7t 76.2
mg-L'&E ASF7] 512mg-L7! B} 149 E9oh
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Fig. 4. Accumalated selenium content in occidental vegeta-
ble by the nutrient solution with various treatment period.
Vertical bars represent + SE of means (n=9) Early : after
planting 20 days, Middle : after planting 40 days, Latter :
after planting 60 days.
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Fig. 5. Accumulated selenium content in occidental vegeta-
ble by nutrient solution culture treated with various treat-
ment number. Vertical bars represent +SE of means
(n=9).

Fig. 4). == AFF7d HHF Zo| 69.1
mg L2 7 B $E BYon AdhEe 57
ol& A& o] 632mg-LE ASET) HYTY
33.6mg-L'HC} 1.94] E3ith BEFR| e} ATy
Asz7)d). v dejele A5F710 A=
Reo] ZHFolct.

A2 A5 Se T AT Sed 2mg Lo
7 zdsle] A4 10458 53, 103, 153, 203)
A2g AaFig 5), & 53] AFlA 325
mg-L™, 108} Hz)7olM 69.1mg L, 158 T
AA 70.2mg-L7, 208] Ag]TolA 72.3mg L2 U
ER, X2] 3l vlglsle] 18It} 108) ool
= Aol S| EUIRE A Vel
olHgh Ak Aiz], A7, 1Ela HEFNE
UeRdt). oPde o] deEe ME3gv) Bolds
E 29 Afo] Ax3AUY ABRe FEe] A
gt} G0 GFL A 2 1Y Weld A
355 Aslke slo] wiAEitia Azt
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Sodium selenate®] EUHF 2 gjuh o
b5 o
= g

AN AulEls T8 FAF] 7154 S
A% AR AdwAg e B3, sodium
selenatexe] F%, AEA7) 2 Az 3o wE =
EASY ZEAW F7]45 ascorbic acid, nitrate
2 AdE el vixe S FARIYT Sodium
selenate 1, 2, 5 2 20mg-L Aol FAAHE
BT 27 2 AoVt i, A 60d I
B Smg L' oPde] ILFmoME AJSo] ZA A
o], FxjelTol] visll Smg-L-XelTelMs Aaee
33%, BEZHYE 47%, FETe 74% BAIFo| Ta
g} Bis) vIES} dyzle arsEiME e &
do] A el 20mg-L s EollA] AAFo] 20%}
15% 223140}, sodium selenate X2l e A&
A ascorbic acid FFS AFAF] A AHlEA

Tt FolASE Sk AES 2o 20
mg- LAl T2 vis) oF 1.24) w9k, A
ot HIER e F=oM oF 10% 3= &% 5
7Ve BYor, BREee) vsals Aduxgd o
£ BAA Folaks )tk AW nitratedHERe 5
Aol v B AEolA AAsIeH, Helss
7} SRR Aol L & AES et
£ Zhkde] $F Asks AqdsollA 1 dAsk
Hom, 1 thgo) BIE, ddg] {mo|th FIIHE K,
Ca, Mg®| % FARE B5 Helssr) solds
5 adhe AES Bk AREEE KA B8
AZolA 1x9) B(&)o] FABAE e o), Mg
2} Cafhgo] s T=31] 2joldl fejAde] gisitt.
Sodium selenate *]2jol| W& A2 A FTEHS
e s} 2715l wel R FAREZ A BlEA
o2 Frkl, FEES) 20mg L ATl BaF

T TR Bt 2444, Aejels 76400, v
T S60H19) = S HYow, FdS HIER
22 73e B2k A0 ASAAE Ao A
S270 L7 HG A7ASs 1), HEEEE 14
v E=gkon}, siewie) dejele AASE7)0] Al A
o] 7V &L TS RAT X 358 Se P
e, Adge] 2 A7a5e Al 35 vl
SVt 108) ofde] B Aelge] Sx#o] £
A S Jeldon, BaEes XEidvt B

E Aok Ae) AL T35, ascorbic acid, nitrate......
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