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Abstract. The purpose of this study is to enhance utilization of the waste nutrient solution (WNS) disposed at the
hydroponic greenhouse. Several sets of testing were conducted to examine the effects of WNS: (a) a fertilizer effect,
(b) soil column leaching, and (c) crop cultivation. The fertilizer effect test was applied in young radish cultivation by
examining the growth characteristics of young radish and soil based on inorganic nitrogen according to the soil
treatment of the nitrogen fertilizer (NF) and the WNS. The fertilizer effects and crop cultivation test were conducted
with five treatments (A-E): A, non-treatment (water); B, 100% of NF; C, 70% of NF + 30% of WNS; D, 50% of NF
+50% of WNS; and E, 30% of NF + 70% of WNS. The soil column leaching test was conducted with three treatments:
non-treatment (water), 100% of NF, 50% of WNS + 50% of NF. As a result, the chemical properties of the WNS were
pH 6.0, EC 2.4dS m™", total phosphorus (T-P) 28mg-L", ammonium nitrogen (NH,4-N) 5.0mg-L", and nitrate nitrogen
(NOs-N) 301mg-L™". The chemical properties of the soil were pH 5.51, EC 0.31dS/m, organic matter 2.08g-kg™,
NO;s-N 9.64mg kg, and NH4-N 3.20mg-kg™. The results of fertilizer effects showed that the ratio of 50% or less of
NF and 50% or more of WNS was high in young radish growth. There was no statistically significant difference
between the soil chemistry in the C-E treatments where WNS was mixed with NF and the B treatment where only NF
was applied. As a result of the soil column leaching test, there was no significant difference in the concentrations of
NO; and NHy in the treatment of 100% of NF and 50% of NF + 50% of WNS. The study indicates, if the mixed
fertilizer of WNS and NF is applied in the soil cultivation of young radish, it will reduce the use of NF and
environmental pollution. This also helps reduce production costs on farmers and increase the yield of young radish.
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Fig. 1. Diagram for the soil layers in the wagner pot.
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Fig. 2. Changes in average temperature and relative humidity during
cultivation period in a glass type greenhouse.
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Table 1. Chemical properties of the waste nutrient solution used in the
study.

Item Concentration
pH 6.0
EC (dS'm™) 24
NO;-N (mg-L™) 301
NH,-N 5.0
T-P 28
K 335
Na 21.0
Ca 200
Mg 450
Fe 0.92
Mn 0.90
Zn 0.10
B 0.76
Cu 0.03
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Table 2. Physico-chemical characteristics of the soil used in the study.

=1 ] B L

Item Concentration

pH (1:5 with H,O) 5.51
EC (dS'm™) 0.31
Organic matter (g'kg") 2.08
Total nitrogen (g-kg") 0.10
NOs-N (mg-kg™) 9.64
NH;-N (mg-kg™) 3.20
Available phosphorus (mg-kg™) 16.38
Exchangeable cation (cmol.-kg™")

K 0.01
Ca 242
Mg 1.09
Na 0.04

[e]
L

Mo

(Table 4), G-l £F2] 27 pH=5.5— 6.80]w] Hlj5=7}
ZHE| 01 SRS RS TR EFollA A Aol skgick
(NAAS, 2010). EQFECE=2a} 8= 142 24 EC 2.0dS m’!
O|EHNAAS, 2010)2 $-2510.24 — 0.58dS m™' = LJEpy}c}
(Table 4). HFHS A2} A 237tste] 283 C-E
Aelto| A EQke] o|sleh 2 Air| uikE 483 B A7
Tot A 02 ot 2o 7} giA vlszstA| Ureyith
7k Ao Bk U 78] FA(NH,, NOy) 9] gfe 2

718G, AREe] A Fepek dAe S SRk A

Treatment

———————— [l bl ettt
| 1 |

Fig. 4. Growth characteristics of young radish (Raphanus sativus L.)
depending on nitrogen fertilizer (NF) and waste nutrient solution
(WNS) application rates in the wagner pot. A: non-treatment; B: NF
100%; C: NF 70% + WNS 30%; D: NF 50% + WNS 50%; E: NF
30% + WNS 70%.

Table 3. Growth characteristics of young radish on nitrogen fertilizer (NF) and waste nutrient solution (WNS) application rates in the wagner pot.

Treatments  Leaf length (cm) Leaf width (cm) No. of leaves (/plant) Fresh weight (g) Root length (cm) Root circumference (cm)
A 7.61 a* 220 a 487 a 2.87 a 113 a 1.17 a
B 232'b 587 b 922 b 231 b 14.1 ab 2.88 b
C 249 be 6.26 be 922 b 26.7 b 142 ab 274 b
D 263 ¢ 6.74 ¢ 10.6 b 329 b 157 ¢ 3.68 b
E 262 ¢ 6.41 be 9.56 b 317 b 165 ¢ 3.67 b

“Mean separation within columns by Duncan's multiple range test at p < 0.05.
A: non-treatment; B: NF 100%; C: NF 70% + WNS 30%; D: NF 50% + WNS 50%; E: NF 30% + WNS 70%.
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AT} a-mt WRG-0] Aitolot AaH| R EYlA T3} Aate} ek NHy-N2 4.56 - 6.24mgkg ' O A4 0=
SRS Aaksl 3PS AR A 718 FANH,, NOs7F - BAH 242 g19)ch(Table 4). P,0s3=21.9— 30.9mg kg’
ol A=, 24 |2 it AR Aam glofA] 22 FA| Aol A SAA F-o42 itk Table 4). OM
773k vkgat Akt mrg o] L @ 5hA] obrt whehA, 2+ A2 2229-2.76g°kg! 2 A FE 7k A 242 9l
g Aozl wokolo] Tk o) wet )stel A4 gtTable 4). £33 EH HoFolal A4 R H|Lo] k2
St&EE7F oA veRd Ao) 1, o] & Qlsto] Al A F EF0] slobd Hatoll= ofthe] Aol QAN B FE=
T EoF Wi A H a0 ZhofsF Ato]7E LRt Aotk A o= A o' Yepth
g Al Eok U AN 240 dlEko] A A2 LE

A2 B, C,D, E 25 % A4H| R0k 489B A2 4. HYH EUPHAIR 3t £Vl BAY A3
o] =7} 714 29k 437mg ke (Table 4)019c  wofole] EoFH o] 2 NOy2FNH, &) o), 7%, 317
OIAEB A2|TIC-E A2l o] Mmslol A RIS ST A ek PEsh] 915 Mol BT A 1

7} LA HA NOs-NZ A8t = &tk 22j2|= ¢ad Z=o]| gk NOs 2} NH, 2] %52 Table 5} 60 Lrepyich
E4E Bl A0 R Hrkech Table 404 C-E A 257FB Table 594 NO; 590 749 F3]2]=14.03 - 0.04mg L™,
A g]FH et 2 Y] NOs-N 2| o] (251 WA ekt A E 100%<= 15.7—0.05mg L, #H|okod 50%+ 24
a1, C-E A a]Ttof| A Gio] o] t] k&9t Table 3). 250%+=14.15—0.04mg L' 2 YePTh BE 2] a) tofA]
Park 5(2005)0] #|FHS AZ-EIE AR 718kt EAE NOs 2l Hie Al 27190 713 lzﬂ] 0% FAsM 7hxs}
sPpwhEA Qe i AE0] A FaRE v B glon, 3157 ST HEA vl B Hr g QR gk

Table 4. Chemical properties of the soil as affected by nitrogen fertilizer (NF) and waste nutrient solution (WNS) application rates in the wagner pot
for the young radish growth.

pH EC TN  NOsN  NH-N P,0s oM EX_cation (cmol.kg")
Treatments q N q B R 1

1:5) @dSm) (gkg) (mgkg) (mgkg') @mgke) (gke) K Ca Mg Na
A 610a> 024a 008a 112a 463a  219a 264a 008c ll4a 046b 005b
B 775b 050b 0Ilb  437b 519a  229ab 276a 004a 166b 040a 003 a
C 779b 050b 012b  400b 456a  2303b 251a 005ab 166b 039a 003 a
D 806b 058b 008a 220a 470a  281ab 250a 005ab 192b 043a 004 a
E 83 b 057b 0Ilb 232a 624a 309ab 229a 006bc 19b 043a 004a

“Mean separation within columns by Duncan's multiple range test at p < 0.05.
A: non-treatment; B: NF 100%; C: NF 70% + WNS 30%; D: NF 50% + WNS 50%; E: NF 30% + WNS 70%

Table 5. Concentration of NOjs affected to the drain solution in the lab-column soil test.

. . NO; (mg'L™)
Experiment Repetitive
Non-treatment NF100% NF50% + WNS50%

1 14.03 + 0.72 15.78 £ 0.10 14.15 + 0.13

1 2 0.09 + 0.02 0.58 £ 0.44 0.09 + 0.06
3 0.09 £ 0.07 0.10 £+ 0.01 0.08 + 0.06
4 0.07 = 0.02 0.07 £+ 0.01 0.12 £ 0.11

2 5 0.04 + 0.00 0.07 + 0.03 0.04 = 0.02
6 0.08 + 0.00 0.08 + 0.05 0.08 + 0.05
7 0.11 = 0.04 0.05 + 0.04 0.18 = 0.04

3 8 0.04 + 0.01 0.06 + 0.04 041 £+ 033
9 0.07 £+ 0.02 0.08 + 0.02 0.09 + 0.02

Non-treatment: water, NF: nitrogen fertilizer, WNS: hydroponic waste solution.
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Table 6. Concentration of NH;" affected to the drain solution in the lab-column soil test.

Experiment Repetitive NH (e
Non-treatment NF100% NF50% + WNS50%
1 10.3 £ 0.7 126 = 1.1 119 £ 1.8
1 2 114 +£26 118 £ 14 13.6 £ 4.0
3 11.0 £ 29 153 + 44 109 £ 3.0
4 122 £ 3.1 13.6 = 0.5 165 £ 1.8
2 5 13.8 £3.5 124 + 0.6 143 £ 1.1
6 13.8 £ 1.6 9.8 £ 0.6 16.7 £ 4.7
7 134 £ 26 132 +£ 3.5 119 £ 39
3 8 11.0 £ 3.1 154 +£29 150 £26
9 10.6 = 1.8 193 +£ 04 14.8 £ 2.0

Non-treatment: water, NF: nitrogen fertilizer, WNS: waste nutrient solution.

o] UEtth Yang 5(2005)0] EFOANO; 0] %= 7=
T Slpo] JIRS @ol Wt 2ol gtk HEee

NOsof| thgh Hat Fr= FA ], DARIE 100%, 3
50%+ZAM| 2 50%7} 1.62, 1.87, 1.69mg L' & g1
7ol £ 2o 7} §1= A 0 2 LFEPgTh Table 604 NH, %=
o] Ao Taa]=13.8-11.0mg L, FAH]E 100%=19.3
—9.8mg L™, FoFH 50%+ A2 50%=16.7— 10.9mg- L’
B UERGT BE A2 oA NH, 9] 5= 2 HE} glo] 94
SHE R -GS o] YT ZF A ultol| A A E 3
Z9] NH, ol thgh Hits e A2, ZAH|RE 100%, Hoky
50%+ 2R 50% 2] 77111.95, 13.69, 13.95mg L' 2 2]
T Lol 2 2|7} glis 2102 UEITHTable 6). 2aH] 7
O AJR|AH 7|20 2 285k AAH] 7 100% 2} H| Y 50%+
2R 50% AT NO; ENH, 9] 5= Al 717Hs3t
T2 7} gl A& Vet o] egh Axl= #|okhS ofst
H|5.0] AR 7|20 2 Bk Aot B U A4
/0] ol gtk L] PR vt sfshh| Rt FARSHA| LrE
Sera AR L s 7o A ARESHE A AH] R 2] 50% 5
H|FH O & thA5HA| =H EFe] A ZAS Folal g2
A4t Azt Aol ARF S7tol egol E A o & A7)

H 2

2 Aol A= A Al A== w el o] 2 H et 5
2 o] SRS Aol fIsl w gt o] vl m BIAIY, B
AY AF, 2283 22 AEA S S35 ) # el v
2 RINF L F7 LS 7|20 2 Aou| g Fofo] &
G Ao whE T ASEA B sk EE =
ARt HFel Bl = abA It 2ha A S flet B

O
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ol ot HjFH o] A gf= FA2; A, H4xH|= 100%; B, H
ZH]E 70%+HFN 30%; C, AAH|FE 50%+H] %N 50%;
D, A2=H]| 7 30%+ N 70%; E 3 57) A 2]7-2 53t &
FAE AHS FIR Bl thgt #H| o] A2l e, &
ZH]E 100%, H|FH 50%+2 28] 7 50% 37 A2 7& 5t
otk Hoke o] 318142 pH 6.0, EC 2.4dS'm™, Z21(T-P)
28mg L, IR EE] ZAANH,-N) 5.0mg-L7, Zake] 2
(NO3-N) 301mg L' 2 yelyic}. E9Fo] sletAdL pH 5.51,
EC 0.31dS'm™, 97]1%2.08g-kg ™!, ZAke] A4 9.64mg-kg”,
ol H e 24 3.20mg kg © & UERT] A AH]E 50% o]
51 #| el 50% o)/Fe] Hlgo] B S Ayt w2 A
O = Uehgth Hos dan|Re) 3 Edtsto] 283t
C-E Azjtollx] EgFe] o|afehd2- A arks 2-83B A
el FAA 02 Folgt o7} ISk BEoFA ™ Al At
Z14H] 7 100% 2} B 9FH 50%+ZAR]FE 50% 2272 NO;
OFNH, 0] “gte= T 207} Q= A o= Uepydt]: 3|S5}
SH| R 0| AR 7|E0 R o]gsto] BEofol A2shd
B A 7o o)t =10 Fake ARt S| = ot -
AL U= 2 o2 ek ). i B Al of) #] oFoa}
v RS 2tsto] ARESHH HeHo) Ajolg-0 = 2H A
FEE Y 4= L AaH| RO A= £ 4= Qlo] w71l
ZBAA Fod o) A AAE S Ak 71 4= Al

F7h 3R 24, Aol g, =5, Aol

AL AL
£ s 5T AFARNIAIHS:PI014190022021)
o] 2| e] af| o] Fo1xl A
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