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This study was conducted to evaluate the effects of a chelating agent on cucumber growth and changes in soil
nutrients availability in polytunnel greenhouse fields. Diethylene triamine penta acetic acid (DTPA) was
selected as a chelating agent. Two experiments were carried out as follows: i) For field experiment in the
autumn season of 2010, each plot was treated by varying the concentration and the number of times being
applied with DTPA; [DTPA (0.5 mM, 1 time/3 months), DTPA (0.06 mM, 1 time/1 week), DTPA (0.13 mM,
1 time/2 weeks), DTPA (0.06 mM, 1 time/1 week)+N]. Conventional practice was also investigated. ii) In the
spring and summer seasons of 2011, each plot was treated by varying the concentration (0, 0.06, 0.13, 0.19
mM) of DTPA, chemical fertilizers (NPK), and combination of chemical fertilizers and DTPA 0.06 mM. The
fruit yields of cucumber and soil chemical properties had no significant differences between treatments.
However, in the spring season of 2011, DTPA 0.06 mM plot added 1 time per 2 weeks increased the yield of
cucumber, but caused the reduction of yield in next cultivation season. This result showed that excess use of
DTPA can cause the damage of crop growth. The inorgainc contents such as Ca and Mg absorbed by cucumber
plant had significant differences between DTPA 0.19 mM (2 times/1 week) and fertilizers plus DTPA
treatments [DTPA 0.06 mM (2 times/1 week) + 1/2 NPK, DTPA 0.06 mM (2 times/1 week) + NPK]. The
input cost of fertilizers was saved when the concentration and the number of times added with DTPA was 0.06
mM and 1 time a week, respectively. This treatment used 67% less of applied fertilizers cost than the plot of
conventional practice did. Thus, this research suggested that the application of DTPA 0.06 mM by 1 time a
week can be effective for sustainability of crop production and reduction of fertilizers usage in polytunnel
greenhouse.

Key words: Chelating agents, Diethylene tetramine penta acetic acid, Cucumber, Nutrients accumulation,
Farm field

Fresh weight and number of fruits in cucumber plants at soils treated with various concentrations of DTPA in 2010.

Treatments Weight of fresh R.elati\;e Nu@ber of R-elative

fruit/20 plants index fresh fruit/20 plants index
kg % %
Control 42+10a" 100 232+456a 100
Conventional practice 39+10a 93 217+45a 94
DTPA(0.5 mM, 1 time/3 months) 41412a 98 227460a 98
DTPA(0.06 mM, 1 time/l week) 60+23a 143 273+34a 118
DTPA(0.13 mM, 1 time/2 weeks) 4949a 117 271447a 117
DTPA(0.06 mM, 1 time/l week) + N 47+8a 112 260+43a 112

"Duncan’s multiple range test (p <0.05)
*Relative yield of control treatment
N means nitrogen fertilizer
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Introduction

o] EAl= A/ EollA A5k =E ol (Abdulla
and Smith, 1963), F< o]} 2442 oo R HiQIATE
slo] aleft20] Meks W= eXEES R (Tuntiwiwut,
1982). Ae|o|EAl= HAdo|EA} S| EAITE 2
11 (Bray and Weil, 2008), EoFA}o]] A% oFEQl oFo]
255 EYURERY EeA)aL, EdAR doles
AEA ol SAIA AERE7F oS F S5
kS girh Tejar ol AgdE o] W 5ol
AMIRO] Fle oA obH, dFrlEat FE
ol Uetli= A=54S daAA = 98

= 2jol| 48] o] EAlE LY B
2 B4 (Lindsay and Norvell, 1978)1} 542 ¢
2 A7 (Hong et al., 1999; Cao et al,, 2007; Palmaa
al,, 2007)sk=H| = AMEEeH, A2 nFdas
=ol= g @ol o] 8t} (Weinstein et al., 1954; Brown
et al., 1960; Abdulla and Smith, 1963; Wallace, 1963,
Wallace et al,, 1974),

oA FEZYCIEATT edE BEYY a5
AASH= AHA =A Cu B Zng A|ASH=H| &y}2loletal
S (Lee et al,, 2012), A&9] Sa% S 14| (Oh
et al., 2012), B F A 58S AAsH= 7leol AHE-H
At (Nam et al., 2009). EE, EoFo|L} eFeHoflx] ZH=Aful
Al Fedt Ca 59 A ZAdo|EA ] o o]t &2
B2 PN T AT (Lee et al,, 2011; Jang et al,, 2012)
of o]-gx]o] i}, Kim et al, (2012)-> Al iAol FHdZ
glolEAIE F4sto] AAH AF 5 S-S dYo|ESlsto
A0 Fraas A7 Atel ARSI

vt AlEA Bofe] A7] M (BO), 2|$Hd Z
& (Bx, Ca) 37Isk= ZAaFollar, 20121 Al ul <] €]
EC, a4 (Av, P:Oy), X8 ZE (Bx. K), Ex, Ca, %
SHd mhadlss (Bx, M) 212+ 24w 9] Aehict Xl =
=0l (RDA,, 2013), AlAHERA]o] A H AFAl
sidste e & HWol A AL, izl
Hog e AERR, f71E 5, FHRE Be SH1E)

Eo &, 3eAld Fol 2 A=l (RDA., 2008).
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Materials and Methods

2010 7227 20(xHH] 2 AFe 20109 S
A ST Aol 2ARE F7Fe] A A SFo-L A
ol ey E Ut EoFO] Sfe e QoAulE fItt Al
A x| e] A7 v o) 7] (NIAST, 2006) 2.t EC7F 2.5
v, Av, P,Os1} Ex, K& 2.14], Ex, Ca2 2,04}, Ex, Mg=
1,84, NO;—N-& 3.3uj= &SQIth (Table 1), Zo|EAl=
Kim et al, (2013)9] Ag oA A28} =8k DIPAE At
8591, Helts g wao] 18 m'e]al, K] (Control),
=713 (Conventional practice, N-K&ra oHH|—-2lAk 105
kg/ha), DTPA 0.5 mM (1 time/ 3 months), DTPA 0.06 mM
(1 time/1 week), DTPA 0,13 mM (1 time/ 2 weeks), DTPA
0.06 mM (1 time/1 week) + N (197kg/ha)o|™, 274 ¢]o)u)
A sso s Aelalsict, AFEHES A 20] Cucunis
sativas L., A1H)E AASHAIL, 99 5Ll A4lsto] 12
2 22744 S8psict

20119 2~0B2| 00X 20109 AT Fi
MU BT B 4] AAR 5182 el Q1

Table 1. Chemical properties of polytunnel house soil used at field experiment in 2010 and 2011.

. Ex. cation
Soil pH EC OM Av. P2Os NOs;-N NH;-N
Ca Mg Na
1:5 dS m" g kg'] mg kg'] ———————————————— cmol. kg'] mg kg'] ———————
Soil of 2010 59 5.00 29 954 1.58 11.0 32 0.42 442 83
Soil of 2011 6.0 8.58 33 1,283 1.86 13.7 4.5 0.97 490 12
Optimal range+ 6.0~65 <200 20~30 400~500 0.70~0.80 50~6.0 1.5~2.0 - 70~200 -

'Growth of cucumber
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koA P QU B e olAulE f1gt Al
AR o] 27 vlSee] 7] (NIAST, 2006) Xt} EC7} 4.3
v, Av, P,Os 2.64)], Ex, K& 6,84}, Ex, Ca2 2,54, Ex.
Mg 2,68, NO;—N-2 3,68 = =3It} (Table 1), A2
T WAo] 14 m*o)al, F-x2] (Control), DTPA (0,06 mM,
0.13 mM, 0,19 m), DTPASQ} 324-9] &1L (DTPA 0,06 mM
+ 1/2 NPK: 145—35-125 kg/ha), 384 *2]72] 1/28F (1/2
NPK), 394 #2]+L (NPK: 290—70—250 kg/ha), DTPA2} 3
Q4= (DTPA 0,06 mM+NPK)S 2Fddoux] sHkE o=z
et AlFRES A8 20 (Cucumis sativas L,
ARFE AL, 29 TU HASk] 7Y 4U7HA

et thal T4 620l BAEte] 98 2974 Sgtet

EQF 2l MEH M pHO EC:= BT 254509 H
&S 168 FEt] S48, EGH7IES Tyuriny,
FaJAE (Av,Po05)2 Lancaster S =2 720 nmol| A, &
THARS 1 M NaOAc (pH 4.0)-89 0.2 F&35}0] 700 nmoj| A
H]AA] (U-8000, Hitachi)= S50t 2|gHd Fol-2
1 M NHOAc (pH 7.0) 25802 S5t 8 &
g}=n} ¥ A (ICP-OES, GBC) o2 243819t o]
= 72 5 B3 AlRE 0.5 g F7F3FAL cone. HyS04& 10
mLo} 50%2] HCIO; 10 mLE 7}5}o] B3t & ojulsle] &
A (T-N2 ZEgsFHHoes P, K, Ca, Mg, Fe, Cu,
Mn, Zn, Al 5% ICP-OES®E 243t & »=5 24519}
(NIAST, 2000).

Results and Discussion

2010 JHSE7| MEl A5 FollAl Ak o]
o] T Y A Ala== Table 29} QLA A2+
2 SAAR 2|7k ISl Leut AgjTtof| o] FA 9]
At)4=eF 24+ DTPA 0,06 mM (1 time/ week) > DTPA
0.13 mM (1 time/ 2 weeks) » DTPA + N (0.06 mM, 1 time/1
week) > T2 > DTPA (0.5 mM, 1 time/ 3 months) ) &
713y 2] (Conventional practice)?] £0]a1, )2+
(Control)o]l H]3|] DTPA 0,06 mM& 15%of 13] |5t A
SL[DTPA 0,06 mM (1 time/ 1 week)]oll= 43%7} WkaL,
DTPA 0,13 mM= 25%°] 13] A2|gt FH[(DTPA 0.13 mM (1
time/ 2 weeks)]O|Al+= 17%, DTPA 0,06 mM=Z 15Y o] 13]
AejabA] AaH|EE A3 JHDIPA+N (0,06 mM, 1 time/
1 week)]i= 12%7} Wkth, Qo] dufj 7H4=2] tigh Ao A|4=
L tjzLo] H]s[ DTPA 0.06 mM (1 time/ 1 week) x| 2]+
o A= 18%7} Wekal, DTPA 0,13 mM (1 time/2 weeks)#|
]GOl A 17%, DTPA (0.06 mM, 1 time/1 week) + N]X|Z]
Tl Al 12%7F ESktt (Table 2), o2 o] EA Y] A
2= Qo|guje] Hptth=s FAE S7H7IE 2t 9
2 ZA0® Yehal, AF7F B Bl Aan|ao A
B2 A= SHA deo|EA| dsA ek anprt
Gojglrh, 12|l potz7iofA] DTPAS] A 2|3t EqkefA Y
ek vjS=0] =efo] thxte} FAIX o= FofRt Afol= K
UARE (Kim et al,, 2012), 4 £7o|A= T2t &
Feg el wol/do] A7) diiol FAXOR Folgt Afol=
ERA] 9Fertt DTPA (0.5 mM, 1 time/3 months) & 2]5¢
= e AYFEEY aprh "olgledl, 2404 &
oS 2710 13] BFho 2 28l Eoke] HAE
LA BEESHA] HoHel7] dlmo® wekET,

L0|7} FHRt F71/50] FHFE Table 39} o, A
25 {lolls EAA = FOfRt Aloli= LehliA] itk DTPA

Table 2. Fresh weight and number of fruits in cucumber plants at soils treated with various concentrations of DTPA in 2010.

Treatments Weight of fresh Relati\ie Number of Relative

fruit/20 plants index” fresh fruit/20 plants index
kg % %
Control 42+10a" 100 232+56a 100
Conventional practice 39+10a 93 217+45a 94
DTPA(0.5 mM, 1 time/3 months) 41412a 98 227+60a 98
DTPA(0.06 mM, 1 time/l week) 60+23a 143 273+34a 118
DTPA(0.13 mM, 1 time/2 weeks) 4949a 117 271447a 117
DTPA(0.06 mM, 1 time/1 week) + N' 47+8a 112 260+43a 112

"Duncan’s multiple range test (p <0.05)
Relative yield of control treatment.
N means nitrogen fertilizer
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Table 3. Inorganic element contents of cucumber during treatment of a chelating agent in the farm-fields in the autumn season of

2010.
Treatments T-N P K Ca Mg Fe Mn
g plant”
Control 4.1+1.0a" 5.3t1.1a 7.0£1.2a  24.8+5.0a  6.2+1.5a  0.13£0.04a 0.02+0.00a
Conventional paracitce 4.1£0.9a 6.7+2.2a 9.3+4.5a  28.6+10.3a  6.7x1.9a  0.15+0.06a 0.03+0.01a
DTPA(0.5 mM, 1 time/3 months) 4.2+1.4a 7.242.8a 9.642.9a  26.4+12.8a 624232  0.14£0.07a 0.02+0.01a
DTPA(0.06 mM, 1 time/l week) 4.5+0.6a 5.840.6a  104+3.6a  30.8£7.6a  7.0£1.8a  0.15£0.05a 0.04+0.02a
DTPA(0.13 mM, 1 time/2 weeks) 4.8+1.0a 6.3x1.3a 9.04£2.2a  294+4.0a  7.1+24a  0.13£0.00a 0.04+0.02a
DTPA(0.06 mM, 1 time/l week)+N'  4.8+0.7a 6.02.2a  10.2+4.1a 26.7x114a  6.1£1.9a 0.12+0.013a 0.03+0.02a
"Duncan’s multiple range test (p <0.05)
N means nitrogen fertilizer
16.0 16.00 -
1o | ol Sramerspractice 1400 | WDTPADSmM, 1time/3months)  WDTPA( bamM 1 fimeiweck
.| WDTPAQ.SmM.1time3months)  EDTPA(D.06mM, I time/week) oo | SDTPAQ13mM ltime2weeks)  SDTPA(D.06mM, 1 time/l week)+ N
120 1 o DTPA(O.13mM. 1 time/2weeks) ~ WDTPA(0.06mM. 1 time/1 week)+ N 12.00
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E
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Fig. 1. Contents of pH, EC, Ex. Ca, and NOs-N by sampling date in soils cultivated with cucumber in the autumn season of 2010.

0.06 mM (1 time/1 week) & 2]7+2} DTPA 0,13 mM (1 time/
2 weeks) A 2]ol| A ZHEA] (+E7]+4H) Foll T-N, K,
Ca, Mg, Fe, Mn 5-2] F5=Fo] S7I513itt. DTPA 0.06mM
FER 1Y 1315 AT 4 el Blsf T-Ni}k P
= L1}, K= 1.58), Cai= 1,18, Mg} Fe 1.248), Mn
2.08] =713k oFo]) a1, DTPAE 0.13 mM (1 time/2 weeks)
A FA N jzTrol vls| 1.1~2 087k F7ekoict.
EY F uFdLY a5 E SV ZElolEAY A
2] B84 sl et gekAH, Fe’ ) cu” )
7o’ ) Mn”" ) Fe''o] &AM R FYIMIGTt 7] wjRolc)
(Tuntiwiwut, 1982). Abdulla and Smith (1963)%= HjZ=0]|A]
txHT} Ca, Mg, P, Fe, Cu, Zn 9] 3] F7lstqlct
31 8F¥al, Kim et al, (2012)2> N, P, K, Ca, Mg, Fe, Cu9]
o] St Halvh 2 A et vt AFS U

Wi2it}. DTPA + N (0,06 mM, 1 time/1 week)#] 2]7Lof| A=
DTPATRS *|2]3t F[DTPA (0.06 mM, 1 time/l week),
DTPA (0,13 mM, 1 time/2 weeks) A 2|70 B[l S=30]
A AL, olF 3l AFIE A E EdolA 2olE A
v A] F=7FAQ1 AAE|R o] FQl2 0] R FEE
F7HAIZIA] Rtk A& o o itk

Zeo]EAIQl DTPAE AP]stiL 2o]5 Aulsh= 52+
B shdE A 2 Ay QFHATIE 2o B9
pH, EC, Ex, Ca, NO;—NojlAl Zef7te] 2 Zpo|7} gllek
(Fig. 1. oA BEGFO=RE 2o|7} F43t ool el
Ot Zfolrrt ZAzA EYDISHIY] EwtdA 59
felof oJgt FgFo] z7] Wmo 2 wehErh =k ECe}
NO;—N= 4 S71skAt7E +=2A17] (Dec., 14)2 Z=p5
sk AeFelflal, B ECE NO;-N ghgoll & 93
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po A Aeiziel] Aolzk

HF7] wjolt}, PotR 7oA S-S
g Qg o7t FRIE AN (Kim et al.,
A

71o A2zte} 49} 2t} DTPA 0,19 mM # 2|77} 2HeA| 2= Cax} Mg 3t

[e]
2012), 3 ol &9kl ol A& R £+ (NPK), 2ol
EA|9} 3lshu| 7 &3¢+ (DTPA 0,06 mM + 1/2 NPK, DTPA
0.06 mM + NPK)9} FAIZ 22 221l 2fo]7} I =%

20113 E~OIF =7| M E2b7]ef 2o] gufo] % onf ugkda: F Cu o] SR FYT (1/2 NPK,
FARL 7ha= Fig, 29F Aok, A ejgtol] FAIAQ1 Atol= ¢l NPK)9} BAH 02 {222l xfo]7} 91glr}, 12]3l DTPA
AT, @0 Aufje] FE7i= DTPA 0,06 mM A &]olA] 0.19 mMo| A ZHEA] 59 Ca, Mg, Cu T2 3ehu]w
thztol wlsl 12%7H2] F718F31aL, DTPA 0,09 mM, DTPA E3ret shshH|R Btk 1ov) wo] 4% Zlo R
0.13 mM A 2] teflAfi= diztol] Bla) 5~ 6%7HA] Eobsle Uehth eolgrFo] W DIPA 0,06 mMT-oA] 2HEA]
o, "8} £H A2t (NPK, 1/2 NPK)$} H| 52} Zd| O] & Stz Hs T-N, K= 118}, P, Mg
O|EA||Q] DTPAES &3tslo] % 2|gt 7+ (DTPA 0.06 mM + 1, 04HH Fe, Zn& 1,54}, Cu= 1 282 Wkx|qt EAZ ol
NPK, DTPA 0,06 mM + 1/2 NPK)ol|x]i= tfz~te] Bal 4= Aol ¢lolth. DTPAS} 3sha] & 23kt 3fehu]r A2+
o] 271314 @kttt 18] Qo] Aujo] sj4= DIPA o= Z}gxﬂ«l FEZLTFE DIPATHS AE|gth FLof H]

0,06 mM *]2]7:¢} DTPA 0,13 mM

Aol gagec ) Aglow ol Fo Eope| ool WA oA &

oo Z71SHe 02 ER, 201141 ZH 71 ) Ak OIS AR B9 214 SpapulRe] Eel Ro2 4%

TR 2 DY o|EAQ] DIPAS =9l Fsk= 22 o] FEFFH SVl 7108 A Hoke AR A E .

©0]9] Amrhe RS F7H7ISE FaEe vlH QelolEAE B4 05 St U 2o 4350

w270l 20 A=A (HE71+B) 9] 77 127 Table e AuEIA T2 29 19~ 79 49 o154 (1d
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Fig. 2. Fresh weight and number of fruits in cucumbers cultivated in soils applied with DTPA and NPK fertilizers at the
farm-fields in the spring season of 2011. "Relative yield of control treatment, *Duncan’s multiple range test (p <0.05).

Table 4. Uptake amount of inorganic contents in cucumber treated a chelating agent during spring season of cucumber at the

farm-fields in 2011.
Treatments T-N P K Ca Mg Fe Mn Cu
g plant'1

Control 360+37a’ 226+19ab 925+24a 361+19abc 114+15abc 6.6+4.4ab 0.31+0.16a 0.206+0.004ab
DTPA 0.06 mM (2 times/l1week) 397+19a  235+6a 998+133a 352+27abc 118+2abc 9.9+1.2a 0.41+0.02a 0.247+0.022a
DTPA 0.13 mM (2 times/lweek) 361tla 236+4a 830+175a 4014+22ab  123+£2ab  4.2+0.4ab 0.24+0.02a 0.217+0.018ab
DTPA 0.19 mM (2 times/lweek) 3614+23a 245+14a 895+10a 42049a 1334£3a  4.240.6ab 0.27+0.02a 0.237+0.000a
]()2Tfi$e(s)/.?6w?;\lf) + 12 NPK' 355+31a 220+16ab 887+97a 337+42bc  99+6bc  6.9+1.9ab 0.31+0.082 0.198+0.032ab
1/2 NPK 349+68a 207+8ab 882+90a 345+15bc 109+11labc 6.8+2.6ab 0.29+0.08a 0.169+0.031b
DTPA 0.06 mM + NPK

2 times/1 week) 363+50a 184+31b 887+90a 327+49c  100+20bc 3.9+1.2b 0.32+0.03a 0.202+0.017ab
NPK 333+64a 203+29ab 882+168a 343+8bc 96+9¢  6.8+4.1ab 0.34+0.11a 0.168+0.047b

"Duncan’s multiple range test (p <0.05)

*NPK means nitrogen, phosphate, and potassium fertilizer
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Table 5. Relationship between relative yield and total amount of DTPA added during spring (Feb. 5~ Jul. 4) and summer seasons

(Jul. 6~ Sep. 2) under polytunnel greenhouse in 2011.

Spring season

Summer season

Total amount of

Treatments - T - -

Amount of DTPA Relative yield Amount of DTPA Relative yield DTPA
mM % mM % mM

Control - 100a" - 100a -

NPK' - 100a - 100a -
DTPA 0.06 mM(2 times/ 1 week) 1.56 109a 0.96 90ab 2.52
DTPA 0.13 mM(2 times/ 1 week) 3.38 109a 2.08 75b 5.46
DTPA 0.19 mM(2 times/ 1 week) 4.94 101a 3.04 74b 7.98

"Relative yield of control treatment.
“Duncan’s multiple range test (p <0.05)
"NPK means nitrogen, phosphate, and potassium fertilizer

6U4~9¢ 290 A% A 3 Ay}, A o|EAE
BHE oS 1590l 23]= AlE FYSE 4% DTPA
0.13 mM, DTPA 0,19 mM Ag8|H= gzt c} 45fFo] ZF
7} 25~ 26%71A] Yol L, S| RE Y& NPK A2t
o e} ]St aFo] AYAFE|QITt (Table 5). DTPA 0,19
mM 2| 2]5-8] F27]of] DTPA & FUT 4.94 mM= 5F
< et Aol7k glley, oEATR des i
CjL asiglon, o] DIPA 4,94 mM 5= o] 3o A]
= ASAs7E EAskIeh ol B4l DTPAZL nAd=9]
g0 ARIEA £l W5olo] G uF] e
o|g} AZI=ETh Means et al, (1980)-2 DTPA7} Hlo| 9l=
2710l A 173 ol 5%, o7& 21lol|lA] 47%7} Tt
11 3}99a1, Bolton et al, (1993)-2 DTPAS EFT} HH-A]7]
3 115900] AL 74%, 97)EA9) BAS vl = A
AR ol T ek wusct, o) T
150 Bkl o]Foj% Ao R, JFES DIPA7F B4k
Hole Ao 2 =A=EC) 18] Wallace et al, 1974)= &
ol FUE 5=l AYo|EA= A=A 545 UE
AlE0] B} fols Fdhe As oAl
b L Ul%k%ﬁ\—i’i 2YS Fethal Basie oA
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Fig. 3. Changes of EC, Ex. K, Ex. Ca, Ex, Mg, NOs-N, and NH;-N in soil treated with chelates by soil sampling time in 2011. Feb.
7 (before application of a chelate), Apr. 30, Jul. 4 (final harvest during spring season), Sep. 2 (final harvest during summer season).

Table 6. Comparison between cost of DTPA and fertilizers by conventional practice during cropping system from February to

June.

Treatments Input cost T Saving cost

DTPA Inorganic fertilizers Total
----------------------- R R L — - % -

Conventional practice - 355,425 355,425 -
DTPA 0.06 mM(1 time/1 week) 117,504 - 117,504 67
DTPA 0.06 mM(2 times/1 week) 235,008 - 235,008 34
DTPA(0.06 mM, 1 time/1 week) + N 117,504 29,811 147,315 59
"Data from Agricultural income information of 2010, RDA.

N means nitrogen fertilizer
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