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Accumulated Phosphate can be released by ligand exchange reaction of organic acids. The objective of this
study was to evaluate effects of the organic acids on the availability of phosphate and the growth of crop in
phosphate and salts accumulated soil. Soil samples were collected from farmer’s plastic film house. Available
phosphate and electrical conductivity of soil were 3,005 mg kg'1 and 16.63 dS m”" which were 6 and 8 times
higher than the optimum range of soil for crop growth, respectively. Coms were cultivated in pots for 2
months. Treatments were no treatment (control), phosphate fertilizer (P), citric acid (CA) 1, 5, 10 mM, and
oxalic acid (OA) 1, 5, 10 mM. Water soluble phosphorus, available phosphate, com growth and uptake were
determined after cultivation. Results showed that organic acids increased water soluble phosphorus and
available phosphate. For the level of 10 mM, the order of effectiveness of organic acids for water soluble P was
citric acid (44%) > oxalic acid (32%). Height and dry weight of coms were increased significantly by the
treatment of citric acid 1 and 5 mM. Also, com absorbed more phosphorus, nitrogen, potassium, calcium and
magnesium in the treatment of citric acid 1 mM than these of other treatments. Even though phosphate
availability of soil was enhanced by addition of citric acid 10 mM, the growth of coms decreased because high
concentration of citric acid caused salt damage by increasement of electrical conductivity. Thus, the citric acid
of 1 mM has the potential to improve the availability of phosphate and the healthy growth of coms.
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Height and dry weight of coms cultivated in soil applied with the organic acids.

Dry weight
Treatment Height Top . ; Root
cm g plant”

Control 61.3 be 3.2 de 1.2 cd
P 82.7 ab 7.7 be 1.9 bed
CA 1l mM 96.2 a 13.0a 42 a
CA 5 mM 90.7 a 11.1 ab 27b
CA 10 mM 67.7 be 5.2 cde 1.3 cd
OA 1 mM 557 ¢ 2.1e 04d
OA 5 mM 79.0 ab 5.1 cde 1.7 bed
OA 10 mM 80.7 ab 8.2 be 1.7 bed

* Different letters represent significant differences (P < 0.05) between treatments by LSD. P: phosphate fertilizer, CA: citric
acid, OA: oxalic acid.
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Introduction

S7NRE Al EE 5 AR B, nhyEe] A
AL, 28 Zgo 2 AAEE (Huang and Violante, 1986; Mo,
1986; Stevenson, 1967) S/l T= o]& 7J9] carboxyl groups
o= AYolE 7153 ). =M F7 Ak
Ape1z]Ql slehkg J*’“Mt %@Eﬂ ol=igt stehikg-2l
A2 o= A0 BejollA] viEE 71*101 T A
B Qe Salskn Aol Qom F4whs ol (Hue
1991; Bolan et al,, 1994; Iyamuremye and Dick, 1996; Jones,
1998; Yang et al,, 2000; Haynes and Mokolobate, 2001; Hu et
al,, 2001; Palomo et al,, 2006; Wang et al., 2008).
BIAES EoFo|A X&A 02 AAE|R|UF A== (10~100
ol L2 ZAjsts] wlabge] Hele WRAlto] g v
o] At} (Jones, 1998). °oJ2fet e HeAstall gjF o=
TS §714h Feste] £oF 5 Qo] SAEE B
Z] 4= Q)tH(Stanford and Pierre, 1953). ©]&gt d= =20
Al f71te] SRet Aol we Q] 7H8d, =4 ¥
Efjo] M3} (Earl et al., 1979; Lopez—Hernandez et al., 1986;
Jones and Darrah, 1994, Lan et al,, 1995, Yang et al.,
2000; Hu et al,, 2001; Palomo et al,, 2006), 183l -G7]|Ak
3 QUbdulRe] £9 Sl WE Qo] §EE S
(Schefe and Tymms, 2013) Gl thste] &2 AL=|SIc), =
Wollr= 2E oA Qi HAR] Bl f7 14k A=t
T 20 s SX AvkE ARt At Ik (Lee, 2003).
FEluEt s A fFaQt kel )lojA] = (20119),
wr (200915]) /\]*JXHHHX] (20129) 9] H sl=ke 7k7t 131
mg kg ', 628 mg kg ', 1,049 mg kg 'O H2ATH
(NAAS, 2010)°l4 FHsh= 2He A2 $IRE Rt 4
M) (3= 80~120 mg kg i B 150~250 mg kg 1 Al
AR 450~550 mg kg HETF 1.4~2.08) AE Z1pEQ)
51, B3] AMAA BORe the AR Sl Yol
AZysie] s QLA @57 Al HE mope] ug
o] 55%5 ZFASIAL Itk (RDA, 2013). |AF AH7)F 7}
SHEA A 4 A cirs S0 A3
P AMBA sk, 1 vl A sl )
AR BAlE 7PAg 1 27
o e R AT

<

d

i

Table 1. Chemical propetties of the experimental soils.
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Materials and Methods

SA EY EM U ZUE R =k AR 7t
Aol A ekl Bkl Al S A EE
Z}7} 3,005 mg kg |, 16,63 dS m '@ 2222 AAF Y-S
oJ5l EoFo] AW (& QlAk 150~250 mg kg |, A7)
A% 2 dSm ™ o|ahE T} ZHz} 15,08, 7,54 A= Wkt
(Table 1), ZA] ZHEL TH|go] 2L AIEE o52a A
Aal9al, EE (1/2000a)0] B 12 kg X510,
AR HHXlS&P e P9 o)A sukEo = Sgict,
2] Y82 control, EFH|EAREF (NAAS, 2010)2 F¢
3l olAFIH| R A g]7 (P: P205 = 30 kg ha ), 3-7]Ako.&
citirc acid (CA), oxalic acid (OA)2 ©]-&3}4] 1, 5, 10 mM
FEE Asielal, frlE dEa A 2 el 4
g 1Y W B olETt 7] fjEe] £ HRE Akt
< X%E‘Jo}"*ﬁ} 13 99 4] B Rl 4R B

rulo ol m

T} E?]f:}-o} Fdo] At 5 (9Y 110l EFS A
[ J+ stplen, 109 150 AezAE o

3t
5 9448 43ksiert

Ex. cation
o pH EC oM Av. P05
Division Ca K Mg
1:5H,0 dS m™) (g kg (11 - R — LA [ < —
Soil 6.6 £01 1663 £230 631 3,006+ 130 232 =09 801 £ 044 126 £ 0.7
Optimum range for corn growthT 6.0 ~ 6.5 < 2.00 20 ~ 30 150 ~ 250 5.0 ~60 045 ~055 15~20

¥ NAAS, 2010,
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4 A AR ] AN Ao
pH®} EC= B¢ 579 HISS 1168 F&3}0] pHe} EC
meter2 SEIFIL, EFHTIES Tywrind, FEMES
Lancasterti 2.2 720 nmoj|A] ]/\—',474] (U—-3000, Hitachi)=
SAsIInh Aed ol 1 M NH,OAc (pH 7.0) &5-8H

o7 2Z3le] 9rAS Zalxnt ulslsliA (ICP-OES,
GBO)Z #AsIi. AEAl9 Ax5e AFiste] A7)0l

Az T BAS ZHSYA AR B HEe 2
® = 0.5 g A5} cone, HySO; 10 mLe}

% 5 Eat AR

50% HCIO; 10 mLZE 7}5lo] gk & ojusle] 224

(T-NE= Zdd5Faoz BX8191
ICP-OBS2. 2% % =2 AXISIAIE} (NMIAST, 2000)
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Results and Discussion
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J ontrol¥t OA Z|2jtofA] Zpol& Hlch
S-H AL SHEL citric acidE AE|E A CA 1 mM, 5
mM, 10 mM H 2|5 A] ZF2F 3,093, 3,034, 3,155 mg kg
O 7 Ot Aty Z7)eke H8Fo]al, control (3 005
mg kg )ET} 1~5% (29~150 mg kg ) A= Z7}st A
Uehgth 183 oxalic acids A A OA 1 mM, 5
mM, 10 mM #2]Ftef| A Z+zF 3,015, 3,107, 3,201 mg kg
02 Helsrr) 7142 S7sk=s 4 30]0al, control
B} 0.3~7% (10~196 mg kg DAE 271519 oxalic acid
A2 citric acid Ao} nRIR| 2 FARSE AERS
Lpepe,

=84 QAL (P) 2] Sk citric acidS A& A CA 1
mM, 5 mM, 10 mM A 2]FLol|A 242+ 41,6, 42.0, 52.0 mg kg
02 sy} =olkeE =71819a, control (36,1 mg
kg VET} 15~44% (5.5~15.9 mg kg ) HE Z7ligom,
oxalic acidS 2]k 7 OA 1, 5, 10 mM2] Ha} 7oA ztzt
39.5, 44,7, 47.8 mg kg i, control H T} 9~32% (3.4~11.7
mg ke A% 2715

Eol A Aol o YA ERE §7]4R 10~100 pmol L
O FE TR ZABMAINE QI9A o EEE
EoFo] oA FHES R 4= 9lal, o] wl A3 87
AkO] B9l vl 10 mMo|gkal 3F9th (Jones and Darrah
1994; van Hees et al,, 2003), & Adof|A] 7 A] & lAk
o] 73k 714 F 7t =& 10 mMoll A 7 SThst
A1, §714F 2= citric acid®] QAT oxalic acid Ert
7} o &)t} (Wang et al,, 2008).

s

IE Mz EY ] S50 ASEE vugt A
& Table 33} Zth, 94, QUHFAH|R (P) A2l 274
o] 82.7 cmE 7|&C & t}E Az e} vws] Bk o
CA 1 mM2 96.2 cm, CA 5 mM-2 90.7 cm& citric acid

Table 2. Changes in pH, EC, Av. P,Os, water soluble P, Ex. Ca, Ex. K, and Ex. Mg of soil by the addition of organic acids.

" e Ex. cation AVPOs Water soluble
Treatment Ca K Mg P
(1:5H,0) (I —— cmole kg IS gl S ——
Control 6.6 ab 16.63 ¢ 23.2a 8.04 a 12.6a 3,005 b 40.0 d
P 6.6 ab 16.92 bc 22.5a 8.00 ab 12.0a 3,019 ab 41.8 cd
CA 1 mM 6.6 ab 1547 ¢ 22.8a 7.39 ab 10.9a 3,093 ab 41.6 cd
CA 5 mM 6.6 ab 18.55 ab 22.9a 7.68 ab 11.5a 3,034 ab 42.0 cd
CA 10 mM 6.7 a 19.63 a 25.0a 7.86 ab 12.7a 3,155 ab 52.0 a
OA 1 mM 6.5 ab 1544 ¢ 24.5a 7.61 ab 12.2a 3,015 ab 39.5d
OA 5 mM 6.5 ab 16.82 be 22.8a 7.27 ab 10.9a 3,107 ab 44.6 bc
OA 10 mM 6.6 ab 20.35a 23.5a 6.77 b 11.4a 3,201 a 47.8 ab

* Different letters represent significant differences (P < 0.05) between treatments by LSD test. P: phosphate fertilizer, CA: citric acid,

OA: oxalic acid.
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Table 3. Height and dry weight of coms cultivated in soil applied the organic acids. P, CA, and OA mean phosphate fertilizer,

citric acid, and oxalic acid.

) Dry weight
Height
Treatment Top Root
cm g plant'1

Control 61.3 be 3.2 de 12 cd
P 82.7 ab 7.7 be 1.9 bed
CA1lmM 96.2 a 13.0a 42 a
CA 5 mM 90.7 a 11.1 ab 27b
CA 10 mM 67.7 be 5.2 cde 1.3 cd
OA 1 mM 557 ¢ 21e 044d
OA 5 mM 79.0 ab 5.1 cde 1.7 bed
OA 10 mM 80.7 ab 8.2 be 1.7 bed

* Different letters represent significant differences (P < 0.05) between treatments by LSD test. P: phosphate fertilizer, CA: citric acid,

OA: oxalic acid.

1~5 mM A 2|gt el At Z718HaL, OA Al 5 A
o] 7F 2 0A 10 mM A7} 2jol= %i‘zit}
g_,_‘w] AZTo] QlojA P A gGLe] A=TS 10022
A W AAHE ASEES CA 1 mM A 2]Fo| 4] 69%, CA
5 mM 2] Lol A] 44%, OA 10 mM H2|LollAl 6% 4=
L 7ol Ak, CA 10 mMT}F OA 1 mM, OA 5 mMol|A &
R Qs ashes A Btk Aok deEe
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AL hgand exchange
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Fig. 1. P, N, K, Ca, and Mg uptake of com by organic acids
treatment. P, CA, and OA mean phosphate fertilizer, citric
acid, and oxalic acid.
* Different letters represent significant differences (P < 0.05)
between treatments by LSD test. CA: citric acid, OA: oxalic
acid.
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& wQAL, O thEe® CA 5 mM AP FoA] ¢l FES
0.06 g plant ', A& ek 0.38 g plant ', ZHF Tk
0.56 g plant ', Zr<r TS 0,08 g plant ', v} 1u|4 ek
20,04 g plant 2 &tk A ARt S AAFH
5% (Table 2)0] CA 1 mMI} 5 mM A 2o 4] &2 2

H

I FAREI, AFTol w2 At TR
2 AoE YEyith

CA 1 mM HzJtolx| F71/d% S-S Ca (109%) > Mg
(82%) > P (66%) > K (58%) > N (9%) 2] £=A2 Z7}E]9l0
27} ¢Fol2Rl Ca®t Mgo] Fgair}t 7P ZlaL, 17} ol
1 KO] 3gaapt Aoz Aieh oA BEY 5 ol
2of thgt ZYlo|EAQ] 73t A4 (stability constant)2)
7] (Lindsay, 1979) o} Y2|ol= AR P} A7 &
Aol 2HEo] okRETHo| =0T} (Kim et al,, 2015),

O|RHE FkEo] ¢4 W ARYAX| A B 14k
T8 FE ST} A= g s RO R S
o] ZAFE 1) 2 0 citric acid ImME X &|d}= A
o] AAsirtar e}

Conclusion

W Q1AL (Av., POs 3,000 mg kg ) X @F (16.63
ds m™) FHA B f714RS Tste] B ¢lake] 7}
B3t Areof A=) S WS Bkt Citric acid®}
oxalic acidS 1, 5, 10 mM =22 EJWES ] 474 ==
7h oA E B fadhE e STk Aol
5849 A (PO FE= 15~44% B= F7IsHelcE 1
L, 2400 A8 2 §39H= citric acid 1 mM3} 5 mM%
Aestde W 7HE w8kaL, olHth & FkolA Ao
A5 A= Sleh Teba, AFAAA] Bl HAH
Qite} 7ol FHEE e AR =Y T dsew
AEAGo] AaflElng EoF Qlike] gt gt AHEAY
%, 283 BYsAAY] BAVdS s & w1 mM F=

9] citric acidg& o] AA@sitia T3t}
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