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Abstract

This study was conducted to evaluate the effect of phosphorus acid (H;POs) addition to the horticultural bed soil on the
initial growth of red pepper (Capsicum annuum L. cv.), cucumber (Cucumis sativus L. cv.), and kimchi cabbage (Brassica
campestris L. ssp. pekinensis (Lour.) Rupr. cv.). The stem heights of red pepper and cucumber were 46.1% and 23.0% greater
in the 50 mg/L of phosphorus acid treatment than the untreated (control). Further, the stem diameter of pepper and cucumber
were 48.7% and 23.0% greater in the 50 mg/L of phosphorus acid treatment than the control. In addition, the number of kimchi
cabbage leaves was 47.5% greater in the 50 mg/L of phosphorus acid treatment than the control. The dry weights of red
pepper, cucumber and kimchi cabbage were 72.9%, 16.5%, and 30.4% heavier in the 50 mg/L than the control, respectively.
Cations (K, Ca, and Mg) and total phosphorus (T - P) were quantitatively analyzed for these three horticultural crops. The
concentrations of K, Ca, and Mg, and T - P were higher in the 50 mg/L of phosphorus acid than the control, respectively.
Based on the results obtained in this study, it appears that treatment of phosphorus acid in horticultural bed soil enhanced the
growth of red pepper, cucumber and Kimchi cabbage.
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Fig. 1. Photograph showing (A) the initial growth and (B) root growth of red pepper (Capsicum annuum L.) in the
phosphorus acid-treated and untreated (control) horticultural bed soils.

Table 1. Heights, stem diameter, fresh and dry weights of red pepper (Capsicum annuum L.) in the phosphorus
acid-treated and untreated (control) horticultural bed soil

HsPOs concentration (mg/L) Height (cm) Stem diameter (mm) Fresh weight (g/pl.) Dry weight (g/pl.)
0 9.3+0.58 b” 2.0 £ 0.00 ¢* 69.2+0.05 f 9.9+0.08 f
10 11.6£0.58 b 21 +029 ¢ 89.8+0.13 e 13.6+0.05 e
25 11.0£1.00 b 21 +£029 ¢ 167.8£0.20 b 25.340.09 ¢
50 17.3£2.52 a 39 +£ 036 a 224.6+0.20 a 36.6+0.21 a
100 16.0£2.00 a 30+ 050 b 143.340.19 d 23.540.22 d
200 16.6£1.53 a 3.3 £ 0.58 ab 158.8£0.28 ¢ 29.6+0.28 b

All values are means + SD.
“Means in the column followed by different letters are significantly different (p < 0.05) by Fisher's LSD test at 5% probability.

g Do) o] g W] Aol A GRS ALREITHFig. 2), Eh 24 BE X2 7oA 104%,
U, ARAEE AR ST A SRt Aol2 WAL 14.2%, 23.0%, 20.0%, 16.6% Fo] 2 Fxj 2l o] v

©0)(Cucumis sativus L)) Bele Sxlelpol wa)  Zlelen, 22T % 50 mglLr} 71 e Aol
A7} 27) AT WePhGol FIE Hol= Ao MOITK(Table2). 2o0]2] A4S 24 Aal, 2H T
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Fig. 2. Photograph showing (A) the initial growth and (B) root growth of cucumber (Cucumis sativus L.) in the
phosphorus acid-treated and untreated (control) horticultural bed soils.

Table 2. Heights, Stem diameter, fresh and dry weights of cucumber (Cucumis sativus L.) in the phosphorus acid
-treated and untreated (control) horticultural bed soils

H3PO; concentration (mg/L) Height (cm) Stem diameter (mm)  Fresh weight (g/pl.) Dry weight (g/pl.)
0 20.0+£1.00 d” 7.3£1.53 a 302.6+0.16 d 51.840.05 d
10 22.3+0.58 ¢ 7.6£0.58 a 296.0+0.04 e 4744021 f
25 23.3+0.58 be 8.5+0.50 a 290.8+0.21 f 50.740.13 ¢
50 26.0+1.00 a 8.6+0.58 a 359.6+0.34 a 62.1£0.15 a
100 25.0+1.00 ab 7.3£0.58 a 32444032 ¢ 54.6+0.30 ¢
200 24.0+1.00 be 7.3£0.58 a 347.7£0.18 b 58.840.23 b

All values are means + SD.

“Means in the column followed by different letters are significantly different (»p < 0.05) by Fisher's LSD test at 5% probability.

£ FY RE H2) 7] §o Rol= BojFA) £3
O S0 mg/L] of AL Hel oA 71 2 gk ¢
© 2740] Autet 22 S WYk AXFFS 50
mg/L, 100 mg/L, 200 mg/L X2 T A 16.5%, 5.0%,
11.9% o] 2 -4 2lte] n]) 57151 00, 50 me/L

o] ofQlito] A2 AR oA 205 SHEHS wf A
Al AdzgZoll lol A=+ 5 a7t 7 Zich
v\ S(Brassica campestris L. ssp. pekinensis) 2] 5
= FA Rl v A trh 27] St e s
o AE 2 rhFig. 3). E3L HjFo] P4 BE A
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Fig. 3. Photograph showing (A) the initial growth and (B) root growth of kimchi cabbage (Brassica campestris L.
ssp. pekinensis) in the phosphorus acid-treated and untreated (control) horticultural bed soils.

Table 3. Number of leaves, fresh and dry weights of kimchi cabbage (Brassica campestris L. ssp. pekinensis) in the
phosphorus acid-treated and untreated (control) horticultural bed soils

HsPO; concentration (mg/L) No. of leaves

Fresh weight (g/pl.) Dry weight (g/pl.)

0 3.6+0.58 d*
10 4.6+0.58 cd
25 4.6+ .58 cd
50 7.0£1.00 a
100 6.3+0.58 ab
200 5.3+0.58 be

113.3£0.56 d 21.340.04 d
94.6£0.51 f 19.6+0.15 e
96.5+£0.27 e 17.7+0.44 f
198.2+0.12 a 30.6+0.21 a
160.4+0.07 b 25.8+0.09 ¢
152.6+0.13 ¢ 28.840.20 b

All values are means + SD.

“Means in the column followed by different letters are significantly different (p < 0.05) by Fisher's LSD test at 5% probability.

27 (10 mg/L, 25 mg/L, 50 mg/L, 100 mg/L, 200
mg/L)ol|A 21.4%, 21.4%, 47.5%, 42.0%, 31.1% Z}o]

A g]tol| vl F7Fskel o, A 24t 550 mg/L
7} 7V ke 2jo] 2 K GTi(Table 3). E3E vl 2] A7)
F AxFs S5 Ak, AxFT2 50 mg/L,
100 mg/L, 200 mg/L Hz]7olA 30.4%, 17.6%,

26.1% po] = F-A 2]t vlsf S57Fsk3l o, 50 mg/L
o] ofelato] A2 AR A M5 £ atoS ) 4]
Al Aol slol 7P axp7t zich
ORI AlZA oA AgH & d. o Wutoh et i
At o] AE2 27 Al aaks 7] AL ok 4
#] QltiBower and Coffey, 1985; Lee et al., 2001).
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Table 4. Effects of cation (K, Ca, Mg) and total phosphorus (T-P) in red pepper (Capsicum annuum L.)

H;PO; concentration Leaves Stem Root
(mg/L) (mg/kg) (mg/kg) (mg/kg)

0 2010.7+66.62 b 776.6£33.43 d 818.3£59.82 d

10 1658.346.09 ¢ 784.7+43.40 d 882.3+49.15 d
Potassium 25 1055.546.07 ¢ 588.0+£20.76 d 1095.4+16.95 ¢
(K) 50 2569.4+131.40 a 1521.1£119.41 ¢ 668.6£129.30 e
100 1171.6+30.55 d 3031.0+337.35 a 4514.8492.90 a
200 818.1£27.01 2389.6+110.00 b 3337.0+41.98 b

0 726.7+41.49 b 244942279 ¢ 239.2+56.66 ¢

10 640.142.11 ¢ 170.6£10.58 d 246.3+16.81 ¢

Calcium 25 576.9 + 3.73 d 168.9+7.70 d 511.4£6.31 b
(Ca) 50 882.4+33.65 a 178.4+9.83 cd 329.0+29.86 d
100 464.8+10.64 ¢ 501.9+67.78 b 560.1+21.44 a

200 501.3£19.72 ¢ 821.3£44.66 a 449.0+5.84 ¢

0 399.5+12.53 ¢ 49.0+2.26 d 210.7£16.43 ¢

10 365.443.54 ¢ 51.8+2.85 d 215.8+12.25 ¢

Magnesium 25 372.6£10.85 d 59.4+2.29 d 41324527 a
Mg) 50 435.3+14.60 a 493.5+23.61 a 255.943.07 b
100 319.0+7.34 ¢ 330.9+38.49 b 265.045.78 b
200 402.0+20.29 b 116.549.18 ¢ 193.1£38.14 ¢

0 153+1.47 b 43£0.58 ¢ 5.0+1.51 ¢

10 123037 d 2.3£0.08 d 5.4%0.18 ¢

25 13.6£0.35 ¢ 2.8+0.14 cd 5.7+0.15 ¢

P 50 25.4+0.58 a 3.6+0.03 cd 5.9+0.17 ¢
100 8.2+0.30 e 17.8£1.72 b 14.0£0.77 b

200 7.7£0.27 e 21.9+1.18 a 19.9+0.99 a

All values are means + SD.

SEA|IE, B2 A Lo]| A] o} Q1ARS: A 2] 8lar 23 Fot oF s
SAFS PAE|A] Rtk 3L B G ANE By
T E|Ttof| vlsf| ofQlAE A7t 271 X

J5oll aE

o] Fktgom, 27|
7hKaego] 71y

Hof| A 22|+ 100 mg/L
=34k Tﬂ«l KeJay2 #2550
mg/LE A|2]at L 2] 9] 2] 2] Lof| ] FLx] 2] 7to]] 1) 3]

Hol= Ao Az
3.2. K, Ca, Mg, T — P M7}

3.2.1, IF(Capsicum annuum L)
oRRlite] A2|E 115 QloflA Ko gk A 2]+ 50
mg/LofA 7H =9kat, U A] A2]54(10 mg/L, 25
mg/L, 100 mg/L, 200 mg/L)+= F-&| 2] Lo 4] Hoh K
o] 7H4513{T} (Table 4). Z7]0] 4] KgHepe Ae)
25 mg/LE A|L|RF U A] 22|17} A 2t v]si K

KeFfo] S71= 1AL, 100 mg/Lof A Keterol 71 =
Ak

Mg FHe2 Qlof|A] fxje|-tet v s e uf 0.6 ~
20.1%2] 2folE H ot FAE|tol vls| A+ 10
mg/L, 25 mg/L, 100 mg/L+=MgdaFo| Zh4s)% o,
50 mg/L, 200 mg/L-S- Z7}5F3it) w3k Z7] o A=
2] 2] 7L v 5.4 ~ 90.0% =718 kS BT, 50
mg/LojA] Mgghako] 71g-qket. Bajollal= R e+
of &} 2.3 ~ 48.9%2] Z}o]= Rt} )T 200



236 e - ofof2 - ¥

ol - e

e

S 02 - A ARS

Table 5. Effects of cation (K, Ca, Mg) and total phosphorus (T-P) in cucumber (Cucumis sativus L.)

Stem

(mg/kg)

Root
(mg/kg)

703.8+182.34 ab
850.5+174.63 a
685.7£24.26 ab
647.6£73.50 ab
464.2£151.79 b
669.0+£84.77 ab

667.0+49.20 e

1182.4+79.00 ¢

1396.7£16.11 ab
871.6+83.53 d
1287.8+116.38 bc
1505.6+29.61 a

831.5+18.71 ¢
953.7+£57.75 b
784.3£16.15 ¢
1329.0+20.65 a
432.4+36.08 d
790.2+19.25 ¢

2110.0+35.49 a
1606.6+97.16 ¢
1922.4+21.64 ab
1145.6+77.01 d
1846.4+147.88 b
1842.0+154.30 b

492.7£6.96 d
663.7+15.70 b
511.2+11.03 cd
848.3+60.62 a
308.4+26.37 e
544.8+11.90 ¢

229.8+1522 ¢
705.4+12.29 a
644.3+£7.66 a
522.54£30.75 b
685.1+54.02 a
642.1£53.47 a

H3POs concentration Leaves
(mg/L) (mg/kg)

0 492.3+10.15 ¢
10 614.1£106.11 b

Potassium 25 642.8£72.95 b
) 50 732.743.68 a
100 632.744.98 b

200 583.4+10.96 b

0 421.9+11.30 d

10 598.0+92.14 ¢
Calcium 25 978.1+101.46 b
(Ca) 50 1151.2+18.18 a
100 1053.2+8.20 b

200 1013.4+5.18 b

0 307.9+44.95 b

10 157.3£3.63 d

Magnesium 25 213.5421.84 ¢
Mg) 50 398.0+60.97 a
100 249.7+191 ¢

200 250.6+1.25 ¢

0 8.2+0.38 b

10 3.3+0.11 d

Tp 25 7.4+0.62 ¢
50 13.4+0.15 a

100 8.0+0.44 be

200 12.7£0.53 a

3.940.16 d
5.0£0.17 be
4.6+0.15 ¢
7.7£0.71 a
2.740.17 e
5.440.09 b

12.44+0.36 be
11.2+0.55 ¢
13.5+0.93 b
7.0+0.37 d
15.4+0.41 a
15341.15 a

All values are means £+ SD.

mg/LE A|LJ3E 2] 22l ot A 2] otof] vis Mgdt
gFo] 2715911, 25 mg/L ] MgdteFo] 714 =gkt
T-PRRE QoA Faje)toll v]8l] 10.7~46.3%2]
2ol & Kl om, Fajg]tof ulsl 50 mg/L-S A 2|gh
U 2] A 2] qte] PeFeke 7hasstoint. 7ol A Azt
O] T - PRI F-A]2]to] HI3) 16.4 ~ 80.3% 2] Z}o]
.01, 200 mg/Lof| A 713 =kt #ia]of| A 2] 2]
T T - PRFFE FA] 2] 1] 3} 6.8 ~ 74.8% ] Z}o]
om, BLE A Gt7k FA] 2jte] ule] T - PEHeF
o] Z71%] %137, 200 mg/Lof| A 71 =Sttt Forster et
al.(1998)9] A+ AT}o] w2, 1150} 7He: IR F2l
mjgol QLIS A gt E719} Q> FA el QL

J_O}OC‘D} Park etal.(2011 )01] o5}

vl & A Re] A2 g 2| Fe
of efste] PEK 2] o2 T718I3 o1 Ca g-g Mg2 7}
45he S 1S HusrE o} Bo 49
oflARe] S A e e 1§l Ho] gl How

AT N
o} £ ofulo] ula) Lt oS A0 PerElch

3.2.2. 20|(Cucumis sativus L.)
K3lgke- olQlAl 22| 20| Qlof| ] Fraja] Lo vla|
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Table 6. Effects of cation (K, Ca, Mg) and total phosphorus (T-P) in kimchi cabbage (Brassica campestris L. ssp.

pekinensis.)

H;PO; concentration Shoot Root
(mg/L) (mg/kg) (mg/kg)
0 757.94£30.13 cd 492.8+37.19 d
10 740.0+42.53 d 787.7£86.85 ¢
25 806.3+14.11 ¢ 813.2+142.03 be
50 1010.3+32.03 b 1166.2£29.05 a
100 1274.9£27.07 a 676.0+10.88 ¢
200 1296.58+22.83 a 947.76+£5.03 b
0 499.5422.30 e 402.6+36.12 ¢
10 597.4443.52 d 665.6+83.21 b
25 983.5£21.81 b 773.1£154.71 b
50 1544.1440.74 a 675.6£11.73 b
100 890.8427.81 ¢ 1023.7425.59 a
200 853.8+31.08 ¢ 801.2£3.14 b
0 181.2+7.04 f 357.6£27.61 d
10 451.6+26.55 ¢ 571.0£63.57 ¢
25 520.548.79 d 434.8+75.00 d
50 1174.6+26.56 a 693.6+9.58 a
100 878.2+19.78 b 598.1£11.24 be
200 634.4+19.15 ¢ 664.4+17.52 ab
0 11.840.36 ¢ 3.840.23 ¢
10 8.0£1.09 d 4.1£0.19 ¢
25 6.0£0.25 ¢ 8.540.14 a
50 13.740.25 b 8.5£1.15 a
100 7.6+0.08 d 6.8+0.04 b
200 16.6+0.40 a 6.3+0.07 b
All values are means + SD.
19.8 ~ 32.8%2] A}o]& HE it} (Table 5). T=3L, ofjA] 2|77} Caglero] 271912, 50 mg/Lo| 7 =

w2 He) 77k B o] vl Kalere] S7hE 9o
50 mg/Loll A 714 S9kh. Z71014 o] Kghah& 54
2} o] w8 2.5 ~ 34.0%2] Zfol7} ok

el Aol LeiR] K2l oA 7
Kol 2|l » EMI*HK

B3} 23.4 ~ 55.6%2] 20| =

mylLel 7F sl

CaohF2 SdofAf A 2|tol| sl 29.4 ~ 63.3%9]
Aol & Hltk. QoA Caghade: 741 2lto]| B3l 2=

O 1} 10 mg/L 2]
A g o] vl
SR
Ack e 2e A

ol A A=) ol H]sh K%“%W S7k8kl e, 200

Uk E710lA=

ol ul8) Cagtego]
A elol
)77} 2E Ae) Tt Cast

o] 71
o] zjolE K.
o] =)t
Mg?
AolEEHY L

LA 2] of| B3] 4.9 ~ 47.9%2] Z}o]
£ Bk E3L £7]0)4] 10 mg/L, 50 mg/Lo] 4|2
Z7}5]9131, 50 mg/L7} Cao) lef

3] 2) 7o) 1] 5 8.8~ 45.7%

oA A 2] o] B3] 18.6 ~ 48.9%]
, FAERE50 mg/Lg Al o] 9t L A]
#|2|te] vls Mgehato] =9kt 71014 Mg
ARl B8} 3.6 ~ 41.9%2] 2[ol & KA. TE3h
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100 mg/L-S A 2J5h L 2] A 2= F3 2] of] v]s Mg
slefo] 271819 11, 28]t 2 50 mg/L 2] MgdleFo] 7}
A 1=ghrt, M) o] A= 56.0 ~ 67.4%2] 20|12 H gl o,
L A7 F A 2]t v]s MgghaFo] S7F=| $laL
10 mg/Lo| 7} =kt

T - PRI SlofA] A 2] te] H] 3l 8.0 ~ 61.4% 2]
o) B¢ 2w, 50 mg/L 1200 mg/L-2 A )3k L
A Ae|E T A 2 E7E 29k, 50 mg/Lo| 71 =
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o|& E3lom, 100 mg/LE A &gk L A] A 277} -
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% = deh B of| A= FAf 2l ate] H] 2l 8.0 ~ 18.9% 2]
Atol & ettt E3h #e]ol Al 10 mg/Le}25 mg/L
= AlQIgE L 2] A 2] 7t A 2] to] Ble) T - PRk
o] Z7t=|gl e, Jat E7o ALt Ee] 100 mg/Lo] 7}
% =S8k

Hwang et al.(2010)> tH4PHE-S A 2] ob9& ol &
o] oA TH4REE S718 S UK, Ca, Mg @] o
of| f-oJgk 2ol & Hol x| pkotar, o|eh vl walg uj 27
T s oRRlike At FEA= Ao g Hus)
Ack

3.2.3. Bl (Brassica campestris L. ssp. pekinensis)
B 5= 21520} @ o] b= gre Aol A s = U
oA A AAISHITE Kol Aol A 412
ol B3] 2.3 ~41.5%2] Z}o|E H i Table 6). A|A;
ol Al 10 mg/Le}F25 mg/LE Al |3t L 2] 22517}
A}l Hls) Kaleo] S|l el i wAle)
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60.6%2] 2to]5 LEFTE Aot AsHof| A B
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mg/LofA] 7P E-2 2ol & H ek
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]3| Mggtrol 57 2l.em, 50 mg/L o] 7H = 3dth
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Mgalgo] S7HE Lo, 2]/l A 9F o] 50 mg/L

e

S 02 - A ARS

o] 714 9t

T - PRFFE AVFFolA FA gt H]sf 13.8 ~
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= A F7FFA 2Tl Blsl T - Pekedo] S71H= itk
Hwang et al.(2004) 2] ¢1+% Z1}of uk=H, 4] 100%
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= slehh| mAtel & 2ol 7} gllaL, gt k|9
e RS w1 AT AT vl e
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RS A3, 0], i) 0] A% 71 o]
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.
A48 59 HAug a0
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o2l K phosphorous acid, H;POs)0] =2 Hoj-&
AYE o\ A 21 SF L 2R 315 Capsicum annuum L.),
Q. 0\(Cucumis sativus L.), W\5x(Brassica campestris L.
ssp. pekinensis)®] 7] A& A} 1S 97T A
NIk, 139} 20]0] 2R FA ASAGE B
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-0 73] 2lo] W]5) 46.1% 2 27 5710) E27} A3
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£ OFRIAHS- 50 mg/L A 2]t A 2f Lol A FA] 2] =tof| B
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