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Thisstudy was carried out to eval uate the effect of application of ureaand combination of ureaand pig manure
compost (PMC) on the occurrence of and the recovery from ammonium (NH.") toxicity in Chinese cabbage.
To identify NH4" toxicity of the crop four levels of ureaat 0, 160, 320, and 480 kg N ha were applied, in
addition, three levels of PMC at 10, 20, and 40 M/T ha'* was also applied with urea 320 kg ha™. For recovery
NH," toxicity, six levels of sucrose were treated at the amount of 0, 600, 1,200, 1,800, 2,400, and 3,000 kg C
ha' at each level of combining treatments of urea and PMC. Our results showed that NH," toxicity was
occurred at every urea application of 320 kg N ha™ regardless of PMC applied to the soils because NH,"
contents in the soils were more than 155 mg kg™ which was found to be the critical level to damage crop
growth at 2 days after transplanting (DAT) in this experiment, the more sucrose was applied up to 1,800 kg C
ha'* for the plants damaged by ammonium toxicity occurred at 320 kg N ha, the greater extents recover the
plants from the toxicity. PMC showed the similar effect with sucrose on recovering Chinese cabbage plants
from NH," toxicity at 30 DAT.
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PMC had similar effect with sucrose on recovering the Chinese cabbage from NH," toxicity which had occurred at the level
of 155 mg kg NH,"-N in soil.

*Corresponding author: Phone: +821035753751, Fax: +82316705089, E-mail: seanku@hknu.ac.kr
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Introduction

A= 2 YAVEE ST 24 daou da
H|5 0] ZFe} el W Au|Eol whet Agabdo] getxm, 1}
Zo] E ol Aan|m 9 niEsy §714 HE7E BEY
AGEE NH, 527 Z71Elo] 28 Abde i)z

B F NH 527t d4%E ol 71w grol =
S ki), E9Ee] NH, = Alzte] 7ol wkeh NOs
olo= HMghel=r|, 2HEol| gigt £49] wsi= NH, 7} &
Aok AI719] 2o Asz7]o] dojdth skRIRE Ao
QoA 27|AS2 2FAAll Fs F, =439 TsiE
Y= A Rkl A Aadhe AR dEA St (Ku
and Lee, 2015). (Lee and Lim, 1984)2 ¢xLjo} B4 3|
S Wk vl He)] S HH AlZo] IRl st
Ao g Wslg) om| Bla) Asedo] ulle- Axsirkar sieict,
S Lo} Aol ofgh vl Hejo] A Aol RS
Aol ofojx|ar, Qlo] Zopx|m Q) Eo| nf2= 5 AFA<Q
ol 24 SARE Hlrkal B g v} 9t (Gerendas et
al,, 1997). b8 Kirkby and Mangel (1967)= NH," o]}
NH; 7F27} 5] Alaze)] 2 2Q] /& dorl=d, 1 A}
= Ak Fsl] ke WA S NH; 77 F 24 =k
1 siGlt &, Yol SA4ulsl= A B oA 4n
2 gt At T lolekar ¥t g v Qltk (Ven
der Eerden, 1982; Gerendas et al., 1997; Britto et al.,
2001). gH8 Marshner (2012)% #e]7} S5t o] NH,
o] 25 R Uol= FIAF]7] oAl 2 ] FAd AF
ol Bz ogaliof qhrhal slGirt webA] ol =4
S vk vig= M FElo] AstEuE, = olF
= B AREol AojR|A ulolt, ol sidsl] flst
, 2 AAELS 2HE|| tigk NH, 54 7ar7]E
EoFo] pH $58} NH,' o] & &0l uhe 29
Mgt WA & ARIEIAeH (Goodehild and Givan,
1990; Dijk and Fck, 1995), 24kl 229} ghaole] 214
HlR9] E8o] NH, 5AS 74AZ 4= ke Hasieict
(Gill and Reisenauer, 1993; Barker, 1995). Ku et al.,
(2010} olEelld e=rdhEo] A8-0F AM|AEA tiv] g
H1E 1002 2FshH el As HEsls Salo] NH,
FS Al AL sI9l, olF Bl e R ujS=o]
NH,® 54 S40o] UaE o, o|Ray esle-S vhz Alg
P AL27] viEo] NI 542 742 5= qloick= 2
= H39ct (Ku and Lee, 2015).

A FFYUeRA S VISEEME 1R daHs
o} &8 A O] AT} v RS SR AL
E2 2 A At (Lee et al., 2003; Patra et al,, 2000).
Park (2000)2 =EFolA] = EaEH] AEA] A A8
= A AIEE Sl Al vlm 7ER7F oAl Baskelar,
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S oS Tkl Qlo] s Aol 28-A] ElR]e] Qe
o 2 R QRS aLEsto] A8 AXdstolof gttt
3 3HAEE Yun et al., (2010)2 F7] 44|29} =H]E EH]
Sgof w2 uliFo] BAMIS Hrste] A E8H1ES AA
shoict

2 A7 FUIEH| RS =R EEH] 8 A EREE
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Materials and Methods

POTAIR & X2| £ A2 felioA EEAFS
B2 ogsioint, vl i 38SAgollA] AulE 3¢
F HE 1/5000a k1 POTO] 3.5 kgl AES 2 5 5
o 11Yo] 4] st Aol AR ERS ARFERA 3}
2 B42 pH 7.6, EC 1.1 dS m™, NH,"—N 38,6 mg
kg, NO3~ —N 12.4 mg kg 'o|9ith (Table 1), ERaE
Hl= Algol FE51L Q= EHE st ARSI,
% AL (T-N)2 2.1%, NH'-N TS 1,949 mg ke
o|qirt.

A= 84 =AY 4453 40 EREFEN] 5§
A 44528 Ttk 24 @A 4452 0, 160, 320,
480 kg N ha 'o]3lc}, 840} EHUFEH] Z8A2)s Q4
320 kg ha ‘o] EEREEH] AL&ES 0, 10, 20, 40 ton
ha '0& 44o|e} A gmol EAuElE e A
SoNA o] &3l Bsl= A8l Qg mje3lE aukE Hrt
s17] $18ted sucrose Ag] =FE FUck olE $sto] a4
o} EEEaEM] T8AE 490 2+t sucrose 0, 600,
1,200, 1,800, 2,400, 3,600 kg ha ' 2|9} 6552 Firt
(Table 2). 1 ¢] P,Os¢} KoO= ZH2f 8/421Im1et dsbtels
260 kg ha ' % AJHIElQlon, Ba= 2AF15 kg ha 'S A
Ry

BAMES Aae ZE2 7|0 ¢ FHIE 60 40 HERE
SHaL, Ak FARE A 7|H|E ALESIITh =R aE
H= i 4] 3Y Hof| B S5 2 4lo] AE|st9l
o}, sucrose ATA|7= dEUol AT W A FA] A2 gt
< Yo siln, 2 AFoA T A7l A4 F 3Y

o3l AL 3HRoR s,

Table 1. Soil chemical properties used in the pot experiment.

pH EC NH,"-N NOs-N
(1:5) (ds m?) (mg kg™) (mg kg*)

7.6 11 38.6 124
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Table 2. Thelevels of ureafertilizer, combination of ureaand pig manure compost (PMC), and sucrose applied at each treatment in

the experiment.
Urea Pig Manure Compost Sucroa_ej
Treatment (kg ha")
(kg N ha') (M/T ha) 0 600 1,200 1,800 2400 3,000

N O 0 0 N/A
N160 160 0 N/A
N4380 480 0 N/A
N320 + PMC 0% 320 0 A
N320 + PMC 1% 320 10 A
N320 + PMC 2% 320 20 A
N320 + PMC 4% 320 40 A

"N/A: no application, A: application.

Table 3. The soil chemical properties at the occurrence of NH,4" toxicity symptom in the treatment at two days after transplanting.

treatment’ pH Ec’f_1 NH,"-N _ NOs-N _ NH," toxicity
(15 (ds m~) (mg N kg”) (mg N kg") occurred
N O 71 1.2d 62d 13bc X
N160 7.2 1.5bcd 135¢c 20bc x
N480 7.6 1.5cd 169abc 13bc L4
N320 + PMC 0 % 7.6 1.2cd 155hbc 9.4c °
N320 + PMC 1 % 74 1.7abc 161abc 34ab L4
N320 + PMC 2 % 7.3 2.0a 176ab 47a Ld
N320 + PMC 4 % 74 1.9ab 195a 49a L4

T numbers next N arethe N rates of urea fertilizer, PMC: pig manure compost.
* Denotes that mean values of three replicates with the same letter within the column are not significantly different at p < 0.05.

$x: not occurred, @: occurred.

EQF gl MEx BM Bl HA I 99 10Y,
202, 3029 Zo] 10 cm7HA] FHsFom, B AR

2T

/\]3755-4 pH (1:5)= o241, EC= EC meter= H-A]5}
o}, EO] fruorel Ao} Ak Ha= 2M-KCZ 5
=5to] Kjeldhals o83t S o= EASIGI (NIAST,
2000). AREAl= 44 30 Fof St} AAES S5t
ek

EA 2M SAAZE= STAR V.2.0.1. (IRRI, 2018)<
ggate] 5% o] old w714 (DMRT: Duncan's
multiple range test) 22 27} 2}o|5 HAl5Ic)

Results and Discussion

YELIOF S W w59 ol 54 T2 E
Ao Wk Ak 320 kg N ha ' (N320)014Fe] =320
A EH] ARg=Fl BAIgle] 4] 2 Fofl Uebdet (Table
3). YrUo} =4 Fdo] W A2l (N320, N320+PMC
0%, N320+PMC 1%, N320+PMC 2%, N320+PMC 4%)= ¢

wujolel A4 (NH, -N) geko] zH2+ 169, 155, 161, 176,
195 mg kg "o|2lout, F-4T (N 0)2} 160 kg N ha ' %2
o] NH, N gleFo] 62, 135 mg kg 02 Wkt Ku and
Lee (2015)2 A&27]0] B9k NH, —N o] 175 mg
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FHg. 1. The effect of the gpplication of urea and combination of
urea with pig menure compost (PMC) on NH," toxidity a 30
days after trangplanting (DAT).
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Table 4. Effect of the sucrose- and pig manure compost (PMC)-application on decreasing ammoniatoxicity in Chinese cabbage.

The amount of sucrose Fresh weight

application (g plant™)

(kg C ha') N320 N320+PMC 1% N320+PMC 2% N320+PMC 4%
0 0.0d’ 137a 143a 120a
600 18.0cd 141a 106a 121a

1,200 90.9ab 137a 138a 112a
1,800 108a 116ab 130a 135a
2,400 95.9ab 76.0b 95.1a 130a
3,000 54.1bc 93.3ab 118a 86.8a
TDifferent character means significantly different in P < 0.05.
350 350
3 00 | (A) N320 + PMC 0% 3 00 | (B) N320 + PMC 1%
i 350 - i 250 +
% 200 4 % 200 +
2 150 =
fol 100 | E
g s0 - E
0
350
& 300 T ’;n
i 250 ’»i
% 200 + %
E o150 & 2
2100 E
E 5o - Z
0

Days after teatment

10 20 30
Days after treatment

—&— Sucrose 0 kg/ha —HE— Sucrose 600 kg/ha
—A— Sucrose 1,200 kg/ha —©— Sucrose 1,800 kg/ha
—— Sucrose 2,400 kg/ha —<— Sucrose 3,000 kg/ha

Fig. 2. Changein NH4" contents in soil by different amount of sucrose application at 10, 20, and 30 days after transplanting (DAT).

PMC: pig manure compost.

kg ' 019k f, wiFellA] ol ST W s o A
A|EhE AYgo] A|Elo] Al IA} (FAE)gIcka
SHITh & AlgolA fhyol SAo] x%E'HL <
+ PMC 0%] NH,"-N go] 155 mg kg ' ©I%
)R] 932 N1602] NH, N gHgo] 135 mg kg
4L 7obeH 1), Eope) NH'—N2| H4%52 155 mg kg
5 FHsh= Zlo] druol 54wl 2l 4

=EEYUSEH| A2t sucroeo]| 2|EH HiF2| YL
Ot 54 mah 315 St 84 B5AE A A4 308 &
A4 160 kg N ha ' $:30lA 215 et
o A4 320 kg N ha 7} 480 kg N ha ' $=ofA=
grtyol B4 mla|2 1A} (Fi4h)ste] e 92 5= 319l
o} (Fig. 1). ©] w sucrose H2]= A4 320 kg N ha ' 4%
oAl drYol 54 TS A7 AES anks U3

Sk (Table 4) Z =8RUlg Eln] HAl8 A] A4 30Y &
|2 =3RS sucrose Al8aFo] Bl 1,800 kg ha | 45
7HA| S7VskSiT), 1y T o] e el A= AlgEel S
71erE 235|8 Aset], ©] 2= sucrose?] AlE-
ol Aa oo g WS 9ol Ot thF H““OF’# -+
W ARxZAg o 2 ofnl]o} =4 13llE @38 Z=ZA)7] Ku
and Lee (2015)9] Ao} LR35}, o]} Zro] sucrose Al
ol viFE d=yot =4 Heljziy &AL = Qid
o= wAEo| olstol EoFe] NHy'—N o] HaE9l
7] thzolm, L S= ZF B8] A A A 109
¥ NHi'-N @3Fo] sucrose A8 S7HekpE 4sta
U= Aol & vrehd Al (Fig. 2).
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HIP) e 4 30 F vl pEE HE =ETE
B[] Alg- oA sucrose A2 BIE F30] HERHA
FBI3T. Bo] sucroseS AP|SHA] Al = A s el
A& Aol e Eyot =4 T3 3lE avrt yeRd
A 4] 30Y Tl o] sucroses A 2|eE 92 e
2Ql 2polE HERHA] lth ols EEUAER7E FaE]
© oA vE B4 el f-83 A B w
shaEo] Wol A= Waed Ao Rl o] '3}
=50] vdEe] s FEo] FAlTEER e
I 240 vhdeo] U B Fofl A (i) o= At
= YEYole] AAE 43t (Sylvia et al., 2005). 7L 2
7} ko] frfote] A s} 155 mg ha ' of5kR
ORI, YEUol ZuF =Y SREA He AR T
o

ARBHAY spgo] FASHA ZFAsteich. ey, o a4 g
1= (sucrose)S EF &S J18sto] AL,
714 vRQl ERaEH|E 288 wol= gryoby F
714 HRE (840 ofgt vie] ghmo} EAdujsE|rt 4
ARt 743t Fofl FAElRE a3p7) veRsi
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