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ABSTRACT

Urea is the most commonly used nitrogen fertilizer in agriculture due to its high N content and low
transportation cost. A significant portion of urea-N applied in soil is often lost via ammonia volatilization,
leaching, and denitrification. At high temperatures, urea is converted to starch carbamate by reacting with
starch. Starch carbamate can be used as a slow-release fertilizer because of its low solubility and mineralization
rate. A pot experiment of growing lettuce was conducted to investigate the effects of starch carbamate on crop
growth and nitrogen loss in soil. Three treatments were urea, starch-urea mixture, and corn starch carbamate.
In all treatments, soil pH after lettuce cultivation decreased compared to before, but was not different (P >
0.05) among treatments. The corn starch carbamate treatment had higher NH,"and NO5 contents than the urea
treatment, reflecting the lower mineralization rate of corn starch carbamate. The amount of nitrogen loss due
to leaching was lowest in the starch carbamate treatment, but the difference between treatments was not
significant (P > 0.05). The dry weight of lettuce in the corn starch carbamate treatment increased by 79%
compared to the urea treatment, probably due to alleviation of ammonia toxicity in the corn starch carbamate.
These results indicated that nitrogen was relatively slowly mineralized in the starch carbamate treatment
compared with the urea treatment and so had lower chance of leaching and causing ammonia toxicity to
plants. Thus, starch carbamate can be used as a slow-release fertilizer to reduce ammonia stress in plants and
nitrogen loss by leaching.
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Nitrogen uptake of lettuce treated with urea, starch-urea mixture, and starch carbamate.
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Introduction

84 (urea)= AHEO] -§oISHAL 2= o]-8-do] Fot w70l Bo] 2ol A v zolut FAHESHA| ARSE 7

T TAIE o717k jirh 8 4= EF Uil WA 7731 H Aiket S AR F71= (NH,, NOs) FE)
= A=, 71 5 A4 A (NOy )= E U oF'5/do] Fot 789l oJsl] 82 =7 1L F oA gz &
AE7] o}, AR 24T Hae Aok B A 3R FdE o] FISRE BAE - qloH T2 Qe =5 A
Y AbA BEA R0 BAIS Ao 4= QL= A @ Ao 2 ZR85 4= QIT) (Carpenter et al., 1998). T3F 7|2
AL A HE 7 T oM A (N,0) = 247 R 28R 11 Qo) of R EH] A4 (NH, )= 712 St
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and Kim, 2009).
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Materials and Methods

ZZ-FHIHOIE MZEX FZ-7HHo|ES AlXolr] 9lgt 2102 S E0} 94-0] 29} HI&S 5:4%}
5:52 5FAL, WES- 25 140, 160, 180, 200°CE SFIT. ¥ 5 ¢FUoF (NH;) Satel ot da A4S Fo)7]
{15l A (HoS0s)= 7HH 0| ESL Hhg- 5 A== (i Uote] A o2 702 0, 1/5, 128 22 = A2s}
A, A4 A7)0 7 25 A 2]320, 0.10, 0.26 mL g ureao|th, A2t =7 HEH 0| EX 1] 1.9 B
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T2 Bt & 4-EA7] (Flash 2000 series, Thermo, USA)E 0]-851] T34 SIS E4519 11, -84
A RS A RE 0.2 MKCI 2 HETH S WSHAEEE 801 0 5 ASIA|A B33 A (V-560, Jasco, Japan) S ©]-8-5}
of FAIGHA. 84 FHjoA HL-7HIHo|E ez Hehe H4-0] of2 S0 E FH A ol 484
A4 okS ) Fo] Tl 1, AFRE-S ofgf] A1 o] &sto] Ar=shgirt
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PH 550l er)h 6.3 1.6 dS m'o|H, EAS oFE o]t} (Table 1). ZF]
FESS T T2 mm A= A 24 Alm Y ZE Ao o] &sigirh AuTe 84, 8 A=t w7
Hlo|E A& 35kE.0 2 Tt WA IET 1.7 kg EUS H[SI AL of 7]l ZF Ae]+to] 9HA| 94, =, ='d-
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Table 1. Physicochemical properties of soil used for the experiment.

pHi:s ECi:s Total C  TotalN  NH;-N  NO;-N Sand Silt Clay Texture
dSm’ gkg! mg kg’ gkg!
6.3 1.6 123 1.3 ND 152.2 461 418 121 Loam
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B, AEA, £ B A= R T2 T3 (R i368 3.4.1)2 o-85to] SARASIIE 2|7t 2lo]o vt 2]
/g2 LSD HAHE 0-85191 0.05% Fol=ollA 2453

=2-FHIHIOIE HE HIS 2L 5ol vt &4 B0} 8 4 SEa 5 e sy 7Hpo | ER et
ol 57Tt (Fig. 1). £ B3} 949] 31 H]80] 5:5Y 7%, 140°CoA = A =gt 8.4:9] 3% o]s}7 &t
23519k 252 160°C, 180°CE Z7HA ] 3% 274 12%, 18% = RS0 2.1, 200°C A= 27%7FEEg-5F3Att.
S g @4 0] 2hHgo] 5:4¢Y Zoll= 505 SHER T 25 F7lol| mhE BT B S-S LR
t}. 140°ColAE 5:59 7z 2 7%4 501l 23k, 200°CONA= 47% 2 o] Fholl T 215 B ait. o]
2 32 =1 7k o] E HES- [CO(NH,), + starch-OH — starch-OCONH, + NH;] 0| &Jsl] 84 W A4 5 50%7F =
g 7tabe|o] E 2 M3t B 2 o] 22 H3hg-2 50%0]tH (Menzel et al., 2017). 21 Aol th2 51k 7 e} o] E AY
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Fig. 1. Carbamation reaction efficiency with the ratio of corn starch and urea at 5:5 and 5:4.
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Fig. 2. Ratio of N lost during carbamation reaction to urea-N with the molar ratio of sulfuric acid to urea.
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k7o E A% 3 [CO(NH,), + starch-OH — starch-OCONH, + NH;] 2 A=l Yok (NH;) =

A7) 412 FHO| B, g7t E Hgh Fof| W2 ATt &4E 4 Qlok 200°CollA =-7HHHo| EE
Azt A3t A £=A4E0] 47%3A0 (Fig. 2). ©] G2 wT-7HH 0| E AehE?1 47% 22 o= 7Hpo|ER
A= v R Yol FHIE ATt EAE 4 S-S HojErh R Yo ke At & 2ot 29 4 QL
tfl, Khalil et al. (2002) 2] = 7HpH| 0] E A4 Aol 4] F714He] EA) sofl =8t @ 45 HEFAIZEE w A=
L-7Hap|o| EQ] A4 ftego] F7totlal, 6] F714t F 4t (HaS0,) 2] &80 7HY 93052 Hol vl Slrt.
AFNME Q4 1 molF FHUOF 1 molZF AAAEEE 0.5 mol FAES o5 [2CONH,), + 2starch-OH +
H,S0, — 2starch-OCONH, + (NH,),S04] 2] §H-8-0 2 2]3] ot o}& H] 3] SHAIRIE 5 [(NH,),S0,] FEf=
ZHsto] EAES WE 4 ok TASISlth o EIsh| ol w8t 840] S9tH|E0] 5:4, WH-2T7}
200°C8] 7ol A7 Hle-& 2] AAste] S4B HekE yElnh S AejRE S7 Aol wet E A
250 45T, 24 (1 mol)2 7152 2 T a9EaRAoF (0.5 mol) 2] 1/27HE (0.25 mol) A 2] Al 12.3% 45
< Hof S A 7fokr] g2 Aftel v wste] 74%5HE AT (Fig. 2). o] & wHedsto] 23H]& 5:4, Whg2
I£.200°C, 84~ 715 (1 mol) B8 F4F (0.5 mol)2] 1/2 THE (0.25 mol) A |ste] BHE =E-7HHH|o| EE 2HEAHul

Aol o853t

rr

e

r

ZEMI0| gt Y-FHHIHOIEL| BF 5 TEF-2 5E-7HMo|E A2 7t thE A2t Hlsf =
okom @4 Aa]o] Hlsl 79% =UTh (Fig. 3). 849} H|Wslo] =70 E Zg]of oJ5t 344 guk=27}
2|2 A7Vel & 4 Qlo}. A= 2HE0] o§ 7Fseh 7] Aa o Aol = 71R1e 4= itk AlEe] o8 4 A=
57) 0] ol =& A A= A5l 384 FFS 71 4 kS A 0 & oA=L (Montagu and Goh, 1990), 2
A= BE A7t HISsiAY @5]8 F7137F A A 5] Gofus -7 E A2 7t ohE A2 TR
tEgs Ao 7 oiEng ok o] g4 o] oJgke Aoty mokEh FHAl= 2)2] B4 oJjt EAjojRolt) B
FollA Q= wEA 7Rl o] AR Yo (NH;)7HE/d ==l (Emst et al., 1960), YR HoR= A1E2] FH4d <l

?

S eAstal EpohE Atk AaAlA A e AshA7le A =4e .22 5= 3tk (van der Eerden

etal., 1982). WA 84 2|2 4-0] 7-¢- 27]°] W2 7ol = tge] fuopr A4 = o] Algof (Yot =4
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Fig. 3. Dry matter yield of lettuce grown in soil treated with urea, starch-urea mixture, and starch carbamate. Values are
means of triplicates. Vertical bars represent standard deviation. Values with different lowercase letters are significantly
different at p=0.05 among treatments.
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Fig. 4. Nitrogen content of lettuce grown in soil treated with urea, starch-urea mixture, and starch carbamate. Values
are means of triplicates. Vertical bars represent standard deviation. Values with different lowercase letters are
significantly different at p=0.05 among treatments.
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Fig. 5. Nitrogen uptake of lettuce grown in soil treated with urea, starch-urea mixture, and starch carbamate. Values
are means of triplicates. Vertical bars represent standard deviation. Values with different lowercase letters are
significantly different at p=0.05 among treatments.
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Table 2. Soil pH and inorganic nitrogen content after lettuce growth.

Treatments pHi:s NH,"-N NO;-N (NH;+NO;3)-N
mg kg

Urea 5.6a' 18.82 190.3b 209.0b

Urea-starch mixture 5.7a 19.8a 179.8b 199.5b

Starch carbamate 5.6a 31.2a 283.6a 314.8a

TValues are means of triplicates. Values with different lowercase letters are significantly different at p = 0.05 among treatments.

66% AT HHE 7h 2 Ho| = Qlsf| 2o o] -fropd2 It (P> 0.05). AR g} Ao F A Bl AR w2
4 = 1 o =371

F7IeH kS, Aol A F4, Arte I 5ol Jltt Alee] Aa S HT- 7o) E Aok
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-g5l%a Aot Q4= 270 whEA| 7ie-R el o] B Y REE] FAE AT, Ast S A4 271
ENE AREH Has AR wet AT Zlolnk vy E-7 o] E Ao A o imE] Aa eRol wt
+ A2 9o vlel Aav) LA FEs] FrlekEe ]l S4E Rhgel 30t
=L-7HtE o] E A 2] tofl A g4 Z2iTte]| H]sl A F7]eh £ert il iRl A4 ool B &9k 4
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A dREE AAaE AA Aot AR deius S50 wESS 8ol ot &4 7FsAde] =419 (Di and
Cameron, 2002), =-7HH|0|E O] 739 779t £ 57} 2|3l 71 Avp Aqte] A4 R Hetel= £5rt =3 BESF
of of ZHR 4= AU, PR IR| & =70 E A et A AE0] HA g4kl E8kthe Zte aleittd
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8H")=HA] pHE= B< ol 4= Qlrh. Sg-7Hbo| E A% A] A4 EHES W57] floll A2t 4t (H.S04) 2
V= HIA = Lo, FAEO 2 FERTH R Lok (NH;) ot Bash oFe] 127kge]al, Eitsle A4
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Fig. 6. Nitrogen loss by leaching in soil treated with urea, starch-urea mixture, and starch carbamate. Values are means
of triplicates. Vertical bars represent standard deviation. Values with different lowercase letters are significantly
different at o= 0.05 among treatments.
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