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The Effect of Nitrification Inhibiting - Nitrogen Fertilizer on the

Changes of Inorganic Nitrogen Forms and Growth of Kailaan.

(Brassica oleracea var. alboglara)
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Abstract

The study on the changes of inorganic
nitrogen forms and growth of Kailaan was
carried out in completely randomized design
with 4 replications. The greenhouse experiment
consisted of 6 fertilizer application treatments;
1) control, 2) urea, 3) ammonium sulfate (AS),
4) 20-10-10 Entec fertilizer; Entec (1), 5)
12-17-17 Entec fertilizer; Entec (2) and 6) urea
+ neem seed (Urea+herb). The result showed
that the ammonium nitrogen found in soil of
both Entec fertilizers were higher than these
of urea and ammonium sulfate fertilizers, but
their nitrate nitrogen were lower. The NH4+—
N : inorganic N ratios were appeared in the
order of Entec 1 > Entec 2 > Urea+herb >
Urea > AS. The NOS' - N : inorganic N ratios
of AS and Urea application were higher than
that of Entec. The pH values of Entec 1, Entec
2 and Urea+herb treaments at 10 days often
application were higher than that of Urea and
AS treatments. Late, those values were not
significant, but the pH values of soil tended
to increase with time. Plant height and leaf
number were not significant different among
treatments. The shoot fresh and dry weight
of Entec 1 treatment was the highest at
94.15 and 8.58 g/plant, while those of root
from Entec 2 was the highest at 8.00 and
0.97 g/plant respectively. The shoot and root
N content among treatment were highly
significant. The N content in shoot and root
from Entec 1 was highest at 5.48 and 2.86%.

The number of ammonium oxidizing bacteria

and nitrite oxidizing bacteria from both
Entec were lower than those of Urea and AS

treatments.
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Duncan’s new multiple range test

Table 1 Chemical property of mixed soil using in the experiment.

Properties Analysis value Interpretation
pH (soil:HZO; 1:1) " 7.30 moderate
Electrical conductivity 1:5 (dS/m) 1.20 non saline
Oraganic Matter (%) * 2.85 moderate
Total Nitrogen (%) ¥ 0.22 hight
Available Phosphorus (mg/kg) * 372.50 very high
Exchangeable Potassium (mg/kg) ¥ 1,516.80 very high

Y 1:1 water/soil measurement by pH meter; Z Walkley and Black method; ¥ Kjeldahl method;

¥ Bra y II extraction;

* extract with ammonium acetate pH 7.0
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SunewfiulengFano NH N Tudn Tu
¢"3U Entec (1) uaz Entec (2) J1Ssnnsnnnd
@ﬁﬁuﬁlm lunravazne seaedesiy Wu et al
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TusSfiaduziia DMPP s dona il
1R NH "N sl,uauqﬁw,ﬁmmﬂ dimethyl-
pyrazolephosphate (DMPP) Lﬂ%ﬂﬁ‘ﬁiﬁugﬂ
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yanlusEweBauunfide Sovild NH N wWaeu
sl NoO N 16 uasmananaseyludiu

Table 2 The quantity of NH4+-N in mixed soil at 10, 20, 30, 40 and 50 days after planting the

kailaan.
NH *-N (mg/kg)
Treatment !
10 day 20 day 30 day 40 day 50 day
Control 1411e 8.39d 20.08 d 1122 ¢ 10.36 b
Urea 2471 ¢ 32.68 Db 20.08 d 16.99b 16.47 a
AS 18.90 d 26.26 ¢ 23.17 d 20.32b 14.39 ab
Entec (1) 67.96 b 54.06 a 3861Db 3243 a 17.50 a
Entec (2) 74.13 a 54.06 a 52.51 a 29.34 a 19.81 a
Urea+herb 28.04 ¢ 37.07 b 27.80 ¢ 1823 b 19.56 a
F_test * % * % * % * % * %
CV (%) 34.25 36.25 36.25 35.89 25.68

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

** = Significant at 0.01
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Iowuniufia 865U Ureatherb flU5anos
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Nt ussfieduld dm NH N Suaz
APAIANTEE TN
2. 43318 NO N Tudufiszaziam 10, 20, 30,
40 uag 50 Junaeghenlan

3aa NO - N iuia@gﬂaﬂﬁﬁwmm 10,
20, 30, 40 WaE 50 umdsldile (Table 3) fan
Lmﬂ@mﬁua&inﬁﬁaéwﬁzﬁwmﬁﬁﬁ Tnfisees
WM 10 ¥ 13U Urea+herb ftf3snas NO -N
qaﬁﬁm (572.99 sn./mn) wnlkflemauanehaidle

U3y Urea uas AS loafisnsuruaud
gt NH N @‘ﬁﬁ@j@ (168.34 &n./nn.) fisvey
I8 20 S 63U Urea S5au NO -N gofign
(513.65 an./nn.) udtlafenausmehaiiafioy
fueh$u AS, Entec (1) uae Entec (2) Toefisnsy
AUANHLEH NH -N @%ﬁ@j@ (172.98 &n./nn.)
fzupm 30 fu 63y Urea HtfSanms NO -N
qaﬁ@j@ (519.83 NN./AN.) A xflnnauanea
Safleuiussu AS dwlishsumueniiiinm
NH -N @ﬁwﬁq@ (129.73 &n./nn.) fisvesam
40 4w @3y Urea HtfSsnmw NO-N gefign
(376.84 «n./nn.) I@aﬁ@iﬁumuqm HUTano
NH -N @‘ﬁﬁfvj@ (129.73 &n./nn.) uasTiastsm
50 %1 13U Entec (2) iifSanms NO_-N gofign
(339.78 &n./nn.) I@wa@iﬁummmﬁﬁ%mm
NH N @‘ﬁﬁﬁj@ (139.00 &n./nn.)

Table 3 The quantity of NOS’—N in mixed soil at 10, 20, 30, 40 and 50 days after planting the

kailaan.
NOS'—N (mg/kg)
Treatment
10 day 20 day 30 day 40 day 50 day
Control 168.34 d 172.98 ¢ 129.73 e 139.00 d 139.00 d
Urea 563.07 ab 513.65 a 519.83 a 376.84 a 255.35 be
AS 545.83 ab 505.03 a 512.75a 154.44 d 26461 b
Entec (1) 374.65 ¢ 440.16 a 205.41d 32742 b 21519 be
Entec (2) 523.56 b 472.60 a 319.70 ¢ 26719 ¢ 339.78 a
Urea+herb 572.99 a 352.78 b 383.02b 264.10 ¢ 201.37 ¢
F_test ** ** ** ** **
CV (%) 33.02 31.34 34.56 34.99 28.97

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

** = Significant at 0.01
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-
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NH N v“iaﬂ%wm”LuImmuaﬁm%ﬁ@‘ﬁﬁﬁj@ (3.36%)
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994 NH N m'a‘ﬂ‘%mmvluimmuaﬁuw%ﬁq@ﬁq@
(10.93%) ustlaiflenamaneng Waiienfudnsy
Entec (2) ua Ureatherb lonflssumunud
Semdiras NH N sotSannelulesianatingas
@‘ﬁﬁﬁj@ (4.63%) fiaspsaa 30 T 613U Entec
(1) Roamauved NH,-N FotSnnslulasian
oflunddgefiqn (15.82%) lowfidhiy As
PaeSION, NH," N o Brnnslulesianaingae
@ﬁlwﬁq@w (4.33%) Tiaveizam 40 Fu 6130 Entec
(1) foendmreg NH,"N dotBanonlulasian
ofluradgefign (17.36%) laefishsu AS 4
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Table 4 The ratio of NH;—N . inorganic N in mixed soil at 10, 20, 30, 40 and 50 days after

planting the kailaan.

NH4+-N (%)

Treatment
10 day 20 day 30 day 40 day 50 day
Control 7.72 ¢ 463b 1341 ¢ 7.49 b 6.97 ab
Urea 4.20 de 6.06b 371e 43le 6.0bb
AS 3.36e 494 b 433 e 5.85d 514b
Entec (1) 15.39 a 1093 a 15.82 a 17.36 a 751 ab
Entec (2) 1240 b 1040 a 1410b 989b 5.67b
Urea+herb 466 d 9.56 a 6.78 d 6.46 c 8.9 a
F-test - - - - *
CV (%) 37.25 35.82 36.46 33.45 25.66

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

** = Significant at 0.01, * = Significant at 0.05

€

/

Myenshusazily T 34 wudl 1-4 WA, 2565

=

RACNLA

53



—

(Vo)
&
O
D)
—
o

54

¢

_—

N

=

A 6 { I 1
vLuImmuaum%aqaﬁqa (8.95%) udl kaiflanu
wanehaiaBURum3uMmUAN 1as Entec (1)
laefidhsy AS Samamend NH,"N ¢lot/3as

A A6 A
vLuImmuammmmq@ (5.14%)

DATFIUIDY NH4+-N gL Sanoullasian
aﬁm‘%&ﬂw‘iﬁu Entec (1) > Entec (2) > Urea+
herb > Urea > AS Wandlifiunmsldile Entec
(1) Amstiugianszuauns weafeduluaunlas
fige flosan NH'-N wfeugdliifu NO -N

e A 4
vL@‘ﬁW!Ej@ LAEAINMIN Entec (1) Wa¢ Entec
2) Tdendas NH,"N soLSanoslslasian
atunIguane19mw  arafinanmManUsNIm
300NANS MFUNFNYR9T BN eI
4. AEINVRY NO_-N farlSannebulasian
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Table 5 The ratio of NOS'-N: inorganic N in mixed soil at 10, 20, 30, 40 and 50 days after

planting the kailaan.

NOS'—N (%)
Treatment
10 day 20 day 30 day 40 day 50 day
Control 92.28 ¢ 95.37 a 86.59 ¢ 9251 Db 93.03 ab
Urea 95.80 ab 93.95 a 96.29 a 95.69 a 93.95 a
AS 96.64 a 95.06 a 95.67 a 94.15 a 94.86 a
Entec (1) 84.61 e 89.07 b 84.18 e 82.64 d 92.49 ab
Entec (2) 87.60d 89.60 b 85.90 d 90.11 ¢ 94.33 a
Urea+herb 95.34 b 90.44 b 9322 b 93.54 a 91.05b
F_test * % * % * % * % *
CV (%) 38.43 3.01 3.89 4.87 1.84

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.
= Significant at 0.01, * = Significant at 0.05

Table 6 The pH in mixed soil at 10, 20, 30, 40 and 50 days after planting the kailaan.

pH (1:1)
Treatment
10 day 20 day 30 day 40 day 50 day
Control 6.92 ab 750 a 7.56 7.88 a 8.21 a
Urea 6.85 bc 7.45 ab 7.25 7.75 bc 793 Db
AS 6.75 ¢ 7.30d 7.32 757 e 748 ¢
Entec (1) 6.92 ab 7.34 cd 7.62 780 Db 787 Db
Entec (2) 7.05 a 7.37 bed 7.74 7.65d 7.89 b
Urea+herb 7.02 a 7.42 abc 7.55 7.73 ¢ 7.92 Db
F-teSt * * % ns * % * %
CV (%) 1.18 1.08 3.24 1.37 2.93

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.
= Significant at 0.01, * = Significant at 0.05, ns = non significant
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Table 7 The electical conductivity (EC,1:5) in mixed soil at 10, 20, 30, 40 and 50 days after

planting the kailaan.

EC,1:5 (dS/m)

Treatment
10 day 20 day 30 day 40 day 50 day
Control 0.67 d 061c 0.81d 0.94 cd 090 e
Urea 1.77 a 0.99 bc 0.92d 1.04Db 121Db
AS 2.03 a 1.50 a 1.72 a 2.16 a 1.88 a
Entec (1) 0.84 cd 1.00 be 091d 091d 0.94 cd
Entec (2) 1.00 be 1.25 ab 141 Db 0.90d 1.24Db
Urea+herb 121b 1.04 bc 1.25¢ 0.99 be 1.05d
F_teSt *% * * *% * %
CV (%) 27.66 32.06 28.92 28.56 28.62

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

= Significant at 0.01, * = Significant at 0.05
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Table 8 The quantity of available P and exchangeble K in in mixed soil at 50 days after

planting the kailaan. (mg/kg)

Treatment Available P Exchangeable K
Control 315.63 1276.32
Urea 339.38 128b.44
AS 350.00 1253.17
Entec (1) 340.63 1248.11
Entec (2) 331.26 1282.36
Urea+herb 340.63 1246.99
F-test ns
CV (%) 6.23 2.25

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

ns = non significant

uanehanumasiia (Table 8) I@&Jﬁmméaagﬁ
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Table 9 The plant height at 10, 20, 30, 40 and 50 days after planting the kailaan.

Hight (cm)
Treatment

10 day 20 day 30 day 40 day 50 day
Control 2.42 4.67 5.33 10.00 10.05
Urea 1.88 4.83 6.67 12.50 12.92
AS 1.78 5.34 6.33 9.67 9.70
Entec (1) 2.50 5.42 7.59 10.46 10.49
Entec (2) 2.12 5.50 7.00 10.75 10.79
Urea+herb 1.96 4.92 6.00 10.17 10.19

F-test ns ns ns ns ns
CV (%) 15.22 19.01 26.03 24.43 24.99

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

ns = non Significant
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Table 10 The number of plant leaves at 10, 20, 30, 40 and 50 days after planting the kailaan.

Number of plant leaves

Treatment
10 day 20 day 30 day 40 day 50 day

Control 4.67 5.92 8.34 8.08 8.11
Urea 4.84 6.17 9.42 9.33 9.36
AS 4.67 5.50 8.76 7.25 7.28
Entec (1) 4.84 5.75 8.67 8.76 8.75
Entec (2) 5.09 6.34 9.33 8.83 8.83
Urea+herb 4.84 575 8.42 7.84 7.87
F-test ns ns ns ns ns
CV (%) 16.31 8.2b 12.80 14.69 14.64

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

ns = non significant

Table 11 Fresh and dry weight of plant shoot and root at 50 days after planting the kailaan.

(g/plant)
Treatment Fresh weight of Dry weight of Fresh weight of Dried weight of
shoot shoot root root
Control 69.94c 516d 5.63d 0.60c¢
Urea 89.02ab 7.28Db 794 a 0.90ab
AS 73.71bc 6.08 ¢ 6.556¢ 0.80b
Entec (1) 94.15a 8.58 a 7.67 ab 0.91ab
Entec (2) 88.76 ab 763 Db 8.00a 097a
Urea+herb 88.97 ab 759 b 7.24b 0.83ab
F-test * o o o
CV (%) 16.80 15.55 12.72 21.74

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.
** = Significant at 0.01, * = Significant at 0.05
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Table 12 The quantity of nitrogen phosphorus and potassium in plant shoot and root at

50 days after planting the kailaan.

N (%) P (%) K (%)
Treatment

shoot root shoot root shoot root
Control 3.54 ¢ 215 Db 0.29 0.26 8.00 2.26
Urea 5.16 ab 2.75 a 0.30 0.26 7.92 2.39
AS 473 b 2.33Db 0.30 0.31 7.02 2.65
Entec (1) 548 a 2.86 a 0.30 0.30 8.06 2.69
Entec (2) 5.09 ab 2.62 a 0.31 0.26 8.17 2.53
Urea+herb 5.11 ab 2.70 a 0.32 0.28 8.47 2.54

F-test o o ns ns ns ns
CV (%) 15.15 11.77 8.73 11.64 17.99 16.42

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

** = Significant at 0.01, ns = non significant at 0.05
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Table 13 The quantity of nitrogen phosphorus and potassium in plant shoot and root at

50 days after planting the kailaan.

AOB NOB
Treatment
CFU/g Log number CFU/g Log number
Control 1.64x10° 6.21 b-c 1.78x10° 6.25 b-c
Urea 1.93x10° 6.28 a-b 2.79x10° 6.44 a
AS 2.16x10° 6.33a 1.95x10° 6.28 b-c
Entec (1) 1.35x10° 6.13 c-d 1.38x10° 6.13 ¢
Entec (2) 1.14x10° 6.05 d 9.15x10° 5.95d
Urea+herb 1.90x10° 6.28 a-b 2.30x10° 6.36 a-b
F-test o o
CV(%) 1.83 1.73

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.
** = Significant at 0.01, ns = non significant at 0.05

Table 14 The number of ammonium oxidizing bacteria (AOB) and nitrite oxidizing bacteria
(NOB) in mixed soil at 20 days after planting the kailaan.

AOB NOB
Treatment
CFU/g Log number CFU/g Log number
Control 1.64x10° 6.21 a-b 1.68x10° 6.22 ¢
Urea 1.83x10° 6.25 a-b 2.10x10° 6.32 a-b
AS 2.05x10° 6.31 a 2.45x10° 6.39 a
Entec (1) 1.45x10° 6.16 b 1.38x10° 6.13d
Entec (2) 1.05x10° 6.02 d 1.20x10° 6.08 d
Urea+herb 1.78x10° 6.25 a-b 1.78x10° 6.25 b-c
F-test *H *
CV(%) 1.71 1.83

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.
** = Significant at 0.01

289 AOB @%1%‘@1@ (1.05x10° CFU/g) §aushiu NAMIANET 30 Supdaldily §15U Urea
AS fiSmougadues NOB gofign (245x10°  fdwawaadvas AOB gofign (1.33x10° CFU/g)
CFU/g) usliflenuuansnafladioufudsy  wldfenauaneafaifieufuidy AS uay
Urea lnefiéh$u Entec (2) fSwowgadaes  Ureatherb lowfidn$u Entec (2) fowamead
NOB @%wﬁq@ (1.20x10° CFU/g) udilsifiana 2499 AOB @%1%@ (1.10x10° CFU/g) dmehiy
uanehaiiaeuiuensu Entec (1) (Table 14)  AS fdwoweadees NOB gefign (1.78x10°
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Table 156 The number of ammonium oxidizing bacteria (AOB) and nitrite oxidizing bacteria
(NOB) in mixed soil at 30 days after planting the kailaan.
AOB NOB
Treatment
CFU/g Log number CFU/g Log number
Control 9.6x10° 5.98 c 1.20x10° 6.08 b
Urea 1.33x10° 6.12 a 1.33x10° 6.12 b
AS 1.30x10° 6.11 a 1.78x10° 6.25 a
Entec (1) 1.14x10° 6.06 b 1.40x10° 6.14 Db
Entec (2) 1.10x10° 6.04 b 1.28x10° 611 Db
Urea+herb 1.28x10° 6.11 a 1.43x10° 6.16 b
F-test o *
CV(%) 0.93 1.11
Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.
** = Significant at 0.01, * = Significant at 0.05
Table 16 The number of ammonium oxidizing bacteria (AOB) and nitrite oxidizing bacteria
(NOB) in mixed soil at 40 days after planting the kailaan.
AOB NOB
Treatment
CFU/g Log number CFU/g Log number
Control 1.18x10° 6.07 b-c 1.17x10° 6.07 b-c
Urea 1.79x10° 6.25a 1.66x10° 6.19a
AS 1.36x10° 6.13b 1.32x10° 6.11 a-c
Entec (1) 1.13x10° 6.05 ¢ 1.04x10° 6.01 c
Entec (2) 1.18x10° 6.07 b-c 1.16x10° 6.06 b-c
Urea+herb 1.27x10° 6.10 b-c 1.38x10° 6.13 a-b
F-test x *
CV(%) 1.25 1.32
Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.
** = Significant at 0.01, * = Significant at 0.05
_
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Table 17 The number of ammonium oxidizing bacteria(AOB) and nitrite oxidizing bacteria

(NOB) in mixed soil at 50 days after planting the kailaan.

AOB NOB
Treatment
CFU/g Log number CFU/g Log number
Control 3.33x10° 5.52 e 1.14x10° 6.06 d
Urea 9.75x10° 5.93 a 2.71x10° 6.43 a
AS 8.35x10° 5.92 a-b 1.78x10° 6.25 b-c
Entec (1) 6.75x10° 5.83 ¢ 1.58x10° 6.19 ¢
Entec (2) 5.50x10° 5.74 d 1.19x10° 6.07 d
Urea+herb 7.30x10° 5.86 b-c 2.00x10° 6.30 b
F-test o
CV(%) 2.27

Means followed by the same letters are not statistically different (P<0.05) from each other according to DMRT.

** = Significant at 0.01
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NOB §iige (1.04x10° CFU/g) usilaifiana
LAnFaia LSy Entec (2) (Table 16)
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(1.19x10° CFU/q)
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= v 2~
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phosphate §13NTDFUEINTZNIUMS a3 AIAT
18 Tosazdnllandwnlussvhadswaiisyly
NguT89 AOB #sanadasy Li etal (2007)
TUN 3 3,4-dimethylpyrazole phosphate
sansandwnluasrhedsuueiizelunguans
AOB luanifieh3y Ureatherb  anangndiuss
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