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 Improvements on nitrogen (N) efficiency in rice cultivation have been 
increasingly concerned with using new types of N fertilizer. The aims of 
the study were to investigate the effect of N fertilizer types and alternate 
wetting and drying irrigation on rice yield and N2O emission in rice culti-
vation in the Mekong Delta of Vietnam. The design of experiment was 
split plot with two water management regimes in main plots including (1) 
alternate wetting and drying (AWD) and (2) farmer practice (FP); and 
four N fertilizer types in sub-plots as (1) urea, (2) N-(n-butyl) thiophos-
phoric triamide (nBTPT) urease inhibitor, (3) NPK briquette deep place-
ment technique, and (4) isobutylidene diurea (IBDU) slow N-release. N2O 
emission was investigated every three days from 10 to 60 days after sow-
ing. The results showed that AWD treatment had higher rice yields (5.14 
t.ha-1) than FP treatment (4.68 t.ha-1), but rice yields of the new fertilizer 
type treatments were not significantly different compared with those of 
urea treatment. Concentrations of N2O increased after broadcasting ferti-
lizer in treatments of urea and urea-nBTPT and decreased thereafter in 
both FP and AWD irrigations. In treatments of NPK briquette and NPK 
IBDU, N2O fluxes remained low throughout crop although the fluxes in-
creased in times of soil drainage under AWD regime. Cumulative N2O 
emissions of urea-nBTPT, NPK briquette and NPK IBDU treatments 
(1.67, 1.47 and 1.29 kgN2O.ha-1, respectively) were significantly lower 
than those of urea treatment (2.47 kgN2O.ha-1). The results suggested that 
application of urea-nBTPT, NPK briquette and NPK IBDU was effective 
in mitigating N2O emission in rice fields which contributes to attenuating 
the greenhouse effect. 
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1  INTRODUCTION 

Nitrogen use efficiency in paddy soil is usually low 
due to NH3 volatilization on surface soil of broad-
casted urea and due to N2O emission when NO3

- 
was leached down and denitrificated. Recently, the 

attention has been paid to the use of nBTPT with 
trade name “Agrotain” to increase rice yields by an 
average of 40% over prilled urea and its effective-
ness in retarding urea hydrolysis (Chien et al., 
2009). The studies of Cuu Long Delta Rice Re-
search Institute confirmed the benefits of Agrotain 
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in improving nitrogen use efficiency (NUE) by 
approximately 32% and the increase in rice yields 
by 6% in paddy soil in the Mekong Delta, Vietnam 
(Chu and Le, 2007). Isobutylidene diurea (IBDU) 
was another type of N fertilizer which improved 
NUE by slow releasing N to plant during irrigated 
rice cropping (Trenkel, 2010). IBDU fertilizer can 
minimize environmental impacts due to reduction 
of N2O emission (Ussiri and Lal, 2013). However, 
IBDU was ineffective in increasing nitrogen use 
efficiency in rice fields (Carreres et al., 2003). The 
International Fertilizer Development Center 
(IFDC) has recently developed fertilizer deep 
placement (FDP) technology as an innovative, 
proven fertilizer application technology that 
achieves average yield increases while reduces 
fertilizer use (IFDC, 2013). A report of United 
States Agency for International Development 
(USAID) on deep placement NPK briquettes in 
Bangladesh showed that NPK briquettes increased 
rice yields from 4 to 36 % and provided more 
complete nutrition for crops and contributed to 
long-term soil fertility compared to urea (AAPI, 
2013). Deep placement NPK briquettes in Northern 
of Vietnam have also increased rice yields up to 
20% change to over the conventional method 
(Codespa Foundation, 2011).  

The use of urea-nBTPT, IBDU and other slow N 
release was also reported to reduce N2O emission 
in comparison to urea for upland crops such as 
barley, corn or pasture grass (Snyder et al., 2009). 
However, the studies on the effects of new fertiliz-
er types such as NPK briquette, NPK IBDU and 
urea-nBTPT in N2O emission from rice field, espe-
cially in the Mekong Delta were limited  

Optimum use of irrigated water is also another 
concern today due to the increase of drought as a 
result of climate change. AWD irrigation was rec-
ommended by International Rice Research Institute 
(IRRI) as an effective technique to minimize this 
effect. It is reported that the use of AWD technique 
can save 15-30% amount of water for irrigation 
without loss in rice yield (Bouman et al., 2007). 
However, applying of AWD irrigation with urea 
broadcasting may increase N2O emission in rice 
field. Lagomarsino et al. (2013) found that N2O 
emission in AWD field with traditional urea appli-
cation was 1/5 higher than that of flooded field. 
Therefore, the hypothesis of this study was that 
N2O emission in AWD field may be reduced with 
the use of new fertilizer types. The objectives of 
this study were to assess the effect of new fertilizer 
types on rice yield in two water management re-
gimes AWD and FP, and to estimate N2O emission 
of these treatments. 

2 MATERIALS AND METHODS 

2.1 The field experiment design 

The experiment was conducted in farmer fields at 
My Loc commune, Tam Binh district, Vinh Long 
province, Vietnam in Summer-Autumn season 
2014. The field located at 10°04'52"N, 
106°00'52"E in triple rice cropping region in Vi-
etnam. The experiment soil was classified as Endo- 
ProtoThionic Gleysols. Soil characteristics (0 - 20 
cm) at the study site were shown in Table 1. 

The field trial was laid out in two-factors, split-
plots experimental design, with four replications. 
Main plots were water management regimes con-
sisting of alternate wetting and drying irrigation 
and famer irrigation practice. Subplots were types 
of N fertilizers including urea, urea-nBTPT, NPK 
briquette and NPK IBDU. The plot size was 20 m2 
(5 m x 4 m). 

Table 1: Soil characteristics (0 - 20 cm) at the 
study site in the beginning 

Soil parameters Value 
Soil particle size distribution, %  

Sand   3.5 
Silt 57.9 
Clay 38.6 

pH (H2O) 1:2.5 4.50 
Electrical conductivity, mS.cm-1 0.48 
Cation exchange capacity, meq.100g-1 9.74 
Total organic matter, % 4.83 
Total N, % 0.18  
Exchangeable NH4

+, mg.kg-1 8.97 
Exchangeable NO3

-, mg.kg-1 8.82 
Total P, %P2O5 0.13 
Available P (Bray 1), mg.kg-1 4.15 
Exchangeable K (unbuffered BaCl2 
extraction), meq.100g-1 

0.19 

OM6976 variety rice cultivar with growing dura-
tion of 95 - 97 days was used in the study. Row 
seeding with 120 kg.ha-1 was practiced at 20 cm in 
between rows on 5th April, 2014 and rice crop was 
harvested on 15th July, 2014.   

2.2  Fertilizers and method of fertilizer 
application 

The study used Phu My urea 46 %N, Dau Trau 
46A+ (46 %N with 0,2 % agrotain coated), NPK 
briquettes 28-11-10 produced by briquetting of 
urea, diammonium phosphate (DAP) and potassi-
um chloride (KCl), and NPK IBDU 12-6-6 by 
JCAM Agri. Co., Ltd. The average weight of NPK 
briquettes and NPK IBDU is 2.72 g and 6.20 g per 
briquette, respectively. Fertilisers rate of 80-40-40 
kg N-P2O5-K2O.ha-1, respectively was applied.  
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Urea or urea-nBTPT, DAP and KCl were applied 
at 10, 20 and 40 days after sowing (DAS) with the 
rate of 16-8-20, 32-16-0 and 32-16-20 kg N-P2O5-
K2O.ha-1, respectively. NPK briquette and NPK 
IBDU were deeply placed at the first topdressing 
(10 DAS). NPK briquettes and NPK IBDU were 
deeply placed at 7 - 10 cm depth and at 40 cm × 40 
cm spacing every alternate row by hand. Total 120 
and 108 briquettes of NPK and NPK IBDU respec-
tively were applied in 20 m2 plot area in order to 
meet fertiliser N formula of 80 kgN.ha-1. 

2.3 Water management and measurement 

AWD method was started at 10 DAS until 15 days 
before harvest stage, with water irrigation to 5 cm 
depth above soil surface. When water level 
dropped to -15 cm below the soil surface, irrigation 
had to be applied to re-flood the field to 5 cm water 
depth. Surface water of 5 cm depth was kept at 1 
week before and after flowering. After flowering, 
during grain filling and ripening, the water level 
could drop again to -15 cm below the surface be-
fore re-irrigation in favour for harvesting. For ferti-
lizers application, water was applied before each 
application. For measuring water table depth in the 
field, the Polyvinyl Chloride (PVC) tube was em-
bedded into the soil in each plot to a depth of 25 
cm below soil surface. Each tube had a 40-cm-long 
and 14-cm-diameter, perforated with 1-cm-
diameter holes at 3-cm-intervals around the half 
side (Bouman et al., 2007).  

In farmer irrigation practice, the field was irrigated 
to water depth of 7 - 10 cm. When this water was 
dried out (just a few days), then water was again 
added to 7 - 10 cm water depth.  The fields were 
usually irrigated again before fertilization or when 
surface water was dried out. This irrigation method 
was practiced by farmers in the region. 

2.4 Grain yields measurement 

At physiological maturity, grain yields were as-
sessed by a 2.5 × 2 m sampling frame, grain mois-
ture content was measured with a moisture meter. 
Grain yields were calculated in t.ha-1, which was 
adjusted to 14% moisture content.  

2.5 Nitrous oxide sampling and measurement 

The closed chamber method was used for meas-
urement of N2O flux from paddy fields (Parkin and 
Ventera, 2010). The sampling chambers were made 
of PVC with 125-liter-volume having conical frus-
tum shape (radii: R1 = 27 cm and R2 = 22 cm and 
slant height h = 65 cm). Each chamber was 
equipped with a thermometer and a 9 V battery 
operated fan on top for air mixing inside. A rubber 

stopple was inserted into the chamber from one 
side. The plastic chamber bases, which had the 
same radius R1 of the sampling chamber, were in-
stalled 3 DAS in the plots and permanently in the 
field throughout rice crop. The 30-cm height bases 
were inserted into the soil at 20 cm below soil sur-
face. A 60-mL syringe with 2-directional valve was 
used to draw air samples every 10-minute interval 
through the stopper. At each time point, chamber 
headspace gas samples (10 mL) were collected 
then immediately injected into 5 mL glass vial that 
had butyl rubber septa (Parkin and Hatfield, 2014). 
The air samples were stored in vials for analysis.  

N2O fluxes were determined by measuring tem-
poral increase of N2O concentration inside the 
chamber. Gas samplings were done right after put-
ting chamber on the base. From each chamber, four 
air samplings were collected at every 10-minute 
interval (0, 10, 20, and 30 minutes) during 9 - 11 
am. N2O samples were collected at 3 consecutive 
days from 10 to 50 DAS, then at 5 consecutive 
days for last two samplings in 55 and 60 DAS.  

The N2O concentrations were analysed in the  
laboratory of Cuu Long Delta Rice Research Insti-
tute using gas chromatograph (SRI 8610C) 
equipped with an electron capture detector (310oC), 
Hayesep-N column (60oC) and N2 as the carrier 
gas.  

The N2O fluxes were calculated from the slope 
(positive) of the linear model fitted to the concen-
tration of N2O against sampling time (Parkin et al., 
2012). Daily N2O fluxes were calculated for each 
treatment based on the increase in concentration 
from the initial N2O chamber concentration (at 
T0min) to the final N2O chamber concentration (at 
T30min).  

Fdaily = 
ΔC

t 6

MW x 60 x 24

R x (273  T) x 10

V

A
 

Where, 

Fdaily is emission N2O concentration (mg N2O.m-2.d-1), 

ΔC/Δt is the slope of the line for T0 to T30 (ΔC is 
the change in gas concentration in the chamber 
headspace during the enclosure period in ppb and 
Δt is the enclosure period expressed in minutes), 

MW is the molecular weight of the respective N2O 
gas (44 g.mol-1), 

60 is conversion factor for time (min.h-1), 

24 is calculation for a day (h.d-1), 

R is the gas law constant (0.08206 L.atm.mol-1.K-1), 
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273 is conversion factor from degrees Celsius to 
Kelvin (K), 

T is the temperature inside the chamber (oC), 

106 = 1x10-9L/Lx 103 (g.mg-1)   

V is the volume of the gas chamber and 

A is the area covered by chamber (0.229 m2).  

Cumulative N2O emissions during the study period 
of 60 days were estimated using linear interpola-
tion of the daily fluxes.  

During N2O emission monitoring, the temperature 
inside the chambers was also measured by using 
mercury thermometers. Soil redox (Eh) at a 5-cm 
depth was measured in situ with a redox meter 
(Hanna HI 9025) and oxidation reduction potential 
(ORP) electrodes. 

2.6 Data analysis 

The analysis of variance (ANOVA) was performed 
with a generalized linear model of split-plot design. 
Based on normality and variance homogeneity tests 
for the errors, the normal distribution was used as 
the probability distribution. The effects of the wa-
ter regime, nitrogen fertilizer and the interactions 
from these two factors on rice yield and N2O emis-
sion were analysed as fixed effects. All pairwise 

comparisons of treatment means from either signif-
icant interactions or simple effects were performed 
with the Tukey test by Minitab v.16 software. 

3 RESULTS AND DISCUSSION 

3.1 Effect of nitrogen fertilizer types and water 
management on grain yield 

3.1.1 The water level in AWD water management 
field  

Water levels in AWD treatments ranged from -15.6 
cm to 5.5 cm. During the experiment, there were 
only four times at 20, 35, 62, 83 DAS that water 
level dropped down to 10 - 15 cm below the soil 
surface. In other cases, the water level dropped 
only to about 5 cm below the soil surface due to 
raining (at 50 DAS).  

Water management regime greatly affects N2O 
emissions due to its effect on nitrification and deni-
trification processes. During the dried soil period, 
higher NO3

- concentration was accumulated due to 
nitrification, and after that it is reduced by denitri-
fication process when the soil is re-flooded. There-
fore, AWD in rice fields may trigger substantial 
amount of N2O emissions in contrast with FP by 
increasing the amount of available N for microbial 
transformation (Ussiri and Lal, 2013). 

 

Fig. 1: Seasonal variation of water level in paddy fields under alternate wetting and drying regime 

3.1.2  Effects of nitrogen fertilizer types on grain 
yield 

The results showed that grain yields of N fertilizer 
type treatments were not significantly different 
(Table 2). According to Christianson et al. (1990) 
and Freney et al. (1995), nBTPT becomes active to 
retard urea hydrolysis in the soil when it is con-
verted to oxygen-analog form [nBPT(O)], and this 
conversion may be impaired under flooded condi-
tions. Therefore, nBTPT may not be strongly effec-
tive in these experiments because urea-nBTPT was 

broadcasted in flooded condition. NH3 loss in urea-
nBTPT, NPK briquette and NPK IBDU treatments 
were found insignificantly different as compared 
with urea applied treatment (Vo Thanh Phong et 
al., 2015). In addition, the field water pH in flood-
water were low, hence it conduced to the reduction 
of N loss by NH3 volatilization even in urea treat-
ment. This resulted in the insignificant increase in 
grain yields of urea-nBTPT, NPK briquette and 
NPK IBDU treatment in comparison to urea treat-
ment. 
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The low NH3 gas losses might also be due to the 
acidity of the studied soil (pH = 4.5) and the easy 
running out of water in the field, so it was not suit-
able for the growth of algae which reduced switch-
ing of ammonium-N to NH3 (Ferguson et al., 
1984). Carreres et al. (2003) also reported that IB-
DU fertilizers was the best nitrogen source for im-
proving recovery efficiency and grain yields, but 
the significant difference was not found between 
IBDU and urea. 

Table 2: Grain yields in different fertilizers and 
water regimes 

 Treatment 
Mean yield 

(t.ha-1) 

Nitrogen ferti-
lizers (A) 

Urea  4.88 
Urea-nBTPT 5.00 
NPK briquette 4.84 

NPK IBDU 4.92 

Water regimes 
(B) 

Farmer practice   4.68 b 
Alternate wetting 
and drying 

 5.14 a 

 F(A) 
 F(B) 
 F(A X B) 
 CV (%) 

ns 
* 

ns 
7.0 

Means that do not have the same letter are significantly 
different at P < 0.05 level by Tukey’s test.  
IBDU: Isobutylidene diurea; nBTPT: N-(n-butyl) thio-
phosphoric triamideEffects of water management on 
grain yields 

AWD irrigation regime showed a significantly 
higher grain yields than FP irrigation (Table 2). 
Implementation AWD irrigation could increase 
grain yields thanks to accelerating nitrogen miner-
alization to available N for rice uptake, improve the 
oxygen content in the soil for root growth, root 

respiration, nutrient absorption, and reduce the 
accumulation of the soil toxics such as Fe2+, Mn2+ 
or H2S. Appling AWD irrigation also increased the 
root penetrating with depth, so it helped plants 
cope with water shortages and reduce the incidence 
of lodging. According to Belder et al. (2004) and 
Liu et al. (2013), grain yields were significantly 
higher under the AWD than those under FP. 

3.2 Effects of nitrogen fertilizer types and 
water regimes on nitrous oxide emission  

3.2.1 Soil redox potential 

The emission of N2O from paddy fields is affected 
greatly by the oxidation-reduction condition of the 
soil, which depends on irrigation and drainage 
practices. The N2O emission is reported at soil re-
dox levels below +200 mV to -100 mV during de-
nitrification reactions (Masscheleyn et al., 1993).  

Soil Eh values in the AWD treatments were found 
higher than those in the FP treatments for the most 
part of rice growing period (Figure 2). Soil Eh val-
ues during rice growing season ranged from -121.0 
to +275.5 mV (in AWD) and -114.1 to +213.5 mV 
(in FP).  

In AWD treatments, soil Eh values increased rapid-
ly with time during drying periods and decreased 
immediately following reflooding. Eh in AWD 
field was higher than that of FP field at 20, 35 and 
60DAS (+42.0 mV, 79.8 mV, and +275.5 mV, 
respectively, which is corresponding to the lowest 
water level in AWD field.  

In FP treatments, soil Eh values decreased gradual-
ly due to continuously saturation condition in soil, 
except for the sharp increase to +213.5 and 275.5 
mV for the last sampling (60 DAS) in both AWD 
and FP field due to insufficient irrigation water.  

 
Fig. 2: Seasonal variation of soil Eh at -5cm depth in the fields under two water regimes  
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3.2.2 The effects of nitrogen fertilizer types on 
N2O flux under farmer irrigation practice  

Nitrous oxide fluxes of different nitrogen fertilizers 
types in FP regime were shown in Figure 3. Gener-
ally, N2O fluxes of urea treatments were higher 
than those of urea-nBTPT treatments for few days 
after N application, especially days after the third 
N application. N2O fluxes in urea treatment were 
shown significantly high at 7 days after fertilization 
(DAF) of the first application, 6 DAF of the second 

application and 1 DAF of the third application, 
respectively (equivalent to 17, 26 and 41 DAS). 
The concentration of NH4

+ in flood water and in 
soil surface at 0-3 mm depth in urea treatments was 
observed higher than urea-nBTPT treatments fol-
lowing each fertilizer application (Vo et al., 2015). 
The high NH4

+ concentration in urea treatment 
enhanced the rates of both heterotrophic and auto-
trophic nitrification processes and therefore in-
creased N2O flux (Dalal and Allen, 2008). 

 

Fig. 3: Nitrous oxide fluxes in different N fertilizer type treatments in the fields under farmer irriga-
tion practice  

Data was shown in mean ± SE. Standard errors are 
denoted by vertical bars.  

Significant at P<0.01 (**) or P < 0.05 (*). BF: 
Broadcasting fertilizer, FDP: Fertilizer deep 
placement. IBDU: Isobutylidene diurea, nBTPT: 
N-(n-butyl) thiophosphoric triamide.  

Vertical arrows denote time of fertilizer applica-
tions.  

In contrast, the increase in N2O fluxes in urea-
nBTPT treatments was 23, 32 DAS, so it was later 
than urea treatment. This may be due to the delay 
of urea hydrolysis and denitrification process.  

N2O fluxes of NPK briquette and NPK IBDU 
treatments were remained low during rice season, 
ranging from 0.03 to 0.29 mgN2O.h-1.m-2 and from 
0.03 to 0.23 mgN2O.h-1.m-2, respectively. Deep 
placement of these fertilizers in continuously satu-
rated soil decreased N2O fluxes because the oxida-
tion of NH4

+ to NO3
- was limited. N2O fluxes of 

NPK briquette were significantly high at 11 DAS 
(or 1 DAF). The reason was that NPK briquette 
fertilizers were applied only once with large 
amount of N and just at 1 DAF, so N content in 
soil is high, leading to increase of N2O emission. 
Moreover, NPK briquettes are produced by me-

chanical briquetting, so they are solubilized more 
easily than NPK IBDU.  

In general, the N2O fluxes of urea and urea-nBTPT 
were high because broadcasting fertilizer having 
high concentration of NH4

+ in flood water and sur-
face soil. For deep placement NPK briquette or 
NPK IBDU, N2O fluxes were low and changed 
little during rice growth stage due to the activity of 
urease inhibitor in urea-nBTPT and the deep 
placement method in NPK briquette and NPK IB-
DU treatments. 

3.2.3 The effects of nitrogen fertilizer types on 
N2O flux under AWD regime  

The result of N2O fluxes in different nitrogen ferti-
lizer treatments under AWD regime was shown in 
Figure 4. N2O fluxes of broadcasting urea and 
urea-nBTPT treatments tended to be higher at few 
days following N applications than those of deep 
placement NPK briquette and NPK IBDU treat-
ments.  

For urea treatments, N2O fluxes ranged from 0.06 
to 0.68 mgN2O.h-1.m-2 with two peaks. The first 
peak of N2O flux at 38 DAS could be associated 
with mid-season aeration and re-flooded stages 
which stimulated N2O emission (Xing et al., 2009; 
Peng et al., 2011). The second peak of N2O flux 
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occurred at 44 DAS (4 DAF of the third N applica-
tion). This peak could be related to the increase in 
NH4

+ and NO3
- after N application and subsequent 

denitrification to N2O (Gaihre et al., 2015). 

The N2O flux concentrations of urea-nBTPT treat-
ments were low (0.03 to 0.40 mgN2O.h-1.m-2). 
Nevertheless, after broadcasting fertilizer or mid-
season drainage and following re-waterlogging, 
these fluxes increased slightly. 

In NPK briquette treatments, N2O fluxes were low-
est from 0.01 to 0.26 mgN2O.h-1.m-2. The high 
fluxes by NPK briquette application were shown at 
32, 55 and 60 DAS corresponding to drainage time. 
N2O fluxes of NPK IBDU varied from 0.01 to 0.24 
mgN2O.h-1.m-2, reached the highest at 17 DAS (7 
days after deep fertilizer placement) but were lower 
in other stages. Generally, the N2O fluxes of NPK 
briquette or NPK IBDU treatments were lower than 
those of urea treatments under AWD regime. 

 

Fig. 4: Nitrous oxide fluxes of different N fertilizer type treatments in the field under alternate wetting 
and drying regime 

Data was shown in mean ± SE.  Standard errors are 
denoted by vertical bars. 

Significant at P<0.01 (**) or P < 0.05 (*). BF: 
Broadcasting fertilizer, FDP: Fertilizer deep 
placement. MSA: Mid-season aeration. IBDU: 
Isobutylidene diurea, nBTPT: N-(n-butyl) thio-
phosphoric triamide. Solid vertical arrows denote 
time of fertilizer applications and dashed vertical 
arrows indicate the midseason drainage phase. 

In general, the N2O fluxes of urea and urea-nBTPT 
increased after fertilizer applications or mid-season 
aeration and then re-flooded. However, the N2O 
concentrations of urea-nBTPT treatments were 
lower than those of urea treatments during rice 
crop. N2O fluxes of NPK briquette and NPK IBDU 
were lowest, except for the slight increases due to 
soil drainage in AWD regime.  

3.2.4 Cumulative N2O emission during rice 
season 

The cumulative N2O emissions in 50 days from 10 
- 60 DAS affected by nitrogen fertilizer types and 
water management regimes were shown in Table 3. 

Table 3: Cumulative nitrous oxide emissions 
from rice field as affected by nitrogen 
fertilizer types and water management 
regimes  

Treatment 
N2O emission 

(+) 
(kgN2O.ha-1) 

Nitrogen 
fertilizers 
(A) 

Urea  2.47 a 
Urea-nBTPT 1.67 b 
NPK briquette 1.47 b 
NPK IBDU 1.29 b 

Water 
regimes 
(B) 

Farm irrigation 
practice 

1.69 

Alternate wetting 
and drying 

1.77 

 F (A) 
 F (B) 
 F (A X B) 

** 
ns 
ns 

(+): The cumulative N2O emissions were calculated in 50 
days from 10 to 60 DAS 

(**): Means that have the same letter are significantly 
different at P < 0.01 by Tukey’s test.  
IBDU: Isobutylidene diurea; nBTPT: N-(n-butyl) thio-
phosphoric triamide 
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The highest cumulative N2O emissions were found 
in the urea treatments (2.47 kg.ha-1). Meanwhile, 
application of urea-nBTPT, NPK briquette and 
NPK IBDU reduced significantly cumulative  
N2O emissions (1.67, 1.47 and 1.29 kg.ha-1, respec-
tively).  

Cumulative N2O emissions of AWD irrigation 
were not significantly higher than those of FP irri-
gation (Table 3). Alternating wet and dry in paddy 
soil was reported to stimulate N2O emission as 
compared to continuous flooding (Xing et al., 
2009). However, in this study, during FP irrigation, 
rice field was not always flooded, but it was dried 
out to saturated condition before the next irrigation. 
Therefore, N2O emission in AWD was as similar as 
that in FP irrigation, which should be recommend-
ed for rice cultivation in the Mekong Delta of Vi-
etnam.  

4 CONCLUSIONS 

The application of urea-nBTPT, NPK briquette or 
NPK IBDU did not significantly increase rice 
yields but reduced N2O emission in comparison to 
traditional urea application. New N types could be 
highlighted as a critical issue in mitigating green-
house gas emission in rice cultivation in the Me-
kong Delta of Vietnam. The N2O fluxes pattern of 
urea and urea-nBTPT treatments increased after 
fertilization under FP irrigation, whereas N2O flux-
es of NPK briquette and NPK IBDU were main-
tained low during rice season.  However, the fluxes 
increased at soil drainage under AWD water man-
agement.  

Alternate wetting and drying water management 
technique is proved to increase rice yields, which 
should be applied in rice cultivation. Moreover, 
N2O flux concentration of AWD technique is as 
similar as that of farmer irrigation practice, hence 
this technique can also be accepted in terms of in-
creases in grain yield. 

ACKNOWLEDGMENTS  

The special thank would be sent to Dr. Cao Van 
Phung at Cuu Long Delta Rice Research Institute 
for his technical guide in N2O sampling and analy-
sis. The authors greatly appreciate the support of 
Mr. Nguyen Xuan Du at Sai Gon University for 
sharing equipment; Dr. Upendra Singh at Interna-
tional Fertilizer Development Center, USA for 
introducing NPK briquette deep placement tech-
nique in Can Tho University; and Mr. Vo Chon 
Dung for producing NPK briquette. 

REFERENCES 

AAPI, Accelerating Agriculture Productivity Improve-
ment, 2013. Deep placement of NPK briquettes: In-
creasing yields while reducing fertilizer costs. AAPI 
News Bulletin, Vol. 26. Available from  

http://aapi-ifdc.org/files/AAPI%20Bulletin%20Vol% 
2026%20April2013(Eng).pdf 

Belder, P., Bouman, B.A.M., Cabangon, R., Guoan, L., 
Quilang, E.J.P., Yuanhua, L., Spiertz, J.H.J., Tuong, 
T.P, 2004. Effect of water-saving irrigation on rice 
yield and water use in typical lowland conditions in 
Asia. Agricultural Water Management. 65(3): 193-210. 

Bouman, B.A.M., Lampayan, R.M., Tuong, T.P., 2007. 
Water management in irrigated rice: coping with wa-
ter scarcity. International Rice Research Institute. 
Los Banos, Philippines. 54 pages. 

Carreres, R., Sendra, J., Ballesteros, R., Valiente, E.F., 
Quesada, A., Carrasco, D., Leganés, F., Cuadra, J.G., 
2003. Assessment of slow release fertilizers and ni-
trification inhibitors in flooded rice. Biology and 
Fertility of Soils. 39(2): 80-87. 

Chien, S.H., Prochnow, L.I., Cantarella, H., 2009. Recent 
developments of fertilizer production and use to im-
prove nutrient efficiency and minimize environmental 
impacts. In: Sparks, D.L. (Eds). Advances in Agrono-
my. Academic Press. Burlington, USA, pp. 267-322. 

Christianson, C.B., Byrnes, B.H., Carmona, G., 1990. A 
comparison of the sulfur and oxygen analogs of 
phosphoric triamide urease inhibitors in reducing 
urea hydrolysis and ammonia volatilization. Fertiliz-
er Research. 26(1-3): 21-27. 

Chu V.H., Le, V.B., 2007. Study on the effects of Agro-
tain coated urea on high yielding rice in the Mekong 
delta of Vietnam. Cuu Long Delta Rice Research In-
stitute. Vietnam, 20 pages. 

Codespa Foundation, 2011. Root Solutions: Fertilizer 
Deep Placement (FDP) for Poverty Reduction in Vi-
etnam. Codespa’s publications section. Madrid, Es-
paña. 88 pages. 

Dalal, R.C., Allen, D.E., 2008. Greenhouse gas fluxes 
from natural ecosystems. Australian Journal of Bota-
ny. 56(5): 369-407. 

Ferguson, R.B., Kissel, D.E., Koelliker, J.K., Basel, W., 
1984. Ammonia volatilization from surface-applied 
urea: Effect of hydrogen ion buffering capacity. Soil 
Science Society of America Journal. 48(3): 578-582. 

Freney, J.R., Keerthisinghe, D.G., Phongpan, S., 
Chaiwanakupt, P., Harrington, K.J., 1995. Effect of 
urease, nitrification and algal inhibitors on ammonia 
loss and grain yield of flooded rice in Thailand. Nu-
trient Cycling in Agroecosystems. 40(3): 225-233. 

IFDC, International Fertilizer Development Center, 
2013. Fertilizer Deep Placement (FDP). IFDC Solu-
tions. Muscle Shoals, USA. 8 pages.  

Gaihre, Y.K., Singh, U., Islam, S.M.M., Huda, A., Islam, 
M.R., Satter, M.A., Sanabria, J., Islam, M.R., Shah, 
A.L., 2015. Impacts of urea deep placement on ni-



Can Tho University Journal of Science   Vol 6 (2017) 38-46 

 46 

trous oxide and nitric oxide emissions from rice 
fields in Bangladesh. Geoderma. 259-260: 370-379. 

Lagomarsino, A., Elio Agnelli, A., Ferrara, R.M., Ad-
viento-Borbe, M.A., Linquist, B., Gavina, G., Rav-
aglia, S., 2013. Green-house gas emissions from rice 
fields under different water management. EGU Gen-
eral Assembly Conference, 7-12 April 2013, Vienna, 
Austria. Available from 
http://adsabs.harvard.edu/abs/2013EGUGA. 

Liu, L., Chen, T., Wang, Z., Zhang, H., Yang, J., Zhang, J., 
2013. Combination of site-specific nitrogen manage-
ment and alternate wetting and drying irrigation in-
creases grain yield and nitrogen and water use efficien-
cy in super rice. Field Crops Research. 154: 226-235. 

Masscheleyn, P.H., DeLaune, R.D., Patrick Jr, W.H., 
1993. Methane and nitrous oxide emissions from la-
boratory measurements of rice soil suspension: effect 
of soil oxidation-reduction status. Chemosphere. 
26(1): 251-260. 

Parkin, T.B., Ventera, R.T., 2010. Chamber-based trace 
gas flux measurements. In: Follett, R.D. (Eds). Sam-
pling Protocols. US Department of Agriculture, Ag-
ricultural Research Service. US, pp. 1-39.  

Parkin, T.B., Venterea, R.T., Hargreaves, S.K., 2012. 
Calculating the detection limits of chamber-based 
soil greenhouse gas flux measurements. Journal of 
Environmental Quality. 41(3): 705-715. 

Parkin, T.B., Hatfield, J.L., 2014. Enhanced efficiency 
fertilizers: Effect on nitrous oxide emissions in Iowa. 
Agronomy Journal. 106(2): 694-702. 

Peng, S., Hou, H., Xu, J., Mao, Z., Abudu, S., Luo, Y., 
2011. Nitrous oxide emissions from paddy fields un-
der different water managements in southeast China. 
Paddy and Water Environment. 9(4): 403-411. 

Snyder, C.S., Bruulsema, T.W., Jensen, T.L., Fixen, 
P.E., 2009. Review of greenhouse gas emissions 
from crop production systems and fertilizer man-
agement effects. Agriculture, Ecosystems & Envi-
ronment. 133(3): 247-266. 

Trenkel, M.E., 2010. Slow- and controlled-release and 
stabilized fertilizers: an option for enhancing nutrient 
use efficiency in agriculture. International Fertilizer 
Industry Association. Paris, France. 160 pages. 

Ussiri, D., Lal, R., 2013. Soil emission of nitrous oxide 
and its mitigation. Springer. 378 pages. 

Vo Thanh Phong, Tran Thanh Phong, Nguyen Minh Dong, 
Nguyen My Hoa, 2015. Effects of different nitrogen 
fertilizers on ammonium distribution in soil and am-
monia volatilization in rice cultivation in Tam Binh 
district - Vinh Long province. Can Tho University 
Journal of Sciences. 40: 128-135. (in Vietnamese). 

Xing, G.X., Zhao, X., Xiong, Z.Q., Yan, X.Y., Xu, H., Xie, 
Y., Shi, S., 2009. Nitrous oxide emission from paddy 
fields in China. Acta Ecologica Sinica. 29(1): 45-50. 

 


