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Use of Inhibitors to Improve the Efficiency of Urea
Fertilizer in Lowland Rice Field
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ABSTRACT

Attempts were made to reduce N loss from urea broadcast into the floodwater after transplanting
and increase the efficient utilization of fertilizer N by flooded rice. A field experiment was conducted at the
Suphanburi Rice Experiment Station in the 1991 wet season to study the effect of inhibitors;
phenylphosphorodiamidate (PPD), N-{n-butyl} thiophosphorictriamide (NBPT), algicide terbutryn and wax-
coated calcium carbide (CaCs) on the fate and efficiency of urea applied to flooded rice (variety SPR90)
grown on a Phimai soil (Fluvic Tropaquept) at the rate of 12 kg N rai” !

The results showed that the addition of algicide with urea maintained the floodwater pH values below
8.5 for the first three days after urea application and increased the accumulation of ammoniacal N higher than
that of urea alone particularly the first five days. In the CaC, treatment, although slight increases in floodwater
pH were apparent, ammoniacal—-N increased at a faster rate than the control. In contrast, single and repeated
additions of NBPT with urea resulted in much lower ammoniacal-N accumulation {<50% ). Application of the
mixed inhibitors with urea also resulted in a similar pattern of ammoniacal~N accumulation as was obtained
with the single NBPT treatment.

The maximum rate of NH3 loss (6.7 g N m~25~1) occurred two days after urea application and
decreased thereafter to a minimum after day 9. In the urea treatment, NHg loss accounted for 20% of the
applied N. Addition of algicide with urea reduced the total NH4 to a half (10.2%). In the presence of CaCo,
15% of the applied N was lost as NH4 compared with 10% from the NBPT treatment. The lowest NH4 loss
was obtained from the mixed inhibitors + algicide treatment which reduced NH3 loss to 7% and increased a

maximum grain yield upto 31% (746.6 kg rai”) when compared with the control (unamended urea).
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Tablel. Some characteristics of the surface soil
(0-0.2 m) at the experimental site.

Characteristic

Soil series Phimai
Soil texture Clay
pH(1: 1 soil : water) 51
Total N (gkgH) 1.6
Organic matter (g kg1) 35
Cation exchange capacity (cmole kg') 28
Exiractable P, Bray 2 (mg kg 1) 17
Exchangeable K, IN NH, OAc, pH7 (mg kg™') 127
Clay (gkg!) 680
Silt (g kg 1) 180
Sand (g kgD 140
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Table 2. Effect of inhibitor treatments on amonia loss and grain yield of flooded
rice at Suphanburi (wet season 1991).

Ammonia loss Grain yield
Treatment (% of applied N) (kg rai-!)
-Algicide  + Algicide - Algicide  + Algicide

Control(!) (Urea only) 205 102 3712 640.0
NBPT 99 7.6 6752 6192
NBPT repeated 99 - 680.0 -
Mixed inhibitors 95 7.1 6672 7456
Calcium carbide (CaC,) 152 124 649.6 644.8
NBPT + CaC, 14.6 147 5760 676.8
Mixed inhibitors + CaC, 14.5 13.1 6256 5424
LSD(P=0.05) 43 97.6

(1} All treatments listed received 12 kg N rai-l. The plots without added N yielded 435.2

kg rai
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Fig. 1. Average temperature of floodwater, 0.01 m below the surface,
in the experimental plots and circular area.
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Fig. 2. Wind speeds 0.8 m above floodwater during the experimental period.
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~ Control
< Algicide

85

Floodwater pH

0 1 2 3 4 5 5 7 8 9 0 N
Time (days after application)

Fig. 3. Floodwater pH as affected by applications of the algicide terbutryn.

Ammonia flux density (ug N m-2s-1)

o 1

Ll

Time after application (days)

Fig. 4. Ammonia flux density from the 25 m radius circular area
at Suphan Buri after urea application (July 1991).
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Fig. 5. Floodwater pH as affected by algicide, calcium carbide and NBPT.
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Fig. 6. pH of floodwater as affected by algicide, calcium carbide
and combined inhibitors.
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Fig. 7. Ammoniacal nitrogen in floodwater as affected by algicide.
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Fig. 8. Ammoniacal nitrogen in floodwater as affected by calcium carbide.
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Fig. 9. Effect of algicide and calcium carbide on ammoniacal nitrogen in the floodwater.
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Fig. 10. Effect of single and multiple applications of NBPT on ammoniacal nitregen
concentrations in the floodwater.
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Fig. 11. Ammoniacal nitrogen concentration in floodwater as affected
by NBPT, algicide and calcium carbide.

s> 30
£ - Mixed
2 o5 & Mixed + algicide
% : - Mixed + carbide
2 = Mixed + algicide + carbide
S 20
o
£
e 15+
4]
h
o
= 10+
©
@
= bF
Q
£
< 0 :
0 1 2 3 4 5 6 7 8 g 10 11 12

Time (days after application)

Fig. 12. Ammoniacal nitrogen in floodwater as affected by mixed urease inhibitors,
algicide and calcium carbide.
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Fig. 13. Comparison of NBPT and mixed urease inhibitors in the presence
of algicide and carbide.
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Fig. 14. Effect of NBPT and mixed urease inhibitors on urea hydrolysis.
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