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2 Introduction

Urea is widely applied to rice in Southeast Asia because
of its cost, availability, and high N content (Martinez and
Diamond, 1984). It is difficult to incorporate urea well in a
flooded soil withont motorized machinery because of urea’s
high water solubility. Therefore, many Asian farmers sim-
ply broadcast the urea into standing floodwater after the
seedlings are established (De Datta, 1986), High urease ac-
tivity at the flooded soil surface leads to rapid urea
hydrolysis, high ammoniacal-N concentrations in the flood-
water, and potentially high NH3 volatilization losses when
weather conditions facilitate the removal of NH; from the

nic.:'hi abér den Ko

stoff vor 50 aufetwa 10%, "

water-air interface (Bouwmeester and Viek, 1981), The use
of chemicals to decrease the urease activity of soils has
been proposed as a way to decrease the amount of N lost by
NHj volatilization.

Published research regarding the potential of urease in-
hibitors to slow urea hydrolysis in plant studies was practi-
cally nonexistent until East German researchers found that
phenyl phosphorodiamidate (PPDA) is a powerful urease
inhibitor that can be used to decrease NHa volatilization los-
ses from small grain fertilization (Heber et al, 1979;
Kdmpfe et al,, 1982). The compound was used in green-
house studies with flooded rice (Viek et al., 1980; Byrnes et
al., 1983) and later in field studies (Fillery et al., 1986a;
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Simpson et al,, 1985; Castillo, 1985). In these studies, the
use of PPDA generally increased N uptake by the plants by
about 15% but rarely increased grain yields. A yield ad-

vantage was found only when the inhibitor was used in.

delayed application (Fillery et al., 1986a) or under condi-
tions that leached urea below the aerobic zone (Simpson et
al., 1985).

Characteristically urease inhibition by PPDA ends abrupt-
ly, after which urea hydrolysis proceeds at a rate similar to
that in the uninhibited system. Concentrations of ammonia-
cal-N have then developed in the floodwater (Simpson et al,,
1985; Fillery et al,, 1986a). This loss of inhibition is thought
to be due to the instability of PPDA to base hydrolysis
under the high-pH conditions of floodwater (Austin et al,,
1984; Byrnes et al., in press).

The urease inhibitor N-(n-butyl) thiophosphoric triamide
(NBPT) has recently been found to be a powerful urease in-
hibitor, and it was used successfully to decrease N losses in
field studies of upland crops when conditions were con-
ducive to high NHj volatilization losses (Schiegel et al.,
1986). In laberatory incubation studies, NBPT was found to
be a longer lasting inhibitor than PPDA in a variety of up-
land soils (Bremner and Chai, 1986).

The potential of urcase inhibitors to decrease NI,
volatilization and increase grain yield has not been fully
tested because an effective, long-lasting inhibitor was not
available.

This study was conducted to attempt to make PPDA effec-
tive for a longer period by decreasing the floodwater pH and
to test the effectiveness of the inhibitor NBPT in a delayed
application to flooded rice. Under conditions conducive to
NHj volatilization, the inhibitors were tested for their ability
to reduce the urea hydrolysis rate, decrease ammoniacal-N
concentrations in the floodwater, and increase N fertilizer
uptake and grain yield.

3 Materials and Methods

The trial was carried out in Kick-Brauckmann pbts (an inaer bottomless
pot which fits koosely into an exterior, larger pot).

3.1 Soil

Fresh moist silt loam (brown earth from loess), pH: 6.5, N 1.2 g kg",
7.22 kg dry weight/pot. The soil was flocded for 3 weeks, then fertilized
with 0.43 g P {Ca(H,PO4); - Hy0] and 1,00 g K and 8.22 g 8 (K,SC4)/pot,
incorporated in the top 8 cm of soil.

3.2Crop

IR-36 rice (Oryza sativa L.)--a high-yielding, short-statured variety,
widely adopted in Southeast Asia. Two 25-day-old transplants/pot.

3.3 Treatments

a. Control, ne nitrogen
b. Urea alone, re inhibitor

Byrnes, Gutser and Amberger

¢. Urea with PFDA

d. Urea with PPDA pius Cu-chelate

e. Urea with PPDA plus Al,(SO4)3

f. Urea with PPDA plus Al»{50G,)3 and Cu-chelate

g. Urea with NBPT

h. Urea with NBPT plus Cu-chelate

Each treatment either without percolation or with percelation of 5 mm/day,
3 replicates.

3.4 Rates of Additions

3.4.1 N-Applications: 300 mg N as "“N-labeled urea (46.703 g kg! N
atom excess) to floodwaater 15 days after transplanting (DAT). 100 mg N
as unlabeled urea at 42 DAT.

3.4.2 Urease Inhibitors: 13 mgfpot=20g kg'j of the weight of urea.

3.4.2 Acidifying Agents: 1 mg kg'l Cu added as Cu-chelate to floodwater
2 d before N fedilization {commercial algicide, 90 g kg“t Ca solution,
tradename Cutrine Plus, from Applied Biochemists, Inc., Mequon, Wiscon-
sin, U.8.A). 0.1 gfpot Al(S8Oy)s + 16 H,O, this initially lowered the
daytime pH of the floodwater to about 6.

3.5 Percolation and Management

75 mL of water was removed from between the outer and inner pots
twice each day at 08.00 and 17.00 and placed directly into the floodwater
(water level outside was 5 cm below the floodwater; after 6 h the levels
were the same) for 20 d after the first fertilizer addition; with this system,
there was no petential for loss of the N fertilizer from the system through
feaching. During this period, six 35-cm-diameter electric fans produced a
geatle air movement (0.5-1.0m sec’!, depending on the distance of the pot
from the fans) between 08.00 and 20.00. The pots were randomized week-
ly. Floodwater maintained at 3 cm depth.

3.6 Harvests

3.6.1 First: 42 DAT 10 measure N uptake and dry-matter yield, at ap-
proximately maximum tillering, Before harvest, the water level was main-
tained in the pots at just below the soil surface.
3.6.2 Second: At maturity, 119 DAT. Because of the long day length in
Germany, the plants did not progress from the vegetative 10 reproductive
phase, so0 they were placed in the dark under a tent from 17.00 until 07.00
(July 11-August 9), One week before harvest the soil was allowed to dry.
The grain was threshed; unfilled grain and chaff were combined with the
straw,

3.7 Analyses

3.7 Floodwater: 2 mL samples removed daily for urea (Mulvaney and
Bremner, 1979) and ammoniacal-N (Keeney and Nelson, 1982) measured
for 20 d following fertilization. pH with glass combination electrode every
afterncon for 10 d following fertilization.

3.7.2 Plant Materials: Samples were dried at 60°C, ground to less than 1
mm and analyzed for total N and 5N content (Buresh et al., 1982). The 5y
content was determined with a Micromass Model 622 mass spectrometer.
3.7.3 Soil: Soil from each pot was rapidly air-dried and major roots were
separated, dried, ground (<1 mm), and then combined and mixed with
ground scil, Total N (Stumpe et al., 1985) and 5N content as with plant
materials.
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4 Results and Discussion
4.1 Effects on Floodwater Parameters

The urea-N concentration decreased rapidly in the un-
leached treatments when no inhibitor was added; only about
one-fourth of the added urea remained in the floodwater one
day after addition (Figure 1). Urease inhibition by PPDA
improved by addition of Al(S04); and by addition of the
algicide. There was no significant difference in the rate of
urea disappearance between the algicide with PPDA and the
combination of Al}(SO,); with the algicide (data not
shown). The slowest decrease in urea concentration was
achieved by NBPT, and urea remained in the floodwater for
up to 2 weeks. There was no difference in the urea disap-
pearance when NBPT was used with the algicide compared
with NBPT by itself (data not shown). The characteristic in-
flection point at which PPDA failed to further inhibit the
urease was not evident in this study as it was in others (Byr-
nes et al., 1983; Viek et al., 1980) possibly because the urea
was being transported rapidly into the soil due to high water
use by the plants.
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inhibition by PPDA. The treatment with NBPT and no al-
gicide had high pH values, which were reduced about one-
half pH unit by algicide addition. The treatment with PPDA
had a lower pH on days 3 and 4 (Table 1) when the urea hy-
drolysis occurred and ammoniacal-N developed in the
floodwater (Figure 2).

Table 1: Averape Daviime pH of the Floodwaters
Tabelle 1: Mittlere tigliche pH-Werte des iiberstauten Wassers

Days After Fertilization

Treatment 1 2 3 4 5
(pH)
No urea 9.8 99 95 10.0 9.9
{rea alone 8.7 8.4 8.6 9.9 10.0
PPDA 9.8 97 8.8 8.8 9.4
PPDA, Cu-chelate 8.8 9.1 8.9 10.0 9.8
PPDA, AL(S0s); 93 95 8.5 9.4 9.2
PPDA, Alx(S0s)3, Cu-chelate 8.8 9.3 9.0 10.0 9.7
NBPT 96 938 9.1 10.0 9.9
NBPT, Cu-chelate 8.9 9.1 8.6 9.6 9.4
R S o] S 8

lsd ¢0.05 level} = 0.3

a) § indicates sunny conditions, and O indicates overcast conditions.
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Figure 1: Concentrations of Urea-N in the Floodwater with Time as Effec-
ted by Inhibitor and Acidifying Agents.

Abbildung 1: Verinderung der Harnstoffgehalte des itberstauten Wassers
in Abhéingigkeit von Hemmstoffen und versavernden Substanzen.

The pH of the control was very high, nearly 10.0 on sunny
days and 9.3-9.5 on overcast days (Table 1). With urea
alone the pH was 8.4-8.7 the first three days, then rose to
about 10.0 after NH; volatilization was completed.

With the high pH of the PPDA treatment, base hydrolysis
of PPDA would be rapid (Austin et al., 1984). Addition of
algicide caused the daytime pH to be one pH unit lower on
the first day compared with PPDA use alone (Table 1}, but
it then rose to 10.0 on the fourth day after fertilization. The
lower daytime pH was maintained more effectively by al-
gicide addition than by Al;(50,); alone. Even though the
pH reductions were not great, they increased the length of

Rapid urea hydrolysis produced very high concentrations
of ammoniacal-N on the first day when no inhibitor was
used (Figure 2). Urease activity was extremely high due to
biological activity promoted by the abundance of nutrients,
water, and light at the soil surface. The peak concentration
of ammoniacal-N decreased rapidly, presumably because of
rapid NH; volatilization. Addition of PPDA decreased the
peak concentration of ammoniacal-N to about one-half that
of the uninhibited treatment, and Aly(SOg); or algicide
reduced it further.
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Figure 2: Concentrations of Ammoniacal-N in the Floodwater with Time
as Effected by Inhibitor and Acidifying Agents.

Abbildung 2: Verinderung der Ammoniumgehalte des ilberstauten
Wassers in Abhiingigkeit von Hemmstoffen und versauernden Substanzen.
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While the peak ammoniacal-N concentrations were
reduced by progressively better inhibition, they were
present for longer periods with the slowed urea hydrolysis.
The ammoniacal-N concentrations with NBPT were 1 mg
L! N or less throughout the 20 d following fertilization,
Thus, urea disappeared from the floodwater mainly by
movement into the soil, and urea hydrolysis was so slow
that adsorption and immobilization by algae allowed no ac-
cumulation of ammoniacal-N in the floodwater. There was
no significant difference in ammoniacal-N concentrations
between the PPDA treatments with the algicide and combi-
nation of the algicide and Al{SOy); (data not shown). Re-
duced floodwater pH decreased PPDA degradation, which
extended its inhibitory effectiveness and reduced the
ammoniacal-N accumulation.

4.2 Nitrogen Recovery

Water percolation of 5 mm d'! through the soil increased
the N recovery by the plants at 42 DAT by 7.2% on
average and by 4.4% in the grain at maturity (Table 2). The
recovery in the straw and soil were not significantly (0.05
level) affected by percolation, Plant recovery of added N
was uniformly increased by percolation across the N treat-
ments, and thus there was no N treatment by leaching inter-
action. Therefore, the average N recoveries for the leached
and unleached treatments are discussed,

Fable 2; Effect of Percolation on the N Fertilizer Recovery in the Plants
and Soils at the Two Harvests

Tabeile 2: Wirkung der Perkolation auf die Wiederfindungsrate des Diin-
ger-">N in Planzen und Boden zu den zwei Erntezeitpunkten

Average SN Recovery

Without With
Harvest and Fraction Percolation  Percolation  Significance®
%
42 DAT harvest, plant 47.5 54.7 *
Maturity, straw 19.8 20.7 NS
Maturity, grain 31.8 363 *
Maturity, soil 23.8 239 NS
Toetal recovery at maturity 75.5 81.0 #*

a) * = significant at a 5% level by Duncan's multipie range test;
NS = not significant at a 5% fevel,

Table 3: Recoveries of "N Fertilizer at 42 DAT and at Maturity

Byrnes, Guiser and Amberger

Plant recoveries at 42 DAT were in all cases greater with
the inhibitors than with urea by itself (Table 3): increases
were from 11.1% of the fertilizer with PPDA alone to about
35% for NBPT. Addition of the algicide with PPDA caused
16.0% more uptake than with PPDA alone. Addition of
Al(504)s significantly increased early plant uptake, by
6.2% over PPDA alone. :

For the maturity harvest, there was a wider range in the
grain recoveries than in the straw recoveries. The grain
recoveries showed practically the same relationships as
those at the early harvest. There were no significant dif-
ferences in the >N uptake of the straw as a result of any of
the acidifying additions, while it was increased by NBPT.
Just about all of the fertilizer °N had entered the plant by
the early harvest, and total >N recovery in the straw plus
the grain ranged from only 1.8% less to 7.3% more at
maturity than at the early harvest. The recoveries of "N in
the soil at maturity ranged from 20.4% to 26.9%. Practically
the only significant difference in fertilizer recovery in the
soil was that urea by itself had less recovery than any of the
inhibited treatments.

Total 1°N recoveries were increased by 19.1% to 42.1% of
the added fertilizer by addition of urease inhibitors. Al-
gicide addition significantly increased total recovery over
that with PPDA use alone, by 6.9% both with and without
Aly(SO4)3. Use of AL(SO,); did not preserve more °N than
with PPDA alone, apparently due to the peak accumuiation
of ammoniacal-N being higher with PPDA by itself, but the
concentration with the addition of Aly(80;): lasted about
twice as long (Figure 2),

Loss of N from urea alone was 49.9%, which agrees with
NHj; volatilization losses found in other greenhouse studies
under conditions which enhance losses (Viek and Craswell,
1981), and in field studies under fairly high wind conditions
{(Fillery et al., 1986b). Although this loss is expected to be
principally from NHj volatilization, the loss of 7.8% to
9.6% with the NBPT is likely through denitrification, since
there was essentially no NHj in the floodwater to volatilize.
This finding does not support the position that N saved from
NHj; volatilization would be largely lost by denitrification
when NHj loss is eliminated (Fillery and Viek, 1986), al-
though eligibility of the N for denitrification loss is ob-
viously increased by its preservation from volatilization

Tabelle 3: Wiederfindungsrate des Diinger-'>N 42 Tage nach dem Pflanzen und zur Kornseife

42 DAT Maturity Harvest
Treatment Plant Straw Grain Soil Total
%

Urea alone 269 E 13.2C 16.5 D 204 C 50,1 E
PPDA 380D 183 B 2710C 269 A 722 CD
PPDA, Cu-chelate 540 B 21.1 B 3298 25.1 AB 79.1 B
PPDA, Al (804)y 442 C 208 B 230 C 254 AB 692D
PPDA, Al2(S04)3, Cu Chelate 547 B i90B 339 B 233 B 76.1 BC
NBPT 605 A 256 A 400 A 249 AB 904 A
NBPT, Cu-chelate 638 A 266 A 40,8 A 248 AB 922 A

Note: Numbers followed by the same letier are not significantly different at a 5% level by Duncan’s multipte range test.
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4 Results and Discussion
4.1 Effects on Floodwater Parameters

The urea-N concentration decreased rapidly in the un-
leached treatments when no inhibitor was added; only about
one-fourth of the added urea remained in the floodwater one
day after addition (Figure 1). Urease inhibition by PPDA
improved by addition of Al;(SQ4); and by addition of the
algicide. There was no significant difference in the rate of
urea disappearance between the algicide with PPDA and the
combination of AlL{S804); with the algicide {(data not
shown). The slowest decrease in urea conceniration was
achieved by NBPT, and urea remained in the floodwater for
up to 2 weeks. There was no difference in the urea disap-
pearance when NBPT was used with the algicide compared
with NBPT by itself (data not shown). The characteristic in-
flection point at which PPDA failed to further inhibit the
urease was not evident in this study as it was in others (Byr-
nes et al., 1983; Viek et al., 1980) possibly because the urea
was being transported rapidly into the soil due to high water
use by the plants.
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Figure 1: Conceatrations of Urea-N in the Floodwater with Time as Effec-
ted by Inhibitor and Acidifying Agents.

Abbildung 1; Verinderung der Harnstoffgehalte des liberstauten Wassers
in Abhéngigkeit von Hemmstoffen und versavernden Substanzen.

The pH of the control was very high, nearly 10.0 on sunny
days and 9.3-9.5 on overcast days (Table 1), With urea
alone the pH was 8.4-8.7 the first three days, then rose to
about 10.0 after NHs volatilization was completed.

With the high pH of the PPDA treatment, base hydrolysis
of PPDA would be rapid {(Austin et al., 1984). Addition of
algicide caused the daytime pH to be one pH unit lower on
the first day compared with PPDA use alone (Table 1), but
it then rose to 10.0 on the fourth day after fertilization. The
lower daytime pH was maintained more effectively by al-
gicide addition than by Alx(804)3 alone. Even though the
pH reductions were not great, they increased the length of
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inhibition by PPDA. The treatment with NBPT and no al-
gicide had high pH values, which were reduced about one-
half pH unit by algicide addition. The treatment with PPDA
had a lower pH on days 3 and 4 (Table 1) when the urea hy-
drolysis occurred and ammoniacal-N developed in the
floodwater (Figure 2).

Table 1: Average Daytime pH of the Floodwaters
Tabelfe 1: Miulere tigliche pH-Werte des itberstauten Wassers

Days After Fertilization

Treatment 1 2 3 4 5
(pH}
No urea 9.8 9.9 9.5 10.0 9.9
Urea alone 87 84 8.6 9.9 16.0
PPDA 9.8 97 8.8 8.8 9.4
PPDA, Cu-chelate B.8 9.1 8.9 10.0 9.8
PPDA, Alx{SQ4)s 93 95 8.5 9.4 9.2
PPDA, Al2{804)3, Cu-chelate g8 93 90 10.0 9.7
NBPT 96 98 41 10.0 9.9
NBPT, Cu-chelate 89 91 &6 9.6 9.4
58 8 (0] S S

1sd (0.05 level) = 0.3

a) § indicates sunny conditions, and O indicates overcast conditions,

Rapid urea hydrolysis produced very high concentrations
of ammoniacal-N on the first day when no inhibitor was
used (Figure 2). Urease activity was extremely high due to
biclogical activity promoted by the abundance of nutrients,
water, and light at the soil surface. The peak concentration
of ammoniacal-N decreased rapidly, presumably because of
rapid NH; volatilization. Addition of PPDA decreased the
peak concentration of ammoniacal-N to about one-half that
of the uninhibited treatment, and Alx{(8O4)s or algicide
reduced it further.
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Figure 2: Concentrations of Ammoniacal-N in the Floodwater with Time
as Effected by Inhibitor and Acidifying Agents.

Abbildung 2: Verinderung der Ammoniumgehalte des iiberstauten
Wassers in Abhingigkeit von Hemmstoffen und versauemden Substanzen.
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(Byrnes and Amberger, in press). Also percolation did not
have an interactive effect with inhibitor use, which would
be expected if denitrification was a major loss mechanism.

c

4.3 Crop Yield

‘Water percolation did not have a significant effect on the
rice yield at 42 DAT or at maturity (Table 4). The yield data
were therefore averaged across the leaching treatments.
There was a significant yield increase at both harvests due
to N addition. Addition of PPDA by itself did not increase
any of the yields significantly (0.05 level) over urea without
an inhibitor, a finding in agreement with other results (Cas-
tillo, 1983; Byrnes et al., 1983; Fillery et al., 1986a).

Table 4: Yield of Rice as Affected by the Addition of Urease Inhibitors
and Agents to Reduce the Floodwater pH

Tabelle 4: Wirkung von Ureaseinhibitoren und versauernden Substanzen
auf den Reisertrag

Maturity Harvest

Treatment 42 DAT Straw Grain
(g/pot)

Conitol 13.8 D¥ 363 B 254D
Urea alone 187 C 554 A 343 C
PPDA 20.3 BC 589 A 40.4 ABC
PPDA + algicide 222A 56.1 A 473 A
PPDA + Al(804); 21.6 AB 54.8 A 379 BC
PPDA + Alp(504)3

+ algicide 224 A 536 A 459 AR
NBPT 233 A 61.8 A 48.6 A
NBPT + algicide 235 A 63.0 A 474 A
Percolation NS§Y NS NS
Treatment * Hok ol
Treatment x percolation NS NS NS

a) Numbers followed by the same letter are not significantly different at a
5% level by Duncan’s multiple range test.
b) NS = not significant; ** = significant at [9% level.

For the early harvest, higher yields were produced by
PPDA use with the acidifying agents and NBPT than by
urea alone. PPDA used with an algicide produced a higher
yield than did PPDA Ly itself, while addition of Aly(SO4)3
did not increase grain yield over PPDA alone.

At maturity, straw yields were greatly increased by N ad-
dition, but there were no significant differences in straw
yields between any of the N-fertilizer treatments. The high
straw-to-grain weight ratio is probably due to the excessive
vegetative growth due to the long day length,

The addition of PPDA to urea significantly increased
grain yields over those with urea alone only if the algicide
was used to help extend the effectiveness of the PPDA
(Table 4); and Al (5Q4); addition did not increase grain
yield over urea alone. Addition of NBPT increased grain
yield by an average of 38% over urea use by itself. The
NBPT yields were not significantly greater than those for
most of the PPDA freatments.
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5 Conclusions

Addition of urease inhibitors and the use of substances to
reduce the floodwater pH to maintain PPDA inhibition
reduced urea hydrolysis rates and ammoniacal-N produc-
tion, and increased '°N recovery by the plants; these dif-
ferences were reflected in yield. The acidifying substance
used to reduce the floodwater pH was not very effective
since this is a difficult system to buffer. Yet the slight and
short-term reductions in pH were enough to significantly
slow PPDA decomposition and prolong its effectiveness.
The algicide was more successful at reducing the pH than
Al(80.); addition; however, the algicide had no effect
when NBPT was used. This indicates that the primary ef-
fects of the algicide when used with PPDA, were on the sta-
bility of PPDA rather than N transformations due to
biclogical processes (Byrnes ef al., in press).

The.effective inhibitor NBPT decreased fertilizer losses to
less than 10% and increased the grain vield by 38% over
that with urea alone. This demonstrates that under condi-
tions conducive to NH; volatilization losses, effective
urease inhibition can increase the efficiency of urea. Total
recovery of *N with NBPT was similar to recoveries found
with deep placement of urea (Vlek and Craswell, 1981).
Differences in fertilizer uptake by the plants had to be 21%
or more of the N applied in the first split before a significant
difference in yield was found,

Soil percolation at a moderate rate had a constant effect of
increasing the N efficiency on all N treatments by moving
the N out of the area where NH3 volatilization and nitrifica-
tion- denitrification occur. This study does not indicate that
soil percolation to reduce denitrification losses is necessary
for an effective urease inhibitor to have a beneficial result
with a delayed N application.

6 Symbols and Abbreviations

d: days

DAT: days after iransplanting

Isd: least significant difference

NBPT: N-{(n-butyl) thiophosphoric triamide
NS: not significant

PPDA: phenyl phospherodiamidate
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(Byrrnes and Amberger, in press). Also percolation did not
have an interactive effect with inhibitor use, which would
be expected if denitrification was a major loss mechanism.

«

4.3 Crop Yield

Water percolation did not have a significant effect on the
rice vield at 42 DAT or at maturity (Table 4). The yield data
were therefore averaged across the leaching treatrnents.
There was a significant yield increase at both harvests due
to N addition. Addition of PPDA by itself did not increase
any of the yields significantly (0.05 level) over urea without
an inhibitor, a finding in agreement with other results (Cas-
tillo, 1985; Byrnes et al., 1983; Fillery et al., 1986a).

Table 4: Yield of Rice as Affected by the Addition of Urease Inhibitors
aad Agents to Reduce the Floodwater pH

Tabelle 4: Wirkung von Ureaseinhibitoren und versauernden Substanzen
auf den Reisertrag

Maturity Harvest

Treatment 42 DAT Straw Grain
(g/pot)

Control 13.8 D¥ 363 B 254D
Urea alone 187C 334 A 348 C
PPDA 20.3 BC 589 A 40.4 ABC
PPDA + algicide 222 A 56.1 A 473 A
PPDA + Al:(804); 21.6 AB 54.8 A 37.9 BC
PPDA + Al (504

+ algicide 224 A 53.6 A 459 AB
NBPT 233 A 61.8 A 48.6 A
NBPT + algicide 235 A 63.0 A 474 A
Percolation NsY NS N$
Treatment b ** **
Treatment x percotation NS NS NS

a) Numbers followed by the same letter are not significantiy different at a
5% tevel by Duncan’s multipie range test.
b) NS = not significant; ** = significant at 1% level,

For the early harvest, higher yields were produced by
PPDA use with the acidifying agents and NBPT than by
urea alone. PPDA used with an algicide produced a higher
yield than did PPDA by itself, while addition of Ala(SQ4)3
did not increase grain yield over PPDA alone.

At maturity, straw yields were greatly increased by N ad-
dition, but there were no significant differences in straw
yields between any of the N-fertilizer treatments. The high
straw-to-grain weight ratio is probably due to the excessive
vegetative growth due to the long day length.

The addition of PPDA to urea significantly increased
grain yields over those with urea alone only if the algicide
was used to help extend the effectiveness of the PPDA
(Table 4); and Aly(SQ.); addition did not increase grain
yield over urea alone. Addition of NBPT increased grain
yield by an average of 38% over urea use by itself. The
NBPT yields were not significantly greater than those for
most of the PPDA treatments.
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5 Conclusions

Addition of urease inhibitors and the use of substances to
reduce the floodwater pH to maintain PPDA inhibition
reduced urea hydrolysis rates and ammoniacal-N produc-
tion, and increased '“N recovery by the plants; these dif-
ferences were reflected in yield. The acidifying substance
used to reduce the floodwater pH was not very effective
since this is a difficult systemn to buffer. Yet the slight and
short-term reductions in pH were enough to significantly
slow PPDA decomposition and prolong its effectiveness.
The algicide was more successful at reducing the pH than
Al(S50,); addition; however, the algicide had no effect
when NBPT was used. This indicates that the primary ef-
fects of the algicide when used with PPDA, were on the sta-
bility of PPDA rather than N transformations due to
biological processes (Byrnes et al., in press).

The effective inhibitor NBPT decreased fertilizer losses to
less than 10% and increased the grain vield by 38% over
that with urea alone. This demonstrates that under condi-
tions conducive to NH; volatilization losses, effective
urease inhibition can increase the efficiency of urea. Total
recovery of {°N with NBPT was similar to recoveries found
with deep placement of urea (Viek and Craswell, 1981).
Differences in fertilizer uptake by the plants had to be 21%
or more of the N applied in the first split before a significant
difference in yield was found.

Soil percolation at a moderate rate had a constant effect of
increasing the N efficiency on all N treatments by moving
the N out of the area where NH; volatilization and nitrifica-
tion- denitrification occur. This study dees not indicate that
soil percolation to reduce denitrification losses is necessary
for an effective urease inhibitor to have a beneficial result
with a delayed N application.

6 Symbols and Abbreviations

d: days

DAT: days after transplanting

lsd: least significant difference

NBPT: N-(n-butyl) thiophosphoric triamide
NS: not significant

PPDA: phenyl phosphorodiamidate
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