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Ammonia Volatilization from Surface Applications of Ammonium Compounds on Calcareous

Soils: II. Effects of Temperature and Rate of Ammonium Nitrogen Application'

L. B. FENN AND D. E. KIssSEL?

ABSTRACT

The eftects of temperature and rate of application on NHy-N
volatilization from NH,* salts applied to the surface of a cal-
careous soil were investigated in the laboratory. Total NH;-N
losses were only slightly influenced by temperature over a
broad range of NH,*-N application rates with a precipitate
forming NH,* compound such as (NH,},80, in a calcarcous
soil. The rates of NH;-N loss were highly influenced by tem-
perature, High temperatures increased the initial rates of
NHa-N loss although they were proportionally reduced at later
stages. The lowest temperature resulted in the lowest initial
NHj-N loss rate but became highest for the last 76 hours. Total
ammonia nitrogen losses were dependent on the rate of
NH,*-N application. The quantity of NH4-N loss varied from
19 to 50% of the applied NH,*-N at 33 to 550 kg NH,*+-N/ha,
respectively,

The increasing temperature increased losses of NHy-N from
NH;NQO,; which does not form precipitates with CaCO; or
appreciable (NH,)};CO3. In 100 hours, NH;NO; lost 14, 18,
and 26% of the applied NH,*-N at 12, 22, and 32C, respec-
tively. Both the total 100-hour NH,-N losses and rates of
NH4-N loss were increased by increased temperatures; how-
ever, the percent of NH;-N volatilized was unaffected by rates
of NH,*-N application.

Ammeonium sulfate losses from a noncalcarecus Wilson clay
loam buffered to the pH of the calcarcous soil produced NH3-N
losses equivalent to NH,NOQ; at 12C and lower than NHNO,
at 32C. Ammonia nitrogen losses, both total NH;-N and rates
of NHy-N loss, were similar to losses of NH,NO; frem the cal-
careous soils, Therefore in the calcarcous Houston Black clay
the NH;-N loss caused by reaction of (NH,),80, with CaCO;
ranged from 0 to 70 or 80%.

Regression eguations were developed that predict NHy-N
losses at certain temperatures, time, and rate of NH;*-N
application,

Additional Index Words: (NH,),CO; formation, NH;-N loss
model, NH, volatilization, N fertilizer ¢fficiency.

ANY FacTors affect ammonia (NH,) volatilization
from soil (3). Temperature is related directly to
NH,-N loss. Martin and Chapman (4) studied NH;-N vol-
atilization from neutral, alkaline and one slightly calcareous
soil and observed a moisture temperature interaction. A
moisture level of 25% of field capacity and temperatures
of 21, 38, and 65C produced NH;-N losses of 27, 55, and
53% of the applied ammonium nitrogen (INH,*-N), respec-
tively. Moisture levels of 75 and 1009 of field capacity at
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1
65C increased losses of 100% of applied N. Wahhab et al
(5) reported that a temperature increase from 30 to 45@
increased NHy-N loss from (NH.),S0, by 185% in sand
soils.

Rates of NH,*-N application are reported to have htt g
influence on the percent NH,-N lost. Martin and Chapmag
(4} reported that higher NH4+ N application rates increase <
total NH,-N losses but loss percentages remained U
changed. Chao and Kroontje {1) reported no change -if
percent NH,-N lost at several NH,*-N application rates 0
noncalcareous soils. Wahhab et al. (5) found that the peg
centage- loss of NH,*-N increased from 15 to 25% witly
NH, *-N application rates of 550, 1,100, and 2,200 kg/h3]
They did not indicate the presence of free CaCO, in théij
soil, but a pH of 8.3 and the use of irrigation suggest somg
may have been present. 4

Fenn and Kissel (2) have demonstrated unique dlffe
ences in NH,-N losses from various ammonium chemical
in a calcareous soil. Certain ammonium compounds likg
(NH,),S0, and (NH,),HPO, react with CaCO, causing foy
mation of (NH,),CO,: however, compounds like NH,NQ,
are unreactive in this respect. The NH;-N loss from a rear
tion between (NH,),50, and CaCO, should be lnfluenc i
by the NH, *-N application rate since slightly soluble CaS_
is formed. Loss of water from the soil should increa$g
CaS0, precipitation (2). The increased CaSO, precipita]
tion should produce more (NH,),CO, and increase thy
quantity of NH,-N [ost. The objectives of this study werg
to investigate the effects of temperature and rates of apply
cation of surface applied ammonium compounds on NH]
volatilization on a Houston Black clay and Wilson cl
loam. :

MATERIALS ANID) METHODS _-'

The experimental apparatus used has been described pre 7t
ously (2}. All work was conducted in a *1C constant tempe i
ture room at 12, 22, and 32C. In addition, two studies welg
conducted with diurnal temperature variations of 10 to 22C :

21 to 32C.

Houston Black clay and a Wilson clay loam were used in t
experiments. The propertics and (reatment preparation for i
Houston Black clay have been described previously (2). WilsQl
clay loam is a noncalcareous soil to which 10% KH,PQJ
K HPO, was added as a buffer. This produced a soil withi
initial pH of 7.5 and a surface pH of 7.0 in the top 6.4 mmig
soil after the addition of 550 kg NH,*-N/ha as (NH,),S0,%0
NH,NO;. Soil moisture was approximately 63% of field ‘cJ
pacity. :

Three nitrogen sources, (NH{),80,, (NH,);HPO,, and NHS
NO; were applied to the soil surface at 33, 66, 110, 275, aqge
550 kg NH,*-N/ha. All experiments were terminated 100 hoiil
after fertilizer application due to cessation of major NH
losses.

The statistical method used for determining the accumula
NH,-N loss equations was a nonlinear polynomial regressiy
analysis.

A general equation for the polynomial regression is:
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*AMMONiIA NITROGEN LOSS (%)
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Flg 1—Actual and predicted NH3-N loss from several NH,*-N appllcahon rates on a ]louston Black clay in relation to temperature,

.ertrogen was applied at: {a) 33 kg NH,;*-N/ha as (NHy)2504 or (NH;)HPOy, (b) 6

» r50il surface.

.}"
o X=a+ b4 ;T + d U+ byt + 17 + d,U2

e + bgt? + €, T3 4 d U3 . . . et.cetera,,

’ wherc X is the percentage of applied NH,*-N lost as NH;;—N

a»ls the 1ntercepl b, ¢, and d are determined coefficients, ¢ is
umc in hours, T is temperature in"°C, and U is NH,+-N appli-

] eallon rate in kg/ha.

oEyt
TR RESULTS AND DISCUSSION

b

In.ﬂuence of Temperature on Total Ammonia Nitrogen
Loss in Houston Black Clay

g'he influence of temperature on NHy-N volatilization
fom surface appllcanons of ammonium compounds can be

't0‘23% at 33 and 66 kg NH,*-N/ha, respecnvely, for
42 22, and 32C. The actual data points would indicate no
: Pﬂ‘ature effect at these lowest NH, *-N application rates.

SRAL €Sponse to temperature was ev1dent at 110 kg NH,*-N/

I here total NH,-N losses were 26, 33, and 45% of
d.N at 12, 22, and 32C, respectively. This tempera-
duced NH,-N loss was increased 73% on a relative

G, (c) 100, (d) 275, and (e) 550 to the

basis by increasing the temperature from 12 to 32C. Figure
1d contains data for 275 kg NH,*-N/ha where a slightly
lower NH,-N loss existed at 12C than 22 and 32C. The
total NH,-N losses were 38, 46, and 43%, respectively.
Total NH,-N losses at 550 kg NH,*-N/ha were approxi-
mately 49% of the applied N at all three temperatures.

NonNPRECIPITATE ForMiING AMMoNIUM COMPOUNDS

Temperature was an important factor affecting total
NH,-N volatilization from NHNO;. An increase in tem-
perature from 12 to 32C produced a relative increase in
total NHy-N loss of 86% or an actual increase from 14 to
26% of applied NH,*-N (Fig. 2). Wahhab et al. (5) found
a 185% increase in NH,;-N loss with a 15C temperature
increase when working with (NH,),SO, in a sand. This was
possibly a result of low cation exchange capacity. The total
NH3-N loss for NH,NO; at all rates of NH,*-N application
was 14, 18, and 26% at 12, 22, and 32C, respectively. A
comparison of NH,NO; with (NH,),SO, at 33 and 66 kg
NH,*-N/ha showed nearly identical NH,-N losses. The
total percent NH4-N loss from NH,NO,, unlike the precipi-
tate forming compounds, was not increased at higher NH, *-
N application rates. The effect of temperature on percent
NHy-N losses from NH,NO, was unchanged over the en-
tire range of application rates at each temperature.

The rates of NHy-N loss from NH,NQ, were similar to
the precipitate forming compounds when applied at 66 kg
NH,*-N/ha or less. At higher rates of NH,*-N application,
the rates of NHy-N loss during the initial 30 hours were
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¥ig. 2—Total ammonia nitrogen losses from surface applica-
tions of {NH4}280 or (NH4)2HPO, and NH4NO3z on Hous-
ton Black clay at different temperatures and NH;+-N appli-
cation rates.

much higher for the precipitate forming compounds (Fig.
I}. From 40 to 100 hours, the rates of NH,-N loss were
slightly greater from NHM,NO,. Ammonia nitrogen losses
beyond 100 hours would produce some additional NH-N
losses for NH,NO, but very little for (NH,},S0, or (NH,),-
HPO,.

The differences in both total and rate of NH,-N loss as
affected by temperature and rate of NH,*-N application
were duc to the difference in the type of reaction with soil
CaCOy (2). Losses of NH;-N are greatly enhanced with
compounds such as {(NH,),SO,, which form a calcium pre-
cipitate and (NH,),CO, in calcareous soils. Losses of
NH;-N from (NH),CO, are limited, since (NH},CO,
applied at 550 kg NH,*-N/ha lost only 509 of the applied
N (Fig. 3). Total NH;-N loss with (NH,),CO, was only
slightly sensitive to temperature, a fact also observed with
the total NH -N loss from (NH,),SO, and (NH,L,MPO,
(Figs. 1, 2). The initial rates of NH,-N loss from (NH,),-
SO, and (NH,),HPO, were considerably lower than for
applied (NH,),CO, (Figs. 1-e, 3, 5). Temperaturs controls
the rate of reaction of (NH,80, and (NH,),HPO, with
CaCO, and the rate of (NH,),CO, formation, thercfore,
the initial NHy-N loss rates should be lower. The rates of
NH,-N loss for (NH,},80, at various iemperatures were
highest initially at 32C but dropped 1o the lowest rates
within 24 hours (Fig. 5). The lower temperatures exhibited
the lowest initial NH,-N loss rates hut soon exceeded those
of the higher temperatures which accounted for the reduced
temperature influence on total NH,-N [osses.

Influence of Temperature on Ammonia Losses in a
Noncaleareous Soil

The NH;-N losses from NH,NO, and (NH,),S0, in
Houston Black clay and Wilson clay toam -+ 10% KH,PO,-
K HPO, can be compared in Fig. 1-¢ and 6. The KH,PO,-
K;HPO, was added to the noncalcarcous Wilson clay loam
te maiantain a pH similar to calcareous Houston Black clay
when NH,* compounds were added at 550 kg NH,*-N/ha,

0 v T v T Y v

] 20 40 60 50 100 20 A
TIME {HOURS) \

Fig. 3—Temperature effects on accumulative ammonia nitro?
gen volatilization losses with {NH;)9CO4 surface applied tg
Houston Black clay. Nitrogen applied at 550 kg NH, *-N/haf

ACCUMULATIVE AMMONIA NITROGEN LOSS (%)

o

The NHy-N loss rates and 100 hour total NH,-N losses
from Wilson clay loam were essentially identical for both)
NH/NO, and (NH,),SO, at 12C. Rates of NH;-N loss}
and total NH,-N losses from NH,NOQ, were similar from
both soils. However, losses of NH,-N from (NH,),S0, in}
Houston Black clay at 12C were higher than in Wilson clay e
loam. in addition, (NH,),S0, exhibited greater tempera-3
ture response from 12 to 32C in the Wilson clay loam than§
in Houston Black clay. Wilson clay loam at 32C with
(NH,},50, had a total NH,-N loss 10(}% greater than at
12C but there was only a slight difference in the Houston
Black clay. The difference in the Houston Black clay from}
that in the Wilson clay loam was attributed to the formation$
of (NH,),CO; in the calcareous soil, which increased NH
N loss at 12C to equal the total loss at 22 and 32C. Lacky
of CaCQ, in Wilson clay loam and retention of the approxi-}
mate soil pH demonstrated that (NH,),50, reacted only to!
soit pH similar to NH,NQ, when (NH.,CO, formation
was not possible. At 32C, even less NH-N was [ost from§
(NH,},50, than NH,NOQ; in the buffered Wilson clay loam.§
Measurement of CO, evolution in a calcareous soil revealedy
that essentially no (NH,),CO, was formed with NH ,NO,J
whereas high levels of CQ, were measured after application;
of (NH,),S0,. These results indicate that differences in!
NHy-N loss from the nonprecipitate forming and precipi-}
tate forming NH, compound in the calcareous Houston‘
Black clay can be attributed to (NH,),CO, formation. The'}
extent of NH,-N loss attributable to (NH,),CO, formation'§
ranges from 0 to 70 or 0% at 12C and to 50 or 60% i
at 32C, A
Equations Relating NH,-N Loss with Temperature

and NH,*-N Application Rates

EQUATIONS FOR VARIABLE TEMPERATURES AT FIXED
APPLICATION RATES 4

Characteristics of NH,-N loss were closely related tod;
temperature. The data were fitted into a family of curves ]
to obtain a predictive NH,-N loss equation for any tempera- 3
ture. The analytical approach used did not direct the curves §
through the origin, and therefore. seriously affects the cal- § |

F
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Fig. 4—Predicted temperature effects on the accumulative
; NH;3-N losses from surface applications of NFH4NO3 at all
! NH3*-N application rates on Houston Black clay.

églated values for the first 4 to 6 hours. The most practical
use of this information would be for times beyond 4 to 6
hours. The general equation is presented in the materials
and methods section. Its use for temperature does not in-
gli]de the term U, which is the NH,*-N application rate in
kg/ha. The correlation coefficients (R?) for the general
temperature equations at all application rates were from
0.95 to 0.98 (Table 1). The best fit determination revealed
that time, ¢, had to be raised 1o the fourth power to obtain
the best fit and temperature, T, had no infiuence on the cor-
relation coefficient beyond its first power. The curves repre-
sented in Figs. 1 a, b, ¢, d, ¢, and 4 are a predicted family
of curves from the developed equation (Fable ). The
greatest deviations from actual data for NHg-N losses oc-
curred during the first 4 to 6 hours and near 100 hours. The
predlctlon error from 0 to 6 hours may approach 100%,
but NH,-N loss predictions are excellent from 5 to %0
hours Incrcased NH,-N loss prediction error occurred at
100 hours but was usually less than 10%. This discrepancy
ls 1ntr0duced by grouping the observed data as a family of
cunres rather than calculating each equation separately. Di-

‘umal temperature variations from 10 to 22C and 21 to 32C

mdlcated that the highest temperature encountered during
any ‘24-hour period best predicted the total NH,-N lost at
~110, and’ 550 kg NH,*-N/ha. Total NH,;-N losses were
stlmulated by diurnal temperature fluctuations.

;Tgble 1—Regression equations for NH3-N loss from NHy+-N

: - applications to the surface of a Houston Black clay
——
Lt Applicotion Corralatlon
; 'm"m“' raac Regresslon equaliona® coefficient
: kg NH}-N/ha R?
'ENH.)aSO. ang 33 X -2, 84 +0,60L+0. 19T - 0,00972 +7. 71 0.95
"Wﬂghlﬂ’o X167t - 2,16 % 1077 14
u 66 X w-0.8+0.45t + 16T - 0002112 - 316 % 0.98
: 107511 +2.95 % 1077 ¢*
110 X o=-169+L3%+0 78T = 0.022t7 + 0. 98
0,000174° - 4.64 % 1077 1
275 X w=7. 024 L.65L +0,45T - 0,030t* +2,49 0. 96
® 104zt - 5Lk 1GT7
550 X =253 +2.0t+0 35T - 0.036t2 + 0.97
0.00028 - 7.7 x 1077 ¢
33t 550 X =-6.57 + 0,35t +0.36T +0.15:* - 5,9 0.9

X 10740 + 7.3 1070 ¢

llme T = temperature, X = NE,-N loss,

801

404

104

AMMONIA NITROGEN LOSS {%/Hr}

0 r v v - = 3
0 10 20 30 40 5D 60 70

TIME {HOURS)
Fig. 5—Temperature effects on NHy-N velatilization rates of
a 550 kg NH,*'-N/ha application rate of (NH4}:80, or

(NH4)511PO,. Nitrogen was applied to the surface of a
Houston Black clay.

EQUATIONS FOR VARIABLE NH;*-N APPLICATION RATES AND
TEMPERATURES

Ammonium nitrate showed no NH,*-N application rate
influence on NH,;-N loss, therefore, the equation developed
for temperature would be of general use at all NH,*-N ap-
plication rates on Houston Black clay or similar soil. The
regression equation for temperature with the precipitate
forming NH,* compounds was expanded to include variable
NH, *-N application rates. The term U/, application rate in
kg/ha, produces an equation of wide general applicability.
Its computed form is:

X =—I1844 +1.24r+ 042T + 0.091U — 0.021# + 1.68
X 10743 —4.71 x 10774 — 8.97 x 10752 with an
R2of 0.98.

40 TREATMENT  SOIL TEMPERATURE
1 x - nugnog — wee
0 — (NH,)yS0y— WCL 32¢

50 ® — NHg N0y — HBC

A — (NH4)5S04 — WCL
O — NH4NOg — WCL 12¢
404 O - NH4NO3 - HBC

304

204

O_' L) ¥ v L T 1
0 20 40 60 80 100 120

TIME (HOURS)

Fig. 6—Temperature effects on NH3-N losses with NH4NO:
and (NH4}2804 in the presence and absence of CaCOs.
Ammonium nitrogen was applied at 550 kg/ha to surface of
Houston Black clay and Wilson clay loam.

ACCUMULATIVE AMMGONIA NITROGEN LOSS (%)
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Fig. 7—A comparison of projected and actual data points for
NHs-N loss eguations embodying time, temperature, and
rate of NH, *-N application.

The equation has an intercept of —18.44 that climinatcs
the predictive use of this equatton during the first 4 to 6
hours as discussed previously. 1f the equation for (NH,}-
S0, or (NH,),HPO, is divided into two segments the R,
values can be greatly increased. The segment from 33 to
110 kg NH,*-N/ha is:

X =-—52040.71r + 0.367 — 0.17L — 0.0089¢% * 408
X 10753 — 5.30 X 10794 + 0.002107

with an R? = 0.90, The segment from 110 to 550 kg NH, *-
N/ha is:

X =—21.524 1.67t + 0.5337 4 0.56U —0.029¢*
422X 748 — 6,15 X 10774 — 4,39 x 1075

with an R? of 0.95. A plot of the actual vs. calculated data
is shown in Fig. 7. The restrictions on these equations are
those of the experiment, namely, a soil similar to Houston
Black clay with a relatively high CaCO, conment and use
of time beyond 6 hours.

SUMMARY AND CONCLUSIONS

The effect of temperature on total NH,-N loss depends
on the presence or absence of CaCO, in the soil and the
type of NH,* compound. Ammonia nitrogen losses from
NH,* compounds that reacted with CaCO, were influenced
moderately by temperature changes. The influence of tem-
perature on total NH3-N loss was greatest at 110 kg NH,*-
N/ha whete NH;-N losses increased 73% between 12 and
320, A distinct temperature effect was evident in the
NH,-N loss rates. The lowest temperature, 12C, produced

3

the lowest NHg-N loss rates for the first day and highest
loss rates for the remaining 76 hours. Conversely, the high-
est temperature, 32C, produced the highest first day NH -Nj
loss rates and jowest NH,-N loss rates for the fo]lowmg
76 hours.
Ammonium ntirate did not react with CaCQ; and re;
sponded differently to change in temperature and NH,;*-NJ
application rates. The percent NH;-N losses were not influ-,
enced by NH,*-N application rates but were influenced by)
temperature. Total NHy-N losses and NH;-N loss ratesy
were both greater at the higher temperatures. A temperature;
increase from 12 to 32C increased the total NH,-N toss by.
86% and the rates of NHy-IV loss by essenhaﬂy the same
amount throughout the 100-hour period.
The addition of (NH,),S0, to a buffered Walson ciay
loam with the same pH as the calcareous Houston Black c[ay
produced NH,-N Josses similar to NH,NO, at 12C but less
at 32C. Therefore, it was estimated that a maximum of 70
to 80% of the total NHy-N loss from precipitaie-forming}
ammonium compounds was due to the formation and de-3
composition of (NH,),CO, and not directly related to the; )
initial soil pH. The decomposition of (NH,),CO, to NH -}
OH and CQ, (2) has the effect of increasing the surfacel
soil pH and thereby exerts an additional influence on')
NH;-N loss. The similarity of the NH;-N losses from all
ammonium compounds, which form relatively mso]uble
precipitates, suggest either a similarity in amount of (NH )z B
CO, formed or that other soil propesties limit the extent of
NH3 loss. s
Several general equations for prediction of accumulative §
NH;-N loss for different temperatures and MH,*-N appli-
cation rates have been developed. The correlation coeffi-
cients (R2) for variable temperatures at fixed NH,*-N ap-}
plication rates ranged from 0.95 to 0.98 with the greatest?
NH;-N loss deviations occuring in the first 4 to 6 hours and 3
near 100 hours. An equation was developed that included 48

variable NH,* application rates for precipitate-forming §
NH,* compounds. A regression correlation coefficicnt of § !

0.89 was obtained at rates of NH,*-N application from 33
to 550 kg NH,*-N/ha. Correlation coefficients improved to } ‘
0.90 and 0.95, respectively, when two equations were used i
!

for 33 to 110 and 110 o 550 kg NH,*-N/ha application ;
rates. The nonprecipitate-forming cormpound, NH,NQ,, did
not respond to NH,* application rates; therefore, one equa-
tion was applicable at all NH,*-N application rates. ¢

"
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