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ABSTRACT

Thc objcctivc of thb study wrs lo determlnc the inffuencr ofsoll cet-
ln crchange capacity (CEO and depfh of lncorporation on IYHeN
voletilization from NII.*.N compounds rpplled to c.lcrreons soll. Thic
Sdy wrs conducted in the lnboratory on soils with e widc rrnge ol
CEC. An increesing CEC rcsulted in decreasinS NHc lcscs, Ammo-
Cum sulfete produced higher soil pH vatues end NH5 losses thrn did
I\aII.NO3. Thc pH of the soil dccrersed wlth increeslng NHrNO:
elrylicetion rr(es. With NHrllO3, penccnt NH'-N losscs decr*"cd wttb
Iacrersirg application ralel however, wlth (M{)rSOr, pcrcent NH3-N
lces increased es the application ntes increescd,

lrorporatlon d lhe NH.*-compounds into thc solt rcduccd llHg
lccs. Increasing depths of NH.*.incorporation resultcd in rcduccd
NHr las. [.ases decreased as the CEC of soil increascd. The cffccdvc.
ncsc of mil dcpth in reducing NHr loss wrs rssocleted with soil weter
cmtent. Dcreasing lhe soil water increesed the effecdvcnc<s of soll iD
cporetion for reducin3 NH3 lmses.

Two regression equatioos werc developed to describc NH3 tcscs
fith reqect to CEC, scil pH, tlmc, NH.*-N lpplication rete end t€D-
tE'rriurr. Correletion coeffclents werc 0.t6 rnd 0.tl toc (Ntl.)rSO.
d m{.NO3 systems, rcspccdvcly.

Ailitional Indcx Wortk: (lYH.)hCOs formetion, N fertilizatioo, soil
CICO", NH3-N locs modd.

f, fosT RESEARCH concerning the effect of cation ex-
IVLchange capacity (CEC) on NH3 retention has been as-
sociated with the use of anhydrous ammonia (7, 8, 10, I l,
13, 14, l5). Working with anhydrous ammonia, Stanley
and Smith (13) found that NH.-N losses ro a depth of 23 cm
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were greatest in sandy soil, intermediate in silt loam and
least in clay soil. McDowell and Smirh ( I l) reported similar
results, and concluded that NH3-N loss was invenely re-
lated to CEC. Wahhab et. al. (15) applying (NHJzSO. to a
sand and a sandy loam, found that the sand lost greater per-
centages of NHr.

Soil water content has also been noted to affeo ammonia
retention. Stanley and Smith (13) noted that with air-dry
soil, near maximum NH3-N losses occurred following anhy-
drous ammonia applications. They also found that NH3-N
losses decreased as the soil water content increascd to an in-
termediate level, with a rapid increase in NH3-N loss oc-
curring as field capacity was reached. In seyeral cases
greatcr losses of applied NH3-N were recorded for soil at
field capacity than for air dry soils. They stated that eva
porating water probably helped Eansport this NH3 to the
surface and hence increased NH3-N loss. McDowell and
Smith (l l) and Jackson and Chang (E), however, noted the
opposite effect. They found that greater soil water contenl
reduced NH3-N losses. Jenny et al. (9), and Brown and
Bartholomew (l), noted that dilute NH3 solutions were
competitive with water. Increasing the water contents
tended to replace adsorbed NH3. Tbcy stated that even in
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rnd 32:C for 100 hours with surfacc-agplied NH1+-compounds.
When the Nfl+-compoundsrycre incorporated into the soil, NHe
collection times approached 3@ to 4O0 hours. Ammonia collcc-
tion with soil-incorporated NHa+-compounds was terminatcd
when < l% of the applied NH.+-N was collected as NHrN in 24
houn. Ammonium-nitrogen as (NH.)$O. or NH.NO5 was ap
plicd to the soil at rates of I l0 and 550 kglha. The N}L+-N was
applied as a dry salt in the following manncc (i) to thc soil surfacc
at I l0 and 55O kg/ha, (ii) placcd 2.5,5.O q7 .5 cm deep at rates of
550 kg/ha, (iii) or uniformly incorporued into the top 2.5,5.0, a
7.5 cm of soil simulating field incorporation by disking.

A study was conducted with differcnt aggregatc sizes of HBc as
a soil cover for rcduction of NHr losses- Ammonium sulfate was
uscd as the N source. Sieved air-dry soil (8% HO by wcight) of
cither 2.5- to 4.5-mm or G to 4.5-mm aggregates was placcd 1.3
or 2.5 cm deep on HBc at 25% H2O. A similar study was con-
ducted with air-dry Ha sicl (3% H'O by weight), with G to 4.&
mm or 4.8- to l9.Gmm soil aggrcgates u 2.5- and 5.0'cm depths.
The underlying sand was added at eittec 6% or 23% moisturc.
Treatments uscd are given in Tablc 3.

Statistical analysis of the NHr losscs from surfacc-applicd
NH.*- salts was run using a multiple linear rcgression progr:un.
Additional detail can bc found in an earlier publication (4).

RESULTS AND DISCUSSION

Inffuences of Cstion Exchange Capacity on NH3 Losscs

The effect of CEC on NH3 volatilization from surface-
applied (NHJ2SO{ and NHaNO3 is shown in Fig. l. Losses
of NH3 varied from 14% to 9l% of the NH.+-N applied. In
general NH3-N loss decreased as the CEC was increased.
The reduction in percentage of NH3 loss as the CEC irr
creased was greatest at I l0 and least at 550 kg NH.+-N/ha.

The water contcnt of the soil-sand mixrures also in-
creasd as the CEC's increased. Because of this problem,
there was some question if the decrease in NH1+-N loss rms
due entirely to thc incrcase in CEC. In other unpublished
work, we have found NH.+'N volatilization from HBc to be
nearly constant over a range of water contents from 0. 15 to
0.30 g/g. Because of this, it was fclt that CEC exerted the
major influence (as opposed to changes in water content) on
the results shown in Fig. l.

Volatilization losses of NHr were greater from
(NHJTSO{ than from NH.NO3, which agreed with prc-
viously reported data (3,4). The difference in NH3-N losses
between these two chemicals was greatest at l2oC (Fig. l).
The percentage of NH3-N losses from NH.NO3 were consis-
tently higher at I l0 than at 550 kg Nlt+-N/ha except for
pure HBc where losscs were ide ntical. Losses of NH3 from
(NH.)zSO. were generally highest at the highest NH.+-N
application rates and lowest at the lowest application rates
as reported earlier for HBc (3,4). At I l0 kg N/ha and a CEC
of 0, (NHa)2SOr lost 35, 28, and 23% more of applied
NH.+-N than NHdOs ar 12, 22, and 3TC, respectivcly.
Dfferences in NH3 volatilization at 550 kg N[+-NAa and
a CEC of 0 were ffi,47, and 30% of applied N[+-N at 12,
22, and 32"C, respectively. At the samc CEC and temp€ra-
turc, two possible differences existed betwcen (NH.)2SO.
and NlIrNOr: (i) the type of chemical reaction each un-
dergoes with CaCO3, and (ii) differences in soil pH becausc
of the particular soil chemical reaction. Sauchelli ( 12) statcs
that an cquivalent quantity of (NHJTSOT is more acidic than
NHlNOr. However, when placed in a calcareous soil, lower
pH values were observed with NH.I.IOT in this experiment
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clay suspensions, NH3 was not strongly adsorbed. Many of
thc apparently different conclusions might be explained by
the physical design used in the research.

Thc objective of this research was to examine the effect
of cation exchange capacity on NH3-N volatilization from
Md+-N compounds applied to the surface of catcareous
soils and to determine the effect of shallow soil incoqpe
ration in reducing these losses.

MATERIALS AND METHODS

The cxperimental appararus used has been described in an earli-
er publication (3). All research was conducted in the laboratory
with Houston Black clay (HBc), Harkey silty clay loam (Ha sicl),
and sand + CaCO3. Various values of CEC were produced by
mixing HBc and sand. Calcium carbonate was added, at the rate of
5% by weight of the sEfr% HBc-sand mixture and l0% by
weight to all other HBc-sand mixtures, sand and to Ha sicl. Thc
mixtures with their characteristic CEC, CaCO3 conrents, gravi-
metric waler content at field capacity and experimental soil water
contents are given in Table l .The75% sand * 25%HBc,85%
sand- l5% HBc,9O% sand-lOVo HBc. and 100% sand were wet-
tcd and then dried at l05oC for 24 hours. The soil mixtures were
then pulverized and rewetted. The HBc-sand mixtures were placed
5 to f 0 cm deep on saturated sand (23% water by weight). Un-
sieved Ha sicl tended to form large spheres and puddle in wening,
therefore, it could not b€ used. The Ha sicl therefore, was sieved
and only 4.8- to lg.Gmm sized aggregates were used due to better
physical condition in the wetting process.

The NH3 volatiliz:tion studies were conducted ̂ t 12, 22,30,
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1T$lc 4. The higher rate of NH.NO3 application resulted
in the bwest soil pH values and consequently the lowest
percentrte NH3-N losses. Ammonium nitrate, from a prac-
ticrl stadpoint, has one-half of its N in the NO3- form;
thcrefqt, NH3 losses are much less than from (NH.)2SO1
oo 111 "lnivalent N basis.

The pcrcentage of NH3-N losses dcreased more rapidly at
l l0 kg NlI.+-N/has than at 550 kg/ha as the CEC increased.
Tbc mar rapid decrease in NH3 losses at the lower NH1+-N
applicdbn rales was probably due to a greater percentage
of NH.+ bcing absorbed on the cation exchange sites. he-
c{itatic of CaSOr would probably occur more quickly at
CEC:0 than at higher CEC's. At the higher CEC's the
rat of (NHJtCO3 production would likely be reduced
bcausc a greater percentage of the NHa+ would be ad-
sabed, rrsulting in a lower soil solution pH. This explana-
tic is onsistent with the final pH values for (NHa)2SOa,
wbcre frc highest pH occun at the lowest CEC (Table 2).

The pcrcent losses of applied N at I l0 kg NHa*-N/ha
wiilr (lYli)rSO. exceeded the N losses from the 550 kg
Nl{.*-I{fia treatment at CEC values of 0 to 4, 6, and 17
maq/lm g soil at 12, 22, and 32oC, respectively. This
regltedh Ore I l0 kg NH+-N/ha treatment losing 4, 10, and
l8% mc NH3-N than the 550 kg NH+-N/ha treatment at
t2,22,rrd 3TC, respectively, atzero CEC. It seems rea-
smble that the lowest NH.*-N application rate would have
thc leasrbss of N at the highest CEC and losses close to, or
epl totrosses with the 550 kglha treatment at the lowest
CEC. Th fact that the percentage NH3-N losses were less at
550 kg l*I+-N/ha with sand, suggested a slower reaction of
(NH{)2S0. with CaCOr within the 100 hour NH3-N collec-
tio tirr- The percent loss of applied N}I.*-N ( I l0 kglha)
frut a rrnd as NH3-N was 91, 90, and 89% at 12,22, and
3?C, rrspectively. Percent NH3-N losses at 550 kg N/ha
wcre 87" 80,71% of applied NH+-N, respcctively, at 12,
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22, and 32oC. Previous work (6) indicated that l0% CaCOs
by weight was necessary for maximum NH3 loss. The prior
research, however, was done on a soil with a CEC of 26
meq/100g. Previous losses of NH3 were approximately 50%
of applied NH3+-N as compared to the present maximum
9l% Ioss recorded on sand. Since NH3-N losses with low
CEC soils were so high, greater CaCOs contents would
have decreased the necessary react ion t ime at  h igh
(NH{)2SO{ application rates. Collection of the evolved NH3
for 200 hours at the high N application rate, however,
resulted in NH3 loss values approximately equal to that
collected in 100 hours at I l0kgN/ha. The 200-hour NH3
losses were approximately 89, 89, and 72% of applied
NH+-N ̂ t 12,22, and 32oC, respectively.

Influence of Depth of Placement on NH.-N Loss

The depth from which significant NH3-N can be lost from
applied N fertilizers is important in determining remedial
cultural practices. The water content of this soil cover could
also be managed to some extent if it saved N for the plant
environment. Sincc a soil cover is the most practical means
of reducing NH3-N losses, additional knowledge in this area
is needcd.
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Motsr SorL Covsn

Thc influence of soil CEC on NHr-N rctention with rc-
sp€ct to depth of placement of thc NH1+-compound is
shown in Fig. 2 and Table 3. Placement of (NHJTSOT in
sand at a depth of 7.5 cm resulted in an NH3-loss reduction
from 75 to Q% of applied NH.+-N. In Ha sicl at the same
depth NH3-N losses were reduced from 69 to 25% with
(M{)rSO{ and from 5l to l0% of applied NH.*-N with
NI{.NOr. A l0 to 2O% lower NH3-N loss value was ob-
served for NHaNO3 than for (NH{)2SO. at all placement
depths (Fig. 2). Even though thc volatile NH3 from the
(NH.)rSOr and NHTNOT treatments moved through 7.5 cm
of soil, NH3 losses from (NtL)zSOr remained greater than
from N[NO3.

Houston Black clay with the same pH as Ha sicl lost less
of the applied NH{+-N with increasing depth of placement.
I-ess than 2% NH3-N was lost when (NHa)2SO1 was placed
at 5.0 cm and none at 7.5 cm in HBc. Cation exchange ca-
pacity cffects on NH3 loss were more effective when the
Nlt+-compounds were incorporated into the soil (Fig. 2,
Table 3). Houston Black clay has a CEC of 58 meq/l0O g
and Harkey sicl has a CEC of 22 meq/l0O g. [f the NH3 has
to diffuse through the soil, it is more likely to be adsorbed in
a high CEC soil. If.l4e soil has a lglv CEC, the NHr-N

!g$gs_"91!9 lirrg.
evenEeat_e_r_wi!h_s9!4p9,Uryts*!ike(!!!)2S_Qr._

The uniform mixing of (NHJzSOa into Ha sicl simulating
field incorporation by disking, increased NH3-N losses
(Table 3). A ferti l izer placement depth of 2.5, 5.0, and 7.5
cm resulted in NHg-N losses of 52, 35, and 26%, respec-
tively, whereas N losses from mixing the fenilizer into the
2.5, 5.0, and 7.5 cm of soil were 60, 45, and 29%, respec-
tively. The NH3-N losses are 3 to lOVo greater from mixing
the fertilizer into the soil than from the placement of all fer-
ti l izer at 2.5, 5.0, and 7.5 cm depth.

Dnv Sorr- Covtn

A dry soil cover was more effective in reducing NH3-N
losses than a moist soil cover (Table 3). Ammonia-nitrogen
losscs with a cover of 2.5 cm (G to 4.5-mm aggregates) of
HBc reduced the NH3-N loss by 49% of applied NH+-N. A
coars€r HBc soil aggregate (2.5- to 4.5-mm) placed 2.5 cm
deep over (NH{)rSO{ resulted in a 17% reduction in NH3
loss when compared to surface-applied (NHa)rSOr. Place-
ment of (NH{)2SO{ under a dry soil cover of Ha sicl with a
water-sarura(ed sand subsoil, however, resulted in large
NH3-N losses. The NH3-N losses with 2.5 cm air dry Ha
sicl over (NH{)2SOr on a water-saturated sand subsoil was
52% of applied N, identical to the loss with a wet soil cover
(Table 3). Ammonium-nitrogen applied at the same depth,
but with a drier subsurface sand (6% water by weight), lost
only 32% of the applied NH{*-N. An increased placement
depth of 5.0 cm of air dry Ha sicl over the same drier sub-
soil completely eliminated NH3-N loss. McDowell and
Smith ( I l) and Jackson and Chang (8) also notcd that drier
soils lost less NH3-N. If evaporation of water from the soil
was largely stopped, as w:ls probably the case with a dry
soil cover in this experiment, adsorption of NH3 and water
by the dry soil could explain our observations.

Physical movement of NH3 to the soil surface through

capillary water moverneril may be a major factor causing

NH3 losses from subsurface applied NH.+-salts. Without
capillary water movement, large quantities of NH3:Nlt*
may n€ver reach the soil surface.

A R,EGRESSION EQUATION MODEL FOR
PREDTCTING NH3-N LOSSES

Two rcgression equations predicting NH3-N loss from
surface-applied NH1+-compounds were derived using thc
following variables: time (l), tcrnperarure (I), ammonium-
nitrogen application rate (U), cation exchange capacity
(CEq, average soil pH for 0 and 120 hours after fertilizer
addition (pH), NH3-N loss as a percent of added NH.+-N
(X). Separate and highly significant regression equations
were derived for (NHr)zSOr and NH1NO3. The regression
equation for (NH.)2SO. is as follows:

X : 786.995 - 0.l32U + 0.5E5 I + 0.541 CEC +
t.923t + 103.087 pH + 2.ttz x tO-1U2 - 8.838 x l0-r
CECI -0.0295f + 2.145 x l0-'rr -5.69+ x l0-7y'. Rr :

0.86

The corresponding regression equation for NHTNOT is as
follows:

| - - 192.800 -0.0264U + 0.659r - 0.658 CEC +
0.582r + 26.430 pH + 4.613 xlO-'U2 + 8.027 x l0-t
cEct - 5.48 x l0-rP + 2.9M x lo-srs - 5.363 x
l0-El .  Rt  = 0.E1.

The program used for multiple linear regression analysis
(4), in this study did not permit forcing of the curvcs
through zero. Consequently, the equation will not predict
NH3 losses for the first 6 hours after solubilization of the
NHa+-compound. The regression equation tends to overprc-
dict many values at 6 to l0 hours and underpredict the 9G to
l0Ghour NH3 loss values. The errors in prcdicted NH3 loss
values at 6 to l0 hours varied frcm 25% to 4O%: beyond 90
hours it varied from lO to 12% from measured NH loss val-
ues.

The poorer performance of the regression equation for
NH3 volatilization from NHINO3 probably resulted from a
poor approximation of the effect of added acidity. Some
other means for determining the effect of acidity might
improve the final equation. The principal limitation of these
equations are (i) an air flow in excess of 0. l6 km/hour (0. I
mph) near the soil surface, (ii) all experimental soils have
been of montmorillonitic mineralogy, (iii) lack of NH3-N
loss predictability during the first 6 hours, and (iv) the fact
that these are laboratorv data which havc not been tested
under field conditions.
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ABSTRACT

Soil tcsts should prcdlct crop respoln to fertilizrdon. In the cese ol

lb, plent feclors secm to dfcct thc usc of Fc by thc plent; thus, soll
:ls m8y nol bc rcliebh. Usc of soll Fc by plents ls genedcelly crn-
frlled by rn rdepdvc mechanlsm whict b rcdvated In Fec'ltciert

lbnts in r€sponse to Festrcs, but remdns inec-tivc lf Fc b sufficicnt.
hlneftcient plants dcvclop less Fcstress ncspotrsc thsr Fee{ncient

rlnts. Uslng thb rangc of Festress response ln plants es e basis, rc
Scloped e techniquc lo scr€€D plants for Fe efficiencl.

A llmited supply of Fc end some control of pH in thc growth mc
3m wrt rcquired in this technlquc. Tbe pH wes cortrollcd by usirg
rtdent solutions, N only rs Nq, rnd N as NIIr rnd NOs, end by vrty.

i th. CICO3 end P concentretiom In the solutions, Tbe optimum

4ply ol Fc (0.2 ng Fc/liter) wrc dctermined by growlq the phnts.t
ncrcot Fe conceotredor.

Door Feineftcieol erd four Fce{Scient plrrnl verictics, rqrr6€Dl-

I four plenr spccics, werc used rs tcsl plrnts. Tbc plrnts rcrc

lrcncd io mixcd crrlturcs and wcrr rated in order of grcetest Fc d.

tfury as follows
T3238FER fomato (Lycopcrsicon csculenttm Mill.) > Hewkcyc soy-
bn (Glycinc nax (L.l Merr,) > W59 Corn (Zca nays L.) > Pto.
ar Ut| sorghum (Sorghum bicolt (L.) Moench) > Pl-s45llgl
rybeen > Whcatland sorghum ) ysr/ysr crn > T3238fcr lom8to.
Greco plants contrincd more end chlorodc plants contained < 43

F3 Fd8, but thc dcaree of Fe-chlorais was tbe best index of Fc
Cclercy. A sqgested s.quclc. lor screenirg plents fot Fe-efficicncy
bptsenicd.

&iliorul Inda Wuds: Foshess rstponse, Felnettcient plrnts,

hrficicnl plnb, FGstr6s.

rftHE RoLE of a soil lest is to predict crop rcsponse to fertil-
I ization (l l). Cox and Kamprath (l l) discussed several

sdl t€sts for Fc that use ammonium acetate (15, l),
EDDHA [ethylenediamine di (o-hydroxyphenylacetic acid)]
([, and DTPA (diethylenetriaminepentaacetic acid) as soil
catractants. The DTPA procedure was used by Lindsay and
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Norvell.s Cox and Kamprath (l l) concluded that the avail-
ability of Fe seems to depend on many factors aside from an
extractable amount of Fe in the soil. They indicated that
some of these factors may be inherent in the plant and that
until these plant factors are understd, soil tests for Fe may
not be reliable.

We attempted to develop a soil test for available Fe in
soils (3, 6, 4) and also learned that available Fe in a soil
depends on the crop grown. For example, when Millville,
Tripp, and Quinlan soils (3) were extracted with DTPA (3,
6) and EDDHA (4), the available Fe in Quinlan < Tripp <
Millville. When Wheatland sorghum (Sorghum bicolor (L.l
Moench) was used as a test plant, the degree of Fe defi-
ciency was related to the amount of chelate-extractable Fe
in the soil. But when PI-54619-5- I (PI) and Hawkeye (HA)
soybeans (Glycine mot (L.) Merr.) were used as test plants,
Pl-soybeans developed Fe chlorosis and HA-soybeans were
green, respectively, on all three soils. These observations
showed that the plant varieties were affecting the uptake of
Fe from the soil (E).

The total quantity of Fe in a soil is usually sufficient for
plant growth, but the use of this Fe by plants is genetically
conrolled by an adaptive mechanism (8) which is activated
in Fe-efficient plants in response to Fe sEess, but which
remains inactive if Fe is sufficient.

Iron-efficient plants release H ions and "reductants"
from their roots when they are under Fe stress. The pH at
their root zone is lowered which favors Fes+ solubility and
reduction of Fe3+ to Fez+. This Fe is reduced externally by
the root because it can be prevented from entering the plant
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