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Abstract:

Influences of NH3 from ammonium phosphate fertilizers on germination, seedling growth, and small
plant yield of wheat (Triticum aestivum L.) were evaluated in laboratory, growth chamber, greenhouse,
and field experiments. Measurements of NH3 were made using techniques of diffusion from the
soil-fertilizer system and distillation of NHg from the seed-plant system.

A "Diffusion Can" was designed for quantitative measurement of NH3 production from the ammonium
phosphates—mono (MAP, 11-48-0), di (DAP, 18-46-0), poly (APP, 15-62-0), and urea (UAP,
24-42-0)—upon reaction with 10 soils varying in moisture from 10 to 25% and in CaCOg contents
from zero to 12%. Total amount of NHg produced from fertilizer reacting 6 days was in the order of
magnitude: UAP »» DAP »> MAP > APP, or the ratio of 18 : 4.5 : 1.5 : 1. This relationship was
generally true for any soil, but the absolute values increased directly with % CaCOg in the soil and
inversely with soil moisture. Averaging all soils, the total 6-day NHg production was in the soil
moisture order of 10% > 15% > 20%.

Ammonia absorption by plants was measured directly from the seeds or seedlings by a. "Distillation
Technique", and indirectly by differences between "Soil-Fertilizer" mixed and "Soil-Fertilizer-Seed"
systems. The patterns of NHg accumulation by seeds or seedlings were governed by the kinds and rates
of fertilizer application, soil moisture, CaCOg content, and the stages of plant germination or growth.

Dry weight of wheat seedlings was less when germinating seeds, with radicles emerged, were exposed
to NH3 for one day than when seeds were treated with NH3 one day after moistening.

Absorption of NHg by seedlings was directly related to NH3 production from fertilizer-soil reactions.
Maximum absorption occurred . in day 3 for 10% CaCOg soil and day 2 for 0% CaCQO3, but the latter
was a very low absorption except for UAP. Ammonia concentration in seeds or seedlings in the range
0.3 to 0.5 ppm-NH3 inhibited seedling growth, and symptoms of NH3 injury were evident. Radicles
had a brown color as a "burnt off" appearance and coleoptiles were stunted. Germination of wheat
seeds was completely prevented when the concentration of NHg in seeds reached about 0.8 ppm-NH3.

Plant yield results from growth chamber studies on 0% CaCO3 soil indicated the same responses to
fertilizers for roots as for tops with the fertilizers in the order: APP > MAP > DAP > UAP. On the
10% CaCO3 soil the order was APP > MAP > DAP > UAP, and growth of roots for DAP and UAP
increased relatively little from 6 to 12 days in contrast with APP and MAP. In all cases, plant growth
was inversely' related to concentration of NH3 in plants. Ammonia measured by microdiffusion from
soil samples taken from field experiments having fertilizer banded with wheat seed was directly related
to reduction in numbers of crowns ' and stems and inversely related to dry weights of plants at the stem
elongation stage of growth.

Using information developed in this research 4 ammonium phosphate fertilizers reacting with soils



varying in CaCOg content can be arranged according to NHg production. If greater than 0.5 pg
NH3/100g soil measured by the diffusion can technique is considered potentially hazardous for
banding fertilizers with seeds, the fertilizers and allowable soil CaCOg percentages before serious
seedling damage occurs are as follows: APP, 12% CaCO3; MAP, 10.5% CaCO3; DAP, 3.5% CaCO3;
and UAP exceeds the limit at 0% CaCO3.
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ABSTRACT

Influences of NH4 from ammonium phosphate fertilizers on germi-
nation, seedling growth, and small plant yield of wheat (Triticum
aestivum L.) were evaluated in laboratory, growth chamber, greenhouse,
and field experiments. Measurements of NH3 were made using techniques
of diffusion from the soil-fertilizer system and distillation of NH4
from the seed-plant system.

A "Diffusion Can" was designed for quantitative measurement of
NH3 -production from the ammonium phosphates--mono (MAP, 11-48-0), di
(DAP, 18-46-0), poly (APP, 15-62-0), and urea (UAP, 24-42-0)--upon re-
action with 10 soils varying in moisture from 10 to 25% and in CaCO3
. contents from zero to 12%. Total amount of NH3 produced from ferti-
lizer reacting 6 days was in the order of magnitude: UAP >>>> DAP >>>
MAP > APP, or the ratio of 18 : 4.5 : 1.5 : 1. This relationship was
generally true for any soil, but the absolute values increased directly
with % CaCO3 in.the soil and inversely with soil moisture. Averaging
all 501ls, the total 6-day NHj productlon was in the soil m01sture oxr—-
der of 10% > 15% > 20%.

Ammonia absorption by plants was measured directly from the
seeds or seedlings by a "Distillation Technigue", and indirectly by .
differences between "Soil-Fertilizer" mixed and "Soil-Fertilizer—Seed"
systems. The patterns of NH; accumulation by seeds or seedlings were
governed by the kinds and rates of fertilizer application, soil mois-
ture, CaCO3 content, and the stages of plant germination or growth.

Dry weight of wheat seedlings was less when germinating seeds, with
radicles emerged, were exposed to NH, for one day than when seeds were
treated with NH3 one day after moistening.

Absorption of NHjy by seedlings was dlrectly related to NH3 pro-
duction from fertilizer-soil reactions. Maximum absorption occurred
in day 3 for 10% CaCO3 soil and day 2 for 0% CaCO3, but the latter was
a very low absorption except for UAP. Ammonia concentration in seeds
or seedlings in the range 0.3 to 0.5 ppm-NH3 inhibited seedling growth,
and symptoms of NH3 injury were evident. Radicles had a brown color as
a "burnt off" appearance and coleoptiles were stunted. Germination of
wheat seeds was completely prevented when the concentration of NHj in
seeds reached about 0.8 ppm—NH3.

Plant yield results‘from growth chamber studies on 0% CaCOj3
soil indicated the same responses to fertilizers for roots as for tops
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with the fertilizers in the order: APP > MAP > DAP > UAP. On the 10%
CaCO3 soil the order was APP > MAP > DAP > UAP, and growth of roots for
DAP and UAP increased relatlvely little from 6 to 12 days in contrast
with APP and MAP. - In all cases, plant growth was inversely related to
concentration of NH3 in plants. Ammonia measured by microdiffusion
from soil samples taken from field experiments having fertilizer banded
with wheat seed was directly related to reduction in numbers of crowns
and stems and inversely related to dry weights of plants at the stem
elongation stage of growth.

Using information developed in this research 4 ammonium phos-
phate fertilizers reacting with soils varying in CaCO3 content can be
arranged according to NH3 production. If greater than 0.5 Ug NH3/100g
solil measured by the diffusion can technigque is considered potentially
hazardous for banding fertilizers with seeds, the fertilizers and
allowable soil CaCOj percentages before serious seedling damage occurs
are as follows: APP, 12% CaCO3; MAP, 10. 5% CaCO3; DAP, 3.5% CaCO3, and

UAP exceeds the llmlt at 0% CaCO3




INTRODUCTION

Fertilizing has long been proved to be an effective method to
increase crop production. In spite of the advantages of fertilizer
application, increased emphasis is now being placed on the problem of
plant damage resulting ﬁrom improper fertilizer use. WNitrogeneous fer-
tilizers, one of the greatest consumptive ‘use, when applied to soils
under certain conditions, can -release free NHB; This ammonia may in-
jure small plants. Detrimental effects as .a consequence éf NH3.toxic—

ity would be expected to be associated with the concentration of NH3

produced and the various susceptible stages of plant development
(Smith ef al., 1970).l Therefore, the questions of how NH3 is - re=
.leased, how it produces toxic effects'on germination and seedling
growth and)or how it inflﬁenées yield components of.plants, become

~ matters of practigal as well as theoretical interest.

It is hypothesized that, upon the hydrolysié of gmmonium phos-

. phaté fertilizers in the soil, NH, is released and it is the major fac-

3
tor in producing .toxic symptoms to germination and seedlings, and it
T mdy influénce yield'components Gf wheat: -Therefore, to achieve a sys-—
tematic interrelation of facts, the investigations of this hypothesis

were conducted intensively in field, greenhouse, and laboratory experi-

ments. Specific objectives and experimental procedures pertinent to

lSmith, C. M., E. O. Skogley, and C. Pairintra. 6 1270. Farm
test ‘demonstrations. -Ann. Report to TVA (Unpublished).




2
the different types .of experiments aré’illustrated under each later

section.

B




LITERATURE REVIEW

Tisdale and Nelson (1966) wrote that progress in agriculture
depends on research of a high caliber. For evéry problem solved by
the scientist today, many more are raised. Aéricultural scientists
must delve into guestions of a fundamental nature, questions that deal
more with the WHY of things than with the WHAT.

. It is, theréfore, the purpose of this revie& to bring together
some of thé pertinent findings so that causes ana effects can be eval-
uated and some possible cqrrective addition may be established.

Because ammonia volatilization and toxicity vary depending
upon chemical compositipn of fertilizer and properties of soils, this
presentation is, thérefore, divided into three distinct parts: (I)
Theory, (II) Ammonia Volatilization, and (III) Ammonia Toxicity.

All of these éspects-are_discﬁséed in relation to fertilizer and soil

properfies.

i.- Theory

‘ Bennett and’Adams (1970;.s£ated recently that amméniacalfN
loss from soil and toxiéiﬁg to.seedlin§§.are-parallel manifestations
of the samé phenomenon. Both depended ubon the NH3(aq) concentration *
in the soil solution and are'thus govérned by the same chemical eqﬁir
libria. Failure to adequatgly consider all equilibria have prevented

previous investigatbrs from‘establishing general applicable
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quantitative'parameters for ammonia_lésses'or toxicity (Blanchar, 1967;
Du Plessis and Kroqntje, 1964; Ernét and Massey, 1960; Largsen and
Gunary, 1962;.Megie et 51., 1967; Wahhab et al., 1957).

Mechanisms of NH3 volatilization from soil b& chemical reac-
tion have beep postulated and almost all §§stems are pH-dependent.
Du Plessis and Kroontje (1964) investigated the relationship between
PH and ammoniavgguilibria in soil and.suggested that NH3 Qolatiligea

from acid soils-was due to the equilibrium.

+ - .
NH, + OH Z NH, + H,0

"Also, there has been a pfoéosal (Wahhab et al., 1957) that NH,
_losses'occurred f?om slightly acid soils to which (NH4)ZSO4 was added,

and could be due to the equilibrium of the folléwing nature:

_ ' . .
(NH,),S0, % 2NH, + S0, 2

+ =y .
vm,” + OH T NH, + H0

k3

That the effective hydroxyl concentration in such a case would

. depend on_the pH of the system. ‘This postulation'waé given some sup- .

 port b§ Efns£ and Maséey (i9éO) who étated that ;iming would cause an
increase in soil PH and thus favpr the inqrease'in the aqfivity of OH .
This would encourage the shift in the:?eaction to the right and in-
crease thé volatilization of NH .

. Larsen and Gunary. (1962) considered that losses of NH3'fr9m

feftilizers applied on alkaline or’calcareouS‘SQils depend on the




eqﬁilibrium;

4 _ ot
P, = KINH,1/([Ca 120,

where K is a constant equal to and PC is partial pres¥

K K ‘
NH4/ CaCO3 0.2

sure of COZ' Thé mechanism affgcting the right side is to reduce
[NH4+], thus __J'_.ncreas'ing'NH3 volé#ilization loss. They suggested NH4+
can be removed from the system by precipitation of insoluble calcium
ammonium,phosphateé. Terman and Hunt (1964) reported thgt_the

(NH_4)2CO3 which is formed from chemical reactions of fertilizers.and_

CaCO3 in the soil is unstable and decomposes easily due to the
equilibrium:

- > ..
(NH,),CO5 ¥ NHy + CO, + H,0

II. Ammonia Volatilization

may be volatilized readily

- It has been established that NH3

from soils under a number of conditions and that many factors are in-

volved. Several investigators. studied factors affecting NH, volati-

3

lization losses from nitrogen fertilizer carriers. Mortland (1958) in

reviewing work on the reaction of NH_ .in soils listed soil moisture,

3

texture, pH, orgahic matter, placement, and soil tilth as the factbrs

affecting sorption and loss of NH_, in soils.

3
fRécently/ Pesek et al. (1971) stated that the likelihood of

ammonia losses from surface applications is dependent primarily on the’

- chemical nature of the fertilizer material and the pH and other
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properties of the soil. They céncluéed that the modifying influences
include soil water content,‘temperature,‘surface roughness and resi-
due, air movement, presence of carbbﬁates, granule size of fertilizer
and time elapsed between applicatioﬁ and the next rainfall, irrigation
or before incgrporation by tillage.

Stanley and Smifh (1955) and Tseng'and Wang (1967) observed in
the laboratory that losses-of ;mmonia_from sandy soil were greater than
from finer textufes such as silt loam and clay. Howéver,-Jepny e£ al.
(1945) reéorted that ammonia rétention‘was a function of soil texture.

| Martin-and Chapman (1351) condﬁcted'a 1aboratpry experiment on
volatilization of ammonia from surfaceFfértilized soils; The experi-

mental results indicated that percentages of NH3—N lost were in the

order of magnitude: NH,OH > (NH,), SO, > Urea > NH NO_ > NaNO_ = check.

4 4°2 4 4 3 3

They reasoned that NH OH application raised the pH of the surface of

4

acid soils to the alkaline range and thus’ permitted greater NH3;N vola~-

-

tilization losses. Incréasing rates of appliqation also increased the

rates Of NH_-N volatilization losses in acid soils but not for alka-

\

3

‘line soils.
In laboratory studies, Kresge and Satchell (1960) compared the

.amount’ of NH3 lost by volatilization from several fertilizers. Exper=—

imental results showed that the NH3 volatilization was in the order of

magnitude; Urea > Ca(CN)2 > (NH4)ZSO‘4> NH NO,. The rates of NH3 losses

4 73
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were significaﬁtly different among fertilizers and were increased as
the rates of application increased. In a series of field, greenhouse,
and laboratory experiments, Meyver et al. (1961) obtained the same
trend of NH3 Vblatilization losses.
Regardless.of PH and soil type, the magnitudes of NH3 volati-
lization presented by Larsen and Gunary (1962) were ‘in the order:

> = = ; 1
(NH4)ZSO4 (NH4)ZHPO4 . NH4H2PQ4 NH4N03, whereas Terman and Hunt

(1964) reported that NH volatilization losses were in the order:

3

Urea > Urea ammonium phosphate > (NH4)2HPO4 > (NH4)ZSO4 > Ammonium
= . >
polyphosphaﬁe NH4NO3 NH4H2PO4.

Jewitt (1942) reported that when (NH4)ZSO4 was applied to

soils, considerable amounts of NH. were lost through volatilization

3

and these losses were influenced by the rate of fertilizer application.

"A recent study (Mills et al., 1970) reported similar experimental

findings.
Mitsui (1954) and Terman and Hunt (1964) reported a marked de-

3 losses ffom urea mixed Wiﬁh the s0il compared to surface .

application. Overrein and Moe (1967) added that NH volatilization

3

rates were inversely proportional to the depth of urea application.

Steenbjerg (1944) noted that in 4 weeks the losses from NH3 from sur-
face application of urea ranged from 5-60%, but if the placement of

fertilizer was at 6 cm depth, there was no loss of NH3.
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Ernst and Massey (1960) stated that NH. volatilization from

3
soil was essentially the same when urea was topdressed or mixed with
thg top 1/4 inch of soil. However, the data of cumulative losses of
NH3 from urea and (NH4)ZSO4 reported by Gasser (1964) indicated that

NH3 volatilization losses were influenced by placement and varieéd
depending on the Eind of fertilizers. -

Martin and Chapman’(1951) reﬁorted fhat CEC (Eation exchange
capaciﬁy).of the soil was importaht in defermining losses of gmmonia.
Gasser (1964) stated that effectg‘of_soils on ammonia losses dépend
largely on base exchange capacity.w:He said that property was the most
.likel§ one to be re;atéd to the ability of the Soii to retain amménium
niFrogén and ammonia, Tﬁe results indicated that ammonia loss de-
creased as thé.base exclhiange capécityhincreased.‘ Volk (1959) illu;—,
trate@lthe effect of CEC as it iﬁfluenped'loss of ammonia by volati-
lization from surface application of urea and (NH

2SO During the

RICR
First weék} there was a signifiéant décrease in loss from the appli-
'Eatign of urea but not fo;:FNH4)éSp4, and thé:logses were direé;;x
related to_the.increéseé in CEC>of the 11 acid soils.

?eifaining'to reaction éf ammonia.with clay minerals such as
beﬁtonite, ﬁortland (1958) concluded‘fhat the effect of exchangeable
cations on ammonia desorption was found to follow the order H+ >.Ca+2.

> Na+ > K+. He stated that the fixation of K by bentonite particu-

larly reduced'the'sorpﬁion of ammonia. This is in agreement with the
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work by Martin and Chapman (1951) who found more NH3 volatilization
losses when the exchangeable cation was Na+ or K+ than when it was
+2 +2 . .
Ca or Mg . They attributed the effect to the high pH of the Na-

and K-saturated soils. Also, other investigators have shown CEC to

3
(Brown and Bartholomew, 1962; Ernst and Massey, 1960).

have a very marked effect on the amount of NH, volatilization loss

A recent investigation by Rolston et al. (1972) on desorption
of ammonia from soil during ion displacement studies indicated that a
moist soil has a greater capacity for ammonia desorption than a dry

one. In Russia, Lyakh (1972) reported that addition of NPK ferti-

"lizers with decreasing soil moisture increased NH. losses.

3
In reviewing 1iteraturg on ammonia réaction, Mortland (1958)
concluded that sorption of ammonia in the soil was infiuenced by soil
moisture. He stated tha£ since ammonia will dissolve in water, the
concentration would ‘depend on the.paxtial pressure of NH

3.' Any ammo-

nia that does dissolve in the soil water is in transitory condition;

" it either will feact chemically with ordganic matter or will volatilize

into the air ifvfhe partial pressure of NH is exceeded.- Stanley and

3
Smith (1955) explained that losses of ammonia from the wet soils were
the result of upward'movement and'subsequent evaporation of water con-

taining dissolved ammonia, whereas from dry soils the losses of ammonia

resulted from gas flow out of the soil as a part of gas vapor pressure.
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Wetting and drying caused greater losses of NH3

ing the soil at constant moisture content (Jones, 1932). Ernst and

Massey (1960) reported that some"NH3 volatilization occurred without

a concﬁrrept drying process in the soil, but greater volatilization
occurred when moisture was lost from the soil. When the soil became

dry after 4 to 5 days of aeration, NH_, volatilization was markedly

3 .

decreased} presumably because hydrolysis of urea was retarded-due to

the lack of moisture. Therefore}_they concluded that NH3 volatiliza:

tion was directly related to initial soil moisture content. In con-

472774

lized soils to be dependent on a drying process in the soil but not on

. trast, Jewitt (1942) found the loss of ammonia from (NH, )_SO, ferti-

the initial soil moisture content.
Martin and Chapman (1951) observed no volatilization .of ammo-

nia when moist air was passed over N-fertilized soil (NH forms) , but

4
loss of ammonia did occur when the samples were aerated with dry air
and thus were losing moisture. Meyer et. al. (1961) concluded that in

favorably'moist soils, volatilization of‘l}IH3

. took plgcg rapidly in the
first few days éftéﬁ application, then tapefed off to an insignificant
rate in the‘sedond week .

. Several investigators (Broadbent et al., 1958; Doak, 1952;

Fisher'and Parks, 1958) reported that urea is ieadily soluble in water,

than maintain-

and the dissolved urea is hydrolyzed to ammonium carbonate by soil bac-

teria and.enzymesﬂ'.The rate of hydrolysis apparently varies a great
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deal among soils, but is temperature-dependent in a particular soil.

-

Overrein and Moe (1967) observed that the rate of urea hydrolysis.was
shownltb be directly proéortional to the rate of urea application when
soils were incubated at 28°C.

Martin and Chapman (1951) stated that if the soil solution is
alkaline in naturé,_then p;rts of ammonia will Be presenf as hydraﬁed
ammoﬂia,-émmonium hgdroxide, ammonium bicarbonate or carbonate, or
both, depending on the élkalinity,-concentrg#ion, and ‘other factors.
They fgﬁnd that in'aqueous;solution of these compéunds, the NH3'aﬁd
water have:their own partiél.yapor pressures and evaporate together.
in varying proportioﬁs dependin§ on the concentration and character
of the NH éon£aining solutioné. Therefore, they concluded thét in-

3

creasing the amounts of ammonium.nitrogen appliea to alkaline soil

‘tended to increase the total guantity of ammonia loss but did not ap-

preciably affect the total percent Ioss.

'Teiman and Hunt (1964) stated that the differences in ammopia

losses among nitrogeneous' fertilizers can be explained. largely 'in terms’.

of reaétion of certain ‘acid radicals of ammbnium salts with calcium
compounds in the soils. They illustrated the overall reactions which

presumably occurred in limed acid or naturally calcareous soils and

‘concluded that ammonium carbonate which is formed by hydrolysis proc=

esses is unstable and decomﬁoses easily into NH3, 002 and H20. Bates

and Pinching (1950) demonstrated that when ammonium carbonate is
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‘branes were relatively impermeable to NH4 , whereas NH

. largely upon the NH

12
formed, and if the pH of the system is abowve 7, the concentration of

. . +
NH3 increases while NH4 decreases.

III. Ammonia Toxicity

The detrimental effects of ammoniacal-N from fertilizers on
germination and seediing growth of plants have received attention in
recent years (Bennett and Adams, 1970; Colliver and Welch, 1970;
Guttay; 1957; ﬁarren, 1962). Although ammonia is known to be toxic
to most formé of plant and animal life, some of the specific toxicity
mechanism and physiological éffecfs of plant have nop.been adequately
explained.

Vines and Wedding (1960) studied the mechanism of ammonia tox-
icity to intac£ plants and postuiated that the site of ammonia toxic-
ity to plants is located in the electron transport system, especially
the DPNH ~ DPN reaction. Warren (1962) pointed out that the cell mem-
| passed tiésue

3

barriers with ease. Therefore, he concluded that_tokicity'depended
3 whicﬁ entered’ the organism_and.cell.: Along the.
same principle; Stua;t and ﬁaddock-(l968) reported that (NH4)ZSO4,
(NH4)2C£O3 or gaseous Nﬁ3'inhibited wate? uptake in sugarbeet roots

whenever the pH was sufficiently high. They suggested that the site

‘of inhibition lies within the root epidermis.
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3
is expressed by a change in the pH of the cell sap, by defoimatiqn of

Strogonov (1964) stated that the toxic effect of gaseous NH

chloroplaét, and by a destruction of the cell‘protein. Several inves-

tigators feported that NH, inhibits both photosynthetic (Kramer,. 1955)

3
and oxidative (Racker, 1961) formations. Murata (1969) concluded that
heavy application of .nitrogen very likely deteriqrat¢ the
photosynthesis—respiratiog balance of tﬁe'crop stand. He added that
this is because if nitrogén supply is too abundant in comparison with ‘
the rate of carbohydrate production, the plants will sooner or later
be depleted of carbohydrate reserve. Therefore, sﬁch plants face the
" danger of NH3 toxicity.

Although theré ié recognition of ammonia release that is toxic

.to plants, fhere,is no general agieement among resea?chers defining
applic;ble quantiative parameters and concentfations for ammonia tox-
icity. Furthermore, it has been a subject of controversy.

.Blancha; (196§) éroposed a method to determine pértial pres—
in soil air. The partial pressure 6f'NH3(I% 3? in‘a'.

" sure oﬁ NH

3 H

closea Soil s?stém was'meaégred'b? expeiliné it from a collapsible
pla;?ic bot?le into dilu?e HC1. The'E&H3 in the'soii air was c;icu—
léted frbm the ideal gaé law. Siﬁce‘concentration‘of NH3—N was
governed by different pH lgvéls, Megie et al. (1967) concluded that

thé.toxiqify was éﬁﬁdependent and the toxicity was attributed to

ammonia.
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. 1 . . . ,
Sample (1963)  presented a comprehensive literature review on
the effect of fertilizer materials on the germination of seeds. He
concluded that free NH3 gas is the main toxic substance.
Many workers have reported injury or delay in germination and
emergence of various crops as a result of fertilizers, especially

(NH4)2HPO Hood and Ensminger (1964) reported that the detrimental

4"

effect of (NH4)2HPO

4'was not caused by osmotic effect, or by release

of free ammonia alone, or by ammonium or phosphate ions per se. They

suggested that (NH4)2HPO might adversely affect Mg availability in

4
the seed resulting in reduced enzyﬁatic activity. Ih studying the
mechénism of ammonium phosphate ipjury to seeds, Ensminger et al.
(1965) concluded that germination injury from (NH4)2HPO4 appeared to
be largely due to the inactivation of Mg in seeds.

'..A recent investigation (Weir et al., 1972) illustrated that

i : . . . +
ammoniacal-N exists in more than one form in the soil solution; NH, -N

and NH3—N. Their experimental results indicated that plants fesponded
similar}Y'té NH3 and NH4+. Growth was reduced és‘the NH3 goncentration
.increaséd-to én optimuﬁ leyel of 17 ppm of NH4+—N for radish and 36

ppm for lettuce. Vines and Wedding (1960) reported, however, that thé

+ : . s s s
nonionized ammonia (NH4 ) and gaseous ammonia (NH3) inhibited

lSample, E. C. 1963. The effect of fertilizer materials on
the germination of seeds: A literature review. TVA Report, 1963
(Unpublished) . :




dhlrogge (1964) postulated that free NH

=3
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respiration in concentrations of these two forms of NH_ ranging from

1x 10 %M to 3 x 10 M.

3

Warren (1962) stated that in mos£ biological flulds ammonia
exists in.th_forms, ionized (NH4+) and nonioniged (NH3), the relative
proportions of which are determined primarily by the pH of the solu-
tion. He pointed out that tbe toxicity'depended upon the NH3 Which
entered ﬁﬁe 6rganism‘and cell.

Meéie et al. (1967) used an éeration method for determining

3

NH,. They stated that toxicity of nonionized ammonia (NH3) was the

primary reason for inhibited germination and reduced growth of cotton

3

. seedling. Plant growth decreased sharply with increasing NH, and

levels above 10 ppm were lethal.
Blanchar (1967) developed'é direct method to determine partial

vapor pressure of NH_ (P - ) in sbil.air and found that germination of
) . 3 . - :

3 N

corn seed was inhibited when the initial PNH3 value was 0.156 mm Hg

.and final values were between 0.077 and’ 0.104 mm Hg. Allred'ahd

3 associated Witﬁ DAP fertilizer

was toxic -to geiminating corn. They concluded that NH3 at a partial

vapor pressure as low as 0.125 mm Hg was toxic-to corn when it was ex-

posed to this environment for 2.days during the initial stage of

gexrmination.

Hunter and Rosenau (l966)~measuredAgéseous NH, by a diffusion

3

method. They found germination of corn seeds and growth of seedlings
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were greatly inhibited or completely prevented in flasks containing

Jl mg or more of gaseous NH In laboratory experiments, Brage et al.

3"
(1960) placed wheat seeds in a petri dish, but not in contact with a
mixture of urea and urease. . They found that urea to the extent of

gas to prevent any germination of

20 mg or more produced enough NH3

wheat.

Bennett'and Adams (1970) consideiea.NH3(aq) in the séil solu;'
tion was tﬁe agent of toxicity to plants. They found that symptoms of
NH3 toxicity were evident at NHé(aq) con§entratidns in soil solution .
in situ above 6.17 ﬁM for sudangrass foliage, and above 0.24 mM for
cotton roots. They stated that the criticalrconcentration.for incip-

3
Colliver and Welch (1970) used a steam distillation method for

ient NH_. toxicity was concluded to be 0.15 to 0.20 mM NH3(aq).

. + . .t . ~ .
+ NH, )-N from anhydrous ammonia. They re- .

determining ammonium (NH3 4

portéd concentrations in excess'of approximafely 1000 ppm of

(NH3 + NH44)—N resﬁlfed in siénif?cant corp stana reduétiop. Germiéa—_u
tion and earlflgrowth qf.corn was retarded when the ébncentratign
reached 994 ppm and essentiélly inﬁibited when it reachea 1628 ppmll
ﬁy using a similér,tecbnique of ammonia determinaion, Openshaw énd
Frederick (19705 found thatlgermination of corn and cotton seeds was

greater than 87% when anhydrous ammonia added was less than 7 meg/100g

soil.
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Low and Piper (1961) concluded that NH_, formed during ammoni--

3
fication caused phytotoxic effects to germinating wheat seeds from as
little as 1.3 pounds of biuret per acre applied to urea. Under labor-

atory studies, Khan and Mandal (1968) observed no emergence of jute

.seedlings when urea was applied at the rate of 180 and 360 1b-N per

acre.

Iﬁorganic sources of N such as. anhydrous ammbnia or ammonium
salts have been feported injurious to plants due to improper placement
of fertilizers (Bragg et al., 1960; Olson and Drier, 1956). Parr and

Papendick (1966) reported that when anhydrous ammonia was injected into

soil according to different application schedules, corn yield was con-

siderably reduced at the higher N-~levels when compared to equivalent
applicatioﬁs of ureé and NH4NO3. Yield redué?ion ih this case, they"
statéd( was attributed in pért to rqot damage due to NH3 toxicity.
Co;liver and Welch (1970) concluded that such injury general;y in-
creasedvas.the rate of‘anhydroué ammbnia.application increaséd;

- Brage -et al. (1960). stated that enzymatic hydrolysis of .urea

3

produced enough'gasebus NH, to be toxic to germinating seeds, where

3

the seeds.were placed near to the mixture of urea or urease in a
closed 'system. Guttay (1957) conducted a series of greenhouse experi-

ments in which he showed that complete fertilizer, qpplied'at the rate

5 and X, O per acre in contact with wheat

' a +
of 100 Qoqnds of N (NH4 ) P20 9

. seeds, éeriously delayed and curtailed gérmination and emergénce.

-\
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Lawton and Davis (19605 reéorted that contact placement of
wheat seeds with 5~20-20 fertilizer (NH4—N) at 500 bounds of material'_
per acre delayed and reduced emeréence of seedlings and subséquent
growth. Applying this mixed ferfilizer in a bandubelow, or 1 1/2 in-
ches £o the side and 1 1/2 inches below, the seea was not desirable
from the standpoint of emergence and growth. Cook et al. (1958) found
that thé'applicatién'of 12~12-12 fertilizer.pér écré.With the seeds in4.
fiuencéd tﬁe emergence of Qheat seeds, and at the end of 9 weeké, they

_ observed.é 20% reduction in stand. The yields were reduced where the

greéﬁgst emergénce inju;§ pccurred;, Tiliering and other yigld compo= ‘
.nents wer; influenced. |

Andrews et ‘al. (1956) obsérved seedling injury when anhydrous
ammonia was apblied in Eontact with germinating seeds. In studying
the injurious éffects of preplant anhydrous ;mmpnia to gerﬁination and
early érowth of corn, Collivér énd Welch (1970) reported severe damage

when anhydrous ammonia -was applied at 10 cm'deep immediately before

* planting-at.-5 cm deep. ILorenz et al. (1955) concluded that agqua ammo-

nia placed in éhe bed under the potato row resulted in low yields and
caused severe plant toxicity. They suggested that the toxicity could

be lessened by placing the fertilizer.farthér-away from the plant,:

- using split application or delaying application until the crop was

well established.y
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Comparing different methods of fertilizer placements, Stephen
and Waid (1963a) reported greafer adverse effects of urea When placed
near the seeds than when mixed throughout the soil.

Guttay (1957) reported that fertiliz;r élacement in contact
with wheat seeds had greater effects op.délaying and reducing emer-
gence ﬁnder dry than moist conditions. Dubetz et a}. (19595 proposed
that moisture levels alone had no siémificant effect on tﬁe gefmiﬁa;
tion of any crop. However, moisture 1évels in combination with nifro-
gen fertilizers, they explained, reduced germination,‘and the reduction

became progressively pronounced with decreasing moisture.
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MATERTALS AND METHODS

Influence of NH, from ammonium phosphate fertilizers on germi-

3
nation, seedling growth, and production of wheat (Triticﬁm'aestivum‘L.)
Weré investigated in (I).laboratory, (II) g;owth chamber,_kiII) green-—
house, and (IV) field experiments. Specific objectives and experimen-
tal procedures are illuétrated under each section. The statistical

plan is also included for some experiments. The series of experiments

are as follows:

I. Laboratory Experiment

Objéctives. Although geqeral conéepts of &olatilization losses
and toxicity of ammoniacal-N fertilizers have been rééogniéed and wéll
documented 5y previous ipvestigators; physio~chemical processes and
quantitative determination pertaining to fertilizgf—soilfplant sy?tems
have not been considered simultaneously and adequately explained. 1In
order to draw a basic sound inference, this léboratory experiment was
compriéed of 2 inveétigati%e studies. The first study is referred to

as the_"NHé Production Study".- The,investigations involved .mainly, i)

\

the patterns of NH3 reiease, and ii) the amounts‘éf'NH3fproducéd from
monoammonium phosphate (MAP:11-48-0), diammonium'phosphate (DAP:18;46-Q)
ammonium polyphosphate (APP:i5—62-O), and urea ammqnium phésphate
(UAP:24~42-0) upén rgaction_with soillearying in mo;sture and % CaCO3

contents. The second study is called the_"NH3 Absorption Study". The

" purposes of this study were: i) develop a procedure oflmeasuring free
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NH3 concentration in soils and define a concentration of NH3 required

to be toxic to spring wheat (Triticum aestivum L., 'Fortuna'); ii)

evaluate the most susceptible stage of wheat plant developmenf to NH3

toxicity.

Experimental Procedures

‘NH3 Production Study. A "Diffusion Can' with soil ‘and fertil-

izér mixéd, as illustrated in Fig. 1, was designed for this study.' The.
can is é Buckeye, stjle No. 201, Seamless_Tin, outside dimension--~
diaﬁetér, 7 cm,'- depth 5 cm,:and total capacity llO‘cm3. The'units
consist of ﬁwo pdrtions,'the inﬁer and the outer chambers. The inner
cell is a replaceable §lastic vial of'bofic acid solution and located .
at tﬂé center of £he diffusion can. The outer is a chamber of soil

and fertilizer mixed. The can is' kept closed with a-1id to allow aif—
fusion to éroceed within a clssed system and at room tempergéure.
Therefore, the "Diffusion Cénﬂ resembles éhe microdiffﬁsion unit

v

. (Bremnex and Shaw, -1955) with some-modifications. ’

To evaluate NH3

pébdﬁétion'féom ammoﬁium pﬁosphate'fertili;ers
on different soils, diffusion cahs weie set up as a seriéé of lgﬁora—
tory experimeﬁts. Six solils at a total of 10 different contenfs of
CaCO3 Qerefused‘in “Diffusién Can" expgrimgnté. The soil series,prand
% CaCO3 equivalent data are in Table 1. There are ﬁoﬁr ammonium phos-—

phate fertilizers: MAP; DAP,-APP, UAP; and three moisture levels: 10%,
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Figure 1.
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"Diffusion Can" for absorbing NH_ produced by ammonium
phosphate fertilizers reacting with soils.
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Tabie l. Some Characteristics of Soil used:in the Experiments.
Description Particle size Initial CaCO3l
Soil 1968 Classifica- Dist., % pH Equiv.
No. series tion Great Group 'sand silt clay (1:1,H0) %
1 Bainville cl Torriorthent 41.2 24.0 34.8 8.0 12.290
2 Wheeler sil Torriorthent 46;0 50.0 10.0 8.0 12.55
3 Wheeler sil Torriorthent . 40.5 49.2 10.3 7.9 10.05
4 Amsterdam sil Cryoboroll 40.0 55.0 5.0 7.9 9.20
5 -Amsterdam 'sil ° cryoboroll 38.0.52.0 10.0 7.5 5.50
6 Bainville cl Torriorthent  35.2 34.0 30.8 7.6 '5.00
7 Danvers cl Argiboroll 30.2 38.92 30.9 7.5 3.20
g Judith cl. Calciboroll 32.7 43.3 34.0 7.6 3.04
9 Post ¢l . . Natriboroll - 12.0 65.8 22.2 7.2 0
10 Amsterdam sil Cryoboroll 32.5 49.2 17.0 6.8 0

- 15%, 20%.

ment with 12 treatment combinations and replicated 2 times.

content soil, the following techniques-were used:

In preparing soil and fertilizer mixture for a certain %

Therefore, each experiment was set up as a factorial experi-

CaCo

3

one hundred grams

 levels.

of alr—dry soll, 51eved through 2 mm, was adjusted to specific m01sture .

The moist 5011 was then thoroughly mlxed w1th ammonium phos-—

phate_fertilizer at the rate of 216 mg of N per 100 g soil. A vial of

standard 2% H3BO3 solution was lnserted in each can.. The" 11d was

closed and.diffusion was allowed to proceed at room temperature for-

lCaC‘O equlvalent, Method for soil characterlzatlon, method
23C, .USDA Salinity Laboratory staff (1954).
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24 hours before each measurement of NH3. FEach day a vial of H3BO3 so-

lution was replaced for measuring NH3 by titration against standard

0.005 N HZSO4. The amount of NH3 was expressed as Ug per 100 g air-

dry soil. The technique was patterned from the microdiffusion proce-
dure as described by Bremner and Shaw (1955) with some modifications.

Each experiment was terminated at the end of 6 days.

NH3 Absorption study. A preliminary experiment was set up in

the laboratory to deyelop a procedure.of megsuring free NH3 concentra~
tion. The apparatus consisteq of four 6-liter desiccators. Each of
the desiccators contained 560 g of air~dry Amsterdam sil soil,

9.2% CaCO3, which has édjusted to 20%'wa£er content. DAP fertilizer:
at the rate equivalent to 108 mg of N per 100 g soil was appligd into .
two desiccétoré. Fifty spring wheat>seéds were added into two desié-~
cators in which one was a fe?tiiized—desiccafor."Af#ér the éddiﬁion of.

wheat seed and fertilizer, they were thoroughly mixed with the soil.

3 solution was placed on the

A beaker containing 10 ml standard 2% HBBO
racks above,seéd—ferfilizerfséil mixed in each of desiccators. The
desiccatorslwere closed. Each day for the period of 6 days, a beaker

of H_BO, solution was replaced for measuring NH

380, concentration. The

3

procedure for NH_, determination was essentially the same as described

3

in "NH3 Production Study" section. The NH3 sorption by seeds or seed-. .

1ings; therefore, was computed by the differences between with-seeds .

o::without—seeds of the two comparable desiiccators.
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In one NH3 absorption experiment, a-series of "Soil Can" was

set up to measure a concentration of NH required to be toxic to wheat

3

seeds or seedlings. The "Soil Can", typical of Buckeye-Seamless Tin,

was used. DAP fertilizer was used at the rates of none, 56, 112, and

224 mg of N per 100 g soil. The soil waé‘;djusted to moisture levels
éf 15%, 20%, 25% and 30% water contents. .Ten spring wheat seeds were
.added to each soil can;' The design of expériment was a facto?ial ar-
rangement and replicétéd 2 times. The preparation of seed~fertilizer-
soil mixed followed general mixing processes as desqribed in preQious
experiments. The cans were képt_closed with lids throughout the expef—
imental periqd.

After 6 days, the experiment "Soil Can" was terminated, seeds

on germination

and seedlings were checked to evaluate the effect of NH3

and seedling growth. The lengths of radicles and colepoptiles were
méasured individually; roots were counted; and all of plant samples -
were weighed and recorded. ! o .

'Thé detefmination of NH3 in seeds or seedlihgs was made by us—

ing & "Distillatioﬂ Technique" which was féchnicallf designéd'fo£ NHB'
absorption experiménts. The apparatus, as illustrated in'Fig. 2, is a
closed: system of‘a 250.m1 Erlenmeyer flask with the toé portion con-
nected py élaés tube to a vial of H BO, solution.

.Plaﬁtrsamples were washed in 1% H,SO, solution, dried by puﬁting

against paper tdwel, then wéighed.” The samples were placed in the
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Plant Sample

[Fa)e P % ZeTE D\ , Cool
Zale, RS } 1,0
Hot Plate = 200°C
0
I A e

Figure 2. Distillation apparatus for collecting NH_ gas evolved when
fresh plant material is heated on a ho%plate.
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Erlenmeyex- flask in the closed system and were heated over a hot plate

at a temperature of about 200°C for 5 minutes. The gaseous NH. given

3

off was collected in 2% H3BO3 standard solution. Ammonia determination

proceeded as described previously. The concentration of NH3 was ex-—

pressed as ppm-NH_ per unit of plant freéh.weight.

3

Another pair of NHBZabsorption experiments Wgre conducted in
the laboratofy to study the magnitude of NHé a¢cumﬁlation over time.
In the first experiment, generél procedures followed the "Diffusién
Can" technique with soil aﬁd fertilizer mixed. The design of experi-
ment and treatment combinations was.essentially the.same as the NH3
production experiment. One set.of treatmenté had soil and fertiiizer
mixedAwi;hout seed. 'This set was comparable to another whicﬁ included

soil, fertilizer and seed mixed. The soils were Amsterdam sil, 0%

The NH., absorption by seed or

CaCO, and Wheeler sil, 10.05% CaCo 3

3 3°

seedling was measured by the method as described in a preliminary

experiment.

The second. experiment of “NH3 absorption study" was designed.
primarily to evaluate thée most susceptible stage ‘'of wheat planté to NH3

toxicity. Ammonia accumulation over time in seeds or seedlings is the .

key information. In this experiment the "Soil Can" technique experiment

was'employed. However, some deviations were made from the previous
"Soil Can" so that the terminal times were 1, 2, 3, 4, 5, and 6 days

aftér each experiment was set up. The statistical plan and treatment
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combinations of this experiment were essentially the same as the pre-

vious "Soil Can" experiment. NH3

determinations were using "Distilla-

tion Technique" as previously described.

II. Growth Chamber Experiments

Objectives. Results frbm fieldzexperimenﬁs*déscribed in part
in annual reports (smith et al.,. 1969,,1970,1971)l indicated that there
is a relationship existing between NH3lproduction and seéd gexrmination
and/gr.seedling growth injury gf cereal plants. It also appeared that

the NH3 produced from ammonium phosphate fertilizers was associated

~with lime (CaCO3) content’ of soils: Therefofe( in order to evaluate

whether these relationships exist under controlied conditions, two

growth chamber experiments were conducted. '

production and

Since the first evidence pointed toward NH3

plant damage, éﬁe growth chéﬁberlexperiment was éet up to invéstigéte
this observation., In this experiment, several factors which;are related
to plant damage weré ihvegtigated by the use of multiple regres-—
éio;.aﬁalysis as egpiained Bélow. ‘Eive factors Wefe'cbnsidereq simulﬁ
taneoﬁsly to provide genefal appiiéable parameters. to define the'delej
teriéus effects of ammonium phosghate fertilizers on germination and

éeedliﬁg growth of wheat.

Lemith, €. M., E. O. skogley, and C. Pairintra. 1969. 1970.

1971. Farm test demonstrations. Ann. Reports to TVA (Unpublished) .
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The design was a central composite rotatable desién as des-
cribed by Cochran and Cox (1957) and modified by and.l It is a compli-~
cated design, but it reduced experimental size and provided all infor-
mation that was needed. Variables, treatment combinations} and statig-
tical plans are illustrated in Table 2.
A descfiption of the central composité rotatable desién with

details in Table 2 is as follows:

1. Factors:

Soils (8) . - 2

Fertilizers (F) 4

Rates (R) 5

Moistures (M) ’ 3
. 2

Times”™ (T) ) 5

2. Basic design:

. a) It was patterned after the central composite. rotat-—
able design of pages 346~7 in Cochran and Cox (1957)
for 3 factors in selectlng comblnatlons of levels
for R, M,-T, but-' :

i) ©No star p01nts for M since there- were only 3
levels

lDr; R. E.‘Lund, Assistant Professor of Math., Montana State

University (Personal communication).

2Time was a variable only as to-the days that reactions were -
allowed to proceed before measurements were made. The response was
measured at each de51gnated time..
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Table 2. List of variables, treatment combinations, and statistical procedure for

growth chamber experiment.

Central Rotatable Design

Tyt Soil Fert. Rate Moist. Time

comb 'S B R M T
101 1 2 1 2
2 1 i 4 1 2
A BB (P
. ™ (the eight points consti-
5 1 1 2 1 4 tute a 23 factorial)
6 1. 1 4 1 4 . e
7 1 1 2 3. .4 . Btar points . S
8 1 1 4 3 4 - . -
. . ] . . .(the four points are the
9 1 1 1 2 3 , .
’ . extra points, the figure
10 1 1 -5 2. 3 . .
formed by these points is
1L 1 1 3 2 1 called a star) -
12 i .1 3 2 5. ]
13 1 1 3 2 3-1 Central points
14 1 1 3 2 3 )} (the two points are added .

) at the center)
Repeat above entire set '
of 14 treatment combina-
tion of S and F (S X .F = 8
combination levels):

lUsed only 2 soils at one time in the growth chamber
~because of space limitations.

2Time was a variable only as to the days reactions were
allowed to proceed before measurements were made.

Factox:

- Levels

Factor:

Factoxr:

Factor:-

Factor:

Soil :
S; = 0% CaC0O3 equiv. .
Sa 5.50 "

S3 = 9.20 "

84 = 10.05 "
Fert.

Fi1 = MaAP -
Fo = DAP

F3 = APP

Fp = UAP

Rate '
Ry = 5.4 mg-N/pot
Ry = 54.0 "

‘Rz = 108.0 *

Rg = 162.0 "

Rg = 216.0 "
Moist.’

My = 15% soil Hy0
M2 = 20% "

_M3 = 25% !
Time2

Ty = 3 days

T2 6 1 1]

T3 = 9 "

Tg =12 "

Tg =15 "

o¢

™I

I
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ii) Locate star points at distance ¢ = 2 for both
R & M. This made de51gn be not really rotat-
able--variance of ¥ was not equal at equal
distance from center.

iii) Use 4 star points and 2 central points. This
increased variance of § near the center.
That is variance of second order terms was
increased.

iv) This required 14 treatment combinations.

For the complete design, each treatment combination -

of Fertilizers and Soils (F.x S = 8) was used with
the 14 above treatment combinations. Therefore, the
whole experiment requlred 8'x 14 = 112 treatment
combinations.

The treatment combinations were set in the grbwth
chamber as a completely randomized design.

Estimation and analysis of variance:

source | D.F.
S 1
F 3
S.x - ) L 1.”'. LT | ' )
From composité;
Linear termS'og R, M, T =~ o T 3
Quédratic.terms on R, M, T ' 3

& T were estimated well, but M was

(R
. confounded at some hlgher order
lnteractlons)
Linear x Linear terms on R, M, T ’ 3

.. Lack of fit for R, M, T , 3
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sSource . ’ D.F.

Interactions between 8§ X F & Composite:

Pure error based on central points - 8

. | )
Error (above mains altogether) 84
Total . . 111

Ip addition tq.the,fi;st g;owth chamber ggperiment, the second
experiment was conducted with mére emphasis on the growth of Wheat.
seedlingscnlcalcareéus and noncalcareous soiis. The design was a fac-
torial experiment where the ﬁumber of factors were remained the same
as the‘fiisﬁ gfowth éhamber éxperimeht. The only change is the level
of some factors which were reduced appropriately to the inférmation

that is needed.

Experimental Procedures

In the first growth chamber experiment, factors and levels

‘1isted in Table 2 were used and the experiment was repeated 3 times.

‘The control treatments were introduced into the design purposely to

describe the original condition as well as to explain the effectiveness
of treatment combinations. In general, the experimental procedures

were as follows:

1. Growth Chamber. A growth chamber which has two shelves and
an internal volume of 154 m3 was used. It was thermostatically and

humidifically controlled at 59° C and 57% relative humidity,
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, 1 . .
respectively. Twelve fluorescent lights were used as the light sources

with alternating periods of 16 hours of light and 8 hours of dark main-

- tained during the course of experiment. Four 10~inch fans were in
operation at all times to insure air circulation and to keep uniform

temperature and humidity.

2. §éi£. .Amsterdag sil,'SiS% aﬁd 9.2% CéCO3-con;ents were
used. The sbilé were taken from'the_surface approximately 6 inches.
They were air-dry theg sieved‘tﬁrough a lO;mesh_screen. A total of
350 g of air-dry éoil‘(4.0% and 2.5% H20 for the 5.5% and:9;2%‘CaCO3
soils, respectively) was_uséd for each pot. Charactéristics of 'soil

were shown previously in Table 1.

3. <LContainer. Plastic pots-;diameter 11.5 cm and 7.5 cm deep.

were used.

.4. Perlite, A'preliminary gxperiment was conducted to's;udy
_the evaporatign raﬁeAiﬁ'gréwth chamber by using perlitg to cover the
\tqp of the soil- surface in'the experimental poés. Resultg from several
depths of perliﬁe.covering indicated that evapotranspiration was reduced

to minimum without affecting growtﬁ when the pot .was covered with per-

lite from the top to the depth of 1.5 cm.

lThe control of temperature and humidity at 59° c and 57% R.ﬁ.
was believed to be optimum and appropriate for this study, based on
opinions of others experienced in growth chamber use.
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5. go0il moisture. The soil was adjusted to desired moisture

.levels by the followihg three procedures. First, a total of 350g of

air-dry soil, that was required for each pot, was transferred to a flat

tray. Each tray of soil was placed ovér the scale, then the water was
added by means of sprayihg. The adding of water was continued until
obtgining a desired total weight. The tray then was removed from the
scale and.the squ sample was transferred 'to a piéce:of paéer. The
mixing was Pefformgd by roiling alterna£ely the énds of the paper, The
sample was transferred to the pat cofresponding to thg moisture treat-—
ment specifications.\

éecond, the érocesses of,adjuéting soil wéter to.desired ﬁois-
ture levels were performéd essen;ially the éamé as previously described,
except.the mixing. Thié time:the soil and water were mixed by hand.
It was observed that both gf'the fwo processes ;ntroduced some vari=-

ation into the experiments due to being unsuccessful in getting uni-

‘formity and in prevenfing_soii pudéliﬁg.

In the third repetition of this experiment; the soil was ad-
justed to desired moisture‘lgvels by overnight soaking with water, then
hand mixing for each pot before the experiment was performed. This

procedure proved to be tHe_best.

6. Seed. .Fifteen spring_whéat,seeds, Fortuna Variety, were

used for each pot.
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. 7. Pot Experiment. A diagram of wheat seeds and fertilizer

banded in a pot is illustrated in Fig. 3. The pfeparation of each ?ot
experiment was as follows: About 200 g of moist soil were placed.into
each pot, then levéled to the mark about 4 cm to the top. 'Fertilizers
were appliéd corresponding to treatment specifications. It was banded
with wheat seeds and in'the'same plane. The pot was filled with the
xémainaef of the reéﬁiréd moist soil. The'tép'pqrtioﬁ of tﬁe pot was
covered with periite to the mark or approximately 1.5 cm deep. The

pots were transferred to a growth chamber.

8.. Observation and measurement. At 3-day intervals, certain

treatment combin;tions were removed from Ehe'growth chamber for obser-—
vation and measurement according to Time (;) specifications. _Germina—
tiqn wés checked as normal, abnormal,'and dead. The normal germination
is when the length of radicle_or-colebptile is4greater than 1 cm. If

the, seedling had either radicle or coleoptileg_but,not both, it was

considered as abhormal:whereas,the dead was the seed that failed to

germinate. -

After recording germination; plant samples were washed by run-

‘ning tap water. The height of each plant was measured individually.

The length of the roots, which included primary and secondary roots,

-was measured by averaging of thé total roots of each plant. This was

done because of thé difficulties of measuring root by root of the

" fibrous roots system of :a wheat plant.
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Seed

Perlite Fertilizer
Granule

*’Q ..50

'.00 4 'é 'n:. ° ‘,g“‘"(.‘o“ '.(‘U

U ﬂ:‘."bl '

."" H
L

-.-r;g

Figure 3. Plastic pots used in growth chamber and greenhouse experi-

ments. Fertilizer and seed were banded on one plane

and covered with soil. Perlite was applied on top to
reduce evaporation of soil water.
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An attempt was made to count the number of primary.énd secon~
dary roo£s especially up to-the third sampling date or 9-day-old
plants. The identification of primary and secondary root systems was
according to procedure as illustrated by Boatwright and Ferguson (1967)
and- Brown (1969).1 After these measurements were completed, plant sam-—

ples were weighed and processed for NH_ determination by the "Distil-

3

lation Technique", as has beer previously déséribed in the laboratory

experiment under the “NH3

Absorption" section.

In the second growth chamber experiment, Amsterdam sil, 0%

CaCO3 aﬁd Wheeler sil, 10.05% CaCb3 contents were used. Soil charac-

teristics are shown in Table 1.

The expgrimental procedures were essentially the same as the
first growth'chamber experiment but with a different design. This was
a factorial experiment with the factors and levels as follows with

additional details in Table 2.

' Factor - o Level )
1. soil (s) . 2(syamds,) .
2. Fert. (F) 4 (MAP, DAP, APP, UAP)
3. ‘Rate (R) o 2 (R, and R)
4. Mqist. (M) - 2 (Ml and M3)
5. Time (T) 2 (T2 and T4)

Brown, P. L. 1969. Wheat and barley-germination, morphology
and stages of developments. Barley and wheat workshop. Mont. State
Univ., Bozeman, -June 29-July 2, 1969.




LLL )

38

III. Greenhouse'Egperim@nts

Objectives. Two experiments were conducted in the greenhouse.

The first experiment was set up to study some.characteristics of wheat .

seedlings'after they wexe subjected to different concentrations of NH3.

The main purpose of this experiment was to investigate the toxic ef-

1

fect of the NH3 that entergd'the seed through the seed coat, and the _
seedling through the rafiicle or roots. This:éxperiment is reférrea to
as "NH3 Toxicity Studiesh.-'-

. The.second experiment was designed to evaluate the growth of

spring wheat seédling im early stage as, affected by ammonium phosphate

fertilizers banded with seeds in pot experiments. The effects of an

additional nutrient solwtion on growth of,daméged plants were also

evaluated. The main objective of this experiment was to compare the

-recovery of injured plants.fdr’différent soils and fertilizers. - There~

fore, it is referred to as "Growth Study".

Experimental procedures

NH3 Toxicitj Studies. Part of this experiment was performed in

the laboratéry as follows: three hundred spring wheat seéds were
soéked iﬁ distillea water, then they were separated into two groups.
The first group was placed on a rack over the NH4OH éolutions'in the
dessicators. The soiutiop céncentrations were: none, 0.25, 6;50, 0.75,

and 1.00 ppm~N. After the seeds were subjected to partial vapor
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pressure éf NH3, they were p;anted in pots. The general procedures were
essentially the same as the first group. Therefore, the two sets of
pots were arranged in a randomized complete block design with 2 fepli-
cations. Plants were watered daily, and the experiments were carried

out for 15 days. At the end'of the experiment, fresh weight, dry

weight, and plant height were recorded.

Growth Study. A factorial design was employed for tbe "Growtﬁ
© Study". A_list of variables, treatment combinations, and statistical
plan ié illustrated in Table 3. The experimental procedures were as
follows: |
1. Time. .The e#periment Was.conduéted for a total period of
49 days. They were in growth chamber‘(aé illustrated in Growth Chamber
Experiment) for ¢ days, then Were'transferred.to grow in greenhouse for

40 da'ys;

2. Soil. Two soils were used. Soil samples were prepared and

the required amounts were essentially the same as previously described

in Growth Chamber Experiment. Soil characteristics are shown in Table 1.

3. Pot. It was.a plastic pot--diameter 11.5 cm and 14.5 cm

deep, the same as described before.

4, Perlite. As a result of preliminary trial, it was decided

. to place perlite into two portions of each pot, the bottom and the top.
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Table 3. List of variables, treatment combinations, and statistical
plan for "Growth Study" in the greenhouse.

) _ _ Nutrient
Treatment Soil Fert. Rate Moisture " Solution
- combination S "~ F R M N
1 1 1 2 1 i
2 1 1 2 1 2
3 1 1 2 3 1
4 1 1 2 3° 2
5 1 1. 5 1. 1
6 1 1 5 1 2
7 1 1 5 3 1
8 1 1 5 3 2
Repeat 8 treatment combinations'
for Soil (s7 and S4) and Fert.
(2 x 4).
e . . . 1
Factor = Soil ‘ Factor = Moist.
S1 = 0%'Caco3 : My = .15% soil H,0
= : ' . = [
S, = 10.05% CaCO3 . M3 25%
Factor = Fert. :'_ . Factor = Nutrient solution
Fp = MAP 5' L. Ny o= 54 mg-N/pot as KN 3
F, = DAP. = . Np.= 216 0" "
F3. = APP ‘
" Fq = UAP
.Factor = Rate
Ry = 54 mg-N/pot
Rg = 216 "

lSoil moisture differences were partially maintained during greenhouse
-period. : ’ :
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At the bottom of each pot the wet perlite was filled to about. 7.5 cm

thick. It was used to prevent compaction of the soil and for extra

area for root growth.

- 5. So0il moisture. The soils were adjusted to desired moisture
levels by overnighﬁ soaking with water in the tub, then hand mixing.
The required amount of moist soil was transferred to each pot to the

.7 . ’ ’

exact weight.

6. ‘geheral procedures. Wheat seeds—fe:tilizér banded in pot.
followed the meﬁhod.described in Growth Chamber Experiment.

. After 9 days, pots were transférred to the greenhouse. Water
was uniformly added.or added when.needed, but strictly to treatment
specifications. Nutrien£ solutions of KNO3 were prepared according to
the method described by Skogléy ﬁl969)l apd were -added corresponding
to tréaﬁment specificatioﬁs. ‘The nutrient éoiptiops were added every
6 days, totally 1000 mi'for each réte.

R After 49 days, plgnts were harvested. Plant parts, tops-aﬂd_

roots were separated then oven-driéd at 65° C for 2 days. The plant .

dry weight ‘was recorded.

lSkogley, E. O. 1969. Nutrient solution. (Personal communi--
" . cation).- ' ‘
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ITI. Field Experiments

Research on the field aspects of ammonium phosphate injury to

germination and growth of wheat was started in the fall of 1967 by

, 1 . o
_ Smith. These experiments and later ones on barley and wheat were de-

signed to evaluate the differential influence of ammonium phosphate
fertili;ers on germination, seedling injury and ammonia production.
The.ﬁain.pﬁ;pose was to definé the p?oblems associated with losses of
stand from usé of DAP under certain field conditions and to'compare
reéults with other ammonium phosphate fertilizers. 'Farmer experiences
had shown.that ldsées of sﬁaﬁa occurred from use of DAP, and the-cbn;
ditions to cause these losses were not alw;ys élear.

This dissertation emphasizes the influences of ammonium.phos-
phate fertilizérs on germination, plant growth, and gmmonia.pfoduction,
as related to different kinds and~ratés of fe;;ilizer and'CaCO and:

3
moisture contents of soils.

Field experiments employed the use of a deep'furrow drill which

‘banded the fertilizer with the grain seed. Soil simples were taken at

different détes after planting. These were handled by special tech-
nigques as explained later. Resulﬁs of field experiments established

measured in soil

that differences in plant growth effects and in NH3

_lSmith, C.- M. 1968. Farm test demonstrations. 2Ann. Report

to TVA (Unpublished).

Li_(l
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samples were associated with ammonium phosphate sources and CaCO3 in
soils.t’?

The field experiments reported in this thesis.were conducted
in the crop yegf 1970-1971. They were located in the Gallatin Valley
as foliows: Irving Snyder farm, Amsterdam sil( eroded phase, 92.2%
CaCO3; Don Jones farm, Amsterdam sil, 0% CaCOB.‘ The crop,Wac winter
wheat, variety Winalta. Soil characteristics are presente& ig
Tﬁﬂcl.

Seeding was September 22 and 27, 1971, on the Jones and Snyder
locations, respcctively. Thé drill was a Minneapolig Moline press
drill with row spacings of 30 cm. Spfeaders were ﬁsed at the bottoms
of seed sprouts resulting in a fertilizer-seed pattern about 6.5 cm
wide within the row. Winalta winter vheat was seedeé at the,fate'of ]
66- kg/ha (60 1b/A).

Variables under. study were as follows:

1. Sources: MAP (11-48-0), DAP (18-46-0), APP (15-62-0), an@- _‘

UAP (24-42-0).
2. Rates: There were 4 rates based on the N in each fertil-

izer. P rates were not adjusted to be equal because’

lSmith, c. M. - 1968.. Farm test demonstrations. Ann. Report
to TVA (Unpublished). -

) ?Smith, C. M., et al. 1969}.1970, 1971. Farm test demon-~
- strations. Ann. Reports to TVA (Unpublished). o
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prévious years' data indicated additional detrimental ef-
fects of additional P applied in the seed row. Rates
were: 11, 22, 33, and 44 kg-N/ha (10, 20, 30, and 40
1b-N/A) .

3. Soils: Two locations, or two soils, including Amsterdam
si. 1. at 9.2% CaCO_, and 0% CaCoO

contents.

3 3

Field soil and plant samples studies. - Soil samples were taken

from experimehtal plots at depth of seed and fertilizer. Four soil
core samples were obtained from ééch fertilizer treatment of two field
replicationé using a soil sampling tgbe 3.5 cm in diameter. Samples
were from thé depth of 2.5 to 6.5 cm. Three corés were taken from
each of two rows, cores -were mixé@ and transferred into soil cans.
All cans were sealed by masking tape and were immediately quick frozen
by_dfy ice in an'insulatéd s@yrofoam'ﬁox. Tﬁé& Wefe képt in a deeé
freeze until being analyzed. Samples were taken at three day . inter-
~vals for five sémbling aatgs.
\ Microdiffﬁéién method similar ta Bfemner and Sha%.(l955) was

used for deterﬁining.NH and the procedures were as follows:

3

'i. The can cdntaining frozen soll was opened and three small
cores of soil (5 mm diameter) removed and transferred to the outer

chamber of a Conway microdiffusion dish.
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2. One ml of 2% standard H3BO3 solution from a microbiuret
(1/10 ml) was charged into the inner'cell of the microdiffusion dish.

3. The'disc was immediately seéled ang diffusion process
allowed to proceed for 24 hours.

4. The H3BO3 solution was then transferred by micropipe; to
50 ml flask, 6ne ml of distilled water addgd, and titrated with -
0.005 N H,SO, . | ‘ - |

On.May 10 and 12; 1971, earlf growth stage plént sampleé were
_éollected ﬁrom 2 rows 100 cm long for'seedling growth studies. Plants
had.essentially completed tillering and were in stem elongation, or .
stage 5 of Feekes (1941) scale. Measurements were as follows:

1. sStand counts

2. - Stem counts

3. Primary root coﬁnts

4; Secondary.root counts

5. Plant height |

6. Oven—dried wéigh£ of roots

7.. Oven-dried weéight of top

Plaﬁt samples were taken from two replications of all ammonium

phosphate treatments plus the check from both locations by carefully

digging the lower portion of the roots with a spade fork. With caution
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soil was partially shaken off éhe root§ and sgmples were sealed in
plastic bags and kept cool in insulated boxes;

Samples were brought to the laboratory where the soil was
washed free from the roots by running tap'water. Plant height was '
nade by averaging the maﬁority of leaves when plants were stretched
out on the leveling table. Primary_and secondary root counts were
perfo£med accoréing to specifications gs.illustrated by Béatwright
and Ferguson (1967) and érown (1969).1. Crown counts and stem counts
were made. After these measureménts were comp;eteq,’topsland roots
weie sepgrated by clipping just'above the poiﬁt of attachmen£ of the
roots. The separated plant samples were put.inté a paper séck and

dried at 110°C for 48 hours, then dry weights were recorded.

Bfown, P. L. 1969. - wheat and barley-germination, morphology
and stages of developments. Barley and wheat workshop. Mont. State
Univ., Bozeman, June 29-July 2, 1969, N :
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RE_SULTS AND DISCUSSION

I. Laboratory Experiments

There were 2 main investigations involving NH3 in which one was
on NH3 production from 4 ammonium phosphate fertilizers reaéting with

different soils, and the other on NH absorption by seeds or seedlings

3

of wheat.

‘NH3 production. Production of NH3

tilizers upon reaction with soils varying in % CaCO3 and soil moisture

-contents was evaluated in "Diffusion Can" experiments. The following

discussions are about parts of the data presented in summary type

" tables. Complete data are presented for your reference in Appendix

Tables 1 through 10.

| Total amount of NH3 prdduced'from 4 émmoniym‘phoéphatelferti-
lizers is in Fig. 4. These are overall means of 360 sémples for each
of 4 feftilizers reacting 6 days in 10 soils with 3 moisture levels

and 2 replications. The soils contained CaCO_ percentages as follows:

3

0, 0/ 3, 3.2, 5, 5.5, 9.2, 10, 12.6, and 12.9. Relatively, total N,

production was in the order of magnitude: UAP >>>> DAP >>> MAP > APP

or by the ratio of 18:4.5:1.5:1. This relationship of NH production

3

was generally true for any'soil type, but the absolute values varied

depending ﬁpon % CaCO3 and moisture in the soil. UAP produced the most

3

NH, regardless of levels ovaaCO3

‘or moisture in the so0il. .

by 4 ammonium phosphate fer—
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\\\\\\ i

DAP (18-46-0)

g

t:\\ 0.44

‘ MAP (11-48-0)

SSS 0.28

APP (15—62—l0)'

| | I
0 L 0 : 3 4 . & g

NH,, Ug/100 g soil .

Figure 4. Total NH; production for 6 days from MAP, DAP, APP, and
UAP fertilizers as determined in a diffusion can.
Average of 10 soils, 3 moisture levels, and 2 replications.
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The patterns of NH3 produced from the 4 fertilizers are illus-
trated in Table 4 in the form of relative frequency distributions, by
days, of the maximum amounts of NH3. This does hot, however, represent
total production. The frequency distribution of maxiﬁum NH3 production
iﬁdicated that for any soil there was no'e;idence of a maximﬁm NH3 peak

production from UAP in the first day. However, UAP did have a large

amount produced on that day.

Table 4. Number of soils with a maximum NH5 production in each of 6
days. Ten soils averaged over 3 E,. O levels and 2 reps.l

2
No. of soils with maximum NH., production in each of 6 days
Fert. 1 2 - 3 4 . 5 6
MAP 4 1 4 1 0 0
DAP 4 3 2 .1 0 0
APP 4 2 1 3 0 0
UAP 0 2 3 3 1 1

1Com_plete data are given in Appendix tables 1 -through 10. Soils are
described in Table 1. Also, refer to Figures 5 & 6.-

At the same time, there was no’maxim.um‘NH3 production of MAP,

DAP, and APP at the fifth and sixth day periods.. These.evidences indi~

cate that UAP must have a slower chemical reaction rate than the others

after an initial high release. This presents a contradictory result as

one could expect regarding chemical reaction rate of UAP under natural

conditions and many soil types. The slower rate presﬁmbly was due to .
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limited biological activity needed to accelerate the hydrolysis proc-
ess under the conditions of this study.
When comparing MAP and DAP fertilizers using the freguency dis-
tribution information, DAP reacted faster than MAP in producing maximum

amounts of NH3 in all soils in this study. Terman and Hunt (1964) ex-

plained that MAP and DAP have similar reactions in calcareous soils, but

due to Ca(NH4)2(HPO4)2-H 0, the intermediate reaction product of MAP,

&

NH3 volatilization is largely prevented from reactions of MAP. Using

their interpretations and other information from chemistry, the schemes

of reactions are presented as follows:

NH, + C02 4 HZO

+ Caco3_'H29... CaHPO, -2 H.O + (NHA)zco'

DAP: (NH4) 2HPO 4 2 3

4

o) _Ci'.:_?}_..Ca4H(Po4) «2.5 H.O

Ca(NH,) , (HPO,) , -H 2 .

2

. +
CaHPO, +H,0 . NH,H,PO,

CaHPO, -2 H.O

4 2

. ) HyO . :
; 2
MAP: NH4H2PO4 + CaCO3——-—a- Ca (NH4) 5 (H1‘304) > HZO

|
(intermediate reaction product reduces loss of NH3)

HZO

- J
CaHPO, -2 HZO + (I\H4)2CO

4 3

’I\]H/-l-CO + H.O

3 2 2
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According to the above equations, especially for DAP, the re-
actions partly depend upon-moisture levels of the soils. The results
of this experiment héve established the same phenomena. The data and
discussion are presented 1a£er in this section.
Terman and Hunt (1964) explained further that APP also reacts

with CaCO3 in soil and when the initial reaction is completed, the ad-

dition of more Ca causes a reaction similar to that of DAP. The forma—

tion of Ca(NH4)2P207~H20 is the intermediate reaction product that pre- .

vents NH3 loss for this fertilizer material. It should be mentioned

that APP, which did produce some gaseous NH_, was the best fertilizer

3

for small grain yield on calcareoué soils when it was banded with or
near the seed.l This may be due to the lower amount of NH3 produced
or to some other superiority propertiés as stated by Phillips.and

Webb (1972).
Many previous'investigators (Gasser, 1964; Meyer et al., 1961;

Terman'and Hunt, 1964) have'explained the losses of NH 'among~N fertil-

3

\izers in terms of- ured hydrolysis or the reaction oﬁ certain acid rad-
icals bf-aﬁmonigm salts with calcium compounds in soil. The results

- obtained from this experiment indicate that NH can be volatilized from

3

UAP upon reacting with soil containing 0% CaCoO

3 (see Table 5),

1Smith, C. M., E. O. Skogley, and C. Pairintra. 1969. 1970.

1971. Farm test demonstrations. Ann. Report to TVA (Unpublished).
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Table 5. Ammonia production as affected by 2 soil moisture levels and 4 ammonium
phosphate fertilizers reacting on 4 soils of different CaCO3 percentages.

Fert. & Rate , C Total NH, Production®, 6 days, NH,
mg-N/ - 8oil | Bainville sil Wheeler: sil Amsterdam sil
100g soil §,05  : 12.90% CaCo, 10.05% CaCo, 5.50% CaCO, 0% CaCo
L e e mg/100g soil-=——=—r——mme e
MAP (11-48-0) . . .
216 - 10 10.34 3.35 1.46 .12

20  --.3.884° 1.90- ‘ 77 .07

DAP (18-46-0)
216 -1 - 23.31 . 9.85 ‘ 6.32 .77
20 . 15.48 5.35 5.00 . .55

APP (15~62-0) .
216 10 . 7.13 2.10 o 1.20 .09
20 3.57 - . 1.05 . 77 .04

UAP (24-42-0) ‘
216 10 23.28 - 22.75 17.23 20,17
20 ~ 18.80 . . 16.80 13.10 12.24

lTotal NH, for 6 days;, average of 2 réplication. Complete data for 10 soils are in
Appendix tables 1 through 10.

(4]

i)

i
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However, the presence of CaCoO, in soil was a primary factor accentu-

3

ating the amount and sometimes the rate of NH3 production. Note the

~ change in NH3 amounts produced at.20% H20 from about 1200 ug/100 g

soil from an Amsterdam soil at 0% CaCO3 to nearly 1900 from a Bainville

soil at 12.9% CaCOB. Other fertilizers show greater percentage in-

creases with increééed CaCO3, as is discussed latef.,
As shown in the LITﬁRATURE REVIEW, ﬁany researchers have found
' that patterns of NH3 release from various ammonium phosphate fertil-
izer sources differ and depend upon soil moisﬁure, pPH, texture,
% CaCO3f ana other propertigs of soi%.'
. In the experimehts-reported in this thesis, the total amounts
of NH3 produced from 4 émmonium phosphate fertilizers were found to be
inversely proportional:to soil moisture, i.e., the drier the soil, the

. greater amount of NH_ was released. Averaging all soils, the total:

3
. 6=day production was in the soil moisturg order of 10% > 15% > 20%.
Howevgr,'the émount'of NH3
“all séil types was in the ordér éf magnitude: 20% .~ 15% > 10%. This
first~day eﬁfecé;is piesumably the direct result of more fapid hydroly-
.sis of the fef?iliier with greater.moiéture;
Iﬁ the:sécond day afte¥ the reaqtion was started; and for each
following day, the drier soii p;oduced-a greater amount of NH3 from

each of the 4 ammonium phosphate fertilizers. An example of the ef-

fects of soil moisture. on NH3 production for MAP and DAP with 10% and

produced in the first day of experiment for

)
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20% soil Hzo is shown in Fig. 5. Furﬁhermore, the results indicated
significént interactions among kinds of fertilizers and soil méisture
(F x M) for -all soils excep% Amstexdam sil with 9.23 CaCO3 content,

" not shown in the above table.

The effect of soil moisture level on NH3 production from each

3
son of effects’ of moisture for MAP,ZDAP, APP ahd UAP is illustrated in

the above Table 5 for the following soils: Bainville sil, 12.90%

CaCoO Wheeler sil, 10.05% CaCO,; and Amsterdam sil at 5.50% and

3! 3
% . )
p CaCO3‘ -
The data’' suggest that, for all 4 ammonium phosphate fertil-

izers, the soil H_O at 10% produced greater amounts of NH_ than at 20%

2 3

] soil H20. Moreover, for each moisture level of the same‘fertilizgf .

méfexial, the magnitude of-.NH3 measured decreased corresponding to the

" decreasing % CaCO, content of the soils. The evidence indicates that

an SxFxM interaction probably exists.

BN 'One ofAthe primary reasoné'for,this research is the study of

the influence of % CaCO3'iﬁ soil on NH3 volatilization for 4 ammonium

phosphate fertilizers. The total amount of NH3 preduced from 4 ammo-~
nium phosphate fertilizers reacting in 10 solls arranged in the oxder

of magnitude % CaCO

3 in soil is pfesented in Table 6.

tude of NH3 produced from each fertilizer was in the order

fertilizer source also varies .depending upon % CaZCl, soil. A compari-

Some.points can be made from observing these data. The magni-
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NH3, ug/100 g soil

Figure 5.

Days

NH3 production with time as affected by MAP and DAP
fertilizers at 10% and 20% soil H2O. Wheeler sil,
12/.90% CaCO3.
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Table 6. Total NH, production for 6 days from 4 ammonium phosphate
fertilizers on 10 soils of different % CaCO, contents and
at 10% soil H20.1

' CacCaq, NH, Production from fertilizers
Soil series . content MaAP DAP APP UAP
, ‘ [ NH,, g x 10”8/100g soil————~——=

Bainville cl ‘ 12.90 1034 - 2331 713 2328 -
Wheeler sil- ' 12.55 985 2494 698 5342
Wheeler sil . - - '10.05 . 335 . 985 - 210 ,227§
Amsterdam sil ©9.20 301 804 177 . 2333
Amsterdam sil 5.50 146 632 120 - 1723
Bainville sil 5.00 484 852 141 1764
Danvers cl R 3.20 65 .385 85 1813
Judith cl 3.04 - 18 246 - 38 1786
Austerdam sil - o . 12 77 9 - 2017

Post cl . ‘ 0 _ 33 812 62 16659

lAll data are in Appendix tables 1 - 10. Soils described in Table 1.

corresponding directly to % CaCO3 in soil. The only éxcepﬁions in

these 10 soils were;-,Either Bainville at 12.9% CaC_O3 or Wheeler at

12.5%; Bainville at 5% CaCO, for MAP and .DAP; .and Post at O%jCaCO3 for

3
all fertilizers. The most serious discrepancy occurrgd'with the Post
soil, especially for DAP and UAP. The same relative data were obtained
for all soil moistuvre levels. No logical ekplanatign of these results

was evident from this research. However, Post is a high magnesium soil,

which could be a factor. Another possibility might be a reaction
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between the fertilizers UAP and DAP and "fixed" or interlayer NH4+ in

Fhe clay.

There are at least two reasons for the'relatibnship of NH3

production and CaCO3: i) A higher degree of calcium saturation of the

soil exchange complex with an increasing amount of CaCO3 and an assoc-

iated increase in p#; and consequently, ii) an increased .OH activity

in the soil solution, thus increasing NH, production (Wahhab et al.,

3

1957); By using regression analysis, effects of CaCO3 in soilé and

NH3 production can be related. However, several attempts in the compu-

ter failed to produte curves that were representative of the data. As
a result, eye-fitted curves were drawn and good relationships were

shown between %‘CaCC contents of the soil and NH3 production.

3

The élbpes of the curves'éppear to be similar although inter-

cepts are different. The estimated intercepts in ug NH3 per 100 g

soil, at zZero % CaCO3 were as follows: MAP = 1.0; DAP = 3.5; APP = 0.5;

UAP = 18. The curvilinear nature of each curve indicates no great .

change in'NH3~productioﬁ in the relatively flat lower ranges of CaCO3

contents of soils. Then, as the % CaCO. in soils increases, the

3

'greater.is the NH_ production. The graph’of NH3 production in Fig.

3

shows that each fertilizer curve ascends with rapidity as %'CaCO3 in
the soil,increaseé above a certain amount uséd in this study. The

good example is the NH. production from UAP fertilizer on Post cl with

3

0% CaCOs. If the reactions were ehtirely carbonate dependent, NH3
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NH3, ug/100 g soil

% CaCO3

Figure 6. The relationship between NH, production using Diffusion Can
technique and % CaCO_, content of 9 soils. Shown are
regression (eye-fitted) lines of MAP, DAP, APP, and UAP
fertilizers.




i

aml, Zonrd L A 1) LLL
T

59

production should have been low but other factors were operating. Also,

if carbonate were the only system operating, NH_ production should ap-

3

proximate a ;traight line as related to % CaCO3,

Using inf&rmation from the relationship of‘NH3 production and
% CaCO3 content of éoils, one could predict the effect of 4 ammonium
phosphate fertilizers as to the amount of NH3 produceq and.its effect
9ﬁ growth'of.plgntg due to tﬁe toxiqity of NH3. For exaﬁpié, if 0.5 Ug
NH3/100 g soil (by this technique) is arbitrarily used as criteria for
possible damage to wheat from fertilizer banded with seed, the approx-
imate CaCO3.levels %herg suchAWOuld oqqurjfpr the 4 ammonipm phosphate
fertilizers in this study were as ﬁollows: MAP 10.5%; DAP 3.5%; APP
12%; UAP, cannot use at'all.

An attempt was made #o determine the relation of NH3 production
and pH of 10 soils. .No‘satisfacfory reéul£ was obtained partly because
of'léék of soiié in thg-acid rénge. Previous researchers (Du Plessis
aﬁd Kroontje, 1964; Wéhhab et ai.n 1957) rebérted fhat in'acid, néutrélﬂ

"or alkaline soil, the NH_ volatilization was governed by pH of the soil

3

-system.

.Results from this experiment pointed out that % Caco3 appears

to be a useful system to relate soils with possible NH3 production{
Statements by Larsen and Gunary (1962} and Terman and Hunt (1964),
therefore, are in agreement since the resuits of their_experiments.

pointed out that NH volatilization was a carbonate-dependent system. -

3

~
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However, there are possibilities that other>factors may have direct
relétion with NH3 production by ammonium phosphate fertilizers.
One of the evaluations in this section is to examine the valid-

ity of the "Diffusion Can" technique in measuring NH By using the

3¢
stepwise analysis, the data for the means of NH3 from 4 ammonium phos-

phate fertilizers for 12.90% and 12.55% CaCO, were compared. The

3

method of-calculation follows the method of paired-samples as des-
cribed by Snedecor and Cochran (1967).  The data are in Table 7.
Table 7. Mean NH, Production from 4 ammoniim phosphate fertilizers

by using "Diffusion Can" of 2 soils; Bainville cl, 12.90%
CaCO, and Wheeler sil, 12.55% CaCO,.l ‘

Bainville cl ‘ Wheeler sil
12.90% . 12.55%
Fertilizer ' CaCo, ' CaCo,
[ NH3, 1g/100 g soil-==w—m—m——————

MAP 1.21 | o l.29
DAP S 2.86 3.52
APP ' .87 .87
vAP . 366 : 5.96
Mean ' 2:15 ©2.01

lAverage over 3 moisture levels, 2 reps, 6 days.

As a result, t—tést value for this data is = 0;8 which is non-
significant  difference in NHé production of two sample means. There-
fore, it may_bé concluded that within the range of 0.35% difference in

production from

% CaCO, there is no statistical difference between NH,
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2 soils. The results of this test suggested thaﬁ at 12.55% or 12.90%

CaCO3 content, 2 soils produded the same amount of NH3 from each of 4

ammonium phosphate fertilizers. Therefofe, the method "Diffusion Can"

would be a good tool in measuring NH_ from farmer samples to get an

3

idea of their potential hazard with ammonium type fertilizer.

NH5 sorption by spring wheat seeds or seedlings. A preliminary

experiment was set up‘to evaluate a possibility of NH, sorption by

3
wheat seeds or seedlings from external media. The experimental appa-
ratus consisted of series of closed desiccators containing soil-

_fertilizer-wheat seed mixed, with H3BO3 containers placed on racks

determinations were made based on

above the soil samples. Daily NH3

the diffusion method and has been described in the NH3 absorption
study in the MATERIALS AND METHODS section.
~ For 6-day periods in closed system, vheat seeds and seedlings

demonstrated desorption or release of NH, from seeds and absorption of

3

free NH, gas by seeds and seedlings that was derived from soil and fer-

3
“tilizer. The regults are presented in Table 8. It is ﬁQt understood’
why there was a greater NH3 desorption at the_f;rst day for.?he feréi-
lizer 5y§tem as contrasted with the nonfertilized.

I£,was.assumedAthat the NH3 released frém wheat seeds dﬁring
the beginning stagg of germination was generated by deamination‘of the

amino acids 'upon breaking down of seed protein. The NH3 thus released,

. according‘to'Webster (1959}, is‘geherated acéording to schemes:

L
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new. seedling protein

o
storage protein =+ amino acid
(@.a.) * keto acid + NH,
¥ ¥
CO2 + H20 amides
+ :espirétion and new

energy a.a.

Tablé 8. .Sorption of NH, by spring wheat seeds and séedlinds. Amster-
dam sil, 9.20% CaCo,. Preliminary desiccator experiment.

Fert. & Rate Soil NH; Sorption/seed or seedling in 6 days
" DAP (18~-46-0) H,O0 1 2 3 4 5 6
N, mg/100g soil % .
check 20 -.027 - -.005 +.016 +.009 +.010 .+.004
108 20 -.lﬁl +.315 +.690 +.354 +.l$5 +.070

- Denotes NH, desorption from seeds

+ Denotes NH, absorption by seeds and/or by seedlings

At the latex s#age'§f gefmination,.it'was found‘that NH3'was
absorbed by wheat seediings'presumably after.the'emergence.of r;dicles.
* The data in Tablé é With a plus sign show large'relative'differences
occurin§ with time and with fertilizer treatment. The ponfértilized-
check'sho&ed a pegk on day 3. This ﬁH3 ﬁust have originated from organ-
ic decomposition processés in the soil, .The fertilized treatmenf showed

increases from -.171 ug/l00g plant fresh'weight the first day to a max-

imum of .690 1g/100g the third aay. ~After the third day, apparently
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the NH3 was transformed ratﬁer rapidly. What day, or days, that NH3
absoxption reaches a maximum has importance as relaped to time-release
of NH3 from different fertilizer reactions in different soils.
Thg process of NH3 entering into plants cannot be stated with
certainty at present. Warren (1962) reaéoged that NHZ does not cross

a cellular barrier at an appreciable rate, but NH, does so, freely.

3

The mode of nonionized ammonia (NHB) transport throws doubt on the
diffusion process wherxre movement of ions from an external medium into
the éell is by concentration gradient. It more nea;ly follows a pas-
sive phenomena as proposed by Olsen (1969). When NH3 is taken up by

cells, it is‘usually incorporated most readily into glutamate, fol-

lowed by its incorporation into asparate and alanine (Webster, 1959).

Ammonia sorxption with- time by.spring wheat seeds or seedlings

originating from ammonium phosphate fertilizers was measured in dif-

fusion cans. Large differences in NH3 absorption shown in the prelimi-

. nary experiments suggested this technique could bé used to identify

different rates of reactions‘occurring with fertilizer and soil vari-

ables. The concentration of NH, that was found in seeds or seedling -

3

by using this technique (closed system) would not necessarily raccount

for the total NH3'produced from.fertilizerfsoil reactions. One reason

was the competition for NH3 between seeds or seedlings and H3Bd3
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golution. Moreover, the daily changing of vials of H3BO3 solution

might permit NH3 gas to escape from the system.

Two soils were used which had large differences in CaCO3

Otherwise, these soils were very similar. The Amsterdam sil soil

with 0% CaCO3 and the Wheeler sil with 10.05% CaCO3 were subjected .

to seed and fertilizer, and to moisture levels of 15%,.20% and 25%.

Measured NH_, was recorded and subtracted from the NH

3

3 produced in the

same system, but without the seeds.

Data in Table .9-illu§trate the maénitude of NH3 produétion
from fertilizef sourcés in,sYétems with:and without séeds and Nﬁ3 soxrp-
tion by spring wheat seeds or plants'for the 16;05% ¢a¢03 soil. The

patterns of NH

3 absorption by seeds or seedlings were closely related

with NH3 production, i.e., the more NH3

produced, the more NHé was

- absorbed. For ail fertiliZers,-the_maximum absorption of NH_ occurred

3

at the third day for 10% CaCo, but on day 2 for 0% CaCoO Note that

5
the negative signs indicated that NH3_Was released from spring wheat

seeds in the first day of germinationm. -

For the 10% CaCO_ soil sorption of NH_, was lowest for APP with

3 3

essentially négligible.amounts after day 3. MAP produced a 3—day peak’

twice as high as APP but less than DAP. Also, the  reduction to low

levels occurred by day 4 for MAP, da§ 6 for DAP, but for UAP, the NH3

sorption for day 6 still exceeded the 3-day peak even for DAP.
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Table 9. Mean NH, production from 4 ammonium phosphates and NH, sorption by spring
wheat seed or seedling in diffusion soil can for 6 days. Wheeler sil,
10.05% CaCO,, and Amsterdam sil, 0% CaCO,.l :

Wheeler sil, 10.05% CaCO, : Amsterdam sil, 0% CaCO,

. ‘ NH, Days Days
Fert. & Rate system? 1 2 3. 4 5 6 1 .2 3 4 5 6
mg=N/100g-S0il = = smeeeeeemee—eeeeeeeee NH,, Ug/100g SOLlmm=mmmmmmmm e e e
" MAP (11-48-0) | : : .
216 No seed . .40 .53 1.15 .21 .l6 .11 .03 .02 .02 0 0 0

with seed, . .61 .10 ..50 .08 .07 .08 16 O .01 0 0 0
sorption -.21 .43 .65 .13 .09 .03 . -.13 .02 .01 0 -0 0

DAP (18-46-0) T : . :
216 - No seed 1.28 1.41 1.83 1.51 1l.16 .41 .27 .10 .08 .05 .06 .05

with seed 1.51 .88 1.01 .98 .81 .33 .49 .02 .07 .04 - .05 .04
. sorption -.23 .53 .82 .53 .35 .08 =-.22 .08 .01 .0l .0l .0l
APP(15-62-0) - - ' - : -
" 216 No seed .31 .36 ..58 .06 .11 .05 .01 .02 .02 0O 0 0
. with seed. .66 .22 .26- .03 .05 .04 .14 .01 ..02 O 0 0
sorption’ -.25 .14 .32 .03 .06 ..01 -.13 .01 O 0 0 0
UAP (24-42-0)
216 No seed 1.86 2.43 5.88 4.18 3.56 2.08 .90 1.98 3.46 3.41 3.90 2.38
with seed 2.08 1.14 2.47 1.79 1.88 1.17 1.12 .80°2.38 2.87 3.46 2.06
sorption -.22 1.29 3.41 2.3% 1.68 -.91 -.22 1.18 1.08 .54 .44 .32

lEach measured value is mean of 3 soil moisture levels and 2 reps. '

2NH3 measured H BO, in 2 systems--no seed & with seed. Sorption calculated by differ-~
ence. Complete sorption. data are in Appendix tables 11, 12, and 13.

1LSD(.05) Sorption = 0.06 1g/100g soil.

§9
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The data of plant growth in summarized form are presented in

Table 10.

Diammonium phosphaﬁe was applied to .Amsterdam sil soil, 9.2%

CaCO3, at rates of zero, 56, 112, and 224 mg-N/100g soil in a diffusion

can closed system. Spring wheat seeds were planted and water was added

to make soil moisture levels of 15%, 20%, 25% and 30%. Each figure is

the average of 4 moisture levels and of 2 replications. Analysis of

variance of these data showed significant differences in NH

concen-—
3 B

trations due to fertilizer treatment.  High concentration of NH_ in

3

éeedlings affected plant development of both radicles and coleoptiles.

Table 10. Mean effects of NH, from DAP on spring wheat seed or seed-
ling development in soil can~-closed system for 6 days and
4 moisture levels. Amsterdam sil, 2.20% CaCO3.1
. . ‘Mean
NH, conc/’ - Mean : . Coleoptile/
N-Rate/ seed oxr L Radicle/seedling seedling
100g soil seedling No. - Length : ‘length
mg _ Ppm-NH, # . cm . - em
0 A1 3.0 9.8 12.7
56 .284 3.2 - 4.3 7.0
112 .530 1.2 2 1.1
T 224 .895 | memm—me—eeseNO Germination-=e—m—————-o
.045 . .5, .6 .9

LsD(.05)

lCom.plete data and analysis of variance are in Appendix Table 14.

. Ammonia concentration of .284 ppmrNH3/100g plant fresh weight’

did not inhibit the number of radicle and coleoptile elongations;
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however, it did reduce length. BAbove .530 ppm—NH3/lOOg marked reduc-

tions in seedling growth and other symptoms of injury were observed.

. The root tips had a brown color as a burnt off appearance and the cole-

optiles were stunted. Germination of wheat seeds was completely pre-

vented when the mean concentration of NH3 reached .895 ppm—NHs. How-
]

ever, 0.771 ppm—NHB/lOOg as shown in Appendix Table 14, actually
prevented gexrmination.
These evidenceé of damage to plants were observed to be about

the same as described.by Hunter and Rosenau (1967), and Colliver and

. They did not asso-~

Welch (1970) on the direct. toxic effects of NH3

ciate the damage to specific concentrations of NH_, however.

3

Sorption of NH_. for the 0% CaCO. soil (Table 9) was about none

3 3
for APP and MAP. DAP had a small amount on day 2, with UAP also show-

ing a peak on day'2 and reduc¢ing each day thereafter. - Examining anal-
ysis of variance data in Appendix Table 13, the results show signifi—.
cance due to soils, fertilizer éources, and moisture levels.

release and accumulation .over time is

The data show that NH3

. L]
probably very important as it relates to critical sensitive stages in

. the germination and seedling developmenﬁvprocesées of 'small graim crops.

With reference to data in Tables 8 and 9, the greatest magnitude of

of NH3 absorption by wheat seedlings was on.the third day for all.fer-

tilizer treatment on the calcareous soil. Therefore, from the
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standpoint of plaﬁt development, the third day is‘expected to be the
most susceptible stage of spring wheat'seedling development to NH3 tox-
icity, if there is enough NH3 produced by the fertilizer at that
particular timg. With fhé'highly calcaredus soil, maximum NH3 is re=~

leased during the third day for all four fertilizers.

The concentration of NH3 that is required to be toxic to spring

wheat seeds or seedlings was measured by the distillation technique
described in the METHODS AND MATERIALS section. By this method it is
not claimed that all the the NH3 measured existed in the plants or

seeds as nonionized NH3. However, the data should provide a basis for

determining relative concentrations causing death or damage to plants.

. It is pointed out that the NH

3

concentration of 0.8 ppm—NH3 in

the seeds, which completely prevented germination, was obtained by
. quantitative measurémént dirécfly from the plants, and the specific
ranges are given for:spring wheat seeds'or seedlinés.' As indicated |
above, values given here might be high because of tﬂe proéedure of "
heafing, if in fact they are in error at-all. There were no éurrent
data"found'%n the literéturé fof comparison of either.spegific NH3

concentrations or plant species where measuréments were reported as

being of the absorbed NH_ . However, different plant species may be

3

3 toxicity. Allred and Chlrogge,

1964; Bennett and Adams, 1970; Ensminger et al., 1965; Hunter and

tolerant to different levels of NH

Rosenau, 1966; Openshéw and Frederick, 1970 did report'different
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partial pressures of NH3 gas in the air, or soil air, which produced
toxic effects for corn and cotton.

The degree of tolerance of some plants to NH toxicity may

3
vary depending upon some physiological process. Assimilation of NH3
in the plant, then formation of new éynthaﬁe such as asparagine as

one of the mechanisms for reducing the level of NH3 below toxic level,

has been suggested by Prianischnikov (1922). Some plant species, or

even. varieties, may be more efficient than others in such processes.




II. Growth Chamber Experiments

A 'growth chamber experiment using a central composite rotat-

able design tested fertilizers, rates, soils, and initial moisture as

.affecting wheat germination ‘and development. Modified treatments and

design are presented in MATERIALS AND METHODS.

The data given in com-~

plete detail in Appendix Table 15 were subjected to a malti-

ple regression analysis. Variables and coefficients for-setting of

orthogonal components in the multiple regression were as follows:

Variable Variable
No. Dependent Variable No. Dependent Variable
1 Dry wt. 18 UAP (F ;)
2 Fresh wt. is Soil(s)
3 - Normal germination . 20 Linear Moist.(ML)
4 Abnormal germingtion 21 Quadratic Moist(MQ)
5 Dead _ 22 Block(B),;
6 Radicle length . 23 ﬁlock effect(BE)
7 Coleoptile length 25 .Fl X S
8 Number of roots 2§ F2 X S
9 NH3 in plant 27 .- F3 ? S.
10 Linear rate (RL? 28 ‘ F4 xS
11 Quadratic rate (RQ) 29 RL X TL
12 Linear timg (TL) ‘ 30 RL X TQ
13 Quadratic time (?Q) .31 TL X ML'
15 MAP:(Fl) 32 RQ X TQ
16 DAP (F2) 33 RQ lx MQ
17 APP (F3') 34 TQ X MQ
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Comparison . No. éf levels

1 _ 2 3 4 5

RL -2 -1 0 1 2
R.Q 2 -1 -2 -1 2
T, -2 -1 0 1 2
TQ 2 -1 -2 -1 2
'ML, -1 0 +1 _ -
MQ +1 -2 +1 - -
Sl. 1 - - - _—
S2 -1 — - - —
Fl ;-_ 0 .0 0 -
F2 -0 1 0 0 | ——

) F3‘ 0 0 1 0 -
.F4 .0 0 0 1 -

'Multiple regression analyses were obtained for measurements of
dpy weight,.fresh w'eight:and'NH3 abéérptioﬁ."Déta for root céunté,
for exanmple, were not-éomplete enough to subject to analysis. This was
because of no roots thé first éaté of harvesting and by 12.days‘there
was such a mat of'roots.thaé ;ounts weré impossible. The response |
surface for any particﬁlar efféct could be ca;culated from the result-
ing eqdations. For élént dry weight, the equation was:

g = .4728 - '0098_RL - .0094 R 4 .6172 TL-f .0206IT'

Q Q

l_+ .0594.F2-+-.0782 F3_+..0039 F4

- ) +
0002 § + 0060 1, +.0069 MQl

+ .0619 F
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For NH3 concentration the equation was:

A

= 3. + 1. + . - 1.
Yy = 3.7300 + 1.3490 R, + .7138 R, - 1.2820 T

+ 2.2210 TQ + 4.4600 Fl + 5.5950 F2 + 2.6660 F3

+ 8.9500 F, ~ .1603 S - .0692'ML + 1.0560 My

4
For plant fresh weight, the equatibn was:
¥ = 2.567 - . -. + . - T
y=2 5§7 ..2783 RL 1052 R.Q 4598 T, 2450 0

- .1889 Fl - .1800 F2 + .0637 F3 - .7503 F4 + .0165-S

+ .2769 ML - .0213 MQ.

Results}of the stepwise analysis indicateé sqme.unusual reéults
in that NH3 absorption by plants Qas calculated as beiné not related
to fertilizer rates. Observed daté plotted on the calcul;ted curves
were not at all close. The effects of % CaCO3 gave no indication of
significance on any characteristics measured, aithough NH3 absorption
was observed as being signif;cantly greater from soils of higher
CaCOB.

- There appear té be problems with the‘equations; The result is
that,.dué Eo unreso;ved'problems associated with £hé data processing
and analysis, results of this growth chamber experiment are presented
for further discussion based upon the actual observed data, evén

though comparisons are somewhat limited.

The data on plant fresh weight and NH_ concentration in plants

3
for 6 days and 12 days are presented in Tables 11 and 12, respectively.
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Table 1l. Plant fresh weight and NH, in plants from 4 ammonium phos-
phate fertilizers banded with seeds in growth chamber
experiment on Amsterdam sil, 5.5% and 9.2% CaCO,. 6 days.l

%

CaCO, in soil

Fresh wt. NH, in Plant
Fert. & Rate 5.5% 9.2% 5.5% 9.2%
N, mg/pot = =meees g/pot=m==== --Hg/100g plant--
MAP (11-48-0)
54 2.18 2.26 7.31 8.91 .
162 1.64 1.86 10.93 12.79
Mean 1.91 2.06 9.12 10.85
DAP (18-46-0) ,
54 1.84 2.41 9.72 10.28
162 1.38 1.89 13.88 14.06
Mean 1.61 2.15 11.80 12.17
APP (15~62-0) .
54 2.33 2.64 - 4.86 5.40
162 1.53 . 2.13 7.52 8.86
Mean 1.93 2.38 6.19 7.13
UAP (24-42-0)
54 "1.91 2.20 10.76 11.64
‘162 1.07 135 24.64 21.67
1.49 C 177 17.85 16.65

. Mean

lA.verage over 2 moisture levels and 3 reps.
Appendix Table 15.

Complete data are in




Table 12.
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"Plant fresh weight and NH, in plants from 4 ammonium phos-

phate fertilizers banded with seeds in growth chamber

experiment on Amsterdam sil, 5.5% and 9.2% CaCO,.

12 days .l

CaCO, in soil

Fresh wt. NH, in plant
Fert. & Rate 5.5% 9.2% 5.5% 9.2%
N, mg/pot e g/pot—=———~ ~--Ug/100g plant—-

MAP (11-48-0) _ -
54 3.53 3.22 2.64 2.12
162 3.03 3.21 3.99 4.17
Mean 3.28 2.17 3.31 3.14

DAP (18-46-0) o
54 3.76 3.58 3.22 2.32
162 3.11 3.22 6.:35 5.02
Mean 3.43 3.40 4.78 3.67
APP (15-62-0)

54 4.08 4.03 1.88 1.64
162 3.67° ‘3.92. - 3.18 1.28
| Mean 3.87 3.97 2.53 1.46

UAP (24~-42-0) ‘ '
54° 3.27 2.91 4.09 4.26
C 162 1.88 2.12. 8.20 12.07
Mean 2.57 2.51 6.14. 8.16

lAverage over . 2 moisture levels and 3 reps.
Appendix Table 15. .

Complete data are in




"higher rate of fertilizer application, which produced more NH

75
Each value is an average of 2 initial soil.moisture levels and 3
replications. Data illustrate the effects of 4 ammonium phosphate

fertilizer sources at 2 rates and for 2 soils. For the 5.5% CaCO3

- soil, the means of two rates for each ammonium phosphate fertilizer

produced plant fresh weight responses in the yvield order as follows:
APP = MAP >‘DAP > UAP.. '

Fresh weiéht yield was léréer_for the highe£‘CaC03 soil. Due T
to the 2 CaCO3 contgnﬁ of»the‘soils being not widely different, piant
responses were not as large or as distinctly différent as might have
been expected if one soil wefg noncalcareous. Dat%.from the second
growth chamber experiment verify that é greater difference in CaCO3
was desireable. Another problem was'the difficulty in obtaining'a
uniform soil moisture. The processiqf addiﬁg water resultgd in some
soil puddling of the 5.5% Cagog soil_which proﬁably caused detri- -
mental p%ant growth.éffects. Anyway , yvield effects from soils in
this experiment were re;ersed fromvﬁhe more expected results obtained
in the next experiment where a different mefhod was used for addingr
soil moisture. | \ | '

. Effects-of NH3 from 4 gmmonium'phosphate fertilizers on plant
growth were apparent. Figures 7 and é illustrate the maénitude of '
NH3 absorbtion by ﬁlants. The terminal times for these two sets of‘
treatments wére 6 and 12 days. The data clearly demonstrated that:thef

31
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Figure 7. NH4 concentration in plants as affected by MAP, DAP, APP,
and UAP in growth chamber experiment. 6 days.

Amsterdam sil, 5.5% and 9.2% CaCO3.


























































































































































































































































