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ABSTRACT 

A greenhouse experiment was conducted to study the effectiveness 

of Dwell, a nitrification inhibitor, on the efficiency of two fertilizers 

applied to three Arizona soils, Anthony sandy loam, laveen loam, and 

Vinton loamy sand. Tomato plants lycopersicum esculentum cu1tivar Row 

Pak were used as an index plant. These plants were grown in soil columns 

of 10 cm internal diameter and 50 cm in length, containing 4,500 g of 

soil. Two fertilizers, urea and ammonium sulfate (AS), were applied at 

two rates: 112 and 224 kg N/ha. The nitrification inhibitor Dwell was 

applied also at two rates: 0 and 1.27 kg/ha-1 of active ingredient. The 

active ingredient in the chemical is 5- ethoxy -3- (trich10romethy1}-I, 

2,4- thiadiazo1e. Both fertilizers and Dwell were added to the soils 

us i ng two methods: 1) un i form mi xtures, in wh i ch the fert i 1 i zer and 

Dwell were mixed with the top 500 cm3 soil volume in the columns, and 

2} banded fertilizers and Dwell, in which a soil paste, made by mixing 

10 ml of 0.02% Dwell solution with the volume of 50 cm3 soil, was added 

to the required amount of the fertilizer to soil column about 7cm below 

the soil surface. This factorial designed experiment was arranged in a 

randomized complete block with three replications of each treatment. 

Plants were allowed to grow for 67 days after transplanting to the soil 

columns. At the end of the experiment, samples from two depths (0 to 

18 cm and 18 50 40 cm) were analyzed for NH4' N03, and organic N. Dry 

matter yield and N content of plants were also determined. 

Results showed that Dwell was effective in improving N efficiency, 

as determined by yield and N content of plants, with all three soil s 

and wi th both fert i 1 i zers. Higher yields were obtained when AS was 
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used in all soils. Higher response to Dwell, but lower yields, were 

observed in urea treatments as compared to AS treatments. Dwell resulted 

in yield increase of 139 and 60% with urea in Vinton and Laveen soils, 

respectively, while with AS, the increases were 74 and 11%. The lowest 

response to Dwell occurred with the Anthony soil. Generally, higher yield 

was obtained when AS was thoroughly mixed and when urea was banded. Yield 

and N content in plants grown in these soils were in the following order: 

Laveen > Anthony > Vinton. Dwell was effective with both N rates, 

particularly with the high N rate of urea. Incubation studies showed 

that Dwell was effective in retarding nitrification for about 10 days. 

Accordingly, Dwell seems to have had no residual effect on soil nitrogen. 
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The potential loss of nitrogen (N) from the soil plant system is 

greater than any of the other plant nutrients because of it's mobility 

and many mechanisms for loss. In addition, the large requirements of 

crops combined with energy and environmental concerns cause much research 

to be devoted towards maximizing N efficiency by crops. 

Nitrification is a biological oxidation of ammonium to nitrate, 

an energy-producing process, which is carried out in soils mainly by 

chemosynthetic autotrophic bacteria (Nitrobacteriaceae) and also by 

some heterotrophic organisms, e.g. Aspergidlus. Nitrate-nitrogen, a 

common component in the nitrogen cycle is subject to a number of processes 

such as absorption by plant roots, loss to the atmosphere in gaseous 

forms by denitrification, and leaching beyond the root zone. The last 

two transformations are considered major and significant loss processes 

of nitrogen in commercial agriculture. Besides, these losses have an 

environmental impact as nitrate is considered one of the most important 

pollutants of ground water and causes eutrophication in lakes when present 

in high concentrations. The gaseous losses of N by denitrification 

have a destructive effect on the ozone layer of the stratosphere which 

protects the earth from UV and other shortwave radiation. 

Since both denitrification and leaching have a direct effect on 

only the nitrate form of nitrogen, these processes might be reduced if 

nitrogen fertilizer could be added and maintained in the ammonium form. 
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For this reason, nitrification inhibitors have a potential for reducing 

such nitrogen losses. 

Numerous compounds have been listed as inhibitors of nitrification 

in soils (Hauck, 1980), and the effectiveness of 24 compounds proposed 

as inhibitors of nitrification in soil was studied by Bundy and Bremner 

(1973). Dwell™ (trademark of Olin Co.) which is also known as Terrazole, 

a soil fungicide, has not been studied as extensively as other sol1 

nitrification inhibitors such as N-Serve (Dow Chemical Co.). 

The purpose of work reported here was to determine the 

effectiveness of Dwell under certain experimental conditions which 

included urea and ammonium sulfate as nitrogen sources applied at two 

rates using two application methods (band and thoroughly mixed) in three 

different soils. Tomato plants were grown in these soils and their 

nitrogen content and dry matter yield were determined as a growth index. 

In addition to the greenhouse experiment, two other related experiments 

were carried out in the laboratory to explain and support some of the 

data obtained in the main experiment. 

------- .-----_.- ---------------------------- - ---
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Severe losses of NH3 by vol at i li zat i on are often reported when 

urea is surface a~plied to calcareous soils particularly at pH values 

78.2 (Trierwiler and Bishop, 1983). Application on wet soils may increase 

these losses. They reported a significantly higher yield of maize when 

urea was broadcast on dry soil than with broadcast placement of urea on 

wet soil. Incubation studies in a highly al kal ine soil showed that 

ammonia volatilization losses from applied nitrogen was largely governed 

by pHIal kal inity of the system '(Rao and Batra, 1983). Lower losses 

resul ted when the soi 1 was submerged because of decreas i ng pH. They 

also found a considerable reduction in losses by deep placement of urea, 

but these losses were unchanged with variation in temperature from 20 

to 400C. Urea or ammonium sulfate (AS) lost similar amounts of nitrogen 

by volatilization. 

Fenn and Miyamoto (1981) observed that urea moves undissociated 

into the soil with added water; thus, ammonia losses from surface applied 

urea decreased with increasing amounts of applied water. In calcareous 

soils, they found that ammonia losses from urea were minimal if injected 

into soil 2.5 cm or more, whereas NH3 losses from AS were still high 

when placed 7.5 cm deep. They concluded that the presence of Ca from 

the react i on of AS wi th CaC03 enhanced upward movement of NH4 and 

increased NH3 losses, whereas urea precipitated Ca and Mg and NH3 losses 
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decreased. In an other study, Fenn, Matocha and Wu (1981) stated that 

less NH3 is lost with increasing CaiN ratios, and the reduction of NH3 

loss from urea and AS was possibly due to CaC03 precipitation and soil 

pH depression. Ryan, Curtin and Safi (1981) showed that the percentage 

of applied N lost through volatilization from soils with a wide range 

of properties ranged from 2.7 to 75.5% of the total applied N. Lowest 

values were obtained with nonca1careous soils. Also they stated that 

the nitrogen loss was significantly related to pH, cation exchange 

capac i ty , and CaC03 but was more closely related to clay sized CaC03 

than to total CaC03' Fenn and Kissel (1975) reported small losses of 

NH3-N at temperatures ranged from 12 to 320C when AS was surface applied 

to soil containing 0.5% CaC03 at rates of 110, 275 and 550 kg NH4-N/ha. 

The percent loss of NH3-N from soils with less than 1.3% soil CaC03 

decreased as NH4-N application rates increased; but at 2.9% and above, 

NH3-N losses were greatest at the highest rate of NH4-N appl ication. 

They also indicated that NH3-N losses from surface applied AS at 9.7 

and 14.7% soil CaC03 did not greatly increase above those found at 6.1% 

soil CaC03, suggesting that the quantity of CaC03 necessary for maximum 

(NH4) 2C03 product i on had been reached. In an other study, Fenn and 

Kissel (1976) stated the effect of CEe on NH3 volatilization from 

surface-applied AS and in general NH3-N loss decreased as the CEC 

increased. The reduction in percentage of NH3 loss with increasing CEC 

was greatest at 110 and least at 550 kg NH4-N/ha, probably due to a 

greater percentage of NH4 being adsorbed by cation exchange sites. 

They also stated that the depth of placement influenced NH3-N loss and 

showed that increasing depths of NH4 incorporation resulted in reduced 

-------_. 
. . 
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NH3 loss. Fleisher and Hagin (1981) found that NH3 volatilization losses 

were lowered by increasing the rate of nitrification by eliminating the 

gap in timing between urea hydrolysis and NH4 nitrification. This 

resulted in decreased NH4 concentration in soil, and consequently, in 

decreased NH3 volatilization losses. 

Denitrification 

Nitrification in the first 6 weeks of added NH4-N is rapid; 

denitrification proceeded at about the same rate as in the soil treated 

with N03-N (Lowenstein et ale 1957). Nitrate-N rapidly accumulated 

despite the volatilization of considerable quantities of nitrogen during 

the first stage of their experiment. After 6 weeks the amount of NH4-N 

in soils was negligible. Their studies signified that denitrification 

and nitrification in the soil proceeded simultaneously. They concluded 

that N03 produced in the aerobic soil zone moved to oxygen-poor regions 

and became subject to denitrification. Furthermore, it is possible 

that an aerobi c zone may have become anaerobi c as a resul t of rapi d 

oxygen consumption or because of C02 evolution by soil microflora. 

Westerman and Tucker (1978) reported that the first 1 imiting 

factor for denitrification in Sonoran Desert soils is rainfall or moisture 

content in the soil. Soil temperatures are usually warm most of the 

year and pH values are neutral to alkaline which are favorable for 

denitrification. Because of a lack of rainfall, organic carbon and N03 

may be limiting for denitrification, but growth of desert vegetation is 

very rapid and supplies of organic carbon are replenished after periods 

of rainfall. They also concluded that for significant ,denitrification 

------_.- ._-----_._-_ .. - ._-----.-. 
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to occur, conditions must have been favorable for nitrification. 

Westerman and Tucker (1979) indicated that added nitrogen in the form 

of nitrate is more susceptible to gaseous loss than nitrogen in the 

form of NH4 in a field experiment located on Anthony sl and Sonoita sl. 

Gaseous losses after 3 months of added 15N ranged from 25 to 97% of the 

total applied. Significant losses of nitrogen from (15NH4)2S04 did 

occur but the magnitude of loss (55 to 59%) was much lower than observed 

with K15N03' Based on the results reported, they concluded that 

conditions for denitrification exist in Sonoran Desert soils. Wagner 

and Smith (1958) supported the hypothesis that nitrogen fertil izer 

treatments may undergo losses by volatilization of gaseous forms. They 

measured losses whi ch ranged up to 85% of the treatment appl i ed. A 

small amount of nitrogen may be lost by volatilization of NH3' They 

concluded that nitrous oxide may account for a large part of the nitrogen 

loss under conditions which lead to denitrification. Smith and Chalk 

(1980) reported evo 1 ut i on of N2' N20 and NO + N02 occurred duri ng 

nitrification in soils treated with aqueous NH3' The highest gaseous-N 

losses occurred when measured soil pH was> 7.5, and amounted to 16.5% 

of the applied-N in a calcareous soil incubated for 28 days at 300 C. 

They also observed an inhibition of the biological oxidation of N02 

when alkaline-hydrolyzing nitrogen fertilizers were band-applied to soils, 

and N02 may accumulate. In conclusion, Wagner and Smith (1958) indicated 

that the variance in nitrogen loss due to the soil (- by -) nitrogen 

carrier interaction was highly significant and that no "blanket" 

conclusion with respect to nitrogen losses from soils fertilized with 

.. 
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different nitrogen carriers could be drawn, and that each soil - nitrogen 

carrier combination must be considered independently. 

Nitrification Inhibitors 

Huber et ale (1978) stated that the most significant advantage 

of inhibiting nitrification is the maintenance of an adequate nutrient 

regime for optimum crop production by preventing nitrogen losses from 

leaching and denitrification. Malzer (1979) demonstrated that Terrazole 

(Dwell) is as effective as N-Serve on maintaining the ammonium fraction 

of different nitrogen forms, and minimized nitrogen losses resulting in 

yield increases. He emphasized that incorporation of both N-Serve and 

Terrazole is critical if they are to be effective in inhibiting 

nitrification. Sommer and Rossig (1978) also found in their pot and 

field trials with wheat that Terrazole (Dwell) was as useful as N-Serve. 

In their concluding remarks, Prasad, Rajale and Lakhdive (1971) mentioned 

that the use of nitrification retarders and slow release nitrogen 

fertil izers holds promise in areas where recoveries are fairly low, 

such as areas with warm temperatures and copious rainfall. Huber et al 

(1969) reported an increase in yield of wheat of 37 to 42% when fertilized 

with AS and N-Serve compared to no increase in yield with nitrate form. 

Actions of Nitrification Inhibitors 

Nitrification inhibitors were investigated by Rodgers and Ashworth 

(1982) in an attempt to establish whether such chemicals kill NH4 

oxidizing bacteria (bactericidal action) or whether bacteria remain 

vital but temporarily incapable of nitrification (bacteriostatic action). 

In laboratory experiments with nitrifying cultures, nitrification was 

----~ ... - .~~---- .. --.--~-.. --- .. --~- .. - ... ------.-~~-. 
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completely inhibited, but number of NH4 oxidizing bacteria were not 

signi ficantly affected by a 48 hour treatment with 2,6-dimethyl benzo

quinone, dicyanidiamids or potassium ethyl xanthate applied at the rate 

of 100 mg inhibitor/culture medium or by nitrapyrin at 100 mg/L. 

Commercial formulations of nitrapyrin (N-Serve) at 10 mg/L, however, 

were apparently fatal to NH4 oxidizihg bacteria. Nitrification did not 

resume until 4 to 5 weeks after adding 0.5 mg/kg inhibitor to the soil 

and population of NH4-oxidizers was drastically diminished and did not 

fully recover. In a field experiment, however, they found that injecting 

1.5 kg/ha of nitrapyrin with aqueous urea did not affect numbers of NH4 

oxidizing bacteria in cross-sections of the inhibitors were present in 

concentrations that effectively inhibited nitrification (Hauck, 1980). 

The nitrification inhibitor (Nitrapyrin) inhibits the cytochrome oxidase 

involved in ammonia oxidation by Nitrosomonas, and that nitrapyrin in 

low concentration acts as a copper-chelating agent on the cytochrome 

oxide component which is involved in ammonia oxidation. He also listed 

some research reports which showed that inhibition can be completely 

reversed by addition of Cu2+. Natural products can be used as 

nitrification inhibitors. Krishnapillai (1979) found that "waste tea" 

could be effectively used to retard and delay nitrate production. He 

attributed the inhibition action of waste tea to the protective action 

of its polyphenolic sUbstance and their ability to chemically combine 

with extra cellular enzymes of micro-organisms. 

Goring (1962 b) demonstrated that complete control of 

nitrification by N-Serve occurred in closed containers, and only partial 

control of nitrification occurred in the field. Two inhibitors, namely, 

-_._._---- .. 
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2-chloro-6-(trichloromethyl)-pyridine (N-Serve) and 2-amino-4-chloro-6-

methyl-pyrimidine (AM) suppressed nitrification for about 30 days until 

rapid nitrification occurred (Sabey, 1968). 

Nitrifj~atjon Inhibitors Effect on 
plant Growth and Micro Organisms 

Improved growth and yields were obtained using pyridine (N-Serve) 

as an additive to several ammoniacal fertilizers and urea in nitrogen 

fertilization of irrigated cotton, sweet corn, and sugar beets in 

California (Swezey and Turner, 1962). In cotton, the use of the chemical 

at 1.0% of the nitrogen resulted in a higher yield than the double 

application of untreated fertilizer. Concerning toxicity of nitrification 

inhibitors to seedlings, Goring (1962a) stated that the maximum 

concentration of pyridine on the' so11 basis which gives no observable 

reduction in rate of growth were in the range of 12.5 ppm for cabbage, 

alfalfa, tomato, oats, carrots, onions, and lettuce; 25 ppm for cotton, 

cucumber, 1 ima beans, and wheat; and 50 ppm for corn, peas, squash, 

beets, spinach and radishes. 

Goring also stated that concentrations of pyridine as high as 

1200 ppm gave no appreciable control of the general fungi and bacterial 

populations. McKell and Whalley (1964) recorded that N-Serve, when 

applied at 1 to 10 ppm of soil before sowing had little effect on survival 

of Rhizobium and nodulation of alfalfa roots, but the high rate (20 

ppm) severely depressed seeding growth and resulted in morphological 

changes in nodules and deformation of root tips. Hendrickson and Keeney 

(1979) suggested that Nitrosomonas may not be the organism responsible 

for nitrification of ammonium fertilizers and various genera of nitrifiers 
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may be i nvo 1 ved. They reported that the greater suscept i bi 1 ity of 

Nitrosolobus than Nitrosomonas to N-Serve also supported their hypothesis. 

Mills and Pokorny (1978) grew tomato plants in pine bark medium 

in the greenhouse. With each of the nitrogen treatments, incorporating 

nitrapyrin into the medium significantly increased dry matter accumulation 

of the tomato plants. Nitrapyrin was as effective in increasing dry 

matter with the 100% N03 treatment as with the 100% NH4 treatment. 

They concluded that nitrapyrin app1 ied at the 50 ppm concentration 

diminishes loss of app1ied-N through an inhibitory action on the 

denitrification organisms. In another study, Mills, Barker and Maynard 

(1976) found that nitrapyrin prevented the loss of applied nitrate and 

it was suggested that this was due to an inhibitory effect of nitrapyrin 

on denitrification. Goring (1962a), however, found that an incubation 

period of 4 weeks was necessary for complete conversion of N02 to N03 in 

the check samples; 50 ppm of nitrapyrin on the soil basis gave no control 

on nitrite oxidation. 

Urea Transformation in Soils 

Urea hydrolyses to NH4 ions, which are adsorbed by cation exchange 

sites. The hydrolysis of urea makes it less leachable until a time 

when it is converted to nitrate, which can be subject to appreciable 

leaching (Spiro, 1972). In a very sandy soil, Spiro reported the 

nitrification of urea products may take place rapidly; that within 6 

days as much as 50% of the urea added m~ be in nitrate form, and complete 

hydrolysis or immobilization of urea occurs in 3 days or less. Factors 

which enhance hydrolysis of urea 1 isted by Spiro were: optimum water 
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content of soil, soil organic matter, low sal inity, sl ight1y acid to 

neutral soils, high relative humidity, high rate of urea app1'lcation, 

high temperature, and urea hydrolysis was more rapid in surface soil 

than deeper in the profil e. A 1 so 1 itt 1 e hydro 1 ys is was noted in the 

water coveri ng a flooded soi 1. One immedi ate consequence of the 

hydrolysis of urea can be the loss of its nitrogen through volatilization 

of the ammonium produced (Spiro, 1972). Slightly greater volatilization 

occurred in soils at 1/3 bar tension than when saturated or waterlogged; 

temperature increasing from 7°F to 32°C and pH increases from 5.0 to 7.5 

caused increases in volatilization (Spiro, 1972). Bundy and Bremner's 

(1974) observations indicated that the "nitrogen deficits" observed in 

their studies of urea-N transformation in soils may not largely be due 

to gaseous loss of nitrogen through chemodenitrification and are at 

least partly due to volatilization and fixation of NH4 formed by urea 

hydrolysis in soils. 

Urea and Nitrification Inhibitors Interaction 

Stephen and Waid (1963) reported that urea delayed the emergence 

of seven crops they tested much more than ammonium sulfate and ammonium 

nitrate. They explained that the delayed emergence was due to the free 

ammonia resulting from the hydrolysis of urea ammonium carbonate, since 

the latter decomposes in alkaline soil to free ammonia. Accumulation 

of th is ammon i a can reach a high 1 eve 1 and may be fo 11 owed 1 ater by 

toxic accumulation of nitrite. 

Bundy and Bremner (1973) stated that most nitrification inhibitors 

were considerably less effective with urea than with AS although some 

-------------_ ...• _. __ ._--
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inhibitors, such as N-Serve, were more effective with urea than with 

AS. The differences in the results obtained with urea and AS cannot be 

attributed to the effects of the inhibitors studied on the conversion 

of urea-N to NH4-N by soil urease. None of the inhibitors used 

significantly affected urea hydrolysis in soils when applied at the rate 

of 10 ppm of soil. Their explanation was that hydl'olysis of urea by 

soil urease increases the soil pH and that pH has a significant effect 

upon the effectiveness of different inhibitors of nitrification. 

Other work by Bundy and Bremner (1974) showed evidence that the 

nitrification inhibitors they used, namely N-Serve, ATC (4-amino-1,2, 

4-triazo1e) and CL-1S80 (2,4-diamino-6-trich10romethy1-S-triazine) had 

very little, if any, effect on urea hydrolysis, but that they retarded 

nitrification of the NH4 produced by urea hydrolysis and increased gaseous 

loss of urea-N as ammonia. Nitrification inhibitors effect on ammonia 

volatilization increased with the increase in their ability to retard 

nitrification of the NH4 produced by urea hydrolysis. In that study, 

two inhibitors caused more than 60% inhibition of nitrification in soils 

incubated with urea for 14 days. They also stated that urea hydrolysis 

was complete in 3 days, both in the presence and absence of these 

inhibitors in three soils (sandy clay loam and clay loam texture, pH 

6.8 to 7.9, and organic carbon 1.6S to 3.49%), which were incubated at 

300C and 90% r.h. with soil moisture content SO% of WHC. In the same 

study, Bundy and Bremner showed that the (NO + N02}-N evolved in the 

presence or absence of nitrification inhibitors did not present more 

than 1.S% of N added as urea and usually accounted for less than 0.3% 

of that nitrogen which indicated that very little loss of urea-N occurred 
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through chemodenitrification. Regarding N02 accumulation in soils they 

studied, the N02 accumulation was completely eliminated by addition of 

N-Serve, ATC, and greatly reduced by the addition of CL-lS80. The N-Serve 

greatly retarded N03 formation and significantly affected pH changes in 

urea treated samples in which values of pH were higher in the case of 

urea with N-Serve in soils incubated at 300C and 60% WHe, and the pH 

reached the highest values in 2 to 8 days. In their conclusion, Bundy 

and Bremner indicated that N-Serve and other nitrification inhibitors 

may prove valuable for controlling N02 toxicity problems encountered 

when using urea as a fertilizer and for reduction of the contribution 

of fertilizer urea to N03 enrichment of ground and surface waters, but 

that application of these inhibitors may promote gaseous loss of urea-N 

as NH3. 

Reddy and Prasad (1975) indicated that with N-Serve, urea-N was 

maintained at higher concentration than urea-N without N-Serve after 1, 

2 and 3 weeks of incubation at 290C, with soil moisture at field capacity, 

but urea-N was not detected after 4 weeks. N-Serve showed considerable 

retarding influence on the hydrolysis of urea. They also reported nitrate 

accumulation with urea application, while nitrate remained low with 

N-Serve treatment. 

Smith and Chalk (1980) found complete prevention of N02 

accumulation by addition of nitrapyrin with ammonia fertilizer, but did 

not prevent nitrification as shown by a decrease in exchangeable NH4 

and an increase in N03 during incubation. They illustrated that gaseous-N 

losses can be reduced if the rate of biological oxidation of NH4 can be 
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reduced, which provided evidence that N02 reactions may be responsible 

for the gaseous losses of nitrogen. 

Movement of Urea, N03 and NH4 in the Soil 
and Influence of Njtrjfication Inhjbitors 

Movement· of urea was restricted to the top 61 em with the addition 

of 10 cm of water immediately after urea fertilization on a fine sandy 

loam (Spiro, 1972). He also stated that urea will react differently 

with respect to flow when applied to different textures of soil under 

different amounts of water. Bauder and Montgomery (1980) showed that 

the total amount and depth of N03-N leached were dependent on irrigation 

method and N source. High volume-low frequency irrigation leached solutes 

to a greater depth than did low volume-high frequency irrigation. 

Contribution of N source to N03-N leaching was generally CO{NH2)2 ~ 

check < (NH4)2S04 < Ca{N03)2. Huber et ale (1969) reported reduction 

in nitrogen movement by using N-Serve to inhibit nitrification of AS as 

shown by the higher NH4-N content in the ° to 30.5 cm layer compared 

to that in the 30.5 to 61.0 cm layer. Without N-Serve, NH4-N levels 

were similar at both sampling depths. Hendrickson et al. (1978) 

attributed the movement of NH4 in Plainfield sand to low cation exchange 

capacity and low water holding capacity of that soil. They also suggested 

that nitrapyrin might be leached due to low organiC matter content and 

to the amount of irrigation water applied. 

----- -_ .. _-_ ... _. ---_ .. _ ....... -
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Urea took at least 1 week in sandy loam and 2 weeks in sandy 

soil to hydrolyze completely (Singh and Vadav, 1982). Nitrification 

started after 3 days in sandy loam and 2 days in sandy soils, 

respectively. At the end of the incubation period (35 days), the content 

of N03-N was more in the case of urea than in the case of AS treated 

samples in sandy loam soil and the reverse was true in sandy soil. 

Resul ts shown by Bundy and Bremner (1973) confi rmed that the 

effectiveness of N-Serve and other inhibitors in soil depends greatly 

upon the soil studied and that these compounds are most effective with 

light textured soils. Goring (1962a,b), however, found no consistent 

relationship between sorption of nitrapyrin by the soil and the pH or 

clay content of soil. 

Organic Matter 

The effectiveness of ni trapyri n 1 s reduced by sorpt i on onto 

soil organic matter. The period of inhibition was reduced as organic 

matter increased (Hendrickson and Keeney, 1979). Briggs (1975) found 

that nitrogen was in the NH4 form when AS coated by N-Serve was 

incorporated into a soil low in organic matter. In the soil high in 

O.M., where NH4 was more mobile than the inhibitor, some nitrification 

occurred. The influence of organic matter was probably due to positive 

correlation of organic matter with sorption and rate of decomposition 

of the nitrapyrin (Goring, 1962a). 
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High C:N organic matter could lower gaseous losses as Westerman 

and Tucker (1979) observed when wheat straw was added with AS and KN03. 

That was attributed to enhancement of immobilization of added nitrogen. 

pH 

Westsel aar, Passioura and Singh (1972) stated that nitrogen 

fertilizers which create a pH environment between 7 to 8 give rise to 

N02 formation which in turn decreases the pH below 7 and nitrate will 

be formed. On the other hand, acid N fertilizers (i.e. AS) will not 

create an optimum pH for the N02 formers, thus formation of N03 will be 

slow. Above pH 8, they found that the N02 formers were inactive, 

possibly because of high amounts of NH3 associated with high pH. 

Hendrickson and Keeney (1979) reported that N-Serve was less 

effective as soil pH increases. The effect of pH was probably on 

nitrifier activity rather than on the rate of N- Serve hydrolysis. 

Although the nitrifier population appeared to be more susceptible to 

the nitrification inhibitor as pH was increased, the rapid recovery of 

ni trifi ers at high pH val ues coul d have easily masked thei r greater 

suscept i bil ity. They suggested the need for greater ni tri fi cat ion 

inhibitor concentration to control nitrification with higher soil pH 

value. 

Fenn and Kissel (1974) studied the effect of pH on NH3 losses. 

Formation and decomposition of (NH4)2C03 were related to NH3 loss and 

not the initial soil pH when precipitate-forming ammonium compound were 

being used. They estimated a maximum of 70 to 80% of total NH3-N loss 

because of that reaction. 

- - ,--' ---- -,,-_ .. __ ._-
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Goring (l962a) explained the influence of pH from the positive 

correlation between pH and rate of recovery of the surviving nitrification 

organisms. The multiple regression analysis, however, showed the 

variation could not be attributed to influence of pH or organic matter 

and could be ascribed to other unknown factors in the regression analysis. 

Temperature 

Meikle (1978) reported that the N-Serve was more effective at 

low soil temperatures than at high when nitrapyrin was applied with 

ammonium fertilizers at planting time. He also suggested applying 

fertilizer and nitrapyrin at planting time in warmer climates (Davis, 

California and Stoneville, Mississippi), whereas, the choice of 

application time can be made within fairly broad limits in cooler climates 

(Urbana, Illinois). 

Goring (1962a) noted that within the normal range of soil 

temperature, the rate of decomposition of nitrapyrin will probably 

increase with increasing temperature, as well as the rate of recovery 

of the surviving nitrifying organisms. 

Bundy and Bremner (1973) showed the fo 11 owi ng nit rifi cat i on 

inhibitors (N-Serve, ATC, sodium or potassium azide, CL-1580, 

dicyandiamide, 3-chloroacetanilide, 1- amidino-2-thiourea, 

2,5-dich1oraniline, phenylmercuric acetate, AM, ST, and sodium 

diethyldithiocarbamate) were more effective at 15 than at 300C and that 

temperature also influenced the relative effectiveness of these chemicals. 

Nitrification inhibitors were much more effective in laboratory 

incubations at temperatures below optimum for nitrification (Keeney, 
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1980). He attributed that effect to a combination of greater inhibitor 

persistence due to slow degradation and/or volatilization and low 

nitrification activity. 

The effect of temperature on total NH3-N loss was studied by 

Fenn and Kissel (1974). They found that the loss depends on the presence 

or absence of CaC03 in the soil and the type of NH4-compound. Temperature 

changes had a moderate influence on NH3 losses from NH4 compounds that 

reacted with CaC03' Total NH3-N loss was greatest at 110 kg NH4-N/ha 

where losses increased 73% between 12 and 320C. 

Carbonates 

The total amount of ammonium nitrified was not only related to 

pH but also to the amount of carbonate added (Westse1arr et a1, 1972). 

Amount of N02-N plus N03-N was highest at any time for compounds which 

contained carbonate (urea and ammonium sulfate + potassium carbonate). 

They explained the effect of carbonate on nitrification in terms of pH. 

Concerning the effectiveness of nitrification inhibitors in the 

presence or absence of CaC03, Laskowski and Bidlack (1977) found that 

nitrapyrin was made less effective by adding CaC03, while Goring (1962b) 

found no obvious relation between nitrapyrin effectiveness and carbonate 

content. 

Application Method of Fertilizers and Inhibitors 

Surface application of urea resulted in a 18% loss of nitrogen 

through volatilization (Spiro, 1972). The losses decreased with depth 

of application when treatments were applied at 1.2 or 3.75 cm in depth. 

Turner and Goring (1966) strongly recommended band or row application 

-------------
.\ 
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of N-Serve with fertilizer rather than broadcast application as a result 

of N-Serve volatility. 

Malzer (1979) demonstrated that incorporation of both N-Serve 

and Terrazole (Dwell) is critical if they are to be effective in 

inhibiting nitrification. Because loss of the inhibitors to the 

atmosphere may take place in a matter of a few hours, no effect will 

result when inhibitors are broadcast on the soil. Spray application of 

inhibitors following incorporation and then following by broadcast 

application of fertilizer was suggested by Malzer. 

Hendrickson et al. (1978) stated that deeper placement of the 

bands applied at planting would have provided cooler soil temperatures 

and a higher soil water content making volatil ization of nitrapyrin 

less likely. 

Goring (1962b) also observed less control of nitrification when 

the fert i 1 i zer app 1 i cat i on depth was 2.5 as compared to 7.5 cm. He 

attributed the significant decrease of affectivity of the nitrapyrin to 

the volatilization of the chemical when a band application of treated 

fertilizer was placed too close to the soil surface. For that reason, 

higher concentration of the chemical was required for broadcast than 

for band application. 

Application Method and Moisture Regime 

Goring (1962b) discussed in detail the effectiveness of broadcast 

and band application of solid fertilizer under leaching and non-leaching 

conditions. Nitrapyrin gave simil ar control of nitri fication of AS, 

NH4N03 and (NH4)2HP04, and considerably poorer control of nitrification 

----_ ..... _ .. _--. .-.... -.--
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of urea in both broadcast and band application when leaching occurred 

immediately after 'fertilizer application. Under non-leaching conditions, 

nitropyrin gave similar control of nitrification for all fertilizers 

including urea. Broadcast application of solid fertilizers, superior 

control of nitrification was obtained with the chemical as the rate of 

app 1 i cat i on of water was increased from 1. 2 to 5 em per week. With 

band application of solid fertilizer, when repeated light applications 

of water (2.5, 5.0 and 10 cm) were used, earlier control was similar 

with the various amounts of water, but later control was superior with 

the light application 'of water. It was obvious that the chemical was 

effective at all rates of application of water with both broadcast and 

band fertilizer application, indicating sufficient leachability through 

soil. 

Briggs (1975) studied the behavior of N-Serve in broadcast and 

incorporated appl ications to soil. Most of the chemical was lost 

overnight when applied to the soil surface, while vapor losses from the 

incorporated treatments in the field were negligible. Losses of the 

chemical spread on the surface of soil in the laboratory were rapid and 

greater from wet soils than the dry ones. 

Application Method and Distribution of Inorganic-N 

Westselaar et al. (1972) studied distribution of NH4' N03 and 

N02 as affected by band placement of fertilizers. The NH4 concentration 

near the point of placement was higher in case of (NH4}2S04 than for 

urea for about 4 weeks. They attributed these differences to the higher 

rate of dissolution of urea as compared to (NH4}2S04, although they may 

, . 
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have been due to differences in the mobilities of NH4 and urea. The 

high concentration of NOg in the top 4 cm of soil with urea after 4 and 

8 weeks, and with (NH4)2S04 after 8 weeks, indicated that a redistribution 

of NOg had taken place probably due to an upward capillary movement of 

the N03 and N02 which had formed at greater depth. Their result also 

showed that urea is nitrified faster than ammonium sulfate. Regarding 

the effect of the method of application on local concentration of nitrogen 

and its transformation, Westselaar and his co-workers stated that if a 

given amount of nitrogen fertilizer is applied, the local concentration 

of the fertilizer will depend on the mode of application and will increase 

in the order (a) uniformly mixed with topsoil (b) surface broadcast (c) 

narrow band spacing and (d) wide band spacing. With an increased 

concentration of fertilizer, the chance of nitrifying micro-organisms 

to meet the hostile environment (high osmotic pressure, high NH4, high 

pH) will also increase and nitrification will be reduced as well. 

Nitrification Inhibitors Inflyence on Form 
of Nitrogen Uptake by Plants 

Nitrification inhibitor treated soil samples showed a higher 

NH4-N/N03-N ratio than comparable non-nitrification inhibitor treatments. 

The predomi nance of NH4 -N interfered wi th plant metabo 1 ism and both 

yield and development of potato tubers were impaired (Hendrickson et 

al., 1978). Parr (1973) reviewed the impact of nitrification inhibition 

on utilization of nitrogen which cause plants to utilize NH4-N to a 

greater extent than in the absence of such inhibition. Plants supplied 

with NH4-N grow less vigorously than with NOg-N. The possible reasons 

given by Parr were: 

.-----"--_._--_ ... _-,.-_.-_._--
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1. Effect of NH4 on electron transfer systems. 

2. Interrelationships with carbohydrate metabolism. 

3. Ammonia toxicity. 

4. Ion uptake and competitive interaction. 

5. Effect on pH, where NH4 absorption for most plants reaches a maximum 

above pH 7, while for N03 is near pH 4. 

Turner and Goring (1966) indicated that the more general aspect 

of the use of N-Serve is its potential effect on the growth and yield 

of crops through the type of nitrogen to whi ch the crop is exposed. 

They had evidence that the type of nitrogen taken up by the crop may 

have an influence on its susceptibility to various soi1- borne diseases. 

The symptoms of certain diseases, such as Verticl111um may be controlled 

when the plant is feeding mainly on NH4-N, while others, such as 

Rhyzoctonia may be enhanced. 

Nitrification Inhibitor Interaction 
With Other Nytrients 

Meikle (1978) reported differences of 10% or greater in the 

level of N, K, S, Ca, Fe, B, Cu, and Zn in young N-Serve-treated wheat 

plants as compared with untreated plants. The higher nutrient levels 

were reflected in greater yield at harvest. 

Lueking et a1. (1983) studied the effect of increasing rates of 

K and nitrapyrin on nitrogen uptake' by corn. They found that nitrapyrin 

appl ication with anhydrous-NH3 kept a higher concentration of NH4 in 

the soil as compared to the checks for 4 to 6 weeks. Yields and N percent 

in leaves were decreased by increasing rates of K. The competition was 
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confirmed by low total N in the grain and the decreased total N in leaves 

6 through lQ at tasseling as K rate increased. 

English, Rufner and Barker (1980) stated that nitrapyrin 

restricted dry weight production of corn plants receiving sludge and 

increased growth in those receiving KN03. In all plants receiving 

nitrapyrin, the concentrations of Ca and Mg were reduced except in those 

grown at the lowest rate of sludge application (200 mg N/pot). 

In the study by Warren et al. (1980), zinc was the only mineral 

in corn plants that significantly increased when nitrapyrin was added 

with NH4 fertilizer. They concluded that the nitrification inhibitors 

can effectively reduce nitrogen losses without adversely affecting the 

uptake of other mineral s. Parr (1973), however, stated that pl ants 

supplied with NH4-N often contain lower concentrations of certain 

inorganic cations such as Ca, Mg, and K, and higher concentrations of 

S, P, and Cl (anions) compared with plants receiving nitrates. 

Tomato Plant and Nitrogen Nutrition 

Ganmore-Neumann and Kafkafi (1980a) reported that high percentage 

N03/NH4 retarded plant growth at low root temperature (8oC) , but was 

preferred at high root temperature (340C). Most growth was produced 

when the solutions were maintained at a 50/50 ratio of N03/NH4. Tomato 

plants grown i n sol ut ions ri ch in N03 developed long, th i n branched 

roots, and those grown in solutions rich in NH4 developed short, thick 

second and third order roots. 

In another study by Ganmore-Neumann and Kafkafi (1980b), increasing 

root temperature increased total N, P, Mg, and K in the shoot irrespective 
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of ratio of N03/NH4 in the solution. With tomato plants, grown in 

temperatures of 160C and above, the content of Ca concentration decreased 

in the presence of NH4 in the'nutrient solution. 

-_ .. _ ... _ .... 
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CHAPTER 3 

MATERIALS AND METHODS 

Soils 
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Surface (0 to 30 cm) samples of three Arizona soils were used 

in this study. These soils include the Anthony sandy loam (coarse-loamY, 

mixed, calcareous, thermic, Typic Torrifluents) which was collected 

from a location west of Tucson near Three Points, laveen loam 

(coarse-loamy, mixed, hyperthermic, Typic Calciorthids) from the 

University of Arizona Experiment Farm at Mesa and Vinton loamy sand 

(sandy, mixed, thermic, Typic Torrifluents) was collected from the 

Buckel ew Farm near Three Poi nts. About 320 kg from each soil were 

air-dried and crushed to pass a 2 mm screen, mixed thoroughly and stored 

separately for subsequent use. Some physical and chemical properties 

of these soils are shown in Table 1. 

The Greenhouse Study 

Preparation of Soil Columns 

ABS cylinder columns of IOcm internal diameter and 50cm in length 

were used. A cap was sealed on the bottom end with a drain hole in the 

center. A layer of glasswool was placed at the bottom to prevent soil 

loss through the bottom hole during packing. A 4500 g soil sample was 

placed gradually in a column with continuous light hammering at the 

sides of the column to ensure uniform packing. A total of 153 columns 

were prepared. Soil depth in each column was about 40 cm . 

.. - ._--_ ... _. __ ... --_ ... -_ ... _---_ .. _--
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Table 1. Physical and chemical properties of the soils. 

~ 
Soil Parameter --------------Anthony---------Laveen--------Vinton-------

Sand (%) 75.0 37.8 76.0 

Silt (%) 14.2 39.2 21.0 

Clay (%) 10.8 23.0 3.0 

Texture Sandy loam Loam Loamy sand 

pHe 7.2 7.8 7.7 

ECe (dSm- 1) 0.9 2.2 0.8 

Cation Exchange Capacity 
meq Nal100 g) 9.0 12.7 8.4 

CaC03 Equivalent (%) 0.4 9.0 0.5 

Organic - C (%) 0.2 0.1 0.2 

Organ,ic - N (mg/kg) 189 435 281 

NH4 - N (mg/kg) 0.8 0.7 1.1 

(N03 + N02) - N (mg/kg) 13.6 63.1 1.8 

C/N 7.9 2.8 5.7 

----_. .- "._-_. . 
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Treatments 

Each soil received the following treatments: 

Fertil izers. Two nitrogen sources were used: urea crystal s 

and AS analytical reagent. 

Fertilizer Rates. Two rates of 112.1 and 224.2 kg N/ha of each 

fertilizer were applied. Calculations for these rates for columns were 

based on the volume of soil in one hectare to a 40cm depth, or the same 

as the depth of soil in each column. To achieve these rates in soil 

columns, amounts of 0.419 and 0.838g of AS and 0.191 and 0.382g of urea 

were added for 112.1 and 224.2 kg N/ha application rates, respectively. 

Nitrification Inhibitor Dwell 4 E. The nitrification inhibitor 

Dwell 4 E was applied at two rates; 0 and 1.23 kg/ha active ingredient. 

The material used contained 44% active ingredient. Specific chemical 

and physical properties of Dwell 4 E are listed in Table 2. 

To apply the required rate of Dwell 4 E to the soil, solutions 

of 5.0, 0.2 and 0.02% Dwell 4 E were prepared. Then IO.Om1 of 0.02% 

Dwell 4 E solution was added to give 0.9669 X 10-39 active ingredient per 

4500g of soil in the columns. 

Application Method of 
Fertilizers and Dwell 

Both fertilizers and Dwell were added to the soils by two methods; 

(1) uniform mixtures and (2) banded fertilizers and Dwell. 

Uniform Mixtures. A volume of 500 cm3 soil was removed from the 

top of the soil column. Then the required rates of fertilizer and Dwell 

were added to that portion of the soil, thoroughly mixed and the soil 

was replaced in the soil column • 

. - .•. _-_ ........ _ .. ---- .. _.-._----------
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Table 2. Chemical and physical properties of terrazole. 

Trade Name: 
Chemical Name: 
Empirical Formula: 
Structure Formula: 

Terrazole (an Olin trademark) 
5-ethoxy-3-(trichloromethyl)-1,2,4-thiadiazole 
C5H5 C13 N2 OS 

S 
N 

C - CC13 

Purity: 95% 5-ethoxy-3-(trichloromethyl)-1,2,4-thiadiazole 
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Properties: Pale yellow-reddish brown liquid; molecular weight 247.5; 
. specific gravity 1500 @250C; pH 3 to 4 

Odor: Musty - mildly pe2sistent 
Vapor Pressure: 2 X 10- mm Hg at room temperature 

Solubilities: soluble in acetone, ether, ethanol, hexane, xylene and 
carbon tetrachloride. (Soluble in water to > 100ppm at 250C 

Stability: stable to light (including ultra Violet); and prolonged 
storage in glass or metal sealed containers. Terrazo1e 
reacts with steel and many other metals. lined containers 
are used for products containing Terrazo1e. Some loss 
will occur in polyethylene over prolonged storage. 

Flammability: Flash point 1510C (Cleveland open cup) 
Extinguishing 
media: C02 

Decomposition:Hydro1yzes with acids and bases. May emit toxic fumes of 
chlorides, oxides of sulfur, and nitrogen. 

Corrosion: According to NACE TM-01-69: 
steel SAE 1020 0.14 
aluminum 7075-T6 0.09 

I. Dwell nitrification inhibitor contains 5-ethoxy-3-(trichloromethyl)-
1,2,4-thiadiazole. This is also the active ingredient in the Olin 
product currently registered and marketed as Terrazole Soil Fungicide. 
The active ingredient is also marketed under the trademarks Pansoil, 
Truban, Koban, and Aaterra. Dwell nitrification inhibitor is 
currently in the research stage. Although the active ingredient of 
Dwell currently exists, and is being marketed in other registered 
products, Dwell is not registered for use. 

2. Source: Dwell Nitrification Inhibitor Technical information and 
Terrazole Technical Data Sheet. 
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Banded Fertilizers and Dwell. A volume of 550 cm3 soil was 

removed from the top of the soil in the column. For 50 cm3 soil from 

that volume, 10.0 ml of 0.02% Dwell was added by pipette. The resulting 

paste was placed over the remaining soil in the column in three rows. 

Urea or ammonium sulfate treatment was then applied over the soil and 

Dwell rows and the rest of soil (volume of 500 cm3) was returned into the 

. soil columns. The depth of soil above the fertilizer and Dwell was 

about 7 cm. 

Water Application 

A day after application of fertilizers and Dwell treatments, 

water was applied to the soil columns to bring moisture content up to 

2/3 of the field capacity, a day before tomato transplanting. Amounts 

of water applied and moisture contents at 2/3 of the field capacity for 

the three soils used in this experiment was as follows: 

Soil 

Anthony 

laveen 

Vinton 

moisture content at 
2/3 F.C in percent 

14.3 

20.0 

16.1 

amount of water added 
to 45009 soil. ml 

644 

900 

725 

Moisture content at field capacity was determined by allowing soil 

columns to drain for 48 hours after saturation with distilled water. 

Soil samples were then taken by Oakfield probe representing the whole 

soil in the column for moisture determination. Moisture content in the 

soil columns was monitored on the weight basis for randomly selected 

columns for each soil. The average loss of water per day for columns 

-,----------_ ...• _-_._-_ .... _ .. _ .... _-_ ... _-. 
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of each soil was determined and the moisture level adjusted to the 

original level once every other day. After plants were growing in the 

soil columns, moisture was adjusted as required by testing the friability 

of the top soil in the columns. In all cases, there were no losses of 

water by leaching. 

Preparation of Tomato Plants 

Tomato seeds lycopersicum escu1entum cu1tivar 'Row Pak' were 

broadcast over about 6 kg quartz sand saturated by distilled water in a 

plastic container in the greenhouse. After a period of 11 days, when 

the tomato plants reached about 6 to 7 em height, plants were transplanted 

into the soil columns. Three holes, about 0.6 em in diameter and 2.5 em 

in depth, were made in the top of soils in the columns for three tomato 

pl ants per col umn. Plants were transferred from sand culture to the 

columns, where plant roots were inserted gently in the provided hole 

and covered by surrounding soil to support the transferred plant. Most 

of the plants which were transplanted into the soil columns grew properly. 

In the columns where the growth failed, tomato plants from the sand 

culture were transplanted in place of the dead plants. Four days after 

transplanting (May 11), all the plants in all the columns were growing 

successfully. On June 10 and 11, the pl ants were thi nned to one per 

column. 

Tomato plants were harvested on July 17 and oven-dried until there 

were no changes in weight with time (three days at 650C). Weighing for 

dry matter yield was followed by grinding and passing through a 40 mesh 

sieve in a Wiley mill. 
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Addition of Phosphorus and Potassium 

Eighteen days following transplanting, all the treatments received 

4.0 m1 of 1M KH2P04 to supply the growing plant with 27.55 mg P and 34.67 

mg K/kg soil. 

Experimental Design 

A factorial design greenhouse experiment was arranged in a 

randomized complete block design. There were three replications, each 

replication contained three soils in which each soil received two 

fertilizers, two rates of fertilizer and Dwell, two methods of fertilizer 

and Dwell application, and one untreated control. There was a total of 

153 columns in the greenhouse experiment. Thirty days after transplanting 

all the columns were re-randomized in each block. Statistical analysis 

was performed using SPSS MANOVA for factorial designs with split blocks. 

Treatments were compared with the controls using the Dunett test. 

Soil Sampling 

After harvesting the plants, soil samples were taken from the 

columns from two depths; 0 to 18 cm and 18 to 40 cm by an Oakfield probe. 

The soil samples were placed in plastic bags and stored in a freezer 

(-200C) until analysis. Frozen soil samples were allowed to thaw and 

air dry at room temperature, then the air-dried soils were ground with 

mortar and pestle and passed through 2 mm sieve for subsequent analyses. 

Experiment Number 2 
pH Changes with Time in Urea-Treated Soils 

This experiment was conducted to evaluate the possibility of 

ammonia loss from soil treated with urea fertilizer and determine how 

-_...- ._-----_ .... _ .... __ ... _._--
.. 
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the Dwell application influences the pH values with time through its 

effect on retarding nitrification. 

Materials and Method 

The same three soils (Anthony, Laveen and Vinton), which were used 

in the greenhouse experiment, were used in all of the following 

experiments. To 50 g of soil in 150 m1 plastic cups,S m1 of 0.085% urea 

was added to provide 4.25 mg urea which is equivalent to 224 kg N/ha. 

Half of the treatments received 1.1 m1 of 0.0022% Dwell solution 

(containing 9.68 mg active ingredient per 1 iter). Moisture then was 

adjusted to 3/4 of field capacity by adding deionized water to make the 

total moisture content 7.15, 10.00 and 8.05 ml per 50 g of Anthony, Laveen 

and Vinton soils, respectively. Plastic cups which contained the treated 

soil were covered tightly with Handi-wrap and fastened by rubber bands 

to minimize water loss during incubation and to allow ammonia to escape. 

All the containers were incubated at 33 ± to 20C. Duplicate samples for 

each treatment were taken for pH measurement at time interval s of 

0,1,2,3,4,6,8 and 16 days after addition of urea or urea + Dwell to the 

soils. Suspensions of 1:1 soil-water were prepared and the pH measured 

according to the method described by Peech (1965). 

Experiment Number 3 
Nitrification Inhibition by Dwell 

The objectives of this experiment were, I} to evaluate with 

direct evidence the inhibition of nitrification process by Dwell, 2) to 

evaluate if there is any effect of Dwell on denitrification, 3) to 

evaluate the effectiveness of Dwell with urea and ammonium sulfate 
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treatments with different soils, 4) to determine the effectiveness of 

Dwell with time and 5) to evaluate the impact of Dwell on total nitrogen 

content of soils. 

The same three soils used previously were used in this 

experiment. To 25.0 g of soil in french square bottles (8 oz.), 2.5 m1 

of 0.08% urea solution were added to provide 39 ppm N which corresponds 

to 224.2 kg N/ha, and in the other set of soils 2.5 ml of 0.1~~ ammonium 

sulfate solution was added to provide 39.1 ppm N. Half of the urea and 

AS treated soils received 0.55 ml of 9.68 mg A.I./liter dwell solution, 

which is the same rate used in the greenhouse experiment. To bring the 

moisture content to 3/4 F.C., water was added to make the final moisture 

content up to 3.58, 5.00 and 4.03 ml in the Anthony, Laveen, and Vinton 

soils, respectively. Then, all bottles were covered tightly with 

Handi -Wrap II and weighed. The samples were incubated at a constant 

temperature of 300C in an incubator and the moi sture content of the 

samples was corrected after 12 days. Duplicate samples of each treatment 

were taken at time intervals of 0, 5, 10, 15, 20 and 25 days for 

extraction by 2M KC1. For each soil sample in the french square bottles, 

exactly 125ml of 2M KCl was added. 

After shaking for 1 hour, the suspensions were filtered through 

double Whatman No.2 filter papers and 25 ml a1iquots were taken for 

NH4-N determination, and another set of 25 ml aliquots were taken for 

total inorganic nitrogen (N02, N03 and NH4}-N determination (Bremner, 

1965b). The amount of (N02 + N03)-N was determined by subtraction of 

NH4-N values from the total inorganic nitrogen values. 

----_.---_._----- ---
, . 



Analytical Methods Used in 
the Greenhouse Experiment 

Extraction of Ammonium and Nitrate 
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Air-dried soil samples were crushed and passed through 2-mm 

sieve. Soil samples of 50.0 g on oven-dry basis were treated with 125 

ml of 2M KCl .j n 8 oz. french square bottles, shaken for an hour and 

fi 1 tered through Whatman No. 40 fi 1 ter paper with a Buchner funnel. 

The remaining soil on the filter paper was washed by two portions of 25 

ml of 2M KCl to ensure leaching of soil ammonium. The filtrate was 

then made to volume of 250 ml using 2M KCl and stored in the walk-in 

refrigerator until analysis. 

Determination of Ammonium 

The same procedure of Bremner (1965b) was used with s 1 i ght 

modification. Al iquots of 100 ml of soil extract was used in 300 ml 

Kjeldahl flasks, and 0.8 9 of MgO was added before steam distillation. 

Extension tubes were used to modify the distillation apparatus for using 

300 ml Kjeldahl flasks. About 45 ml of the distillate was collected in 

25 ml Erlenmeyer flasks, containing 5 ml of 2% boric acid mixed indicator 

solution (methyl red, sodium salt with methylene blue) and titrated 

with 0.005 N KH(I03)2 to determine the amount of liberated ammonia from 

ammonium in the soil extract. The indicator was described by McKenzie 

and Wallace (1954). 

Determination of (Nitrite + Nitrate) 

After removal of ammonium-N from the samples as described in the 

previous section, 0.8 g of finely ground Devarda's alloy was added rapidly 
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to the same sample. Then the amount of 1 iberated ammonium resulting 

from nitrate + nitrate reduction by steam was distilled and determined 

the same way as in the ammonium-N determination. 

Determination of the Organic Nitrogen 

After extraction of ammonium and nitrate from soil, the remaining 

soil on the filter paper was washed with 25 m1 deionized water to remove 

excess salts. The soil was transferred into aluminum cans and dried 

for 12 hours at 650C. Then soil was crushed and screened through a 2-mm 

sieve. A 2 g soil sample was digested with 0.5 g of K2S04-cata1yst 

mixture and 4 m1 of concentrated H2S04 followed by steam distillation 

and nitrogen determination as described by Bremner (1965a). 

Soil Characterization 

Particle size analysis was determined by the hydrometer method 

(McKeague, 1978). Calcium carbonate equivalent was determined by 

graVimetric loss of carbon dioxide (Richards, 1954). 

Organic carbon, cation exchange capacity, pHe and ECe were determined 

by the Soil Testing Laboratory in the University of Arizona Department 

of Soil, Water, and Engineering . 

.. - .. --'" ....... --.. __ .... _ .. ". __ ... -. __ ... '-" 



CHAPTER 4 

RESULTS AND DISCUSSION 

Evalyation of Dwell as a 
Nitrification Inhibitor 
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In order to demonstrate the effect of Dwell as a nitrification 

inhibitor, an incubation study was conducted in which the three soils 

received a high N rate supplied as urea and AS with and without Dwell. 

Figure 1 shows changes in NH4 content of soil versus time in d~s, where 

AS was used as a nitrogen source. In all three soils, Dwell treatments 

maintained high NH4 levels compared with no Dwell for over 10 days in 

case of Vinton and Laveen soils, and over 15 days in Anthony soil. The 

response for Dwell application was more obvious with Vinton and Laveen 

than with Anthony, although the latter maintained high NH4 in both Dwell 

treatments. 

With urea, Figure 2 shows that the amount of NH4 in the soils 

increased during the first period of inCUbation because of urea hydrolysis 

and the highest value for NH4 was obtained at day 5 in all treatments, 

then decreased due to nitrification. Dwell treatments with urea also 

maintained high NH4 content for almost the same period as that observed 

with AS treatments. This is clear evidence that the Dwell was effective 

in retarding nitrification with both urea and AS for 10 to 15 days. 

The soils which showed higher response to Dwell were Laveen and Vinton. 

Apparently, the Anthony soil has an abil ity to maintain a high NH4 

concentration which is probably related to low pH (Table 1) and very 

low CaC03 content resulting in less volatilization of NH3' The 
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Fig. 1. Changes in NH4-N content in the three soils received high rate 
of ammonium sulfate with and without Dwell versus time. Soils 
were incubated at constant 30oe. 
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Fig. 2. Changes in NH4-N content in the three soils received high N 
rates of urea with and without Dwell versus time. Soils were 
incubated at constant 300e. 
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nitrification rate is expected to be high in Vinton because of its loamY 

sand texture, which enhances gas exchange and provides nitrifiers with 

required oxygen. In laveen soil, because of its high CaC03 content, 

which provides Ca ions to replace NH4 from exchange sites, the NH4 in 

the soil solution will be subject to nitrifier microorganisms. 

Figures 3 through 6 show the status of (N02 + N03)-N and total 

N in incubated soils. In soils treated with AS (Fig. 3), (N02 + N03)-N 

increased with time with both Dwell and without Dwell treatments, 

indicating that the nitrification of ammonium occurred in both treatments, 

although Dwell treatments showed a considerably lower rate of 

nitrification than w'ith no Dwell, which implies that Dwell did not inhibit 

nitrification, but rather slowed down the process of nitrification to a 

certain degree. There were no obvious differences in nitrate in both 

Dwell and no Dwell after 20 days of incubation, as a result of 

disintegration of the chemical. The (N02 + N03)-N in laveen soil was 

higher than in the other two soils throughout the incubation period 

because of the initial high N03 in laveen, as shown in Table 1. The 

rate of nitrification was higher in both Vinton and laveen than in Anthony 

during the first 10 days, as shown in Figures 1, 3, and 4, then slowed 

so that almost no measurable increase in nitrate was detected, 

particularly in no Dwell treatments. Meanwhile, in the Anthony soil, 

the nitrification continued for about 20 days. 

The order was the same with urea (Fig. 4), as with AS and all 

the discussion concerning Figure 3 can apply to Figure 4, which indicates 

that N source did not have any effect on the process of nitrification 

and the effectiveness of the chemical. 

. . 
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No nitrogen loss was observed during the entire time of incubation 

in the treatments with AS (Fig. 5), and the amount of total inorganic N 

remained almost constant with each soil, regardless of Dwell treatment. 

With urea (Fig. 6), total N increased during the first 5 days because 

of urea hydrolysis and then reached a constant level for the remaining 

incubation time, which lasted for 25 days. 

Both urea and AS treatments resulted in about the same level of 

total inorganic N with and without Dwell except in Dwell-urea treatments 

of Laveen and Vinton soils, where the total N treatments were slightly 

below the amounts of treatments without Dwell, as shown (Fig. 6), possibly 

because of NH3 vol at i 1 i zat ion, since urea resul ted in an increase in 

the Vinton to above pH 8 during hydrolysis (Table 3). 

There is no evidence of any retardation in urease of pH changes 

in Table 3, where the pH values increased because of urea hydrolysis, 

and by studying the changes in NH4 concentration versus time in both 

urea with and without Dwell (Fig. 2). 

During the soil incubation time, no loss of N through 

denitrification was observed (Figs. 5 and 6), with or without Dwell 

treatments, therefore, it is difficult to conclude whether Dwell has an 

inhibiting effect on the denitrification microorganisms. 

Nitrogen Content in Plants 

In the greenhouse experiment, there were significant differences 

in N uptake by tomato plants grown in the three soils as affected by N 

source, N rate, use of Dwell and application method of Dwell with 

._------- .. -._-_._--_ .... _ .. _.- .. 
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Table 3. Changes in pH with time in days of soils treated with 39.1 mg N/kg AS urea 
(equivalent to 224 kg N/ha) with and without Dwell at a constant temperature of 
330C. 

Treatments Time of Incubation in Days 

0 1 2 3 4 6 8 16 

Anthony 7.7 8.1 8.0 7.8 7.9 7.7 7.3 7.0 

Anthony + Dwell 7.7 8.1 7.9 7.8 8.1 7.8 7.6 7.6 

laveen 7.9 8.0 7.9 7.7 7.9 8.0 7.0 7.9 

laveen + Dwell 7.8 8.0 7.9 7.9 7.9 7.7 7.7 7.9 

Vinton 8.2 8.1 8.3 8.5 8.3 7.7 7.8 7.8 

Vinton + Dwell 8.2 8.0 8.5 8.3 8.6 8.6 8.0 7.9 

U1 
\0 
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fertilizer, and their interactions. The patterns of dry matter yield 

and N uptake are highly correlated unless otherwise mentioned. 

Soils 

Plants grown in Laveen soil had the highest N content followed 

by Anthony and Vinton, respectively (Fig. 7). This is the same order 

of the initial inorganic N and clay content of these soils (Table 1). 

Dwell 

Figure 8 shows that Dwell treatments, in general, were effective 

in increasing N content by 41% over treatments without Dwell. The 

chemical formu1 a contains only 4.98% nitrogen, the rate at which the 

chemical was used was 1.23 kg/ha active ingredient, its contribution to 

total N added to the soil was not more than 0.4 kg N/ha. This amount 

is very low, and consequently, wi 11 not affect soi 1 N 1 eve1 . A1 so, 

Terraso1e, the trade make name of Dwell, is a well-known soil fungicide, 

and there is no evidence of effects other than inhibition or retardation 

of microbial activity in soil. Therefore, the improvement in N efficiency 

with Dwell is related to inhibition of nitrification and consequently, 

reducing losses of N by denitrification. 

Fertil izers 

Nitrogen content of plants was significantly higher, by 94%, 

when AS was a N source as compared to urea (Fig. 9) and 256% higher 

than in control plants. The possible reasons for superiority of AS 

over urea treatments could be: 

-.,~------ --
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Fig. 7. Nitrogen content in plants grown in the three soils. 
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Fig. 8. Dwell treatment effects on nitrogen content in plant • 
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Fig. 9. The average nitrogen uptake of 3 plants as affected by urea and 
ammonium sulfate treatments. 

Control treatments were not included in the calculation of LSD. 
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1. Hydrolysis of Urea. Urea hydrolyses to form ammonium 

carbonate, which is an unstable compound, as a result of hydrolysis the 

pH increases (Table 3) and ammonia is subject to volatilization as shown 

by Terman (1979) as follows: 

CO(NH2)2 + 2H2) _Yr~~~~ __ > (NH4)2C03 

(NH4)2 N03 __ ~2Q ___ > 2NH3 + C02 

2. leaching of Urea. Downward movement of urea with water is 

well documented. In this greenhouse experiment, no N loss by leaching 

through the soil columns occurred; however, water was added after the 

soils were treated with fertilizers and Dwell, but before tomato 

transplanting. There was a possibility of a downward movement of urea, 

before hydrolysis was completed, beyond the reach of young tomato plant 

roots; thus, less N was available for the young plants which may have 

affected the later stages of plant growth. Plants grown in soils treated 

with AS utilized more available NH4-N since NH4 ions are less leachable 

because of their positive charges; so they can be held on the exchange 

sites of cl ay. 

3. Sulfate content of AS. Since AS contains another essential 

macro-nutrient, namely sulfur, this could also contribute to more yield 

with a restricted root system under greenhouse conditions; however, no 

measurement for sul fate status in soil or in pl ants has been made to 

prove that argument. 

N Source x N Rate Interactions 

Increasing the rate of fertilizer application from 112 to 224 

kg N/ha resulted in an increase of 70 and 92% in N content in plants 
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grown in urea and AS treatments, respectively (Fig. 10). Within each 

rate of fertilizer, N content values for AS treatments were higher than 

values for urea by 58 and 79% with low N and high N, respectively. In 

other words, plants utilized the additional increments of N from AS 

more efficiently than the same additions from urea under these 

experimental conditions. 

N Soyrce x Application Method Interactions 

With both app1 ication methods, band and thoroughly mixed, N 

content in plants grown in AS treated soils were 53 and 93% higher than 

those grown with urea treatments, respectively (Fig. 11). When urea 

was applied in bands, a significant 12% increase in N content was obtained 

over thoroughly mixed urea treatments. In contrast, thoroughly mixed 

AS showed an increase of 13% over AS band treatments. 

N Source x N Rate x Application 
Method Interactions 

Figure 12 shows the interaction of fertilizer application with 

the rates of both fertilizers applied. There is no significant difference 

in N content when the low N rate of both AS and urea was used with either 

application soil. According to the pH data in Table 3, it is most likely 

that NH3 volatilization may be considered a major factor related to the 

low response of Vinton soil to urea. less NH3 volatilization is expected 

from laveen since the pH remained almost unchanged and below pH 8 through 

the entire time of the experiment, partly because of precipitation of 

CA by urea. 
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Fig. 10. The effect of application rate of Urea and ammonium sulfate on 
nitrogen content of plants. 
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Fig. 11. The effect of application method of urea and ammonium sulfate 
on nitrogen content of plants. 
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The general pattern with regard to response for urea was related 

to soil texture. Nitrogen uptake decreased in the following order Laveen 

loam> Anthony sandy loam> Vinton loamy sand as shown (Fig. 13). That 

order coul d provide more evidence for a faster downward movement of 

urea with added water in lighter soil textures. 

The increase in N uptake with AS over urea were almost in direct 

proportion with the increases in the yield (Fig. 14). The only exception 

is with the Laveen soil, where AS treatment resulted in 18% increase in 

yield over urea, while an increase of 34% was measured in N uptake. 

This observation could be explained on the basis of a growth curve where 

one nutrient is a limiting factor, in this case N, by assuming that 

they yield with AS treatments is near the maximum yield. In this case, 

any additional increment of a nutrient will increase yield less than 

the previous increment, which results in an increased nutrient 

concentration in plant without a proportional increase in yield. 

Dwell x N Rate Interaction 

Dwell was effective in increasing N uptake when it was used 

with both rates of N (Fig. 15). The increases in N uptake were 24 and 

38% with low and high N, respectively. Because of the short time of 

the effectiveness of Dwell in soil (Figs. 1 and 2), the rate of fertilizer 

application could affect the efficiency of Dwell use, especially with 

urea (Fig. 16). Higher response to Dwell was obtained with the high 

urea rate. 



-C'l 
S -
Z 
.j.J 
~ 
n1 

...-t 
A.. 

70 

Sy = 3.0 I 

80 0 Urea 

60 
E] AS 

40 

20 

o 
Anthony Laveen Vinton 

Fig. 13. The average nitrogen content in plants grown in Anthony, Laveen 
and Vinton soils treated with urea and ammonium sulfate. 

------- - ----------------------------------



. I , 

6.0 -I:C -
'0 4.0 
r-I 
Q.I 

OM 
~ 

2.0 

0.0 

Anthony Laveen Vinton 

Fig. 14. Dry matter yield of tomato plants as affected by soil x fertilizer material 
interactions. 

Control treatments (no fertilizer), were not included in the statistics. ...., .... 



72 

Sy = 2.4 I 
100 

0 No Dwell 
80 

E] Dwell 
60 -~ 

El -
Z 
+J 40 
I:: 
It! 
r-I 
AI 

20 

o 
112 224 

kg N/ha 

Fig. 15. The effect of Dwell and the application rate of plant nitrogen . 

. - ..... -'-" ._------.- .. _-_.-.. 



J 

, . 

73 

J - 0 12.0 Sy = 0.43 No Dwell 

10.0 ~ DWell 

8.0 

- 6.0 
bO -ra 

r-I 
Q) 

.r-! 
>t 

4.0 

2.0 

0.0 

112 224 112 224 

kg N/ha kg N/ha 

Urea Ammonium Sulfate 

Fig. 16. The effect of Dwell x fertilizer rate x fertilizer interaction 
on the dry matter yield of tomato plants; with urea and with 
ammonium sulfate. 

--- -----~----.. --.--.---- .. ---. -.-. 



74 

Dwell x N Source X Soil Interaction 

Generally, Dwell with both fertilizers and in all three soils 

significantly increased N uptake by plants (Fig. 17). The only exception 

was in Laveen soil with AS, in which Dwell did not show any effect on 

increasing N uptake; however, an increase in yield by 11% was observed 

in Laveen soil (Fig. 18) treated with AS and Dwell. Therefore, Dwell 

could have influenced the soil-plant relations, other than through 

improving N efficiency; however, these influences are not clearly known 

because no attempts have been made to study factors other than N in the 

soil and plant. One of the possibilities could be through maintaining 

high NH4/N03 ratio in soil which in turn could lessen the competition 

of N03 for anion exchange sites of plant root with other anions which 

could enhance the absorption of other anions such as S04, which are 

essential for plant growth. In AS-Dwell treatments, the response to 

Dwell was much lower than urea-Dwell treatments. The possible reason 

is that the growth in general was superior with AS with or without Dwell; 

therefore, the response to more available N, which is provided by 

improving N efficiency by Dwell, is expected to be lower according to 

the typical growth curve where one nutrient is limiting. 

Comparing urea interactions with Dwell and soil on N uptake 

(Fig. 17) and yield (Fig. 18), the increase in both parameters by Dwell 

application is very closely related. Table 3 shows changes in pH values 

in the three soils treated with the high N rate of urea in the incubation 

study under constant temperature. Genera lly, pH values started to 

increase after addition of urea and continued increasing for about three 

days in Anthony and no-Dwell treated Vinton soil. In Laveen soil, 
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however, the pH increased slightly a day after the addition of urea, 

but the overall changes in pH were not more than 0.2 units, indicating 

a high buffering capacity of this soil. Furthermore, the pH never 

exceeded 8.0 during the 16 day incubation. In contrast, Vinton soil 

showed a low buffering capacity as indicated by a sharp increase in pH 

for three days with urea no Dwell and for six days in urea-Dwell 

treatments. Values reached pH 8.6 before starting to decline. This 

may gi ve an i ndi cat i on that some of the urea-N cou1 d be lost through 

NH3 volatilization. The pH value of Vinton and Anthony soils treated 

with Dwell have higher values, especially after urea hydrolysis was 

completed, then urea with no Dwell treatments. The differences were 

clearer with Vinton because of its lower buffering capacity. At the 

same time, Dwell-urea treatments of Laveen soil did not show a clear 

difference in pH from that observed with urea treatment only, and in 

both treatments, the pH values were close during the entire time of 

experiment. 

The data from Vinton and Anthony soils indicated, theoretically, 

that since Dwell-urea resulted in a higher pH than urea treatment only, 

therefore, it was more susceptible to NH3 volatilization which was related 

to high pH. The greenhouse experiment data concerning yield and N uptake 

cl early indicated that Dwell-urea treatments significantly increased 

both yield and N uptake in Vinton and Laveen soils. Dwell could have 

two effects regard i ng N status in the so i 1 when the N source is from 

urea: (I) provides more efficient use of N through retarding 

nitrification and, consequently, decreases losses of N through 

denitrification, and (2) retards nitrification of urea-N resulting in 
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maintaining a high pH as shown in Table 3, which favors N loss through 

NH3 volatilization. Under the given greenhouse conditions, the use of 

Dwell with urea effectively increased both yield and N uptake by plants; 

therefore, the differences in amount of NH3 volatilized, if any, from 

urea and urea-Dwell treatments in the greenhouse did not appear to have 

a visible impact on N uptake, and retarding nitrification by Dwell 

overwhelmingly resulted in high yield and N uptake, although NH3 loss 

from urea and urea-Dwell probably was an important factor in explaining 

why both N uptake and yield were lower than with AS treatments, especially 

in the case of Vinton and Anthony soils. 

Both the greenhouse and incubation studies showed positive 

influences regarding the use of Dwell. In spite of short life time of 

Dwell, the period in which high NH4 was maintained was crucial to plant 

growth. There were some differences in conditions in which the two 

experiments were carried out, which leads to some reservations in 

accepting the applicability of the results obtained in the incubation 

study to those observed in the greenhouse study. These differences are: 

I. Only small portions of soil, 25 g were used in the incubation 

study in a semi-closed system (25 ml plastic beakers covered by Handi 

Wrap), whereas a large volume of soil was used in the greenhouse in an 

open system, which could involve additional variables such as all 

direction movements of fertilizer and Dwell, which in turn could influence 

Dwell-fertilizer interactions and the process of denitrification. 

2. One method of Dwell-fertilizer application was used in the 

incubation study, while two methods were used in the greenhouse, namely, 

mixed and banded. 
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3. Water addition to soil columns, when required, usually caused 

the instant saturation of the top soil, which could create anaerobic 

conditions, and consequently, more denitrification than from uniformly 

moist soil under 2/3 of field capacity in the incubation study. 

4. Plant effects on N cycle in soil. Competition of plant 

roots for oxygen with the soil microorganisms creates an anaerobic 

condition in favor of denitrification in addition to supplying organic 

matter wh i ch is the energy source for den i tri fi ers. The greenhouse 

experiment did not include such studies in order to determine the nature 

and magnitude of these variables and their influences on the N cycle. 

Organic Soil Nitrogen 

At the end of the greenhouse experiment, soil samples which 

were treated with AS were analyzed for organic N. Figure 19 shows the 

amount and distribution of organic N in the soils at the two soil depths; 

surface 0 to 18 cm and subsurface 18 to 40 cm. Organic N content was 

Significantly different in these soils at both depths. Generally, the 

amount of soil organic N was correlated with dry matter yield (Fig. 14) 

and were in the following order: Laveen> Anthony> Vinton. Regarding 

the distribution of organic N throughout soil columns (Fig. 19), there 

was no significant difference between surface and subsurface samples 

except in the Anthony soil, providing a homogenous distribution of organic 

N in soil columns. In Anthony, organic N with the high rate of AS was 

significantly higher in the top soil than subsoil. High N resulted in 

a slightly higher but significant amount of organic N than with low N 

in all surface soil samples. The possible reason for high organic N 
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content with high N rate could be related to more vigorous growth of 

plants. 

Comparing original soil organic N in Table 1 with the amount at 

the end of the greenhouse experiment in laveen and Vinton (Figs. 19 and 

20) the original organic N was considerably higher than at the end of 

the experiment, which indicates that the original organic N was subject 

to intensive mineralization and that mineralized N could be utilized by 

plants and/or lost from soil by denitrification and NH3 volatilization. 

But in the absence of 15N data in plant material and for soil nitrogen, 

it is not possible to predict the share of original organic N on total 

N in plant and other soil nitrogen fractions. Although more N 

mineral ization than immobi1 ization was observed in Vinton and laveen 

(Figs. 19 and 20), the intensity of mineralization in these two soils 

was different. A drastic decrease in organic N in Vinton indicates a 

more favorable condition for mineralization such as air permeabil ity 

and gas exchange, since Vinton soil is light in texture, which provides 

a better medium for aerobic heterotrophic microorganisms when moisture 

is near field capacity. In contrast to Vinton, the Laveen has a higher 

clay content and consequently higher moisture content at near field 

capacity. The mineralization process was probably slower as shown by a 

slight decrease in organic N from the original content. 

The different pattern of organic N distribution in Anthony soil from 

the other two soils is difficult to explain on the basis of available 

data, however, it is obvious that more nitrogen had been immobilized or 

otherwi se lost than mi nera 1 i zed in contrast to what was observed in 

Vinton and laveen. 
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Figure 20 shows the effect of Dwell with two N rates on soil 

organic N. With the high N rate of AS, Dwell treated Anthony and Laveen 

had significantly higher organic N than the low N rate whereas in Vinton 

soil, there wey'e no significant differences at both rates of N. In 

contrast, low N with Dwell had lower values than in no Dwell, although 

the differences were not significant in both Vinton and Laveen. Both 

Figures 19 and 20, however, indicated that the soil factor seems to be 

the most important in determining the amount of organic N left in the 

soil by the end of the experiment. 

Regarding the application method of Dwell and fertilizer interaction 

with Dwell treatment and soil on organic N, (Fig. 21), shows a similar 

pattern to that obtained in Figures 19 and 20, emphasizing the importance 

of the soil factor. There was no significant impact of Dwell on organic 

N when it was mixed with soil and fertilizer. A significant increase, 

however, in organic N was obtained with band application in Laveen soil, 

while in the Anthony soil, the amount significantly decreased. A close 

comparison between (Figs. 20 and 21) shows how the organic N content in 

these soils was related to the growth of tomato plants. 

InorganiC Soil Nitrogen In Soil 

Ammonium 

By the end of the greenhouse experiment, the amount of NH4 in the 

soil was very low and did not exceed 3.5 mg N kg as shown in Figure 22, 

but it was higher than the original amounts in all three soils. Although 

the NH4 concentration in these soils was low, there was significantly 

more NH4 in Anthony and Laveen than in Vinton soil. Apparently, Vinton 
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soil was subject to more and faster oxidation than the other two soils 

and organic N data, which was discussed earl ier, also support this 

argument. 

Generally, NH4 concentration was significantly higher in the 

subsurface 18 to 40 cm than the surface soil, as shown in Figure 23, in 

spite of very low values at both depths. This could be explained on 

the basis of more favorable oxidation conditions in the surface 'soil 

than in subsurface because of more frequent moist-dry cycles in the top 

soil and the permanently moist condition in the lower part of the soil 

columns. Nitrogen source did not have any effect on NH4 concentration 

in the subsurface soil regardless of the method in which fertilizer was 

applied. Figure 23, however, also shows that in the surface soil and 

only with band appl ication, the source of nitrogen did affect NH4 

concentrations. The AS treatments showed significantly higher 

concentrations than urea, which could be as a result of leachability of 

urea with added water. 

Figures 24 and 25 show the effect of Dwell interaction with N 

rates with appl ication method on NH4-N in soil. When fertil izer was 

mixed with the top soil, the treatments with Dwell showed higher values 

for NH4 in all but the high N rate in subsurface soil samples (Fig. 

24). Although the differences in NH4 are very small, they are still 

significant. Mixing Dwell and fertilizer with soil may result in more 

surface area exposed to NH4 ions and the possibil ity of NH4 fixation 

will decrease their susceptibility to various transformation within the 

nitrogen cycle. On the other hand, when Dwell and fertilizer were banded 

the amount of NH4 left in the soil by the end of the experiment was 
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lower than with treatments with no Dwell, as shown in Figure 25. More 

complete utilization of available nitrogen, including NH4' in Dwell 

treated soil by more well-developed plant roots may explain why the 

amount of NH4 remained in soil was low in banded-Dwell treatments. 

Nitrate 

The amount of N03 in soil at the end of the greenhouse experiment 

was very low and did not exceed 3 mg N kg soll. Nitrate is the available 

form of nitrogen for most plants, including tomato plants, and unlike 

ammonium, nitrate leaches down in soil with added water. Due to its 

negative charge, nitrate is not adsorbed on the exchange sites and is 

mainly found in soil solution, thus it is more susceptible to various 

transformations in the soil such as reduction to gaseous forms {i.e. N2, 

N20 and NO}, immobilization by soil microorganisms, and absorption by 

plants. No loss of nitrate occurred by leaching during this experiment. 

Figures 26, 27 and 28 show some significant interaction effects 

on the amount of soil nitrate, although in most cases, the differences 

were within the range of 1 mg N/kg soil. Figure 26 shows that there 

was no consistent pattern of nitrate distribution through the soil columns 

with all three soils which were treated with urea and AS. Also, there 

was no indication of downward movement of N03 which indicates that the 

source of N03 measured by the end of the experiment was probably from 

the oxidation of organic N and the original N03 content had been taken 

by plants and part of it might be lost from soil through denitrification. 

Generally, N03 content in both surface and subsurface samples of Vinton 

was higher than in the other two soils. This may prove the argument 
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that the source of nitrate may be from oxidation of organic N since the 

Vinton soil is low in water holding capacity and clay content, conditions 

which favor oxidation. Apparently, the fertilizer appl ication method 

had a certain but unknown effect on the N03 content of the soil (Fig. 

27). These effects produced significant differences (±l mg N3! kg) but 

these differences are so small that they have no practical importance. 

The same conclusion is applied to Dwell and application method interaction 

effect on nitrate content (Fig. 28). 

------- ... - ... --------- ._-
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The main experiment was carried out in the greenhouse where 

three Arizona soils, namely Anthony sandy loam, Laveen loam, and Vinton 

loamy sand were used. Tomato plants Lycopersicym esculentum cultivar 

'Row Pak,' were grown in these soi 1 s. The treatments in the main 

experiment included two nitrogen sources: urea and AS, which were applied 

to 4500 g of soil in each column of 10 cm internal diameter and 50 cm in 

1 ength. Two rates of each fert i1 i zer were app 1 i ed : 112 and 224 kg 

N/ha- 1. The nitrification inhibitor Dwell 4 E was applied at two rates: 

o and 1.23 kg/ha active ingredient. The active ingredient in the chemical 

is 5-ethoxy-3-(trichloromethyl)-1,2,4-thiadiazole. Calculations for 

these rates of the fertilizers and the chemical were based on the volume 

of soil in one hectare to a 40 cm depth, or the same as the depth of 

soil in each column. 

Both fertilizers and Dwell were added to the soils by two methods: 

1. Uniform mixtures: in which a volume of 500 cm3 soil was removed 

from the soil column, then the required rates of fertilizer and Dwell 

were added, thoroughly mixed and replaced in the soil column, and 2. 

Banded fertilizers and Dwell: a soil paste, made by addition of 10 ml of 

0.02% Dwell solution to 50 cm3 soil, was added in three rows about 7 cm 

below the surface with the required rate of fertilizer. 

A day after application of fertilizer and Dwell, water was added 

to the soil columns to bring moisture to 2/3 of the field capacity. 

Moisture content in the soil columns was maintained on the weight basis 
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at the beginning, or by testing the friabil ity of the top soil after 

plants were growing intensively. Moisture was adjusted as required, 

and there was not any loss of water by leaching. A day after addition 

of water, three tomato plants, about 6 to 7 cm in height, were 

transplanted from a sand culture into the soil columns. Thirty days after 

transplanting, the number of plants was reduced to one per column. The 

remaining plants were harvested 67 days after transplanting. In addition 

to nitrogen, the growing plants were supplied with 27.5 and 34.67 mg/kg 

of phosphorus and potassium, respectively, 18 days after transplanting. 

A factorial design greenhouse experiment was arranged in a 

randomized complete block with three replications for each treatment, 

including untreated controls. The total number of soil columns was 

153. At the end of the experiment, soil samples were taken from two 

depth s of the columns: 0 to 18 cm and 18 to 40 cm and analyzed for 

NH4, N03 in all treatments and organic N in AS treatments only. For 

the harvested plants, dry matter yield and total N were determined. 

In the laboratory, two incubation studies were carried out using 

the same soils, the same moisture level and Dwell rate, but only with 

high N rate. The first study included treatment of 50 g soil with 4.3 

mg urea with or without 1.13 ml of Dwell solution containing 9.7 mg/l 

active ingredient. Soil samples were incubated at 330 C ± 2 and the pH 

measurements were taken at time intervals of 0, 1, 3, 4, 6, 8 and 16 

days in 1:1 water-soil suspensions. In the second inCUbation study, a 

set of 25 g soil in french square bottles was treated with 2.5 ml of 

0.085% urea solution. Another set was treated with 2.5 ml of 0.186% AS 

solution. Half of the treatments in each set received 0.55 ml of Dwell 

.. 
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solution containing 9.7 mL/L active ingredient. the samples were covered 

tightly with Handi-Wrap and incubated at a constant temperature of 300C 

for 25 days. During that period, duplicate samples of each treatment 

were taken at time intervals of 0, 5, 10, 15, 20 and 25 days for 

extraction by 2 M KC1 for NH4 and total inorganic N determination. 

pry Matter Yield and N Content in Plant 

Dry matter yield and N content in plant were affected by N source, 

N rate and use of Dwell. These interacted with each other depending on 

the soil conditions. Generally, yield and N content of plants grown in 

the soils were in the following order: Laveen > Anthony > Vinton. 

Higher yields were obtained when AS was used in all three soils. Both 

fertlli-zers responded to Dwell application with higher yields. The 

Dwell-fertilizer interactions, however, were different in these soils. 

The response, as measured by percent increase in yield, was higher with 

D-U over urea (139 and 60% increase in Vinton and laveen, respectively) 

than with D-AS over AS (74 and 11% increase in Vinton and Laveen, 

respectively). The actual yields, however, were highest in all AS 

treatments. No significant yield differences were obtained with Anthony 

between U-D and urea treatments, whereas a significant 10.4% increase 

in yield was obtained with D-AS over AS treatments. Yields from Laveen 

soil responded to urea better than with the other two soils, while Vinton 

soil responded to AS the most. Yield also was affected by the application 

method of fertilizers. Higher yield was obtained when AS was thoroughly 

mixed than when urea was banded. High N rates resulted in high yields 

-----_ .... _._----_._._-_ ...... -
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in all three soils. The highest yield response to high N over low N was 

in Anthony soil and the lowest was found in Vinton soil. 

Almost the same tendencies which were observed with yield, as 

affected by vari ous variabl es and thei r interactions, were al so found with 

regard to N content in plants. The increase in N content with AS was 

almost in direct proportion with the incrp.ase in the yield resulting 

from AS. This indicates that N was responsible for increasing dry matter 

yield. Dwell was effective also in increasing N content, but ~he percent 

increase was lower than that observed with dry matter yield. The most 

obvious response to Dwell was shown in Vinton with 55% increase and the 

lowest response 15% was found with Anthony soil. The increase in N 

content by 41% with Dwell over treatments without Dwell, which was the 

same as the increase in the yield, indicates that the effect of Dwell 

in increasing yield was through improved N efficiency. Yield and N 

content responses to Dwell were different, however, with the two 

fertilizers; lower in AS than in urea treatments. That was because of 

the more rap i d growth wi th AS wi th or wi thout Dwell, wh i ch i nd i cates 

high N availability in the presence or absence of Dwell. Improving N 

efficiency by Dwell, therefore, is expected to be low according to the 

typical growth curve. The possible reasons for superiority of AS over 

urea could be: 

1. Hydrolysis of urea which results in pH increases and ammonia 

volatilization. 

2. Downward movement of urea, before hydrolysis was completed, 

beyond the reach of young plant roots. 
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In Vinton soil, because of its low buffering capacity, the pH 

increased sharply and reached pH 8.6 before nitrification began. This 

could have 'resulted in some N loss through ammonia volatilization. The 

downward movement of water was expected to be faster in Vinton than the 

other two soils, because of its high sand (75%) and low cl~ (3%) content. 

For these reasons, the response to urea treatments was low in Vinton 

soil. In contrast, laveen soil with high buffering capacity and high 

CaC03' changes in pH because of urea hydrolysis were not more than 0.2 

and did not exceed pH 8.0. Also, the downward movement of water was 

expected to be lower because of the relatively high c1~ content of laveen 

as compared with the other two soils. laveen responded, therefore, to 

urea the most. 

Dwell was effective in increasing N uptake by plants by 24 and 

38% with low and high N, respectively. These increases were very close 

to that observed with yield, in which the increases were 28 and 41% 

with Dwell treated low and high N, respectively. 

Soil Organic N 

Only soil samples which were tr.eated with AS were analyzed for 

organic N. Generally, the amounts of organic N in the soil were related 

to dry matter yield and were in the following order: laveen> Anthony 

> Vinton. The original organic N was considerably higher than at the 

end of the experiment in laveen and Vinton, because of intensive N 

mineralization. A drastic decrease in organic N in Vinton indicates a 

more favorable condition for mineralization, such as air permeability 

and gas exchange, because of the low clay and high sand content of this 
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soil. Dwell treated Anthony and Laveen with high N from AS had slightly, 

but significantly higher organic N. In Vinton soil, there were no 

significant differences between both N rates. Generally Dwell had little 

effect on the status of organic N in these soils. 

Ammonium and Nitrate in So;l 

By the end of the greenhouse experiment, the amount of NH4 in 

the soils was very low and did not exceed 3.5 mg N/kg. Values for NH4 

at the end of the experiment, however, were highc:!r than the original 

amounts in all three soils. Nitrate was very low also, even lower than 

NH4-N, and did not exceed 3 mg N/kg. Because of such small amounts of 

NH4 and N03-N, the N differences were so small that they have no practical 

importance. 

Evaluation of Dwell as a Nitrification Inhibitor 

An incubation study showed that AS-Dwell treatments maintained 

high NH4-N levels as compared with no Dwell for over 10 days in Vinton 

and Laveen, and over 15 days in Anthony soil. 

The response to Dwell was more obvious with Vinton and laveen 

than with Anthony, although the latter maintained high NH4-N in both 

Dwell treatments. Urea-Dwell treatments also maintained high NH4-N for 

almost the same period as that observed with AS treatments. Because of 

the short time of the effectiveness of Dwell in soil, the rate of 

fertilizer application could affect the efficiency of Dwell use, 

especially with urea. More response to Dwell was observed with the 

high rate of urea. 
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Conc1ysions 

Data from the greenhouse experiment and incubation studies 

confirmed that the increases in yield and N uptake in Dwell treatments 

were because of nitrification inhibition, and consequently, diminishing 

losses of N by denitrification. Laveen and Vinton soils showed higher 

dry matter yield and N uptake with Dwell than the Anthony soil. This 

leads to the conclusion that soils which provide more favorable conditions 

for nitrification will respond more to the nitrification inhibitors. 

Conditions which increase the rate of nitrification are sandy texture 

of Vinton, which enhances gas exchange and provides nitrifiers with 

requ'ired oxygen at moisture level near field capacity. Also, high CaC03 

content of Laveen soil provides Ca ions to replace NH4 from cation 

exchange sites, the NH4 in soil solution will be subject to nitrifier 

microorganisms. In addition, both soils had optimum pH values for 

nitrification. Dwell was effective with AS and urea and retarded 

nitrification for about 10 days. The short duration of effectiveness 

of Dwell, makes'high N rate of fertilizer more effective as with urea. 

Nitrogen can be lost by ammonia volatilization before nitrification 

takes place. The high N rate will compensate for such losses. 

Addition of Dwell to N fertilizers is a good management practice. 

Frequent application of Dwell and fertilizers to the soil during crop 

season could be a beneficial practice, especially when conditions are 

favorable for nitrification, because of the short life of Dwell. Relative 

costs need to be considered. Application method of Dwell did not have 

any effect on yield of N content of plants in this study. The application 

method of fertilizers, however, affected yields. Fertilizers should be 

"-'--"---'''-''-- ... _ .... -
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applied considering their chemical properties, components and reactions 

with soil. Yield response to urea was higher with banding application, 

particularly in light textured soils, whereas mixing AS gave higher 

yield response, particularly in a calcareous soil such as Laveen. 

Dwell appears to have no residual effect. Organic and inorganic 

N content of the soils were not considerably affected by Dwell treatment 

at the end of the experiment, from the practical viewpoint. More studies 

are required to determine the effect of such nitrification inhibitor on 

the quality of crops. Studies concerning the nutrient balance in the 

soil as affected by use of nitrification inhibitors and their impact on 

plant nutrition, crop quality and yield are also required. 

. . 
, ~ 
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Table A-I. Values for NHt, N03 and organic-N included in F-test are 
the average values of the two depths of column: (value of 
Depth 1 + Value of Depth 2) /2. 

Parameter 

Plant Weight 

N-Content 
in plant 

Organic-N 

Variables 

Soil 
Application method X Dwell 
Application method X Soil 

Fert il i zer Rate 
Dwell 
Soil 
Fertilizer X Application method 
Fertilizer X Fertilizer rate 
Fertilizer X Soil 
Fertilizer X Application X Rate 
Fertilizer X Rate X Dwell 
Fertilizer X Rate X Soil 
Application method X Soil 
Fertilize," Rate X Dwell 
Fertilizer Rate X Soil 
Soi 1 X Dwell 

Fertil izer 
Fertil izer Rate 
Dwell 
Soil 
Fertilizer X Application method 
Fertilizer X Fertilizer Rate 
Fertilizer X Soil 
Fertilizer X Application method 
X Fertilizer Rate 
Fertilizer X Rate X Dwell 
Fertilizer X Dwell X Soil 
Fertilizer Rate X Dwell 
lMell X Soil 

Soil 
Application method X Dwell X Soil 
Fertilizer Rate X Dwell 
Fertilizer Rate X Dwell X Soil 

,"-- ._- -----_ .. --- -------------- -----_. __ . 

% F-Value 

0.2 
3.1 
1.7 

0.0 
0.0 
0.0 
3.4 
1.7 
0.1 
1.6 
0.6 
3.5 
4.0 
2.4 
5.0 
0.4 

0.0 
0.0 
0.0 
0.0 
0.8 
0.0 
0.1 

2.1 
2.7 
0.8 
0.2 

4 X 10-4 

0.0 
1.7 
3.2 
4.7 
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Table A-2. Significant differences in NH4-N, NH3-N, and organic-N between 
the two depths of soil column. 

Parameter 

N03-N 

Organic-N 

Variable % F-Va1ue 

Fertilizer X Application method 3.5 

Application method X Rate X Dwell 4.0 

Fertilizer X Soil 

Fertilizer Rate 

Fertilizer Rate X Soil 

--- - - --- ---._-_._------------------ ---- ---

0.8 

4.1 

2.4 

.. 
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Mean values of NH4-N, N03-N, organic-N, nitrogen content in plant and dry matter yield of the 
treatments in the greenhouse experiment. 

---------------------------------------------------------------------------------------------------
Soil and App1ic. Treatments NH4-N N03-N Org-N N Content Dry Matter Method of Plants Yield Fertilizer mg N/kg mg gm --------------------- -------------- ----------------------------------- ------------- ------------Anthony, banded U1 4.19 1.11 38.24 4.73 

Ul + D 2.23 2.18 33.76 3.86 

U2 2.36 2.05 52.76* 6.30* 

U2 + D 3.16 3.26 58.39* 7.64* 

A1 5.45* 0.52 347.31 51.16 6.19* 

A1 + D 2.65 2.56 260.25 56.37* 6.70* 

A2 3.95 1.12 269.94 94.34* 9.53 

A2 + D 2.55 2.55 274.76 97.46* 9.78* 
---------------------------------------------------------------------------------------------------

..... 
C) ..... 
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---------------------------------------------------------------------------------------------------
Soil and Appl ie. Treatments NH4-N N03-N Org-N N Content Dry Matter Method of Plants Yield Fertilizer mg N/kg mg gm --------------------- -------------- ----------------------------------- ------------- ------------Anthony, thoroughly Ul 2.97 2.51 39.06 4.10 mixed 

Ul + D 3.87 0.73 26.36 2.49 

U2 3.82 1.16 37.59 4.43 

U2 + D 3.82 2.71 69.26* 7.85* 

Al 2.76 1.78 279.08 40.56 4.49 

Al + D 3.40 0.74 271.71 52.25* 6.18* 

A2 2.95 2.75 274.59 89.22* 10.57* 

A2 + D 4.10 1.87 297.80 110.58* 11.34* 
----------------------------------------------------------------------------------------------------

.... 
o 
co 
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---------------------------------------------------------------------------------------------------
Soil and Applic. Treatments NH4-N N03-N Org-N N Content Dry Matter Method of Plants Yield Fertilizer mg N/kg mg gm --------------------- -------------- ----------------------------------- ------------- ------------Anthony Control 1.93 2.43 27.56 2.59 Laveen, banded 

U1 2.88 0.94 35.22 4.33 

U1 + D 2.54 1.04 47.40 5.94* 

U2 4.01 1.59 63.70* 7.61* 

U2 + D 3.34 2.36 108.81* 12.83* 

Al 5.35 0.45 402.96 50.22* 6.03* 

Al + D 3.38 2.38 407.79 56.01* 7.21* 

A2 4.57 0.84 391.56 96.03* 11.66* 

A2 + D 3.14 2.39 413.94 92.95* 10.42* 

---------------------------------------------------------------------------------------------------

.... 
o 
\0 



---------------------------------------------------------------------------------------------------
Soil and Appl ic. Treatments NH4-N N03-N Org-N N Content Dry Matter Method of Plants Yield Fertilizer mg N/kg mg gm --------------------- -------------- ----------------------------------- ------------- ------------Laveen, thoroughly Ul 1.93 2.38 38.77 4.96 mixed 

Ul + D 3.49 1.71 55.34* 6.90* 

U2 3.65 2.37 47.83 5.05 

U2 + D 3.28 2.32 72.818 9.64* 

Al 4.08 4.72* 398.87 59.23* 5.08 

AL + D 2.74 1.86 385.08 49.42* 5.78* 

A2 2.72 3.41 405.13 109.29* 9.41* 

A2 + D 3.42 2.90 40840 118.45* 12.70* 
---------------------------------------------------------------------------------------------------

..... ..... 
o 
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---------------------------------------------------------------------------------------------------
Soil and App1ic. 
Method of 
Fertilizer 

Treatments NH4-N N03-N 

mg N/kg 

Org-N N Content Dry Matter 
Plants Yield 

mg gm 
---------------------1- _____ -------- 1-----------------------------------1--- ___ -------1---- __ ------
Laveen Control 4.57 
Vinton, banded 

0.73 24.45 2.58 

U1 2.17 1.27 18.64 2.12 

U1 + D 1.95 2.14 28.06 2.92 

U2 1.91 3.51 28.86 3.08 

U2 + D 1.87 3.00 48.51* 4.37 

Al 1.37 2.60 139.69 35.11 3.49 

Al + D 2.13 2.82 151.10 63.99* 7.32* 

A2 1.61 3.97 152.10 63.78* 4.52 

A2 + D 2.28 2.76 152.49 101.42* 9.00* 
---------------------------------------------------------------------------------------------------

---



---------------------------------------------------------------------------------------------------
Soil and Appl ic. Treatments NH4-N N03-N Org-N N Content Dry Matter 
Method of Plants Yield Fertilizer mg N/kg mg gm --------------------- -------------- ----------------------------------- ------------- ------------Vinton, thoroughly U1 1.74 
mixed 

2.56 11.79 0.98 

U1 + D 2.19 2.52 20.76 2.36 

U2 3.27 1.16 15.23 1.00 

U2 + D 2.67 2.75 78.11* 7.39* 

Al 2.20 2.72 159.96 37.79 3.90 

Al + D 2.44 1.66 145.23 76.12* 8.44* 

A2 2.13 2.17 162.40 91.99* 8.95* 

A2 + D 2.12 2.34 146.28 130.69* 11.84* 

Vinton Control 2.05 1.75 19.26 2.02 
---------------------------------------------------------------------------------------------------
* Significant difference at the 5% level by the Dunnett test in the value of treatment as compared 
to the value of the control. 

UI = Urea, low N rate 
U2 = Urea, high N rate 

Al = Ammonium sulfate, low N 
A2 = Ammonium sulfate, high N 

D = Treatment with Dwell 

.... .... 
N 
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