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EFFECT OF TEMPERATURE ON
NITROGEN TRANSFORMATION IN
HAWATIAN SOILS

by K. THIAGALINGAM * and Y. KANLEHIRO

Department of Agronomy and Soil Science, College of Tropical Agriculture,
University of Hawaii, Honolulu, Hawaii

SUMMARY

In a field experiment soil samples buricd at the warmer temperature re-
gime nitrificd added ammoninm faster than soils buricd at the cooler
temperature regime. Nitrification occurred more rapidly under hoth regimes
in asoil which had developed in a warm climatic zone than m two other soils
developed under cooler conditions.

The rate of nitrification of added ammoninm in =otls moubated at 5,15, 25
and 40 Cin the laboratory inercased with increase in the temperature up to
25 Cin three ont of Lour soils In the fourth soil nitritication was as active at
40 'C as at 25°C. The temperature range tor appreciable nitrification to occur
in a soil was related to the envirommental conditions where the soil was
formed.

Mineralization of organic nitrogen oceurred to o greater extent at 40°C
than at three lower incubating temperatures of 5, 15, and 25 °C. Rapid and
active mineralization was associated with high organic matter and C/N ratio
in soils,

INTRODUCTION

Nitrogen transformation in soil is governed by a number of
environmental factors, such as pl, status of mineral nutrients,
temperature, acration, and moisture, The climatic patterns associat-
ed with land areas have a marked influen-e upon the formation and
loss process that regulates the quantity of mineral nitrogen in the
soil. Temperature is one of the most important environmental
factors that affect nitrogen transformation. It is known to affect
biological changes in the soil and these changes in the field are

* Present address: University of Penang, Penang, Malaysia,
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closely related with the season. Therefore, scasonal influence on
biological changes is often explained in terms of temperature effect.
Studies by Anderson and Purvis?, Broadbent ef al5, Fre-
derick ¥, Sabeyetal 13, Tylerand Broadbent 1%, have shown that
nitrification of applicd ammonia occurs in somesoils at a temperature
lower than was previously thought necessary for nitrification. As
examples, Broadbent ef ol5 found that nitrification was greatly
reduced but still measurable at 3°C, while Sabey ef al. 15 found
measurable nitrification at 8°C. Sabey of al.18, Frederick 10, and
Anderson and Purvis 2 concluded that differences among soils
in regard to the temperature range over which nitrate formation
from ammonium salts occur appear to be due to difference in the
initial population of nitrifiers. Waksman and Madhock 20, and
Frederic® reported that a temperature of 27 to 37°C to be the
most favorable for the activities of nitrifving bacteria. Meiklejohn
13 estimated that 30 to 36°C is the optimum nitrification range but
also stated that this optimum is not sharply defined,

It is generally acknowledged that the relatively high temperature
in the tropics will tend to increass most microbiological activities.
There is, however, a tendeney to dismiss the effect of temperature
on nitrogen transformation in the tropics because of the small
fluctuation in seasonal temperatures. Consequently, comparatively
few studies have been carried out on the relationship between tem-
perature and N changes in tropical soils, There is an especial scar-
city of data on these changes occurring under field conditions, The
present study was therefore undertaken to observe the effect of
temperature on nitrogen transformation in tropical Hawaiian soils
under fiekd and laboratory conditions. The primary objective was
to study the effect of temperature on nitrification of added ammo-
nium. Additional information was also obtained on the mineraliza-
tion of native nitrogen.

MATERIALS AND METHODS

Description of soils used

Hawaiian surface soils (approximately 015 cm) representing four sub-
groups were used for this study. These soils, developed under a wide range of
climatic conditions, differ in physical, chemical and minceralogical properties
and are described by Cline 7. They are: (1) Wahiawa silty clay (Tropeptic
Futrorthox) which is derived from basalt and developed under an annual
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rainfall of 1200 mm. and at an clevation of 250 m. The average air temperature
for this soil site for the months of January and July are about 69°F (20.6°C)
and 73°)7 (22.8°C), respectively. Mean annual temperature is about 71° 1
(21.7-C), The soil has a cation exchange capacity of 15 me/100 grams and a
base saturation of 404,. The clays are predominantly kaoline with some iron
oxide and the buffering capacity is low. (2) Paadoa silty clay (Humoxic Tro-
pohumult) is formed from basalt under an annual rwintall of 2000 mm and at
an elevation of 400 m. The average air temperature for this soil site for the
months of January and July are about 67 15 (19.4 C) and 73 ¥ (22.8 C), res-
peetively. Mean annual temperature is about 70 F (211 O The clav minerals
present in the soil are kaolin, illite, iron oxides and gibbsite, The soil o a
cation exchinge capacity of 35 me 100 grams and w base ~aturiction of 597,
[ts buffering capacity is moderately high. (3) Lualuader ayv (Fypie Chro-
mustert) is formed from deep alluvium ander an annual rantadl of 506 mm
and at an clevation of 5 m. The average air temperature for this soil site for
the months of Janua ryand July are about 70 F (207 Coand 74 F (256 (),
respectively. Mean annual temperature is about 75 10 (23.9 O Fhe dominant
clay mineralis montmoritlanite, The sotl has a Cation exchange o1 80 mee, 100
grams and is 1007, base saturated due to the presence of frec gvpsum aned can-
bonates. Its buffering capactty is high. (40 Maile silt loan (Hydre Dystran-
dept) is derived from voleanic asly, under an annual vaintall of 1600 mm at an
celevation of 850 m. The average e temperature for this sol site lor the months
of January and July arc about 54 19 (12,2 Cyard 64 1 {172 Ci pespectively,
Mean annual temperature is about 53 17 (144 Cr. The sorl has a cation ex-
change capacity of 85 me/ 100 graums and a base saturation of about 407, The
clay is dominated by allophaneand hydrated oxidesof iron and aluminum, and
the buffering capacity is high. Additioral properties of these four soils are
givenin Table 1.

All sampled soils were kept moist 1n plastic bags in their original field con-
dition and were passed through an 8-mesh sicve hefore use.

TABLE |

Some properties of the experimental soils

Soil Moisture ptl Total Organic C:N
equivalent* Ne# Ce
Yo % %
Wahiawasilty clay 32.6 5.4 0.174 1.44 8.2
I'aaloassilty clay 311 5.8 0.252 3.26 12.9
Lualualei clay 41.8 7.7 0.099 1.06 10.7
Maile silt loam 108.5 5.6 0.775 11.94 15.4

* Values expressed on oven-dry weight basis,
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Field studies

Nitrification of added ammonium sulphate was studied in the ficld under a
‘cool’ and a ‘warm’ temperature regime. Two locations and two scasons of the
year were chosen to give these two regimes, For the cool condition, a location
at Helemano on the Island of Oahu and the winter months of January and
I'ebruary were selected, while for the warm condition, a location at Lualualei
on the Island of Oahu and the summor months of July and August were se-
lected, These two sites, Helemano and Luadualed, were also where the Paaloa
silty clay and the Lualualei clay, respectively, were sampled for this study.
Air temperature, rainfall, and elevation data ave as given for the Paaloa silty
clay and the Lualualei clay in the foregoing section on *Deseription of Soils
Used.’

The method used for incubation in the field was similar to that of 1ino 8,
who used polyethylene bags *. This technique allows diurnal changes in the
soil temperature to be taken into consideration in microbial processes, such as
nitrification,

Fifty g (oven-dry basis) of Wahiawa, Paaloa and Lualualei soils were placed
ina8 - 10 > 33cm polvethylene bag and ammenium sulphate was added at
a 200 pym N rate. Soil moisture was adjusted to approximately moisture
equivalent of the soil. The bags were closed to essentially the volume of the
soil and sccured with rubber bands. The ammonium sulphate-treated soils
were buried at a soil depth of 22 mm along with aomaximunm-minimum ther-
mometer to record the soil temperature. Samples were removed at weekly
intervals for a period of six weeks. Weeklv maxmum and minimum tempera-
ture readings of the buried theremometer were recorded when the soil samples
were removed,

The weekly removed soil samples were brought back to the laboratory whe-
re they were analvzed for NHy- and NOg - N by the extraction -distillation pro -
cedure of Bremner 4,

Laboratory studies

Etfect of temperature on pitrification of added ammonium and minerali-
zation of native nitrogen was studied in the Wahiawa, DPaaloa, Lualualei,
and Maile sonls. The soits were incubated at 5, 15, 25 and 40 € in the labora-
tory.

Fifty g soil (oven-dry basis) was placed in 8 ¥ 10 - 33 ¢m polythylene
bags for menbation at §, 15, 256 € and in 250-ml Erclenmeyer flasks for the
40 C incubation. All soils were treated with 0 and 200 ppm of ammoenium
nitrogen (added as ammaonium sulphate). Soil moisture was adjusted and
maintain= Lat approximately moisture equivadent, Samples were analysed at
weekly intervals for ammonium and nitrate nitrogen by the previously
mentioned method of Bremner 4 for a period of six weeks,

* Polvethyvlene s generally unaffected by moisture, soil, and chemicals. It is very
slightly permeable to water, [ts Oz and COz diffusion rates are high. A study for 24 weeks
showed that no nitrate diffused through the filw ®,
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RESULTS AND DISCUSSION

Field studies

The effect of temperature on nitrification of added ammonium
was studied in three soils buried at ‘cool and ‘warm’ climatic
regimes. Weekly maximum and minimum temperature readings for
the cool (Helemano site) and warm (Lualualei site) regimes and NOg
=N data for the three soils are given in Fig, 1.
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Fig. 1. Nitrification of added ammonium in three buricd soils and the
maximum-minimum temperatures in cool (¢) and warm (w} climatic regimes
in the ficld.
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An examination of the temperature data will indicate as expected
that the warm regime showed higher maximum and minimum
temperatures than the cool regime. There was very little fluctuation
in the minimum temperature for both cool (range: 16-17°C) and
warm (range: 27-30°C) environments. With the maximum tempera-
ture, however, there was slightly greater fluctuation from week to
week. There was a range of 23-30°C for the cool and 34-41°C for the
warm regime,

The Paaloa and Lualualet soils showed appreciable nitrification
at both temperature regimes while the Wahiawa showed very little
nitrification in the cool regime (Fig, 1), Nitrification of added nitro-
gen during the warm regime in the Paaloa and Wahiawa soils was
observed to proceed at a higher rate than in the cool regime, This
difference was especially: prominent in the case of the Wahiawa
soil in which only 27 ppm NOz- N was found at the end of 6 weeks
under cool conditions. This mayv be due to the initial population of
nitriliers, I case of the Lualusici soil the magnitude of nitrification
wis about the same at both temperatures but there was a difference
in the rate of nitrification. The Lualualei, Paaloa, and Wahiawa
soils, necded one, four and five weeks, respectively, to complete
nitrification during the wirm regime, In the cool regime, maximum
nitrification was reached at 3 weeks in the Lualualei soil, whereas
there was no indication that maximum nitrification has been attain-
ed in the Wahiawa and Paaloa soils. The extremely low NOg-N
vadues for the Wahiawa soil for the cool condition was unexpected
because this soil is developed under drier and slightly higher tempe-
riture conditions than the Paaloa soil which showed appreciable
nitrification. These findings must be associated wiih the population
of nitrifiers in these soils, Anderson and Porvis =, Broadbent
ol ald, Frederiek ™, and Sabey ef al.'? have noted consider:ble
differences among temperate region soils in their nitrifying charac-
teristics. These findings also agree with the work of Mahendrap-
pa el al 72 who fonnd that soils which are developed in a warmer
climatic zone required loss time to nitrify the added NH =N than
soils developed in cooler climatic zones. Thus the Lualualei, a soil
developed in o warm climatic zone in Hawaii took less time to nitrify
the added N1i-N when incubated under both regimes than the
other two soils which have developed under a cooler climatic zone,

In spite of the rapid nitrification occurring under both warm and
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cool conditions in the Lualualei soil, recovery as NOg-N was lowest
among the three soils under warm temperatures. This relatively low
recovery is believed to be due to ammonium fixation (this soil is
montmorillonitic) and to loss of gaseous ammonia at the high soil
plL. Both of these phenomenaare known to occur to a greater extent
at high than at low temperatures,

Laboralory studics

a. Nitrificationofaddedammonium, Weekly NOg-N values
for six weeks in the Wahiawa, Paaloa, Lualualed, and Maile soils
treated with 200 ppm NHy-N applied as ammonium sulphate, and
under incubation temperatures of 5,15, 25, and 40°C are shown in
Fig. 2. The Wahiawa soil showed practically no nitrification at 5°C
but nitrification increased with inercasing temperature up to 25°C,
Furthermore, the lagin nitrification decreased with inereasing tempe-
rature up to 25 C. AU 15 €, 40 ppm of NOz N was produced after
a six-week period, whereas at 25 €, 129 ppm of NOy N was acen-
mulated daring this corresponding period. There was some nitrate
production at 40 €, hut there was no steady inerease during the
6-week period,

The Paaloa soil hehaved the same as the Wahiawa soil for the
5°C treatment but for the 15 C treatment, after a two-week lag
period, nitrification increased sharply and was completed in-five
weeks. The 25 C incubation treatment showed only a week delay in
this soil and the added ammonium was completely nitrified in four
weeks, At 40 C only 17 ppm ol nitrate was produced, indicating
that nitrification inhibition at this temperature was greatest in
this soil of the four soils tested,

It should be noted that in the warm regime of the previous ficld
experiment, the maximum temperature stood at or exeeeded 40 ¢
for the first two weeks of incubation (Fig. 1); vet considerable
nitrification of added ammonium ocenrred in both Wahiawia and
Paaloa soils for this warm regime, These apparent contradictory
nitrification resnlts at 40 C between the field and laboratory studies
for these two soils are most probably due to the fact that there is a
fluctuation in temperature of at least five degrees hetween the
maximum and minimum temperatures in the warm regime of the
ficld experiment which provided conditions conducive to rapid
nitrification. In the laboratory experiment, on the other hand, the
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Fig. 2. Nitrification of added ammonium in four Hawaiian soils incubated
at 5, 15, 25 and 40°C in the laboratory.

incubation temperature was held at a constant 40°C for the entire
six week duration,

There was a slight increase in nitrification at 5°C in the Lualualei
soil as compared to Wahiawa and Paaloa sails. At 15, 25, and 40°C,
the added ammonium nitrogen was nitrificd in 3, 2, 2 weeks res-
pectively showing that with an increase in temperature, the rate of
nitrification was faster in this soil, than in the former two soils.
No lag period was observed at 25°C and 40°C, as was true with the
Wahiawa and the Paaloa soils. This phase of the laboratory study
corroborates the ficld study findings in that nitrification procecded
more rapidly under all temperature conditions in the Lualualei
soil than in the Wahiawa and Paaloa soils. It is also noteworthy to
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point out that as in the ficld study, recovery of NOg-N at the highest
temperature (40°C in the laboratory study) dropped to lower va' ies
with longer periods of incubation after maximum nitrification was
reached in two weeks, whereas at 15 and 25°C NOy3-N values re-
mained almost constant throughout the corresponding periods of
incubation. Here again, ammonium fixation and gascous loss of
ammonia are believed to have occurred to a greater extent in this
Lualualei at 40°C than at the lower temperatures,

In the Maile soil at 5°C after a lag period of 2 weeks, nitrification
took place slowly and the rate steadily increased with time, At the
end of six weeks, 50 per eent of the added N1 N was nitrified, show-
ing that in this soil nitrification can oceur at lower temperatures
than in the other three soils. At 15 C and 25 € nitrification was
complete in 3 and 2 weeks respectively, Very littde nitrification
occurred at 40°C as was true with the Wiahiawa and Paaloa soils,
It is significant to note that the mean annual wiv temperature for
this ‘cool” Maile soil is 14°C as contrasted to the warm’ Lualualei
soil with a corresponding mean tanperature of 24 C,

This study shows that even il the temperature is the same for all
incubating soils, there is a difference in nitrate production which can
be attributed to the difference in the nitiifving capacities of the soils,
Frederick 1 has also shown that differences in the temperauure
range of nitrification in soils are due to variations in population of
nitrifiers, and the lag phase appears to be correlated to the differenee
in the temperature ranges for nitrification founa in different soils,
Rapid nitrification took place in all the soils at 25 C and the only
difference among the soils was in the lag period. The Lualualed and
Maile soils behaved in a similar wav in that nitrification of added
ammonia was essentially complete in two weeks: The Paaloa and
Wahiawi soils differed in their Tag periods. The Paaloa completed
its nitrification of added ammonia in tonr weeks, whercas in the
Wahiawi, there was no indication that nitrification was complete in
six weeks,

The foregoing results of rapid nitrification at 25 C agree well with
the results of Sabey ef al '8 hut it is also seen that all the soils
showed nitrification at 15°C. Furthermore, three of the four soils
showed complet aitrification at this temperature with difference
only in their lag period. Meiklejohn B3 reported that nitrification
did not proceed at 40°C in a tropical Uganda soil but this stuedy shows
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nitrification took place at this temperature in all soils at the end of
six weeks. The Wahiawa, Paaloa, Lualualei and Maile accumulated
33, 17, 140 and 37 ppm NO3-N, respectively. Mahendrappa ef
al.12 found that soils from a warmer climatic zone incubated at 35
and 40°C nitrified faster than at 20 and 25°C. In this study, the
Lualualei, which is a soil developed under the warmest climatic zone
of the four soils, nitrified all the added ammonium nitrogen in two
weceks at 40°C and required more time to nitrify the same amount at
a lower temperature of 15°C. The other three soils, developed under
cooler climatic conditions than the Lualualei, all showed less than
25 per cent nitrification of added ammoninm at 40°C. In an carlier
paper, Thiagalingamand Kanchiro Breported that nitrification
at 40°C was not stopped in the Lualualei soil even in the presence of
a commercially prepared nitrification inhibitor (2-chloro-6-trichlo-
romethyl pyridine), whereas inhibition of nitrification was complete
in the Wahiawa and Paaloa soils for 12 weeks under comparable
coditions, This rapid and complete nitrification in the Lualualei
soil at 40°C svggests that the optimum nitrification temperature
range of 27 to 35 “C reported by Waksman and Madhock 20
and Frederick 19 may be too low for a soil like the Lualualei,

b. Mincralization of native N. Mineralization of organic N
wits determined in the control treatment (no ammonium sulphate
added) of the Wahiawa, Paaloa, Lualualei and Maile soils by analyz-
ing for NHy- and NOg-N at the same temperature (5, 15, 28 and
40°C) and at the same weekly intervals as the previous nitrification
study in the laboratory. The cumulative amounts of NHji- and NOg
=N are given in Fig, 3. Maximum ammonium and nitrate nitrogen
were found at 40°C in all four soils. As difference on nitrifiability
among these four soils was noted in the carlier section on nitrifi-
cation, it is also noted here that there was a difference among soils in
their mineralizing capacities. At 40°C the Paaloa and Maile soils
accumulated 116 and 155 ppn of (NI114-NOz)-N, respectively, in
6 weeks as compared to the Wahiawa and Lualualei soils which
accumulated only 26 and 36 ppm, respectively., Panganiban 1
reported ammonification to occur between 15 and 60°C and observed
a faster rate at higher temperatures. Substantial release of NHs-N
in a high organic matter Hawaiian soil by long-term oven-drying
(90°C) was also reported by Singh and Kanchiro 17,
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Fig. 3. Mincralization of native N in four Hawaiian soils incubated at 5, 15,
25, and 40°C in the laboratory. Ammonium plus nitrate values are cumulative.

The difference in mineralization capacity is attributed to the
amount of organic matter present. It issignificant to notealso that the
amount of available N release at 40°C is correlated better with C/N
ratio than with per cent total N in the soils (sce properties in Table 1).
Agarwal ¢f all also noted a significant correlation to exist be-
tween C/N ratios of the soils and N released during drying and re-
wetting treatments,

In addition to the well-known fact that ammonifiers survive high
temperature better than nitrifiers, a number of other reasons have
been advanced to explain increased NH4-N release with high tem-
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perature. Some of these reasons are: 1. increased solubility of organ-
ic matter in aqueous solution with heating due to chemical altera-
tion 3, 2, killing off of micro-organisms because their death and
subsequent lysis would be accompanied by an increase in water-
soluble organic matter 11, 3. chemical oxidation of humus or the re-
lease of not-readily exchangeable NHyr 6, aud 4. splitting off of
NHat from N-bearing organic compounds, especially proteins and
amino acids 17,
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