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Soil Nitrogen and Carbon Mineralization as Affected by Drying-Rewetting Cyeles'

A. S. Acarwal, B, R. SINGH, aAND Y. KANEHIRO®

ABSTRACT

The temperature of drving as well as dreying-rewetting eyeles
enhanced N and C mineralization in practically all soils. There
was generally greater N orelease when incubation after diying
was included than when omitted. In all uninezhated soils, save
the Akaka. air-drying caused greater N release than heating at
GOC. regardless of the number of dryving-rewet! 'ng eveles. The
organic matter-rich Akaka soil showed inereased N mineraliza-
tion with increased temperatwre of drving. Mineralization of C
wis greater in samples incubated alter deving-rewetting eveles
than those subjected to incobation onlyv, A highly significant
correlation existed hetween rates of N and C mineralization per
evele, Significant corvelation wias also noted hetween C/N ratio
of the soils and N released during dryving and rewetting fol-
lowed by incubation. It is proposed that in addition to micro-
bial stimulation through diving. heat was direetly responsible
for the major amount of N and € release in unineubated
siamples by chemical alteration of otherwise unavailable or-
ganic matter and by Killing off o1 organisms. When incubation
followed the drying and heating teatment. the diveet effect
ol heat together with increased ancrobial activity and associ-
ated changes during incubation accounted tor N and C release,

Vdditional Key Waords for Indeving: ammonilication. “birch
cllect”

IYING and resciting treatments alleet a number of soil
I.)u'nsulucnh. espectally nitrogen and carbon compounds.
Mrernate  drving  and temporany - stumulates
nncrobial activaty and enhances nuneralization of N and
C besides other nurrient elements 20 11 15, 19, 21).
Heating at high temperatures enbances the etlect of drying-
rewetting with reference 1o N 30 5, 90 and C (3, 5).
Brovdbent et al, 070 showed that diving soil ar 100C and
rewettmg stimelated nunerabizaton of Noand € an both
Alophame and nonallophanic soils ol New Zealund. Re-
cently Smgh reported that prolonged  heat treatment ol
Haw aian sanls jesulted minerease of NH =N release with-
out changing NO N level (B0 R Smgh, 1968, Studies on
mitrogen transtormation and  nitrate adsorption in- soils,
Phey Dise Coanversiee of Hawait, Honolul) - This work
was undertihen o clucidate the ettect of alternate drying-

minerabization o Hawaian

rewetting

rewettng eveles on N oanmd ¢

sotls

MATERIALS AND AETHODS

Five Hawatin sobss Wihawa sy clay ¢ Lropepie ot
thox ), Paalow sy clay cHumosie Tropolinmult). Koko silty
clay Joam (Ustolhe Foteandept), T oaaloaler clay ¢ 1ypic € hio
mstert), amd Akaba sy oy chypic Tivdrandept)  were
mcluded e this study The sonls differ widely 0 physical,
chienical, and mineralogical properties becanse of differences
i their parent material and the envitonment under which they
have developed. Their sites of collecion and properties have
been described in an carlier paper (18) and some properties
are given i Table 1.

Surface samples of the aforementioned sols were collected
and passed through an 8-mesh sieve, except the Akaka which
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was sereened through o 6-mesh sieve because of its very high
moisture content. Total N and organic C were determined by
the standard Kjeldahl amd dry  combustion methods  respec-
tively, The soil pH was measured using an Expandomatic
Beekman pH o ometer in a0 1:2.5 soil-water mixture that was
allowed to stand for 12 hr with occasional stirring.

Fo study the effect of drying and rewetting on mirerahiza-
tion, 50 g (on oven-dry basis) of the above five soils were
used. For nitrogen release study, the soil was deied in one of
three ways: (o) airdried, (b)) oven-dried at 60C, or (¢)
oven-dried at 100C. For the air-deying treatment, the soil was
spread out w15 0 10« 3-em paper boxes and left at room
temperature (2700 tor A8 hr per dryme oyade In case of oven
drying treatments, the sl was put in oo S00-ml Erlenmeser
flash and oven-dried at 60C or 100C for 24 hr. After any of the
three dryving teatments, the sl was analyzed cuher ()
mediately with no mcubation period or (i) after 8 days e
bation at room temperature tor cach cyele of diying. Where
more than one drying  penod  was required,  the wettng
throught back up to moisture equivalent)y and drying cyele
was repeated. Up o three such cyeles were carried out. Incu-
bation, when called for, was carried out a0 S00-ml EFrilen-
meser sk at the mosture equivalent lesel. The thask was
stoppered with cork which was enclosed in polyethylene film
The stopper was opened at regular intervals  (fist. second.
fdth, and eighth day in cach incubation cyele) o replenish
the onyeen supply in the flash. Soils were eatracted with 20
ROT and the soil extracts were analyzed for NH, and NO N
by the micro-Kjeldahl disullanon procedure of Biemner (6)
NOAN was not included in this stidy because only msigniti
cant swecumulation of this form of mrogen was found i the
sotls: NH - and NOGN contents i all five soils were measured
before the soils were subjected o any drying and rewetting
treatment. for both unmcubated and incubated (8 days) con-
ditions, In effect. these mirogen salues at this stage were “zeto
cele™ values. All treatments were rephcated two times.

Carbon diovide production i incubated samples was me
sured by the procedure outhned by Agarwal and Kanchiro
t1) Inessence. the procedire consisty of trapping the evolved
COin S ml of standard 1N NAOH solution placed in o gliss
vial which was suspended from a cork used 1o stopper a0 §00-
ml Frlenmeyer flish contining the soil sample. Fach flask
was tightly capped with polyethylenc film. This system wis
checked to ensure that there was no significant loss of €O,
At regular intervals (first, second, ifth, and eighth day in cach
incubation «yele), the alkali was  quantitatively  transferred
tusing CO.-free distilled water) to o 250-ml Frienmeyer flash.
A fresh supply of S ml NaOH solution was placed in the vial
for the next interval. Ten milliliters of IN BaCl were added
to the 250-ml flask to precipitate the carbonate formed by the
reaction of CO, with NaOH in the vial. The excess alkali was
titrated with standard 0.5N HCI, using six drops of 1% phenol-
phthalein indicator (prepared in Y57 ethyl alcohol). Determina-
tions at regular intervals were necessary to find out the rate of
€0, production and also to replenish the oxygen supply in the

' Published with the approval of the Director of the Hawaii
Agr. Exp. Sta. as Journal Series no. 1189. This work is part of
the senior author’s Ph.D. dissertation submitted to the Univ.
of Hawaii. The project was supported in part by the Western
Regional Research Project no. W-BS. Received Apr. 9, 1970,
Approved Sept. 25, 1970.

*Formerly an East-West Center graduate student (now with
the LC.L (India) Pvt. Lid., Caleutta), formerly Assistant in
Agronomy and Soil Science (now Assistant Soil Chemist, Har-
yana Agricultural Univ., Hissar, Haryana, India), and Profes-
sor of Soil Science, respectively.
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Table 1—Some progertics of the experimental soils

Molsture Total
eyulvalent* N c*  C/N Orlgin and
Sall type % plt % % ratlo mineralogy
Wahlawa silty clay n 490174 14 8 2 Developed from basalt, Ka.

olln, Fe oxides
170252 26 129 Developed from basalt, Kna-
olin, Fe and Al oxldes, mica,
7.2 0,288 .12 10,8 Developed from volcanic ash
Kaolin, montmorillonite

Paaloa silty clay n

Koko silty elay lonm 13

Lunlualel clay 11 7.6 0L099 L0607 Developed frem alluvium
Montrmorillonite,
Akaka silty clay 176 4.4 (LB12 1460 180 Develo ed from voleanie ash,

Allophane, "wdrated Fe
and Al oxide s

* Values expressed on oven dry welght basis,

flask. At the end of 8 days incubation, the whale process of
drying, rewetting, and incubation was repeated for the second
and third cycles. CO, production in control incubated samples
(without drying and rewetting) was also measured at the end
of 8-, 16-, and 24-day periods to give comparable control values
corresponding to dryir and rewetting treatment values at the
end of one, two, and three cycles, respectively.

RESULTS AND DISCUSSION
Mineralization of Nitrogen and Carbon

Figures 1 1o 5 depict the effect of drying-rewetting cycles
on the release of available N in the experimental soils. It
should be noted that the zero cyele values were subtracted
from the others before plotting these curves. The magni-
tude of mineralized N increased with increasing number
of drying-rewetting cycles, except for the Paaloa soil oven-
dried at 100C (Fig. 2) where there was a decrease in avail-
able N. This decrease was presumably due to fixation of
released NH," in the mica fraction of the soil. The listing
of mineralogical properties in Table | shows that the
Paaloa soil is the only soil that contains appreciable
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Fig. 1—LEffect ol drying-rewetting eyeles on N ineralization
in unincubated and incubated Wahiawa soil.

amounts of mica in the five soils studied. Previous work
Mikami and Kanehiro (16) hiae shown that a highly signi-
ficant relutionship exists between fixed ammonium  and
percent mica in Hawaiian soils. Waork in the past (Y. Kane-
hiro, unpublished data) has also shown that ammonium
is fixed to a greater extent in these soils at 100C than
room temperature. It appears from Figo 2 that heatng
6O0C was not as effective as heating at 100C i finimg
released NH -N. Although the I ualualer soil contuims large
amounts of montmorilonite. an expanding Laver silicate
mineral capable of ammonium Lixation, no negative aval
able nitrogen values were obtained with oven-drving al
100C (see Fig. 4) as in the Paaloa soil. Some ammonium
fixation of released NH-N probably occurred tas sug-
gested by lower available nitrogen values in the umneu-
bated 100C oven-drying treatment as compared to the air-
drying treatment) but not to the extent as in the micaceous
Paaloa soil.
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Fig. 3—Effect of drying-rewetting cycles on N mineralization
in unincubated and incubated Koko soil.
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Fig, d—=Ellect of deving-rewetting eyeles on N mineralization
in unincubated and incubated Lualualei soil,

L he statistical analysis, Tollowing a factorial completely
randomized  design, shewed  significant I values  for
cveles and temperatures, as well as for their interaction in
all cases except lor the Koko soil. This indicates real dif-
lerences inavailable N orelease brought about by eyeles and
temperatures under both unincubated and incubated con-
divons. Interestmgly. the coelficient of variation values
were less than 6% signilving pood  agreement between
the two replicates.,

Fhe data on the inlluence ol drying-rewetting eyeles on
cumulatinve COL production in incubated soils are included
m - Lable 20 I peneral. © mineralization was greater in
samples incubated after a diving-rewetting evele than those
subjected o ancubation only, Tike N, the mineralization
ol C owas enhanced by repeating the  drving-rewetting
aveles. The mmeralizanon of C also generally increased
with the temperature of diving in soils: howeser, there were
exceptions, e the Akaka ovenadnied at 100C, where
there was o Large decrease at the highest iemperature. The
greatest O aelease Tar a particular drying-rewetting eyele

Table 2—FElleet of drying-resetting exeles on cumulative €O
production in incubated soils (Control values subtracted )

LR [ 9 T Iven drying

St Fremtunag Air deving hin” newn”
- my U Qr.::.-ul___:'___‘ -
Woalitawa LR TR TN 1 1 ¥ i

Pwis wvaborm 4 1
hitee vy elos | [ L]
| LELTY PO O i " 1 1
Twir evarles 1 h 1
Three cyelos 1 b "
Kotk e eyele v 1 20
'wi cyeles 1 15 L1
Three eyeles ] 2 57
1 ualuniel e ¢ 1 ] 4
Iwa cye 5 h 12
Threw eyelea ' ({1} )
Aknka One cvele Pl 11 [F]
Pwo oyele in 40 ]
41 hl 1l
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DRYING AND REWETTING CYCLES
Fig. 5—Elfect of drying-rewetting cycles on N mineralization
in unincubated and incubated Akaka soil.

was in the Akaka soil. By far, the major portion ol increase
in CO, production as a result of drying-rewetting has been
aseribed o a stimulation of microbial activity (2, 3, 20)
because of partial sterilization of soil accomplished through
drying. Ko and Lockwood (14) also reported an increased
fungal spore germination which was associated with in-
creased soluble carbohydrates and amino acids resulting
from soil sterilization.  Nevertheless, it has alse  been
stressed  that some €O, after heat treatment may  be
evolved by purely chemical processes (8). The direct
effect of heat on N release may be accompanicd by an
increase in aviulable C. Here ulso, as with N, the release
could be brought about by chemical alteration of other-
wise unavailable organic matter or by Killing ofl of micro-
organisms.

The increased mineralization of N and C at higher tem
peratures has been substantiated by others on similar
observations pertaining to the release of N (3, 5. 9) and
C (3. 5). The effect of drying in relation to N and €
release was cumulative as was also observed by Birch (2)
and Broadbent et al. (7). Multiple drying gave a cumula-
tive effect which was in agreement with the findings of
Souldies and Allison (19},

A highly significant correlation existed between rates
of N and C mineralized per cycle for cach drying treatment.
In computing these correlations, soil effect was disregarded,
The following "r™ values were obtained.

Drying Treatment “rto(df. 13)

Air-drying 0.816**
Oven-drying 60C 0.801**
Oven-drying 100C 0.709**

* Significant at the 1% level.



http:iminei.lt
http:slatisti.al

AGARWAL ET AL.: SOIL NITROGEN AND CARBON MINLRALIZATION 99

300 -
’- NO DRYING AIR-DRYING

= WAHIAWA ) 993'

200} A PAALOA k b=166
O KOKO
0 LUALUALE!

100 + AKAKA o

0 o g 'l & Il L] J i J

300r  oVEN-DRYING 60°C
r=0993**

b+206
200} 20/
100} /
(2]

]
D/ LA I 1 LA 1 J

B 12 16 20 8 12 16 20
CN C.N

OVEN-DRYING 100" C

10 976*
b=242

NITROGEN (NH4+NO3), ppm.

Fig. 6—Relationship between C/N ratio and N minervalization
in soils as aflected by the temperature of drying.

Figure 6 illustrates the re.ationship between C/N - (o1
ganic carbon to total nitrogen) ratio of the experimental
soils and the amount of N mineralized in three diving and
rewetting cycles. With no heat applied. the slope of the
line, or b7, s essentially zero. With an increase in the
intensity of drying, the slope of the line increased from 16.6
for air-drying, to 20.6 for oven-drying at 60C, to 24.2 tor
oven-drying at 100C. It is pertinent to mention that for
computing the “r™ and regression coelficient “b™ in Fig,
0, the Paaloa soil was ignored so that an exceptional prop-
erty of NH " fixation by a miciaceous soil at higher tem-
peratures was climinated Trom general consideration.

The C'N ratio seemingly influenced the N and C min-
eralization capacity of the experimental soils. In four soils
texcluding Paaloa) the C/N ratio (Table 1) decreased in
the order, Akauka > Koko = Lualualei =~ Wahiawa. Avail-
able N in three eyeles of drving and rewetting including
incubation (Fig. 1. 3, 4, and 5) tollowed the same order
ol decrease. Existence of such a relationship is evidently
supported by significant correlations between €N ratio
of the soils and N mineralized in three eyeles (Lig. 6). In
the air-drying treatment, where not much NH, o hixation
is expected. the Paaloa soil occupied the position that il
would be expected to according to its C/N ratio, i.c.. be-
tween the Akaka and Koko soils, The marked increase in
mineralized N and C in the case of the Akaka <oil was
probably due to its high C/N ratio, as well as 1o ats high
C and N contents,

Increased N mineralization in the experimental soils
xan be attributed to microbial stimulation through drying
but this cannot be the sole factor, It was demonstrated
(Fig. 1-5) that although increased N mineralization gen-
erally occurred under incubated conditions, o substantial
amount of it was contributed by drying alone. Under incu-
hated conditions, the release of N can be atributed to
microbial stimulation (2). decomposition of dead organ-

isms and tresh surfaces exposed on organie collowds during
the preceding drying (4). and additional amounts of soil
organic matter rendered available v processes other than
Killing of organisms (13). On the other hand, release ol
N in unincubated samples can probably be attributed o
death of cells and the splitting off of N, from the pro-
teinaceous part of organic matter, The hilling otl of Nivo-
somaonas at 53-55C and Nitrobacter w56 -585C as 1eponted
by Gibbs (10) must have contributed to the observed
mineralization of N in oven-drving  treatments through
death of cells. In contrast to most mucrobwlogical trans-
formations, ammonitication has been noted 10 proceed
(120 How-

ever. moisture may have heen Jinnting tor the thermophiles

vigorously in the temperature range, S0 70

at 60C and 100C, since dry ngs were done m oan unsatu-
rated atmosphere in the oven. Therelore, sienibicant oon-
tribution of thermophilic mineralization 1o the obsersed N
release is not very likely, e addition o luniting me stare,
the short tthree 24-hr excles period of oven-drvings nn
be considered inadequate for appreciable contohition by
thermophiles, Whether or not the postulated splinng ot ol
NH - can be regarded as o part of addinonal amounts of
vrganic matter rendered available Tor decomposition (13
N i matter of speculation. Some justibication oo this nu
be Tound in the work of Pavne et al 0170 and Stesenson
(20). These workers reported  that ai-divime increased
the amino acid content of the soil. indicating o small degree
ol dezomposition of the mitrogenous constituents of soul
organic mader

Comparison of Nitroven Mineralization and Natvification
Under Unincubated and Incabated Conditioms

Figures | o 5 illustrate the comparative net avalable
N ovadues released under unmeubated and incubated cond
tions. There was generally greater avanlable N release when
incubation was included. However, there were exceptions
the most noticeable beings i the Wahawa (b 1) and
AKaka (Fig, 5) soils oven-diied ar 1000 T these 1w
soils, the magnitude of mineralized N was greater i un-
incubated samples for cach divmg-resettiing ovdle In the
Paaloa soil (hig. 20 the ellect of heating, especially
100C, was 1o fower Norelease presurobly due 1o fisation
of released NH - as discussed presiousty. Inoall nnincuibated
soils, exeept the Akaka, air-drving caused greater N releise
than heating at 60C, regardless of the number ol diving-
rewcetting eveles: however, results for 1000 were incon:
sistent.

The data on NH - and NO-N under unincubated and
incubated conditions for three dryving-rewetting cveles
different temperatures of diving are included i Table 3
In general. the mineralization of NH -N increased in all
soils following incubation, The NO =N data for the Kok
and T ualualei soils showed o detinite influence of inciba-
ton on pitritication. Nitrification was virtually complete
in these two soils when subjected to ait=drving. An appre-
ciable amount of NH =N was also nitrified i some of the
treatments at 60C with icubation, On the other hand,
most of the initial and released NTH-N remained unintrified
in unincubated soils, even i the Koko and 1 ualualer soils
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Table 3—Eflect of drying-rewetting eyeles, without and with incubation, on NILj- and NOg-N (ppm N)

Alr drylng

Oven-drying 60C Oven-drylng 100C

r{';’i‘::‘,‘:w No Incubatlon Inculiation No Incubntlon Incubiation No ineubntlon Incubatlon

Sl exele NI, Noy NIl N0y NI, NOy Nl Ny wH, NOy NH,  NO,
Wiktawa EE SN | [ 13 5] k1] [ KE] 5 K1 6 33 15 34
1 M 1 I8 15 1] 13 21 il k(1] iz 6 28

2 b 1 25 5 21 32 24 1l 1 12 40 31

1 11 11 il 15 22 £k iz il 49 11 45 29

| ] hl 121 AL 180 L] 121 ib (48] fl 121 44 11l
| 71 125 A 1L hi 121 500 (§14] Bl 92 fify 59

: Th 124 s 1w 7 123 51 10a 101 73 9 6

1 h [l (RE.] s h9 121 51 1 120 i 1 52

Kk 0" i 12 15 ¥ 19 121 15 77 19 121 15 77
1 51 12u 1 s 19 119 i i L1} 121 L] 74

: e 19 T 125 56 1200 n 16 72 11 104 70

1 74 123 I 140 hi 124 Bl 1 HE 124 13k T4

b duaded 1" F] 11 12 I 14 13 1 L 14 13 12 1
i 17 15 i 15 (¥ 14 I LR 15 13 i 11

2 0 I 1 i If 14 9 " N 14 fill 1

1 in 43 | LY §] s Ath n 20 14 13 [F]

ST [ L] h P (] 9 (3 d ] 9 n 2 4
| o] | 92 1 hy i 125 1 132 i {HE) 7

i 15 1 (KT i 97 i -] h 203 S 189 1

L} Kl) i i n 14 1 17 5 PLL 7 263 5

At the higher wemperature of 100C, there was a trend fon
the accumulation of NH =N ncall soils. The repeated dry-
mg-rewetting eveles mereased NH =N mineralization in all
souls. Howeser, this was not true lor air-dred incubated
Koho and Lualualer sy where repeated eveles Lavored
minheation ol released NH =N,

In view of the Toregoing discussion, it s proposed that
heat was directhy responsible for the major amount of N
and C release m umncubated samples by chemical altera-
tons ol otherwise unavatluble orgamie matter, and by kill-
mg ol ol organisms. When an incubation period followed
dhe drving and rewetting treatment, the direct elfect ol heat
together with nercased mucrobial activiy and  associated
changes dunmg mceubation accounted for N oand C release
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