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Abstract

Soil samples incubated with each of potassium dihydrogen phosphate, ammonium sulphate, compost, glucose
and lime under submerged condition resulted rapid mineralization of inositol phosphates, phospholipids, inositol
hexaphosphate, ribonucleic acid and its derivatives, and deoxyribonucleic acid and its derivatives in the first 15 days.
Mineralization was moderate in the subsequent 15 days followed by a gradual disappearence in the next 30 day incu-

bation periods.

All the treatments caused a significant miaeralization of organic phosphorus compounds during

every sampling in all the soils. Soil containing more organic matter and mineralizable substrates, and high pH
showed greater mineralization. Liming promoted mineralization as itinduced conditions for the proliferation of
phosphorus transforming organisms. Decrease in solubility of exchangeable Fe and Al also helped in the hydrolysis
of inositol phosphate compounds. RNA and DNA alongwith their derivatives meneralized completely in 30 days of

incubation in most of the treatments.

Introduction

Organic phosphorus comprising a signifi-
cant proportion of total phosphorus (Cosgrove,
1967) appears in soil, to date, as most important
compounds of inositol phosphates, phospholi-
pids, ribonucleic acid and deoxyribonucleic
acid. Their amounts vary from place to place
depending upon various physical and chemi-
cal factors (McKercher and Anderson, 1968 )
and are very much important in soil fertility as
an indirect source of availakle forms (Bray and
Kurtz, 1945). But they contribute very little to
phosphorus assimilation by plants unless mine-
ralized ( Eid et a/, 1951 ) which again depends

to a greater extent upon the chemical nature of
phosphate compounds present in organic com-
plexes and the environmental conditions under
which the biochemical transformation takes
place Mineralization of inositol phosphate as
influenced by liming and submergence was
reported by Islam and Ahmed ( 1973 ) but no-
thing was said regarding the changes of iron
and aluminium during incubation which have a
close bearing with the compound ; and inositol
hexaphosphate during submergence (Furukawa
and Kawaguch, 1969 ). However, no data has
yet been available as to the nature of minera-
lization of other organic phosphorus compounds.
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Therefore, an incubation experiment was set
up to evaluate the effects of various factors on
the mineralization of organic phosphorus com-
pounds in some surface soils of Bangladesh.

Materials and methods

Samples of surface soils (92-15cm ) were
collected from two tracts of Bangladesh diffe-
ring in their physical and chemical properties.
The samples were air-dried, ground and passed
through a 100-mesh sieve. General descrip-
tions of the samples and classification of the
soils according to USDA Soil Taxonomy 1s pre-
sented in Table 1. Certain chemical properties
of the samples are presented in Table 2.

Analytical techniques :

pY was measured electrochemically by using
a Pye glass electrode, the soil and water ratio
being 1: 2.5. Organic carbon was determined
by Tinsley’s wet combustion method as descri-
hed by Bremner and Jenkinson (1960 ). The
method of Metha etal. (1554 ) was usad for

estimating organic phosphorus. Analysis were

made by methads cutlined for inositol phosph-
ates by McKercher and Anderson (1968).
phospholipids by Hance and Anderson ¢ 1963 ),
inositol hexaphospate by Anderson and Mal-
colm (1974), RNA and its derivatives by Adams
etal. (1954), DNA and its derivatives by An-
derson ( 1961 ). exchangeable iron by Olson
(1965 ). and exchangeable aluminium by Mc-

Lean (1965). N was determined by Kjeldahl
method.

Incubation experiments :

Experiments were carried out to study the
effect of each of moisture, potassium dihydo-
gen phosphate. ammonium sulphate, compost,
glucose and lime on the mineralization of diffe-
rent organic phosphorus compounds in soil
samples. 500 g of soil samples were placed in
600 m! tubes (15 cm x 7 cm, locally prepared
polythene tubes ). Different amounts cf calci-
um carbonate were added to bring the pH of
the samples to 8 0. Potassium dihydrogen
phosphate, ammonium sulphate, compost and
glucose were each added at the rate of 45 ppm
independently. Mineralization has also been

Table 1. General characteristics of the soil ramples examined.

' | \
Soil Series | USDA Soil Taxonomy ?%23;‘2 Parent material ( Drainage| Texture { Colour
$Hi ‘
Harta Histosols Peat Peat Poor Clay Black
Naldanga Haplaquent NDGFS Tista flocdplain  Very Silt loam Dark
poor grey
Paysa Typic Harlaquoll NDGFES Old Meghna es- Poor Silt loam Dark
tuarine grey

NDGFS=noncalcarecus dark grey floodpiain soil.
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studied under a submerged condition without
additions of these materials. Every effort was
made to keep the moisture content constant
(3 cm above the surface ) during incubation
by the addition of distilled water whene\.rer
required. Each treatment was replicated thrice
and arranged in a completely randomized de-
sign. The tubes were not covered and incuba-
tion was carried outat room temperature
({ 207°C L0 8°C). Samples were then analyzed
for net changes in inositol phosphates, phos-
pholipids. inositol hexaphosphate, RNA and its
derivatives, and DNA and its derivatives levels
after 0. 7. 15, 30 and 60 days from the begining

of incubation.

Results and discussion

The net changes in oraganic phosphorus
compounds level after 0. 7. 15, 30 and 60 days
from the begining of incubation (Fig. 1-5)
showed that all the treatments caused a signi-
ficant mineralization of the organic phosphorus
compounds in the soil samples. Soil samplgs
treated with only moisture caused an apprecia-
ble mineralization of all the compounds but the
amount mineralized was low compared to
other treatments. Hayashi and Takijima (1955)
and Islam and Mandal (1977) had observed
that mineralization of organic phosphorus was
stimulated by higher moisture levels. Furuka-
wa and Kawaguchi ( 1969) also incubated subh-
merged paddy soil at 40°C for two weeks and
observed a rapid hydrolysis of inositol hexa-
phosphate.

‘Mineralization of inositol phosphates ( Fig.
1 A, B&C), phospholipids (Fig. 2A, B&C)
and inositol hexaphosphate (Fig. 3A, B &C)
showed three different trends. A rapid mine-
ralization in the first 15 days was fcliowed by a

moderate disappearence inthe next 15 days.
Than a gradual mineralization was observed in
all the soils irrespective of the treatments ex-
cept the effects of compost and glucose on the
disappearence of inosital phosphates in Harta
sample ( Fig. 1A ). The treatments significantly
enhanced the mineralization of all these com-
pounds. However, it is clear from Fig. 2A, B &
C that lipid phosphate mineralized completely
when the soils were submerged with lime in
60 days of incubation. Ammonium sulphate
also caused the similar effect in Harta and Nal-
danga samples.

The effects of various treatments on the mi-
neralization cf ribonucleic acid (Fig. 4A, B & C)
and deoxyribonucleic acid (Fig. 5A, B&C)
alongwith “their derivatives were significant
and showed first two trends as was observed
with inositol phosphates ( Fig. 1A, B& C) ex-
cept the effect of potassium dihydrogen phos-
phate where the transfcrmation of both the
acids proceeded uniformly at a faster rate in
30 days cof incubation in all the soil samples
(Fig. 4A.B & Cand Fig. 54, B & C). However,
both the acids alongwith their derivatives
mineralized completiey in 30 days of incuba-
tionin all the treatments except the sample
treated with only moisture. Moisture alone
caused an appreciable mineralization of both
the acids burt 0.47 to 2.14%; ribonucleic acid
and 1.14 to 2.12% deoxyribonucleic acid still
remainad after 60 days of incubation.

Liming caused the maximum mineralization
of all the organic phosphorus compounds in
all the samples ( Figs. 1-8). Islam and Ahmed
(1973) also reported that mineralization of
inositol phosphate is increased by adjusting
the pr valuses conducive to general microbial
metabolism and a shift from acidity to neutra-
lity increases phogphorus release. McConaghy
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Legend : see Fig. 1.
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with time. Legend : see Fig. L.

(92)



MINARALIZATION OF ORGANIC P COMPOUND

7%
ol o7 .
7 .
I,/_/}{//
://’
Il // < |®
3 [//l/ o 1O 9
'7’/ ool o
%
& T
=
a 5r
a
wq-
a e — &

0.04
0.05
0.08

TAINERALIZED

nays OF INCUBATION (P'—‘O.l’

Fig. 5. Mineralization of soil DNA alongwith its derivatives under waterlogged condition
with time. [egend . see Fig. 1.

(93)



(¥6)

SN SN SN SN SN SN €00 600 800 1o gro 180 [8adl 7,104 dST
00 G0 00 0'0 0 00 00 C0 00 00 0NV 00 SWI]
00 0 0'U 1o o [ 4] 90 70 ¢'0 01 ¥l 0¢ 8s00n[D
00 T 0¢ 00 1'C 0 %0 S0 €0 €1 g1 92 ysodwo)
10 1o 10 10 10 0 S0 70 Lo 2’1 9'1 L'¢ syeydns
WNIUOW WY
0 00 00 10 10 I'0 €0 70 60 1 Al 92 ojeysoyd usbox
-pAyrp wnissejoq
00 00 00 10 10 0C ¢0 S'0 8'0 0'1 el ¢ SIDISION
10 10 10 10 o 10 2’0 a0 20 1°0 A 20 101110
” , ! , m
esded M ebuepieN  ®itey | esfed ebuepeN | ®iiey “_ esfeq | ebuepreN ' ejrey esheg | ebuepreN @ euey
- _
v9 — ) o¢ _ L St “ L sjuswesa ],
uoljeqnourt jo sAe(q

‘uonieqnour burinp sejdutes (1cs oty jo (wdd) [y pue o] cjqeebueyoxs ur sefiuey) ‘¢ o[delL
€60 80 el €91 0'1¢ 1 129 68 VoAl [§] soduzoD
850 oy 07 12 4 8Ll ¢l 8l¢ 0S¥y 60°L 99 esded
980 (] 06 67 ¢'1¢¢ P11 0S¢ 0es ¥02t 6°G ebuepreN
280 ¥9 G889 00°L $'SLe §'gl 02v 08s ¥6 ¢l 5'G ElIBH

d) . (wdd)epeyd | (wdd) | (wdd) | (%) |
(%N twdd) (wdd) _ (wd u (wdd) _ | sortog
(SeL |13 0ds1c | somuoner soameenier | Seucsol | sndiontsoua | eidioid | oldsond | yodtve | wd s

1sodwod pue seidwes (105 jS satiladoid [eoiwWed BWCg ‘g S[ae]



(G6)

8101 gg'6 o 11 y38'L el €19 9ael %1°0 ¥ ast

Ggree G8'v1 §9'0t G869l §1°691 ge'A8l &8l ¢81 0¢¢ WL

0961 G§2:51 G761 OF°OVI GGyyl GG'06T 091 091 951 9800T{D

0PI Ge 1l goel 0662l GL2el gereel vl 24! 81 isodwc)

et S8¥1 G921  G9°¥ST G109t Ge'eLT 891 SL1 {42l ejeydns WnUowWwy

0911 ISIAVAL 59:6 ov'vel §1°8e1 geror1l  otl 951 0st syeydsoyd

ueboIpAylp wnissejod

028 Sov1 S101  0L'SL Ge'a9 68’18  ¥8 88 26 SINISION

0€°¢ 017¢ G581 0LV 06'S Sv'9 L 3 8 [o1uoyn
|

esded efuepieN ey | esked | ebuepieN l BlIiRH | BSAed \ ebuUeplEN mmtmm

i

(dd) uonoesy (wdd) spunod _ (udd) sjusuIjeal],

-woo suroydsoyd oiuebio snioydsoyd

stnioydsoyd omebio
bezifersura paynuspiun

pezi{eIsUIll PAYLUSPI [Bj0],

owebi1o pezitelsuldl [10],

"UCHegNOUL JO SARD ()9 Ul S10108] snolea AQ psousnpjul se snioydsoyd ojuebio jo uonezifelsuiy § olde],



MANDAL AND ISLAM

(1960) too reported that breakdown of nucleic
acids was much slower in acid than in sweet
soils but upon liming the acid soils caused an
increase in availability of phosphorus to rye
grass.

The decrease in the solubility of exchange-
able Fe and Al ( Table 3) due to liming also
helped in the hydrolysis of inositol phosphates
as well as inositol hexaphosphate into lower
esters. In acid environment, phytin reacts 1o
form insoluble iron and aluminium phosphates-
highly resistant to dephosphorylation (Black
and Goring, 1953) but the addition of lime
caused the subsequent formation of more solu-
ble calcium salts and results a rapid minerali-
zation of phytin ( Pierre, 1948 ). Furukawa and
Kawaguchi ( 1969 ) also reported a rapid hy-
drolysis of inositol hexaphosphate due to en-
hanced solubilization of Fejor Al-salts of nosi-
tol hexaphosphate during submergence. How-
ever, no such evidence has yet been available
for phospholipids.

It was observed thatin all the treatments,
mineralization of all the organic phosphorus
compounds were highest in Harta sample follo-
wed by Naldanga and Paysa samples. Thig
might be due to the highest amounis of organic
matter, and different mineralizable substrates
content of the sample ( Table 2 ). Mineraliza-
tion of organic phosphorus is also related to
the quantity of substrate (Alexander, 1951 ;
Islam and Ahmed, 1973 ). However, the high-
est rate of mineralization of these compounds
was observed in Paysa sample followed by
Naldanga and Harta samples. This might be
due to the favourable pH* of the sample
( Table 2).

When the mineralized fractions of inositol
phosphates, phospholipids, ribonucleic acid

(96)

and decxyribonuceic acid were added toge-
ther, 1.55 to 30.65 ppm organic phosphorus
( Table 4) remained to be obscure that had
already undergone mineralization. However,
in most of the treatments more than 902, mine-
ralized phosphorus was indentified in all the
soil samples.
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