BIOCHEMICAL STUDIES ON THE ORGANIC MATTER
IN CEYLON TEA SOILS

M. 8. Ramaswamy

This paper deals with investigations of a preliminary nature carried out during
the years 1953-—1957 on the hiochemical aspects of organic matter in Ceylon tea
svils. The investigations were generally confined to cultivated soi! from St Coombs
Estate (elevation 4,500° AMSL}, but the results of experiments on lea soils from
other elevatinns, when they relate to thesuhject of this g.rtic!c, hawve also been included.

Studies on the organic-matter status of Geylon tea soils have so far been mostly
confined to the assessment of the total carbon and total nitrogen contents; the
results, though useful in many respects, do not indicate the nature of the nitrogen in
the soil, particularly that fraction of the nitrogen which is mineralised to ammonia,
nitrites and nitrates by the soil microbes and is thus made available as plant food.
For example, up-country tca soils are very rich in erganic nitrogen, but a large part
of it appears to be resistant to mineralisation by soil microbes and therefore unavail-
able as food ; the total nitrogen content of these soils does not indicate the immediate
fertility of the soil.

The rate and degree of mineralisation by the soil microbes can be studied under
controlled laboratory conditions. The results of such experiments may not truly
represent the changes that occur under natural conditions in the field, but they do
indicate to some extent the fraction 6f the organic nitrogen susceptible to mineralisa-
tiof1.

It has been shown (Tolhurst, 1936) that organic matter in tea soils in both the
low country and the up country is high though variable, whilst it is uniformly low
in the mid-country. It is posgible that the, rate of mineralisation of organic nitrogen
in the mid-country soils is equal to if not more rapid than the build up of organic
nitrogen from prunings and old leaves from tea and shade trees, etc. n the other
hand, in the up-country tea soils there appears to be a highly resistant nitrogen
{raction which is difficult to mineralise. In Part I of this article, preliminary studies
on the fractionation of organic matter in an up-country tea soil (St Coombs estate),
and the susceptibility of these fractions to mineralisation when incorporated into the
soil, are reported. In Part I1, experiments conducted to evaluate the proportion of

“ the organic nitrogen susceptible to mineralisation in tea and jungle soils from districts
at di?ercnt elevations and with differing climatic conditions are described ; studies
on the rate and degree of mineralisation of organic nitrogen in up-country tea soils
are also included.

PART 1L—SOIL ORGANIC MATTER

In the study of the organic matter in Ceylon tea soils, attention has mainly been
directed towards the determination of the total carbon content. Even though the
amount of soil organic matter can be calculated roughly from the carbon content, the
factor used for this purpose has been disputed, since the compasition of the organic
matter varies widely in different soils. A fractionation study, on the other hand, is
likely to be more useful, because it could throw some light on the nature of the
resistant and susceptible [ractions present in tea soils.
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Before attempting the fractionation of the soil organic matter, a method of
extraction which will cause the minimum possible changes in its physico-chemical
properties must be used; since classical methods involve the use of strong aikali, a
study of the milder and neutral reagents was made by Bremner & Lees (1949).
A similar approach was made to the extraction of the organic matter from tea soils
using both alkaline and neuiral reagents, The effect of various regeants on the
solubility of the organic nitrogenous compounds in tea soil under two different

experimental conditious is given in the following tables (Tables 1 & 2.
TABLE 1.—Ffect of various reagents on the sulubility of the arganic nitrogen
in lea soif

St Coombs, Ficld No. 10, 0-6" layer; [Resully expressed as “,, total
organic nitrogen extracted;

Sircugih | Four . Oeasional
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TavLe 2.—Effect of various reagents on the solubility of the organic nilrogen
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Of the various reagents tried, Eotusium fluoride was found to be the best;

apart from being a neutral reagent, the percentage of extraction of orgasic nitrogen
was found to be comparable to, or even greater than, that of potassium hydroxide.

An experiment was next carried out to determine the optimum strength of the
potassium fluoride reagent for the maximum extraction of the organic nitrogen.
Typical results for one soil sample are presented in Figure 1.
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Fig. 1-—Extraction of soil organic nitrogen by potassium fAuoride
reagent.

The optimum strength was found to be about 0.5 M.

The organic matter extracted with the potassium fluoride reagent was next
dialysed against distilled water, to remove the inorganic constituents, and it was
found that part of the organic nitrogen was also dialysed. The dialysable fraction of
the nitrogen represented ammonia, nitrites, nitrates, probably also with amino-acids,
Between 8 and 18 per ¢ent of the toal organic aitrogen was found to dialyse. The
results are shown in Table 3.
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Tasre 3.—~Dialysable fraction of organic nitrogen

[} b
b
St Coombs ' ) Total organic nitrogen . Dialvaable organic
Field No. Prohle | - — i nitrogen as
Before dialysis | After dialysis 1+ %, toral organic
! mgs mgs nitrogen
8 —2° 40.0 ; 35.5 N
14 02 1 20.4 17.2 ' 15.7
MR g 16.9 ' 15.0 11.2
a ) n=2" . 16.0 | 14.8 . 7.5
2—6" 12.2 | 11.2 ' 8.2

The organic matter extract after dialysis was fractionated into humic and fulvic
acid fractions by treatment with dilute sulphuric acid to pH-3.0. -

The susceptibility to mineralisation of the humic and fulvic acid fractions of
the organic matter from St Coombs cultivated soil (Field No. 9, 0—27 layer) when
tncorporated with the same soil and incubated at 30° C for 4 weeks (moisture 339%,)
was estimated. For purposes of comparison similar fractions obtained by the initial
extraction of the soil with alkali were also incubated with the soil.  The results are
shown in Table ¢.

TABLE 4.—Percentape mineralisation gf nifrogen in organic matler fractions
when incorporated into lea soil.
(Results expressed as 9, mineralisation of organic nitrogen).

Organic matter extracted by

Organic mattet fraction Potassiutn hydroxide Potassium Ruoride
0.5M 0.5M

Humie acid 10.7 1.7

Fulvic acid s 27.8 62.4

The humic acid fraction obtained by treatment with alkali appeared to be less
resistant to mineralisation than that obtained from potassium fluoride. The fulvic
acid fraction obtained from alkali treatment, on the other hand, was found to be
more resistant to mineralisation than that obtained from potassium fluoride. The
large differences found are probably due to changes in the physico-chemicai proper-
ties of the organic matter caused by treatment with alkali, as suggested by Bremner
& Lees (1949). It is likely that metallic cations are more easily removed from the
organic complexes, with less effect on their physico-chemical propertics, by potassium
fluoride reagent (which is neutral in reaction) and thus render the fulvic acid fraction
more labile for mineralisation by the soil microbes.

The fractionation of the organic matter in poor and in rich cultivated tea soils
was next carried cut. For this purpose, tea yield figures from the various fields at
St Coombs estate for a consecutive period of five years (1950 to 1955) were obrained
by courtesy of the Superintendent, Mr E. 8. Rose.' -t was found that field No. 10
gave an average yield of 1161 Ib. made tea per acre per annum, the highest for this
estate at that time, while field No. 2 gave 746 lb. made tea per acre per annum, the
lowest figure. It was expected that the organic matter fractions in the soil from
these two fields would show large differences. The results are shown in Table 5.
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Taste B.—Organic matter fractions of soil from high and low yislding fislds

at St Coombs sstats
High-yielding field [ Low.yielding field
Analysis forz Profile i Praofile
o—z | & | -2 | 2
Total organic nitrogen (%, of soil) 0.363 ; 0.315 | o.305 ! 0.254
. . i !
anic nitrogen extracted by potasiu
o?uoridc reagent (% of soil) w002 0.085 I ¢.080 f 0.061
Dialysable fraction of extracted organic ; I
itrogen (% of soil) L e | 00 | 0.008 . 003
Organic nitrogen in humic acicd fraction’ i
e: of soil) NS R ‘ 0,043 0026 [ IR
Organic nitrogen in fulvie acid fraction, ! i
(% of soil} Lboeoa 0 o8 | 0w . 0.0
Percentage absorption of light of potas-, :
sium Aunoride extract (3 mn. cell) ... 88 L 53 27

The total organic nitrogen as well as the various nitrogenous fractions, other
than the fulvic acid fraction, appear to be higher in the high-yiclding field than in
the low-yielding area. The large differences in the percentage absorption of light
by the organic matter extract indicate the presence of a large amount of dark-
coloured organic complexes in the high-yielding field. The low-yielding field (No. 2)
is adjacent to field I‘}:::. 1 and more or less similarly sitnated. It has been shown
carlier (Tolhurst 1966a; Elias 1960) that the difference in behaviour to replanting
between Field No. 10 and Field No. 1 is probably due to the following: (1) Field No. 10
was brought inta cultivation from a rich patna area, whilst field No. 1 was formerly a
jungle area; (2) Field No. 10 was planted in 1931 whilst Field No. 1 has been under
cultivation since the 1880’s; (3) there appears to be a slight difference in the annual
rainfall in the two areas; (4) Field No. 1 hasa steeper terrain than Field No. 10; and
(8) the direction of the slope in the two areas is different.  Similar differences exist
between Fields Nos. 10 and 2 (which is similar to No. 1) and have probably been
responsible for the differences in the organic matter status of the two fields.

Sammary

1. Results of preliminary inyestigations on the fractionation of the s0il organic
matter in up-country tea soils (St Coombs estate) and the susceptibility to mineralisa-
tion of these fractions when incorporated into the tea soil are reported.

2. Potassium fluoride (0.5M) appears to be a better reagent for the extraction
of organic matter in up-country tea soils than other neutral and alkaline reagents
tried. The different reagents give about the same degree of extraction, but potassium
fluoride, being neutral, islikely to cause the minimum changes in the physico-chemical
properties of the organic matter..

3. The degree of mineralisation of the fulvic acid fraction of the organic matter
extracted by potassium fluoride reagent (and incorporated into the soil), was found
tgdbc more than twice as much as the same fraction obtained from patassium hydro-
xide.

4. A comparative study of the organic matter fractions from the high-vielding
and low-yielding ficlds at St Coombs showed that the high-yielding field was superior
to the low-yielding field in its total organic nitrogen content as well as in available

nitrogen.,
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PART I1. MINERALISATION OF SOIL ORGANIC NITROGEN
UNDER CONTROLLED LABORATORY CONDITIONS

The soil organic matter consists of humified and unhumified material from dead
plants and animals, in different stages of decomposition, which is caused predomi-
nantly by soil micro-organisms including fungi. The mineralisation of organic nitro-
gen probably takes place through the following stages (Russell, 1950):

Organic nitrogen —> ammania —> nitrites - > niteates

~ These changes occurring in the field may be studied in the laboratory by
incubating the soils under standard conditions. The rate of mineralisation found
under these conditions is probably not exactly the same as the rate of similar change
occurring under cultivated ficld conditions; however, the amount of decompasable
organic nitrogen and the nature of the mineralisec product can be assessed. The
results of various experiments carried out in this connection on Ceylon tea soils are
bricfly described in this section. The determination of the ammonia and the nitrate
was carried out according to a modified method (Ramaswamy, in press).

1. Fraction susceptible to mineralisation of organic nitrogen in tea soils
from different elevations

It has been found that the soil micro-organisma become active only in the
presence of sufficient water. For example, dry soils may be preserved for very long
periods without any change in their mineral nitrogen content; but by subjecting
the 30ils to a process of alternating moist and dry conditions, it appears to be possible
alternately to activate and inactivate the life processes of these soil microbes. By
this process, the susceptible fraction of the organic nitrogen is mineralised gradually.
"The following experiment was conducted to determine the number of such alternate
wetting and drying processes required to give the maximum possible degree of
mineralisation ol organic nitrogen,

Tea soils from St Coombs and four other estates at different elevations were
air«dried and spread to about a quarter-inch thickness on porcelain plates, The
soils were wetted with a fine jet of distilled water to just below the saturation point
{pre-determined) and allowed to air-dry in the laboratory (temperature variation
20-25°C), Depending upon the weather conditions, the soils took between 2 and
10 days to dry. The soils were wetied and dried again; the process of wetting and
drying was continued several times, The mineralised nitrogen was determined at
intervals, It was found that the organic nitrogen mineralised easily to ammonia,
but subsequent conversion to nitrites and nitrates was negligible during the whole
period. The rates of mineralisation of the organic nitrogen in various soils are
shown in Fig. 2.

It may be seen from Fig, 2, that there was a rapid mineralisation of organic
nitrogen up to the 36th wetiing and drying treatment, after which the increase was
small. The percentage mineralisation at this stage may, therefore, be taken ta
represent approximately the susceptible fractjon.
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2 MINERAMASATION OF ORGANIC NITROGEN
o

) 20 40 60 80
NUMBER OF WETTING & DRYING OPERATIONS -

Fig. I - Susceptibility to mineratisation of organic nitrogen from tea soils at differcut
clevations {by alternate welting and drying method).
1. 5t Coorabs, 0-2 suil (elevation 45000 AMSL); II. St Coombs, 2.6 suil;
11I. Endane, 06" il (elevation 1300° AMSL); IV. Sapumalkande, U-5"
wil (clevation 600° AMSL).
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It may also be seen from Fig. 2, that the organic nitrogen in the 2-6* layer of
the soil (St Coombs) was found to contain a higher percentage susceptible to mineral-
isation than that in the top 2" of the soil.

The changes in the pH of the soils during the period of test were also determined.
All the soils showed a steady increase in pH and this was found to vary between 30
and 30 times the initial hydrogen ion concentration.

A sample of the soil from one other district {Dartry, elevation 2,400 AMSL,
0-6" layer) was also treated along with the abave set, but this soil was found to
contain initially a large amount of exchangeable ammonia (967 ppm as nitrogen
on dry soil). 'This high figure could not have been due to manuring since the field
from which the soil was sampled was manured two months prior to sampling and
there had been a rainfall of about 19 inches during this interval. (It was found on
No. 8 field, 5t Coombs that the amount of exchangeable ammonia, after manuring -
with TRI-500 mixture, dropped to normal levels of 3 to 8 ppm nitrogen within 4
to 7 weeks during which there had been a rainfall of only 1.44 to 9.35 inches).
The mineral nitrogen contents of this Dartry soil dropped steadily (to 736 ppm
nitrogen on dry soil} during the period of test. This soil also showed an increase
in pH, hut to a lesser extent (only five-fold) than the other soils studied. Because
of the peculiarity of the soil, and since apparently no organic matter appeared to
have been mineralised, the resuits for this soil are not shown in Fig. 2.

A number of tea and jungle soils {0-0" layer) from districts at different eleva-
tions and with different climatic conditions were next examined by the wetting and
drying method. In this experiment also, no appreciable amounts of nitrites and
nitrates were formed; ammonia was found to occur predominantly. The resuits
_ are represented in Figures 3 & 5 while the total organic nitrogen content are shown
for purposes of comparison in Figures 4 & 6.

The results indicated that the susceptible fraction of the organic nitrogen was
generally higher in the tea soils than the jungle soils; it was also found to be bigher
in the mid-country soils than in the up-country soils in both the S.W. and the N.E.
monsoon zones.  Sufficient information about the low-country tea soils could not
be obtained as only one sample from districts below 1,000 fi elevation was available.
From these resuits, it is possible to speculate about the nature of changes that occur
in the organic nitrogen in the mid-country districts. It would appear that in this
region, particulacly under the prevailing climatic conditions (frequently alternating
wet and dry conditions) the rate of mineralisation of the organic nitrogen may be
expected to be equal o if not higher than any building-up processes.

The susceptible fraction of the organic nitrogen in soils from different elevations
(both in $.W., and N.E. monsoon zones) was %)und to decrease as the elevation
increased while the total organic nitrogen increased as the elevation increased. The
statistical significance of these results is shown in Table 6.

TaBLe 6.—Correlation coefficients on the relationship betiween elevation and the
susceplible and total organic nitragen in sotls

. , | - . v
Susceptible {raction of Total organic niwogen,
organic nitrogen, and | and elevation

F elevation |
:

U — —

Tea Soils | Jungle Soils : Tea Soils  Jungle Soils

Correlation rociiicient . | —. 702 ‘ 0,839 40,796 ’ +0.783
t icalewated; 3,425 4086 4.570 3.334
t (tabulated) @ 1%, prubability . 3.055 | 3.489 3.035 —_

t  (tabulated) @ 29, probability — ] —_ —_— 2,998
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JMINERALISATION OF ORGANIC NITROGEN
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Fig. 3—Percentage mineralisation of organic nitrogen in the tea (I; soils and the jungle (IT) soils from districts at different elevations
in the 5.W. Monsoon zone.

Fig. 4—Organic nitrogen content of the tea (1) soils and the jungle {II) soils from districts at different elevations in the 8.\
Monsoon zone,
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{MINERALISATION OF ORGANIC NITROGEN
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Fig. G—Organic nitrogen content of the tea (1) soils and the jungle (TE; seils from districts ar different clevations in the N.E. Monsoon zone.
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TABLE 7.—Mineralisable arganic nitrogen in different soils, expressed as tons of ammonium sulphale per acre

S.W. MONSOON ZONE

N.E. MONSOON ZONE

Tea Sors : JuncLE Sons TeA Somws I ’ JuxeLe Soms
i ; , | . —
: ; ; . : | i
Tons of | r ! Tons of i Tons of " Tons of
Estate | Elevation {(NH,),50, | Estate : Elevation I(NH,),80,| Estate l Elevation (NH,),8O, Estate | Elevation i(NHQ SO,
No. ft | per acre { No. E fi . per acre No. | ft . peracre | No. i ft 1 per acre
| B | | ! | | ! |
1! 100 1 12.8 1 ! 1,500 5.8 I 2,300 12.0 | 1 3700 | 1.2
i ' | ‘
2 1 1,000 - 10.4 g ' 2,000 18.6 2 | 3300 8.4 ’ 2 i 1,900 17.5
3 ’ 2,000 | 9.9 3 2,200 8.3 3 . 4,800 ! 8.0 3 5000 14.1
. i i i
4 1 2,1D0 ! 7.3 4 5,100 17.5 4 i 6000 ' 1.2
5 1 2,200 T8 5 5,800 17.3 ! !
6 2,700 9.9 6 7,000 28.0 i ’
T, 3400 7.3
1
8 - 4,400 9.6 |
9 5,100 8.9 ! 1
] '
10 5,800 7.8 '
11 7,000 16.8 |




_Laboratory incubation studics showed that most of the mineralised ammonia
in these experiments was available (under conditions suitable for nitrification) for
conversion to nitrites and nitrates by the nitrifying organisms.

~ As a matter of general theoretical interest, the amount of mineralised nitrogen
in all the soils investigated was expressed as tons of ammonium sulphate per acre
{assuming two million pounds of soil per acre, 6° deep), and the data are given in
Table 7.

These tigures give a rather surprising picture of the available organic nitrogen
in Ceylon tea soils. Moreover, the data are in no way exhaustive; only the top
six inches have been considered and the mineralisable fraction of the total organic
nitrogen may in fact be much higher. The cerganic matter returned to the soil in
the form of prunings, and dead lcaves of tea and shade trees, which is known to be
very substantial (Visser, 1960}, has not been considered here. Nevertheless, it is
of course known from practical experience, that regular additions of inorganic
manures are necessary to maintain high yields. The minimum rate advised for
this is 8 Ib. of nitrogen to 100 lb. made tea and a 1¢ lb. rate is commonly used ;
thus a vield of 1,000 1b. per acre requires approximately 0.21 tons of ammenium
sulphate per annum.  Yet, looking at the figures of Table 7, the available nitrogen
is the ‘equivalent’ of this supply for 3580 years of cultivation. The explanation
of this must be that in natural conditions, mineralisation does not occur fast enough
or 1o such an extent as was produced in the laboratory in these experiments.

Further it is quite essential to maintain a high level of organic matter in soils,
to sustain the soil microbes and to maintain the soil structure and moisture-retaining
capacity. Liberal applications of nitrogenous fertilisers must be made, particularly
when estates are likely to produce higher yields following replanting with high-
yielding clonal material. Special attention should be paid in the mid-country
districts to increasing the total organic matter content of the soil.

2. Incubation studies

{n) Mineralisation of organic nitrogen in incubated soil

St Coombs cultivated tea soil was taken from field No. 10 at different depths
and air-dried. The soil was crushed, and incubated in a continuously humid
. atmosphere at 30°C. The mineralised nitrogen was determined at intervals. The
results are shown in Table 8,

TaABLE B.—Ralr of mineralisation of soil orgame nitrogen

{Results expressed as 9%, conversion of organic
nitrogen to ammonia)

S +

I_ Days of incubation
Soit proble ! p i . ; ———

TR 28 33
(Toe . . —da ' o1 - 1.2 e 1
B—12" ot .6 ! 0.2 1.6 1.3 1.9
224" 1.7 0.8 2.0 ! 0.R 1.9
24-—-36" 1.5 2.1 0.4 1.3 i {}.4
36—60" 8.9 In 9 5.6 . — 2.4 | 3.4
60847 e 13.4 1t.0 10,3 12.2 -R.4

)

The degree of mineralisation of organic nitrogen to ammonia was found to he
higher in samples from befow 36" than in those from above this level; evidently the
urganic nitrogen in sub-soils is more susceptible to mineralisation than that presemt
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in top soils. The results for pitrification have not been shown in Table 8, since this
was to occur very little, probably because the soils were incubated at very
low moisture levels (4-6%;).

(b} Effect of added potnasium nitrate on the formation of ammonia and the sctivity of
the soil fungl vader difforent conditions.
In order to study this, use was made of lysimeter tubs, previously described by
Lamb (1954). These are essentially stect tubs, in which tea bushes are grown in

woil, with piped drainage so that the soil drainage water can be collected, measured
and analyzed.

A set of lysimeter experiments was initiated during August 1953, mainly for
the purpose of determining the rate of percolation of rain water through the same
1ea soil (St Coombs Ng. 10 field) and also the loss of inorganic nutrients ‘n the
drainage water. Results obtained from September 1963 to August 1954, parti-
cularly after treatment with potassium nitrate arc of interest in relation to the
formation of ammonia, the loss of added nitrate and the growth of soil fungi. Addi-
tion of potassium nitrate appeared to increase the ammonia content of the drainage

water, particularly during a spell of rainy weather. The results are summarised
in Table 9.

TABLE 9.—Increase in the ammonia content of drainage water during wet
weather in lysimelers treated with potassium nitrate

‘ Potassium E Ammonia as nitrogen in the drainage
nitrate added water (average of twao sets)
Weather conditions and date to each ‘
tysimeter (g} ‘ Lysil:\ctrg w'i‘d\oul Lyaimeéc:’:i!h
ca Dus 1{- ]
1 Total Total
| ppm (mgw} | ppmn (mgs)
I. Fairly dry scason, 16th S(gembcr, |
1853 to st December, 19 Nil 0.42 24 0.50 25
|
2. Fairly dry season, 2nd March. 1954 ' :
10 25th May, 1854 ... . 20.83 '! 0.41 19 0.15 8
3. Wetsemon, 26th May, 1954 to 18th ,
August, 1954 ... 5.27 i 9.32 1158 | 1.70 262

It may be seen from the results in Table 9, that the lysimeter (with or without
the tea bush), after a treatment with potassium nitrate, showed a very high loss of
ammonia in the drainage water during the wet season as compared with losses
during the dry scasons. It is therefore reasonable to assume that, during the wet
weather conditions, addition of potassium nitrate had cither greatly stimulated the

- mineralisation of soil organic nitrogen to ammonia, or the nitrates were reduced to

nitrites and ammonia.

Laboratory incubation studies on St Coombs cultivated coil confirmed the
ﬁndmgs of the lysimeter studies. Loss of nitrate nitrogen was found in top soil
(0-247) at high moisture levels and particularly under anaerobic conditions (Table
10). 'Addxpon_ of potassium nitrate stimulated the formation of ammonia, probably
by mineralisation of the soil organic nitrogen (Table 12}; but the loss of nitrate
nitrogen could not be explained by this (Table 11).

The soils, however, particularly those showing heavy losses of nitrates, were
found to contain an abundance of soil fungi (particularly of the Penicillium group).

The experimental results are shown in Table 10-12.
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Tante 10,-—Loss of added nitrate nitrogen under difforent experimental
conditions

(Results expressed as 9 loss or gain of nitrate nitrogen
compared to the initial content)

(aj St Coombs cultivated soil, 0-6" layer from field No. 19, incubated when
one-third saturated with water at 30°C, under anaerobic conditions ‘conti-
nuous flow of humid carbon-dioxide gas over the soil).

Dayvs ot incubauon 12

"o Loms or gn e =20 14 14 --12 - 13

#) St Coombs cultivated soil, profile from field No. 14, incubated ai shightly
below the saturation point of water at 30°C, under anaerobic conditions
{continuous flow of humid carbon dicxide gas over the soil),

i Days of incubation
Suil profile - . —
| 3 ! 7 : 11 : 13 ; 18
e e ¢ ———— . it ! il —— -
Do B N e o
612" Rt | 24 --21 —87 ., —100
12 -24° w1 ~ . 5 -2 Ly
24—46" I R— +11 v22 { 4u v 8
38— 60" . »10 + 2 + 2 —1 -1
f—Ri° S+ + 2 +16 S CA ¢
E .

(€) St Coombs cultivated soil, 0-6" layer from field No, 10, incubated at slighty

below saturation point of water at 30°C,, under acrobic conditions {contin.
nous flow of hurmd air over the soil},

Days of incubation C e 1 20 27

“ Loss ur gain =3 — 9 —_— 8
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TabLe 11.—~Loss of mineral nitrogen (ammonia + nitrate) under different
experimental conditions,
(Nitrite was found to be in traces only)
St Coombs cultivated soil, 0-6” layer from ficld No. 10, incubated at 30°C
under aercbic conditions. (Mineral nitrogen added=200 ppm of the
soil).
(Results expressed as 94, increase over the initial content)

l Days of incubation
Experimental cletails | — — ———

. 7 14 42 56
Mboistuse Level at 237 . ! i
fa) Sad only {Gondiol .. 73 bl - w2
(B} Soil 4+ Polassism nitao [} - 3 3 T
| .
Moisture leiel at 33°, !
{a, Soil only (Cuniiol o . 62 104 1061 i3t
ib Seil + Potassivin nuaate . 3] -1l l --45

TABLE 12. —Formation of ammonia in the presence of added potassivm
nitrate (200 ppm of the soil),

St Coombs cultivated soil, 0-6° laver from field No. 10, incubated at 30°C,
under aerobic conditions.
{Results expressed as 2 increase over the initial content)

Days of incubation

Experimental details - —_

70w | 4 | s
Moisture level at 25%, : ! i |
?
(a} Soil only {Control; ... 25 8 0 [ —17
i#) Soil -+ Potassium nitrate 195 ! 242 L= B 350
! ! ‘
Moisture level at 353%, ' l ;
. H i
(a} Soil only (Coatrol: ... 0o | 8 17 8
{h) Soil + Potassium nitrate 180 | 260 407 320
| |

In the set of lysimeter experiments described earlier in this paper, it was also
found that nearly 50 per cent of the added nitrate (in the lysimeters without the tea
bushes) could not be accounted for, ¢ither in the drainage water or in the soil jtself,
The soil was found to contain abundant fungi, especially those of the Penicillium

roup, It is probable, therefore, that the “missing’ nitrate was utilised by the soil
ng1 and possibly by other micro-organisms. In tea areas with heavy and contin-
uous rainfall, nitrate losses due to leaching are probably not as high as one might
expect; for under such conditions, the nitrate is probably utilised by the vigorously
growing soil fungi. After death, the soil fungi are probably decomposed hy the soil
bhacteria, which then gradually release the mineralised form of nitrogen. If this is
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correct—and further studies are needed to confirm it—it means that there is a

natural safeguard against excessive loss of soil mitrate due to leaching, in areas with
prolonged heavy rainfall,

Sommary

1. Experiments on some Ceylon tea and jungle soils to evaluate the fraction
of the total organic nitrugen that is susceptible to mincralisation are reported.

Samples of soils from districts at varions elevations in the S.W. and N.E. monsoon
zemes were examined.

2. Repeated wetting and drying of the soils was used in the laboratory to
cause mineralisation of the susceptible nitrogen fraction. 1n all the soils examined,
little mineralisation to ammonia occurred afier about 36 wet and dry treatments:

the percentage. mineralisation at this stage was taken to represent the susceptible
fraction,

4. The total organic nitrogen, and the susceptible fraction, differed consider-
ably in the various samples, and significant carrelations were found to exist hetween
the elevation (from which the sample was taken} and tota) organic nitrogen {positive
correlation}, and between elevation and the susceptible fraction (negative correla-
tion), Thus, with inrreasing elevauon, total organic nitrogen contents were
generally higher, but the fractions of these which were susceptible to mineralisation
were less.  This was true for svils from both the 5. W. and the N.E. monsoon zones.
Only one sample from below 1,000 feet was examined.

4. Nevertheless, mincralisable organic nitrogen appeared to be fairly abundant
in all the tea soils studied, and the amount available {as distinct from the [raction)
. had no definite correlation with elevation.

5. Lysimeter studies showed an increase in the ammonia content of the drain-
age water under wet weather conditions when potassium nitrate was added. Thev
also showed that part of the added nitrate nitrogen could not be accounted for either
by its presence in the soil or by removal in the drainage water.  The soil contained
an abundance of soil fungi, particularly of the Penicilfium group; the nitrate was
probably utilised by the rapidly-growing fungi.

. Laboratory incubation studies confirmed the reaults of the lysimeter experi-
ments.
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