
DENITRIFICATION- IN SUNUGHT AND ITS RETARDA TlON 

PART IV. 

Bv N. R. DHAB. AND S. K.. MUXERJI. 

Experiments show that when ammonium sulphate in 110lntion is miKM with 
substances like titanium oKide, zinc oKide, silica, sterile or unstrrile soil, th~re is appre
ciable nitrification and loss of nitrogen ever. in the dark, ~v.~der completch· sterile 
l"nDditions: The nitrification and nitrogi!D lost increase in light. Befme the formation 
of 11-itrate there is always the production and decomposition of ammooiam nitrite in tlle 
proceas of nitrification. In all cases the actual amount of nitrAte presPnt is small in 
comparison with the loss of nitrogl!n. Hence. the amount of nitrate actually ~tin 
a soil after the addition of nitrogenoas manure is not a true measure of nitrificatioo 
which has to be determined by the difference in the total nitrog191 before and afhor the 
process rather than on tbe actual amount of nitrate present. 

Very little ammonia is lost from the .'IOil as free ammonia although considerable 
amouat of nitrogen loss takes place from soils. 

Very little loss of nitrogen is observed when a nitrate is mixed with glucose and 
exposed to san light. 

Under field conditions on the addition of biCllld, area and gl!latin there is mare loss in 
light than in dark. l\[olasses readily conso::rve the tntal nitrogen in the soil, and thst is 
why organic substances are useful in preserving and increasing the soil nil:rogl!n. 

lu recent years (]. Indian Chem.. Soc., 1935, 12, 77, 756 ; 1936, 18, 
555J we have shown that when ammonium salts or other nitrogeDoas 
compounds undergo nitrification in the soil or in solutions there is a 
considerable loss of nitrogen in the gaseous state dne. to the fonnation and 
dec-omposition of ammonium nitrate, specially when the dose of nitro!;!en 
added is high. This loss is intimately connected with the proces.~ of nitrifi· 
cation and appears to be unavoidable in the. soil uuder nonnal conditions. 
Field trials with different manures, at Rotbamsted and at Qther places reveal 
as bigh a loss as 70% of the added nitrogenous manure. 

We have carried on. further experiments on this type of 11itrogen loss 
under aerobic conditions with ammonium salts in contact with soil and 
surfaces like TiO,, ZnO, SiO• etc. under completely sterile c..-onditions. 
The dark experiments were carried on in flasks completely covered with 
black cloth. The following are the experimental results. The garden soil 
nsed i21 some of these experiments contained NH 3-N=o·i' mg.%, N05 -N= 
1.1 mg.%" and Total N=33 mg.%-

The Pa of the griginal soil was 7"6. Mcst of the experimcub dc:;criiJcll 

i"u this paper have been repeated several times. 
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TABLE I. 

Started 01114~.57 and stopped· on 27-12-37· Exposure to suoligbt for 6Q4 hoan. 
!\lax. temp."=40"· :Min. temp.=:z3" iD soo c.e. conical Jena flask plugged with cott<>D 

wool. 

Lfgllt. 

Added Left 

NHrN. NQs-N. TotalN. 'K,LOas. , •• 
% % % 

s g. TiO.. 

Sll· SiO.. 

s ll· ZDO 

+ o'oi7S If· 'NHrN + 100 c. c. water 

+ 

+ 

s g. Sterile + 
soil 

S g. Unsterile+ 
soil 

+ 

+ 

+ 

+ 

DMk. 

sg. Ti()z +o·ox75 g. NHrN + 100 c.c. water 

s g. SiO. 

sg. ZDO 

+ 

5 g. Sterile + 
soil 

s g. Uusterile + 
soil 

.; 

+ 

+ 

+ 

+ 

0:-<)J:U g. 0'002 g .. 0"0118 g. 2r1 6-7 

·o·oo.¢ Nil o·oosa 66·8 6·6 

O"OOOJ O'OOJS 0"'004 77 7"2 

o·oor:z Nil 0'0074 57 7"4 

o·oooB o·oos6 &, 7'4 

0'014 g. 0"0144 g. 19 6-g 

0"014 O"OL44 19 6-8 

O"OIO 0'0124 2ll 7'2 

0'007 o-oogll so·B 7"4 

0'0014 0'0093 o·oo67 B-s 6·8 

Started on 14~37 and stopped on 28-12-37· 
Mllll". tcmp.~40·· Min. temp.=:z3" in soo c.c. 

cottoil wool. 

Exposure to sunlight for 618 hours. 
conical ]ella flask plugged with 

Ligllt. 

sg. Tio, +o"OJS g. NH1-N + 100 c,c, water o·oa82 g. o·oo46 B· o·o:a8 g. 7 6·7 

s g. SiO, + + 0"0112 Nil o·o12I 6s 6·:z 

sg. ZDO + + 0'0093 o-ooJS o·oog8 61 7-6 

5 g. Sterile + 
soil 

+ o·oos6 Nil 0"0172 so 67 

VtH"ll, 

S g. TiOa + o·o35 g. NHrN + 1uo "·"· water O'OJ18 g. Nil o·n321 g. 8·3 6·8 

5 g. SiO:a + + 0"0188 o"o:zg8 14"8 6"0 

sg ZnO + + o·on:z 0"0148 57'7 7"6 

s g. St'erile + + o'0>4 o'o:zB 20'0 6"6 
soil 
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TABLB I (contd.). 

Started OD Z4"9"37 and stopped on 3-1-38. Expomzre tio sunlight for 646 haars. Max. 
temp.-40". Mia. temp.- 23 • in 500 c:.c:. coaic:al Jena ftask plugged with CDttoll wool. 

Added 
Ught. 

Left 

NHa-N. NO.-N- Totai.N. % l.oss. , .. 
% % % 

5 g. TiC. • o'07g. NHa-N + 100 c.c. water o'0467 g. o'oo62 g. 0'0.534 g. x8'8 6"o 

s g SiO.; + + 0'035 Nil o·o362 48':z 6'o 

5 g. ZoO + + o"Ol'4 o"I>Q46 0'0192 64's 

s g. Sten'le + 
soil 

... o"O:Z54 Nil 0'0314 55'I 6"4 

5 g. Unsterile + ., 
soil 

+ o'o164 Nil o·o366 47'6 6'2 

Dark. 

.~g.Ti~ + o"O'l g. Nlly-N + Ioo c c. wateJ" o'o6JII g. Nil o'o642 8'3 6'o 

sg.Si~ + + o'osoS O"p512 :z6'8 6·o 

sg. Z.o.O + .. o·o:z:zx 0'0292 57'4 

s g. Sterile + + 
soil 

0'<>468 o"o_s6,! 19'4 6'2 

S g. Unsterile + + o-osoS O'OOI4 o'osSS 16'o 6'2 
soil 

Started on 14"9"37 and stopped on 6-1-J(l. Exposure to sualight for fD7 hoaJ"s. 1\Iax. 
temp. - 40"- Mia. temp. - 23" in soo e.c:. eonic:al Jena flask plugged with mtton 
wool. 

Light. 

NHrN. 
% 

sg. ·n~ + o·14 g. NHa·N + 100 c.c. wat<.-r o·u g. 

sg. Si~ + + o'o&! 

.~g. ZoO+ + o"o]O 

5 g. Stexil .. 
o·o6:z soil+ + " 

5B· U:asterile 
soil+ .. + .. o'<'51 

NQrN. 
% 

TotaJN. 
% 

0'007 g. 0'112 g. 

o'ooog o'o862 

o'0049 o"o312 

o'OOD7 o·og68 

0"0007 0'1041 

%Loss. 

15'0 5'6 

37'8 s·8 

74'0 7"2 

.J0'8 5'6 

25 4 5'& 
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TABL!l I (ccmtd.). 

DtWk. 

Added Left 

NHrN. NOrN. TotaiN. %Loss. ,.. 
% % % 

5 If TIC.+ o"J4 If. NHJ·N+roo <".C. water o·usg. Nil o"XJZ 6"5 5"6 

s If· SiC. + .. + .. 0'112 0"119 15·o s·s 

s g. ZnO + .. + " <>"0904 o·ogo8 :u·s 7'0 

s g. Sterile 
6'5 so-il+ .. ... o·:r~] 0"131 s·s 

5 g. Unsterile 
so-il+ .. + .. 0"%17 o·oc.os o"131: 6·5· s·s 

Started on 14-9-37 and stopped on IG-1·]8. Exposure to sanligbt fcrr 675 hoars. 
Max. temp. =4o". Min. temp. = 23 • in qanrtz balling tube. Sterile and plugged "'itb 
ooHon .,..oo] 

Llgkt. 

5 g. TiC.+ o"14 g. NH3 N+Ioo c.c. water 0'0934 g. 0 00]1 g. o'OC)44 g. 30"3 s·6 

5g.SiO. + 
" + o·os• o'ooJ::r o·os• m·o 5·s 

5 g.ZnO + .. + 0'0467 0'0011 0'0472 66'4 7"0 

5 g. Sterile 
IIOiJ + + 0'0519 o·oooS o·os6 59'4 6"2 

Started on o8·•·J8 and stopped ott 17·5·38. F,.xposure- daily S boars in Xooo watt 
bulb light in sao c c. Jena &ask plagged with oottJon wool. 

5 g. TiO,+o"l4 g NHs·N+Ioo c.c. water o"u86 g. o·oz34 g. o"1214 g. o"I4 5"6 

5 g. ZnO,+ .. -1:' o"ollg6 o"o386 o"og&f :z·xs 7"o 

s g. TiO,+o·o7 g. .. + o'os84 0'0110 0"0512 I'll 6'o 

5 .g. ZnO+o 07 g. + 0"0229 o"oo6S o'OJ2I 15'7 j'2 

The experiments recorded above show that even in the dark th~:rc is 

appreciable nitrification and loss of nitrogen when an1monium salts in 
solutions are mixed with surfaces aud kept under sterile conditions. 

The nitrification and nitrogen loss are always greater in light than in the 
dark. Moreover, the large number of experimental results recorded in this 

paper show conclusively that nitrification and nitrogen loss are pOssible 
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even iu the absence of bacteria both in light and in the dark. It appears, 
therefore, that ammonium salts can undergo slow oxidation on differeDt 
surfaces with the form!ltion of nitrites and nitrates even in the absence of 
nitrite or nitrate formers (bacteria). The oxidation, however, is greater if 
the mixture of tbe ammoniam salts and surface contains bacteria or is 
exposed to light. It must be emilhasised that under normal conditions in 
the soil or in solutions there is more loss of nitrogen due to the. fonnation 
and decomposition of ammonium nitrite than the formation of nitrate. It 
is well known that under normal conditions, soil contains small quantities 
of nitrate and traces of nitrite, although the nitrogen content may be 
fairly high. 

The marked infiuence of zinc: oxide in helping nitrogen loss in light 
cannot be ascribed to the reaction of a01monium salts with zinc: oxide, 
because this action shoilld be more or less identical in both light and in the 
dark, as the temperatllre of the vessels in light and dark was almost the 
same. 

When the nitrogenous matter andergoes oxidation ou the soil surfaee, 
the first product in the case of proteins is ammonia, which on nitrification 
produces nitrites and nitrates. In the case of ammonium salts, by nitrifica
tion, nitrites·and nitrates are produced. It appears, therefore, that before 
the formation of nitrate, there is always the possibility of the loss of nitrite 
by the formation and decomposition. of ammonium nitrite as an intermediate 
product. Hence in all cases the actual formation of nitrate may be sn1all 
in COJDparison with the loss of nitrogen by the process of the decomposition 
of ammonium nitrite. Oar experimental results are in agreement with these 
views, because in most cases the amoant of nitrate present after the process 
of nitrification is small in comparison with the nitrogen lost. It is clear, 
therefore, that the amount of nitra~e actually present in a soil or a solution 
on the addition of nitrogenoas man we is not a true measure of nitrification, 
which causes more loss of nitrogen in the gaseous state than the amount of 
the nitrate formation. Hence the amo110t of nitrification under aerobic 
conditions has to be judged by the difference in the total nitrogen before 
and after the process, rather than on the actual quantity of nitrate present. 
Hence in order to estimate the amo110t of nitrification under ordinary 
conditions in a system it is necessary to estimate the total nitrogen before 
and after the process. The recent experiments of Waksman and Madhok 
(Soil Sci., :1:937, 14, 36:1:) are not at all convincing as the total nitrogen 
of the soil before and ·after the experiments has not been determined. 
Unless the difference of total nitrogen before and after the experiments 
is known, it is impossible to conclude definitely about the amount of 
nitrification. 
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We have repeatedly observed that hardly any ammonia escapes under 
aerobic couditious in the soil, because in our experiments no ammonia was 
obtained in flasks ·containing siJ.I.phuric acid, although large amout1ts of 
nitrogen gas was collected in tbe nitrometer. 

Amount of gas collected when water was put into tbe nitrometer_ 
Temperature=Jo0

• Time=37 days. 
200 G. soil+o·28 g. nitrogen+ so c.c. water= 99·s c.c. gas 

+so·c.c:. water only=21 c.c. gas 
Amount of gas collected by the displacement of 20% caustic potash 

in the nitrometer. Temperature= 32·33 °. Time- 52 days. 
:zoo G. soil+ o·:z8 g. nitrogen+ so c:.c. water= 11·3 c.c. 
,. + so c. c. water= rS c .c. 

It may be stated that the- nitrogen may be lost as ammonia gas from 
the soil, but this seems improbable in the soils of temperate climates, 
because they are acidic in nature. In order to test this point with our soils 
the following experitDents have been performed. 

Three :zso c.c. conical Jlasks coutaining concentrated solphuric acid, 
ferrous. sulphate and sulphuric acid and distilled water respectively were 
joined in series to a quartz :flask of 250 c:.c. capacity. To the other end 
of lhe quartz flask, three flasks c011taining dilute sulphuric acid were 
attached to absorb the ammonia evolved from the reaction vessel. A mixture 
of sterile soil and ammonium sulphate was put in the reaction vessel and 
was sterilised and plugged with cotton wool. Air from a gas cylinder of 
30 litres capacity was bubbled through these :flasks. After the exposnre, 
lhe contents of the quartz flask as well as of the catches were analysed. 
The following are the experimental results. 

TABLE II. 

Started on :IJ·I-37 and stopped on 8·2-37· Exposure-xso hours to 
sunlight in quartz flask (:zso c c.). Aerntion--JO litres for each 7 hours 
of expOsure. 

Initial am"entration. 

NHrN- o·.,..S3% 
NO.rN-o·0022 
Total N = o·oBn 

Final c:on<:eatratirm. 

o"02Cl84% 
0"0025 

0"0759 
3"7% lnst as calc:ulated from amiiiODia 

Ammonia in the "akhes placed 
ne•t to the reactioD vessel 
-o·OOJJ g. 

Loss in total nitrogen-o"OI27 g. 
or 14"4% 
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The experimental results recorded above show tbat the loss of nitrogen 
cannot be accounted for on the viewpoint, that·ga.oeous amm011~ is chiefly 
lost liec:ause· the loss of total nitrogen is 1nnch greater than. that of 
ammonia. 

Once the nitrate ia _formed, it can be lost by leaching ~d -aot by 
denitrification of the type discussed in this paper ·as is evideDt from the 
following results. 

TABLE ID. 

Sbirled On 8:9-36 and stopped an 6-zo-36. Bsposure to lllllllight lor zoo l:iaara. 

Added Left 
NB.o-N. N0,:N. Toloal-N. 

r_g._ Pet0._+r•4B· NOs-N + roo c.c. _ -ter 0"002 g. r~31r g_. I"Jg!IC.-

+0"7 + 0'002 o"648 0"66114 
+0''4 + 0"002 o·up 11"1366 

+0"07 ... 0"0019 o•<Mblr O-a654 

+O•OJ5 ... o·ao1o 0"011!4 !J"OQ!I 

:1 o"'028 + 0."0007 0"0020 o:aod. 

,; +0'0'4 -+ .-. o·oa1- 0"0124 ~ 

r g. P.,.O,+-x·4 g. NOs-N- +100 c.c. water . 0"111107 g. •·JIB g. 1"4 .. 

.. 0"7 + O__,J o·6glb 0"7 

+o-14 + .. o-ooox <>"1J9 o·r3lt 

+o-ar + O"OOUI o-o6...• 0'07 

+o"OJS "+ o-oox6 0"02g8 o-oJ48 

+o-014 + o-oors O"OIJZ 0"014 

+0"0028 ,.. 0-ooD4 0"0020 0"0028 

Started OD 8-g-36. SiDpJled on 6-ro-36- Bwpoooare fa aon.light for roo boors. 

rg.P.,.O,+~g. gln<'OIIe + 1"4.g. NO,-N +roo c.c. water o"oosCig. o"9411 g. I"Jg. 

+ +o'? + o-oos6 O",s86 o"'i.t4 

+ +0"14 + 0"0046 o•11:1 0"131 

+ +o'o? + 0"004 o"Q467 o-o66· 

+ .. +O"PJS + "'r 
o·0021 0"0100 0"0172<1 

+ .. +o-oq + o-oDu o"<l04015 O"OfJIIS 

+ •• +o-oozll + o._.a 0'0004 O"'OJJ 

3 
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I g. 

TABLE m (c:otdd.). 
Started 011 27·1o-,36. Sfop(M!IJ on g-n-36. B>rpaaure to aaa.ligbt fCII' 2GO boars. 

P"JC>a+1 g. glacose + 1"4 g.· 
+ .. +0"7 

+ .. +0"14 
+ .. +0'07 

+ .. +0'035 

NOa·N+1oot".C. wafer 
+ .. 
+ .. 
+ .. 
+ .. 

NHrN. NOrN. Total N. 
0"007 g. 
o·oo62 
o·oo,sll 
o•oo.s2 
0'0031: 

0"9324 g. 1"4 g. 
0".5714 0"7 
o·oggll o·13'jl8 
0"04s6 ovj" 
o·o~ o"o341 

+ .. + 0"014 + ,, 0'0021 0"00311 0"014 
+ ., + o"OO:Jll + ,. o·ooog o·ooox 0'0039 

It is generally· believed that c!enitrification is ftequently observed 
when a nitrate is mixed with organic matter but in Qur experintents 
the beakers containing nitrates alone do not show il.ppn!Ciable nitrogen 
11111!1.!1. or a change of nitric nitrogen. The beakers containing glucose . and 
nitrate in some cases show a decrease in nitrate, but not in the total 
ni~~gen, and at the lowest concentration when the carbon-nitrogen ratio is 
above zo, nitrogen fixation takes place. 

Blood, urea, and gelatin were added to small plots in fields. The 
ammoniacal, nitric, total nitrogen and total carbon were deten;nined from 
time to time. Some of the fields have been treated with molasses and some 
are covered with wooden planks to determine the eifect of· sunlight and 
carbonaceous substances upon nitrification and nitrogen loss from soils. The 
following results. show that our conclnsions regarding the phenomenon of 
nitrogen loss are also being borne out by field experiments. The first estima· 
tion:shows the condition of the field just after mixing the above ,ubstanees. 

TABLE IV. 
Blood. 

Plot 6 sq. ft. Started on 17-rr-36. 
Ugh e. 

-NH.-N. NO,-N. Total N. Total C. Date of aampllug. 
% % % % 

0'001 g. o·OQ28.g. 0'078· 0'54:24 g. 27·JJ·36 
0"'00:1'2 o·oo3x 0'07 0'5133 7-U-]6 
0'0025 0'0037 0'07 0"4s69 25•12·36 
0"0026 O"<XJ42 0"07 o·-4,562 25•1~37 

O"OOOC} o·oo8 o·o636 0"4421 25-2-37 
G"'0ol.r 0~1:1'3 o·os 0"<14i2 3::1-3•37 
Q"OOI% o·on6 o·Q482 O'Wl 3·5-37 

Ctn~..-ed. 

0"0010 g. 0"0032 o·o823 O"!'is69 27-11·36 
0"0013 0"0034 o·o82.1 0"5"34 7"1::1-36 
0'0012 o·onJ6 0"0799 0"493JI 25•12•36 
0'0022 o·OOJII o·am o·..s&! a_,:-1-37 
0'0014 0"0073 o·o6,36 o·-t646 :11,5+37 
O"OIH4 o·oo8 O'O,sll4 0"4622 22-3-37 
0"0014 0"0082 0"0578 o·¢n 3•5-37 



NH,-N. 
% 

0"0!>3J g 
0'0029 

0"0037 
0"0043 
O-op;jl 

o·an8 
o·ooz8 

o·ooa8 
0"0020 

o·CJ056 
o·oos6 
o·ooz8 
O"OO:Z9 

0"0029 

O"'OOJ! g. 
0"0200 

o·oz 
0"015 

O"OOJ.S 

o-oo;j6 

G'OQ40 

0"0146 

o·oi,!.S 
o·OOJ7 
0'0014 

0'0016 
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TABI.B. v. 
Blood, -+- molusu. 

Plot 6 sq. ft. Started on JD-U·J6. 

Light 

N03-N. TotaJN. Total c. 
'% % % 

O"OOJ:Ig. a~ g. ;,·8:zg g. 

O"OC!31 U"CI931 •·SJ9 
0"00.32 CI"09J4 z·•Bz 
0"0035 CI"CJ941 J"JZJ4 

o·aur O"CigJI a·8624 

O"OqJS 0"0778 o·f452 

O"IJOJIS ..... ,.2 a·8314 

CD'Uered, 

O-cxJI22 a·o875 :a•,.Sl: 
o·aoz.s a·o875 z·63• 
O"CI022 a-o8;4 2"CI!O 

O"CICIJ8 o•oB;:z 0"99=!1 

0"00!4 o·o824 o'7:ZU 

O"CIOJl o·o8:z4 o',-2.14 

0"0QJI o-o8z3 o·;uz 

TMILIC VI. 

UreQ. 

Plot 6 sq. ft. Started on 7-12-36-
Light 

0"0022 g. 0"14 ,. o·Y!s g. 
O"'OJI 0"14 o;388 
o·ooso 0"127il o·~ 
o.ooSO 0"1178 o·~ 

o·oz8 o·o1J75 o·]92J 

0"03J.8 0"07!0 0'39'll 

CoveTed 

0"0023 fJ"175 o-~-~ 
0"0025 O'Z7.5 o·3886 
0"0039 0"1654 o•JI9z 
0"()07q 0"1524 D"Jii92 
o·o:aso 0"1004 o·J892 
O"O'Z7 o·09,jl8 o•3l'f3 

lJateal 
sampliDg. 

30-'Ji-,36 
7•n·J6 

z,s..tz-,36 
25-1•37 
25-2•37 
2o1"3•37 

J·S-37 

JCI-II·36 
;-n-,16 

•s-n·JIS 
:as-•·37 
'35-2•37 

22-3•37 

J•S'"37 

7-l:t-JII 
z.s-u-,36 

1,5·1·37 

·~+37 
22-3•37 

3"5'"37 

7-12·36 
?Srll-,36 

2,5·1"37 

26--2-37 

2li·J·37 

a-~·37 
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TABLE VII. 

Ure~ + molasses. 

Plot 6 sq. ft. Started on 7-:u-:¢. 

NHrN- N~-N. Total N. Total C. Date of 
sampli"'l. 

0"00.50 g.'j{. 0"0023% 0"200% 2·553" 7-12·36 
o-oos6 0"0020 o·~g86 2"079 25-U·36 
ei"oc62 O-oei4J o·•gss o·!ir.J94 25-1·37 
·0'<1031 0"0044 o"I6J2 o•8132 25"1-37 
0"0031 Q"DOS(j 0"1277 o"IIOil3 22•3-37 
0"0037 o•oo62 011:1.:1.8'2. o·8u2 3•5-31 

Co-veud. 

o"c;I049 o"o;>oJ4 o·2~o 3"4J:r 7-12-36 

o"$3043 o"co18 o'Jilq.z ··sB3J: 25•12-J{I 

o"dJ 0"D037 0"1874 o'B454 25-1•37 
a'0043 o"0039 o"1721 0"';'944 25-'1•37 

0"0037 o"DCI40 0"1346 0•7934 22-J-37 

o"ao37 o"Oo$4 o•z:zJ:2 o·;ru8 ~7 

TABLE VIII. 

Gelatin. 

Plot 6 sq. ft: Started on :as-x2-36. 

Light. 

0"02 g" o"oos6% o"2oo'i(, o"7Ig8 2s-t:z-s6 

,P"04 o"oci6z o"2o0 0"7112 25-1•37 

·o·Ci46 o"oci74 0"1752 o'7'086 25-2-37 

o"G35 o'o07 o":o:ssfi o"6ouo ••-3-37 

··O'o14 o·o"'02 0"1042 o'6102 3-5-37 

CO'fJered.-

.,, .. g% o'oos6 o·a12 0'7•98 as-u-se 

o"C:37 o'oosll o·,..,.. 0"7ISo\ z,s-1-37 

O'oJS o'oo6]· o"1823 o"i«J92 25"2"37 

o'o•74 0"0075 o"1667 o'6124 25-:t-57 

Q'OI78 o'oo79 0'1,508 ,o'&24 ;,-HT 



DENITRIFICATION IN SUNLIODT AND ITS RETARDATION "503 

TABL&lX. 

Gelatin+ rraoTIUses •. 

Plot 6 sq .. ft. Started on :as-:u~36. 

Light. 

NHrN. N~N. TotalN. Total C. Date of 

% % % 
sampling. 

o"mo g.% o"oo62 g. o"200 1"1138 zs-n-36 

o"oos6 o"oo66 o·zoo o"9114z zs-~·37 

o·o~s~ 0"0047 o"1924 o·sus 2,5-Z-37 

o"oos6 o"oo8 0"175 o"8r38 22-3•37 

o"oo6z o"oo84 0"2731 o"8ol4 3·5-37 

CUI'B~Bd. 

o"ozo o"no8 o·zoo 1"838 zs-u-]6 

o"oo7 o"oo57 o"200 a·~- 25-1""7 

o"oro6 o"oo39 0"2864 o"8rzz 25-2•37 

o"oo5 o"oz8 o"r75 o"Srzz 22-3·37 

o"oos6 o"OJO .0"1734 o"Brzz 3·5•37 

The experiments carried on 1n :Basks show that although the .dark 
vessels had slightly a higher temperature than the vessels kept in. stJDiig~t, 
the loss in total nitrogen doe to nitrification is ~I ways ~ter in vessels 
recei,.-ing sunshine than in those kept in the. dark when ammonium Slllphate 
at varions concentrations were mixed with snrface like titanium oxide, 
silica, zinc oxide and sterile or unsteri!e garden soil. It appears, therefore, 
that sunlight, which increases the velocity of nitrification, also increases 
nitJ:ogen loss. 

The :field trials carried on with different· nitrogenous substances like 
blood, urea and gelatin show that even in .the field trials there is more 
marked nitrogen loss from the fiel.d.s exposed to sunli~ht than in those 
covered with Nooclen planks. Another highly significant result has beeil 
obtained in these experin1ents, that when molasses is mixed with these 
nitrogeo(lbs substances and added'to the-field, the nitrogen loss in the fields 
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both in light and in the dark is much smaller than in those plots .where 
nitrogt-nous substances were added to the soil alone. It is clea~;; fhere
fore, that the c:arbouac:eous substances present in molasses retard· the
process of nitrification and the loss of nitrogen. Hence in tropical soils, at" 
any rate, a mixture of nitrogenous substances with carbonaceous substances 
like molasses, bay, leaves. etc, are more useful ·as a nitrogenous storo! than 
the nitrogenous substance alone. 

For the .first time in the study of the problem of organic manures, 
light bas been thrown by our researches on the value of organic nitro
genous manure. The carbonaceous substances added with the organic 
manure not only protect nitrogen and retard loss, but al.o;o in many aases 
when the proportion of carbonaceous subtauces is large, fixation of nitrogen 
takes place as in the case of cowdung and other substances. 

It has been frequently mentioned that the loss pf nitrogen obseryed 
after the addition of nitrogenous substances to the soil is due to the escape 
of ammonia, bat from the experiments described in these papers, it appears 
that the amount of ammonia that escapes from the· soil mixed with 
ammonium sulphate is very small although a good deal of nitrogen is lost 
from soil due to the formation and decomposition of ammonium nitrite 
found as an intermediate product during nitrification. Hence the nitrogen 
loss under aerobic condition cannot be explained from the viewpoint of 
escape of amn1onia·. 

It is of interest to. note that in our field trials in light with the nitro
geneous substances mixed with molasses, sometimes in the beginning of" 
of the experiments, the loss in nitrogen may be slightly less than that in 
the dark. This is noticeable with blood and gelatine mixed with mol8S5es. 
We are of opinion that this behaviour may be due to a certain at)lount 
of nitrogen fixation in light in the molassed fields containing nitrogneons 
compounds. 

We have also investig:1ted the influence of temperature on nitrifi:catioil 
of ammonium sulphate mixed with .soil. The foiiowing results have been 

obtained. 
TABI.E X. 

200 G. soil + o·28- g. of N as ammonium sulphate. Original NH.~N=o-110684 
g.%. NO.-N=o'()()J6 g.% and total N-=·o·o387 g.'%,. 

NHs·N. 

% 
0'14aS g. 

NOa-N. 

% 
0"01136 g. 

At 2o". 

Total N. 

% 

~-1717 g. 

Date of sampliug 
origiDA1·1101.1; 
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TAm.B X (co:ntd). 

NRrN. NOz-N. TotaiN. Date af samP.liDg 
%. % % original 8DII. 

o-o!l g. o·Q048 g. o·n67 g. 30"9-lli 

0"04 o·oo6.t- 0"%0%2 %5·:10-117 

o-oz::~ O"Ol88 o"OOJ64 :so-:ro-37 

At 25". 

Otigmal soil 

0"%~ O"OOJ6 0"%787 Is-9"37 

0"074 0"0052 O"U29 309"37 

0"035 0"0162 0""934 :15·10·37 

o·ozgll o·o:a68 0"0922 30-:l0-37 

At JO". 

OrigiDal soil 

0"~4o8 o·oo36 0"%787 %5-9"37 

<>"<>46 o·ooSo O"U29 30-9"37 

o-oa62 0"0372 0"070 %5·%D-37 

0"004'1 o·osll4 o·o668· Jo-ID-37 

At 35°· 

QriafDalBDli 

o·:J:.4011 0"0036 0"%787 15"9"37 

0"0072 0"1078 30"9-37 
o·oso 

o·oo8 o·o28 o·o6J6 rs-r<>-37 

o·o6r2 JG-:ro-37 
0"0042 O"OJ02 

A( 40" 

o·ooJ6 0"1787 :15-:9"37 
o•J4o8 

o-oosB o·oll75 ,30-9-37 

0"027 
o-o6o3 

J5-Io-J7 

o·oo86 0"0224 

0"0.575 
JG-ICI-37 

0"0042 0"0242 

At 45" Qrigiaa]"..,.l 

0"1787 
I$9"37 

0"14~ ,o;ooJ6 
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TAm,E X .(contd). 

NR3·N. N~·N. Total N. "Date of sampling. 

% % % 
D"Q24 g. 0"0048 g. o·o700 K· 30"9-37 

0"0092 o·oo63 o·o.sB3 15•10"37 

0"0042 o·oo64 0"0512 30-ID-J9 

At so". 

o·J:408· o·ooJ6 o·r787 15"9-37 

0"'016 0"004 o·o626 J0-9"37 

0"0092 0"0042 o·os]S 15-~D-37 

o-ooJ6 0"'0042 o-04117 Jo-lo-Ji 

At 6o". 

o·r4()8 0"0036 0"1787 15"9"37 

0'0092 0"0036 o·o6u 3<>-9-39 

0"0092 0"0037 o·os:JII IS·ID-37 

0"0032 0"11036 o-<>4118 30-ID-37 

Rltposed to sanligbt daily for 8 boars (temperature 35"}. 

o•J:408 o·ooJ6 0"1787' 15"9-37 

o-oi815 0"0037 0"0012 30"9"37 

0"0092 0"0042 o·os6 IS•ID-37 

0"'0042 0"0042 0"0492 30-ID-37 

TABLE XI. 

200 G. soil+ 8 g. cane sugar + o·28 g. nitrogen as ammonium sulpbate. 
The soil coutamed NH1 -N=o·0004 g.% •. NO.-N=o"002 g.'}{, aDd total 
N=o"o368·g.'}{,. Started on J-U:-37-

At 1o-13". 

NHrN. NOrN. TotalN. Total C. Date 

% ~ % % 
0"1404 :g;, 0"002 g 0"1768 g. 2"004 g. J"ll--37 

0"116 0"0021: o-~¥ 1"2136 ~11-37 
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TABLE XI (contd.). 

NBJ-N. NO~·No TotalN. Total C. DRte. 

"' "' "' % 

o-o824 g. 0"002::11 g. o·r-41!9 g. 0"7710 g. 3 .. ·37' 

o"OS3 0"0031 o·•273 0"7U2 •8-r2-37 

At 25". 

o"%404 0"002 0"1768 2"004 3•U·J;' 

o·o;o O"OOJ6 o·r676 0"9877 rl!-n-37 

0"0572 o·oosn O"I27A o·ss6 3-12·37 

o·o28 n·anli2 o·u67 o·so22 lR-:r2-37 

At 30 ... 

0"1404 0"002 o·•# 2"004 3·1r·J7 

0"004" 0"14 o·B9s6 JR-II·Ji 
0"043 

o·oo8 o·n67 o·ss•4 3·10·37 
0"0224 

0"0104 O"J:OU ""4986 "IIIi-r2-37 
0"02 

At 35" 

0"002 o·17fil\ 2"004 J•U·J7 
o·L404 

O"<l!':t8 o·n6s 0"5273 III-U·J7 
0"040 

o·o1¢ o·rni6 0".'1376 J·••·J7 
0"020 

0"0934 0"4195 rll-•2-37 

O--ct'I'04 o·ozs 

At 40"' 

o·1,&; 2"01"14 3-:rr-3; 

0"1404 0"002 

0"1128 0"4205 JR-11•37 

O"OJX 0"0032 

0"4205 J·I2·J7 
0"1000 

0"017 o·oQ42 

o·oS7.~ 0·4205 18-12·37 

o·oolls 0"0071 

At 45" 

o·•;-6."~ 2"004 J-:II-3i 

0"%404 0"002 

0'-4205 
J8•U•J7 

o·JOClQ 
o·orss 0"0032 

o"4205 3·12•37 

o"oo36 o"0934 
o"oxo6 0"4205 lii-Y:Z..J7 

o·o8r4 
0"0074 0"0043 

4 
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NH,N. 

';II. 

0"1404 g. 

O"OIJ2 

0"0104 

o·oo62 

0"1404 

o·oo¢ 

O"OOQ3 

0'0015' 

o"1404 

o·o: 

o·oz6 

0"007 
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"TABLE: XI (contd.). 

At 50•• 

NO,N. ".l"otalN. Total C. 

% % 

0"002 lit"· O"I:;68 g. 2"004 g. 

0"0028 0'1000 o·6g14 

0'0018 0"0934 O"SIIJ9 

O"OOJ<' 0'0:"78 0',5022 

At 6o". 

o·oo:.:r O"t;>68 2"004 

0'002 0"1000 0"5312 

0"00! o·o88s 0"5244 

0"002 0"0778 0"5187 

Exposed to sunlight. <Temperature 35"1 

'IJ'002 1)"1768 

0'00.] O"S273 

0"003J 

0"100 0"49116 

Date of 
aampling. 

I8-U-]j 

3-l:Z..J7 

18-12·37 

J-II-J7 

I8-IZ·3i' 

J·U-37 

r8-I:Z..37 

The foregoiug results show that the higher the temperature, the greater 
the loss of nitrogen. In sunlight, however, the loss in nitrogen is much 
greater than in the dark at the same temperature. 

Canesugar markedly retards the loss of nitrogen when it is added to 
ammonium sulphate which is undergoing nitrification. 

CHE:\IICAL LABORATORY, 
ALI..AHAIIAD UX1Vfik!UTY. 


