Volatilization Losses of Applled Nitrogen in
Some West Pakistan Sni_ls
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The effect of soil textore, soil moisiure, tjme interval, nature of nitrogen
carciers end their placement at varjious depths in the soil on the volatilization
losa of applicd nitcogen was studied. The soil samples taken Bfter tho expicy :rf
tha desfred time intervals were analysed for total nitrogen.

The losied from urea were mulmum in Egil having low clay conteat and
decreassd with an incremss in clay coorent of he soil. At g meistore level
equivalent 1o 10C per cett Beld capacily, the losses were ik mitimum end
increarcd with an ingtease and decreass of molsture. Loses alio ingreased
greduoally with tira¢ and maximuom !oss was observed after 8 weeks® incubatlon
petiad. The form of nitrogen contained ia yarious nitrogen earriers Influenced
the losses which wers higher from apmonium sulphate Than from am monium
nitruis and area, The placement of the fertilizery at varioud dejpths exerted »
marked infuence oo the volatilzation losses of pitrogen. Such lossea pere
miagimum when the Rertilizers were placed o the surface and decraased with an
iterenss in the depth of placement of the fertilizers, Major nitrogen losses are
in the form of amymonka due to the alkaline pH of our sgils. '

INTRODUCTION

Nitrogen added te the soil may be Jost from the soil in vanous Whys,
Nitropen nptake by plants may be considered a loss from the soil if the plants
are subsequently removed, as i2 the case with many agricyltural crops. A similar
process js the assimilation of nitrogen compounds by soil micro-organisms,
which is, however, only a tempotrary Joss since most of the nitrogen in the
miciobial cells is returned to the soil upto the death of the organism. Soluble
‘orms of nitrogen like nitrates may also be leached frem the soil in areas of
high rainfall. In recent years, losses of nitrogen in gaseous forms, due to
volatilization of ammonia and denitrification, have been shown to be of con-
sidergble agronomic importance, Volatile nifrogen losses are permansent.
Because nitrogen is the first limiting factor for the growth of crop plants in
most of our soils, the study of the volatilization losses of applied nitcogen under
varying conditions, ¥iz., moisture, texture, time, nature of the nitrogen carriers
and their placement at various depths was undertaken.

REVIEW OF LITERATURE
Barsit (1931} observed that free nitroger was liberated by soil 'oax:tena
during denitrification. Reduction of nitrates and nitrites was affécted ‘most
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rapidly in the presence of compounds of low carbon-mitrogen ratio and the
formation of nitrogen was strictly confined to the reduction of oxidized nitrogen,

In laberatory experiments by- Sreenivasan and Subrabmanyan (1933),
it was found that the loss of nitrogen as ammonia from water logged soils, to
which had been added high amounts of dried blood or urea, was much greater
than from soils maintained at 60 per cent saturation. They argued that in
water Jogged soils ammonification proceeds at a more rapid rate than nitrifica-
tion and naturally it would result in the accumuylation of ammonia which would
volatilize and thus be lost from the soil system.

Studies made by Steenbjerg (1946) showed that lesses of athmonia from
20ils supplied with ammonium sulphate tanged from appreximately 5 per cent
at pH 6 to 60 per cent at pH § in four woeks. This loss was almost eliminated
when the fertilizer was covered with 6 cm. of soil laver. Tt was found by
Jackson and Chang (1947) that volatilization of ammonia was exeatly reduced
when anhydrous ammonia was injected in scil at 2 2 or 4 inch depth,

Jones (1951) studied the loss of elemental nitrogen under aneerchic
conditions, He found that a moist soil lost about 80 per cent of the nitrogen
added in the nitrate form and the loss took place within three days in the form
of mitrogen gas. He concluded that the evolution of nitrogen gas was probably
the result of the activities of denitrifying bacteria, that utilizad oaidized form
of nitrogen as hydrogen aceeptors,

Ali (1933) and Hussin (1957) found that loss of applied nitrogen decs
reased with the increase in clay content of different soils and also with the
increase in the depth of placement of the fertiljzers.

Laboratory studies by Wahhab et o/, (1957} indicated that twige as
much ammonia volatilized from a sandy than from a sandy loam soeil, -
The loss of ammonia decreased with the increase in the depth of fertilizer
placement. Negligible loss of ammoenia cocurred from ajr dry soils, maximum
loss occurring at 0.25 moisture saturation, The loss subsequently decreased
with increase in moisture,

Eremner and Shaw (1958) concluded that the rate of denitrification of
aitrate in soil was profoundly affected by the water contents of the soil. They
found that even under most favourable conditions, little loss of hitrogen
occurred when the moisture contenta of the soil were less than 60 per cent
of the total water-holding-capacity.

Wagner and Smith (1958) incubated Weldon and Sharkey soils treated
with urea for 20 weeks. They found that nitrogen was lost rapidly in the
Sharkey sail up to a period of § weeks, after which nitrogen losses seemed to
bz ata minimum. Nitrogen losses from the urea-treated Weldon soil appeared
ta have been rapid and rather constant for the duration of 20 weeks,
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Robertson and Hansen (1959) found that when a nitrogen solution was
dribbled on the surface of the soil at various rates, losses of volatile ammonia
content of the solution vared from 63 to 100 per cent but were very small where
the solution way m;ecte-d to a depth of two inches.

Chin and Kroontje (1952) reported that soils having high clay contents,
high cation exchange capacity andfor low pH . values favoured the sorption of
ammonia, thereby decreasing jtg Los3 49 gaseous EMUNONIA.

Fuller (1963) reporied that losses of surface applied ammonia-nitrogen
increased as the pH increased above neutral, He observed that volatilization
of ammonia was markediy influsnced by placement. Losscs were greatly
reduced or eliminated by placing the ammonium fertilizers below the surface
of the soil at a depth of few inches, '

MATERIAL AND METHODS
Thtee soils of varying textures, sandy clay loam, sandy loam and loamy
sand were selected for the study, The physical and chemical analysis of the soils
is given in Table 1.
TABLE 1.—Physical and chemical analysis of the soils used In the experiment
() Phyaleal analysls

Soil type Sand Silt Clay Field . Saturation

{per cent) (per cent) (per cent) Capacity percentage
Sandy clay loam 38.5 200 21.5 18.7 16.8
Sandy toam 73.5 13.3 14.2 13.7 30,6
Loamy sand 86.5 5.6 7.9 10,6

{f) Chemical apnlygis

o} b Nitrogen Cotlents ex-
] . E pressed as mg. N/100g.
Soiltype  § & S _
2 3 g z
: u ey = =
- g I M-
'g 2 § w ) T '6: ':51 a3
pa : = :
ES&E 8 g Z 2 2 &
Sandy clay loam 1.5 1,14 7.5 .65 926 1350 0010 11.25 112.3
Saﬂd}r loam 278 075 75 221 660 0776 0015 1625 803
I oamy sand 1.38 020 8 140 411 0510 0003 300 3799

‘I'he investigations were carried out in four different sets of ¢xperiments
in order to study the influence of texture, moisture, time, different nitrogen
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carriers and their placemsnts at varions depihs on the volatilization loss of
nitragen. : ;

To study the influence of texture, 3 soils of differemt textures wers
treated with urea and incubated at 100 per cent field capacity for 8 weeks,
Effect of moisture on the volatilization loss was studied in sandy loam sail
fertilized with urea, Four mioisture treatments including 30 per cent field
capacity, 100 per cent field capacity, 150 per cent field capacity and complete
saturation wete given to this soil and incubated for 8 weeks. Volatilization
loss of nitrogen as affected by various time intervals, 2 days, 1 weeks, 2 weeks,
4 weeks and 8 weeks was observed from urea, applied to sandy loem soil and
incubated at 100 per cent fisld capacity. The effect of varfous nitrogen cartiers
including vrea, ammoniom sulphat¢e and ammonium nitrate applied on the
surface, 3 cm. deep and 5 om. deep was studied from sandy loam sail after
8 weeks"incubation period. The fertilizer in all the cases was applied at the rate
of 25 mg. N/iDG g. of soil, The soil samples taken after the expiry of the
planned time intervals were analysed for ammoniacal-nitrogen, nitrite-aittogen,
nitrate-nitrogen and total nitrogen. The differences between the total nitrogen
contents of the respective check samples plus applied nitrogen and that of the
treated samples were designated as the volatile losses of applied mitrogen.

- The methods used for the quantitative determination of various nitrogen
Contents were those 43 Eiven by Jackson (1958).

RESULTS AND DISCUSSION

The losses of appliéd nitrogen from sandy clay loam, sandy joam and
loamy sand treated with urea were 20.5, 39.5 and 58.0 per cent respectively
(Table 2}, .

The observed higher loss of nitrogen from loamy %and soil may be duoe
to-small amount of ¢lay and organic matter present in it. The ammonium
applied as a fertilizer or formed [n the soil is adsorbed on the exchange complex
of the soil. In soils, having alkaline reaction, there is a strong tendency for
the ammonium ions to hydrolyze from the colloidal surfaces according to the
reactiot, ; »

' clay NHy+HOH——Clay H-+-NH,OH (i)

A solution of NH;OH is, in reality an eguilibrium mixture of melecular
NH,OH, NH+ and OH+ ions, water and dissolved, molecular ammonia,
This equilibrieim is expressed as

INHOH————NH, O +HOH+-NHE;  (#)

A mr——
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TanLs 2, Lass of applied ritrogen from different types of soils treated with upren
and kept moist qt 100 per cent field copacity for § weeks.

Loss of applied nitragen*

Treatment Total nitrogen™ :
mg. /100 g. mg. per cent

(&) Sandy clay loam

Check soil - 133.20%* — g
S¢il+Urea A 130,07 : 512 20,5
‘ (b} Sendy loam
Check soil i 103.20%* - s
Seil—Urea i 93.32 9.87 9.5
(¢} Loamy sand |
Chetk soil .. 61.05¢ - g
Soil4Urea e 46,55 14,50 58.0

* Average of four replicatione.
% Inereased by 25 mg. to make the welue mupmhln to samples pocziving thib
emouet of nitcogen,

As indicated in the equation (i), the ammonia form of nitrogen is subject
to volatilization. This volatilization proceeds most tapidly as the soif dries
{Hausenbuiller, 1963} and causes the reaction expressed in equation {if) to pro-
ceed to completion, So the high losses of nitrogen from sandy soil might
be ‘due 1o rapid volatilization of ammoniz because this soil dries sooner than
the soils having high clay content, The other factor which contributes to the
high losseg of nitrogen from sandy soils may be excessive aeration of these
soils. Due to excessive a:ratmn gas exchange between atmosphetic air and
soil air will ecour faster. Thus ammonia formed in such soils will be hastity
remagved cauging more NH,OH to disscciate. Similar results have been
reported by Huysain (1937, Ali {1953}. Chin and Kroont;e (1962 and Wahhab
et al. {1957).

The losses of nitrogen t'mm sandy Ioam soil treated with urea were 51.2,
40.2, 52.3 and 66,9 per cont at 50 per cent field capacity, 100 per cent field
capacify, 150 per cent field capacity aad at complete saturation, respechvely

(Table 3),
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Tance 3. Lass of applied nitrogen from sandy soil treated with urea and kept
moist at various maeisture levels for § weeks,

Eoss of applied nitropen®

‘Treatment : © Total pitrogen™
mg-f100 g. mg. per cent

{a) 50 per comt BeM capacity

Cheek soil P 11 - 54— st

Soil +Urea o BBG2 12.80 512
(b lll]ll'_per cent field capaclty

Check soil i 103,124+ — —_

Soil +Urea - 93.07 - 10,05 40,2
(c) 150 per cent field capacity

Check soil . 103, 10%* — —_

So0il4+Urea & 96,02 13.07 52.3

(g} Complete sntnration
Check soil . 9o goue _ _
Sl +Urca : 5 83.15 - 16.72 £6.9

* Average of four 1eplications,

**increaned by 2% mg. to make the valut comparable 1o samples feeciving the

amount of nitrogeit,

It is seen that losses jncreased both with increase " and decrease of
moisture from 100 per cent field capacity. High losses of pitrogen at 150 per
cent field capacity and at complete saturation, which produced water-logged
conditions in the soil, might have been caused by restricted acration causing
a decrease in the rate of nitrification and the ammonium fon was being con-
tinvously lost as such. Another possible mechanism for the losa at hKigh
moistore level may be due to denitrification.  Although the process of
nitrification is retarded at high moisture contents diie to anaerobic conditions,
yet some of the ammonium might have been oxdized to nitrates in the upper
zone of onygen penetraticn. Then with the leaching down of the water applied
at the surface these nitrates might also bave been leached down to the under-
lying anaerobic zone and lost through denitrification. Eremner and Shaw
(1948) confirmed that the rate of denitrification of nitrates in the soil is pro-
foundly affecied by the water content of the soil. Even under most favourable
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conditions, little loss of nitrogen occurs if the  moisture content in less than
60 per cent of the water-holding-capacity. oo :

The logses of applied nitrogen were 6.7, 6.6, 20.3, 38.3 and 55.1 por cent
after 2 days, 1, 2, 4 and B weoks, respectively, from sandy loam soil treated
with urca (Table 4). These losses were not significant at 2 days and 1 weeks'
incubation periods and later the losses increased significantly with time. The
absence of siguificant loss of added witrogen in case of 2 days and 1 week’s
incubation may be due to the slow hydrolysis of urea into ammonia, Further,
on the conversion of urea to ammonium-nitrogen, these ammonium jons might
have been absorbed on the clay-complex and then lost graduaily by the inter-
action of OH™- jons through the mechanism alrendy outlined. This alsg
explains a gradual increase in the loss of applied nitrogen with time,

TapLE 4, Loss of applied nitrogen from sandy logm soil treated with urea, and
kept moist at 100 per cent field capacity for different time intervals,

Loss of applied nitrogen®
Interval Treatment Total nitrogen™ —
: mg. per cent
2 days Check so1l oo 106.00%* — -~
S0il +TUrea o 104,32 1.67 6.7
1 week Check soi! .. 10547%% e T
Soil 4 Uraa .. 103,82 1.65 6.6
2 weeks Check soil .. 1057w — -
Soil -Urea .. 10000 .07 20,3
4 weeks Check =oil .. 03T —_ —
Soil+Urea o 9420 8.57 383
B weeks Check soil o 12 — —_
Sofl4Utea .. BB.15 13.77 38.1
“Averaga of four replications
l;flnnﬁuud by 23 mg. ta make the value comparable to samples receiving thix gmoumt
rogen. T

Wagner and Smith (1958) incubated Weldon and Sharkey soils treated
with 500 ppm. aitrogen as urez for 20 weeks, They found that nitrogen was
lost rapidly in the Sharkey soil upto a period of 8- weeks, after which nitrogen
losses seemed to be a minimum. Nitrogen losses from the ures-treated Weldon
soil appeared to have been rapid and rather constant for the duration of 20
weeks, ' -



g8 PAKISTAN JOURNAL OF AORICULTURAL SCIENCES

The losses of applied nitrogen wers 48,9, 32.8 and 6.9 pet cent from
urea, 54.3, 30.3 and 10.3 per cent from ammonium nitrate and 76.3, 45.8, and
8.5 per cent from ammornium sulphate when applied at the sarface, 3 ¢m. and
5 cm. depths, respectively (Fable 5). Losses were significantly higher in case
of ammonium sulphate as compared with urea and ammontum nitrate. Losses
ware almost the same in case of urea and ammonium nitrate, Higher losses
from ammonium sulphate may be attributed to the higher rate of loss of
ammonia to the atmosphere throvgh the interaction of NHg* and OH™ icus
ag all the nitrogen contained in this fertilizer is in ammonivm forme. On the
other hand in ammoniuin aitrate only about 50 per cent nitrogen is in ammonium
form and the chances of ammonia volatilization are decreased H) per cent as
compared with ammonium sulphate. In urea all the nitrogen is present in
organic form and it takes sometime for the conversion of orgenic nitrogen to
the inorganic form, Hence, the Hime lag required for the hydrolysis of urea
might have played 2 part in decreasing the volatilization of nitrogen.

TABLE 5. FKoss of applied nitrogen from sandy loam soil treated
with- different nitrogen corriers at various depths ond kept
moist ai 100 per cent field capacity for & weeks.

Loss of applied nitrogen®
Placements Total nitrogen® -
mg. Per cent
Check soil 104. 60%" BE =
{a) Urea
Surface 92,37 ' 12.22 43.9
3 cm. deep 56.40 8.20 32.8
5 cm. deep 102.87 1.72 6.9
(¥ Ammonlum nitrate
Surface 0.1 13,82 55.3
3 cm. deep 07.02 .57 3.3
% cm. deep 102,02 257 10,3
{c) Ammonium sniphate '
Surface _ 835,52 19.07 76.3
3 cm, decp 92.15 C12.45 - 49.8
5 om. decp 102. 47 2,12 g.5
4 wrape of Tour replications,

nm b;r 25 mg. to make tbe value compareble to samples re&ivin; this amoult



Loss oF NITROGEN I S0ILS 89

The losses of nitrogen frem all the fertilizers were highest when they
were placed on the surface and decreased significantly with the increase of the
depth of placement of the fertilizer. Lower losses-of nitrogen with the
increass in the depth of placement of the fertilizer might be. due to the covering
of the fertilizer with a soil layer and beczuse the losses of nitrogen through
ammonia volatilization are greatly reduced due to adsorption of ammonivm
ions by the colloidal complex. The results also supgpest that the losses in these
investigations occurred largely through the volatilization of ammonia. Had
they besn through any other mechanism such es denitrification, there would
have been no significant increase in the nitrate-nitrogen content of the samples
with the increase of the depth of placement of the fertilizers. These results
are similar to those reported by Jackson and Chang (1947), Steenbjerg {1944),
Ali (1253), and Huszain (1957).
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