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EAbstract The N loss from Vertisols was estimated by
measuring the loss of >N-labelled urea N under condi-
ions that promote NHj volatilization. Urea granules were
laced on the top of 150-mm deep soil columns (Vertisols)
ollected from three sites with a range in pH, electrical
onductivity, and cation exchange capacity. There were
wo contrasting moisture treatments, one near field. capa-
ity (wet) and another with intermittent wetting of the soil
urface before allowing the' columns to dry (moist-dry).
The results indicated that losses were influenced markedly
y pH and moisture treatment, being 29.5, 33.5, and 33%
rom the wet soils and 37, 42, and 40.5% from the moist-
ry soils with pH values of 7.7, 8.2, and 9.3, respectively.
hese observations clearly indicate that broadcasting -of
rea on the surface of Vertisols may cause substantial N
losses. .

j;,Key words Vertisol - pH - Cation exchange capacity
‘Moisture - Urea - >N . Nitrogen losses - Ammonia
‘yolatilization

‘f;'lntroduction

Because of the advantages associated with urea, it is the
worldwide dominant source of solid N fertilizer (Hignett
'1979). However, it has some inherent disadvantages, also.
When urea is applied to soil it undergoes different trans-
formations. In the presence of a higher soil pH (>7.0),
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Volatilization losses of surface- applied urea nitrogen from Vertisols

NHj} formed from urea (Eq. 1) is deprotonized to form
NH; gas (Eq. 2):

CO(NH,), + 3H0 — 2NH} + OH™ + HCO; (1)

NHf +OH  =NH; [+H,0 (2

This reaction may account for the loss of significant
amounts of NHj, especially when urea fertilizer is applied
to the surface of agricultural soils in arid and semi-arid re-
gions (Terman 1979). Several soil and climatic factors in-
fluence NH; volatilization from soil (Freney et al. 1983).
Increased losses are associated with greater initial soil al-
kalinity, higher temperatures, and soil drying, ducing or
soan after urea hydrolysis. (Simpson 1968). NH; volatiliza-
tion of the surface-applied urea may be particularly large
following a light rainfall (<15 mm) that is sufficient to
moisten the soil but not enough to leach the urea to any
substantial depth, most likely because of an increase in the
rate of urea hydrolysis (Mahendrappa and’ Ogden 1973;
Craig and Wollum 1982), resulting in a higher pH and a
greatly increased concentration of NHj at the soil surface. -
A higher soil pH, high temperatures, and frequent light
rainfalls’in the early monsoon period (June) normally pre-
vail in the Vertisols of the semi-arid tropics in this part of
India. When urea is applied on the surface of these soils
without incorporating it into the soil, either as a separate
operation before dry-seeding or as a combined operation
with dry-seeding (Kanwar et al. 1978: El-Swaily et al
1985), losses of N may be quite significant. The present
study was undertaken to assess the magnitude of N losses
when urea was applied evenly as granules on the surface
of three Vertisols varying in soil pH, electrical conductiv-
ity, and cation exchange capacity, with two contrasting
moisture treatments. This study was conducted with *N-
labelled urea, and losses were calculated from the ’SN re-
covered from the fertilized soils. 5 -
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Materials and methods
Soils

'I”he soils used were surface (0-15 cm) sample‘; of thrce heavy-tex-.

‘tured Vertisols differing in pH, electrical conductivity, and cation ex-
change capicity from the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) Center farm located about 25 km

north-west of Hyderabad, India (17.5°N, 78.3°E, altitude 545 m).
The samples were air-deied and ground to pass a-2-mm sereen for la-

bomtory analysis. For org.mlc -C analysls sonl ﬁdmplc% were ground
to'pass a 0.5-mm sieve.” -

For soil analysis, pH was delermmcd hy a gl‘m eIeutmde organic

C by dichromate oxidation (Walkley and Black 1934), and cation ex-
change capacity by ! N sodium acetate solution (pH 8.2) as described
by Jackson (1967). NHi and NO3 contents were determined with

MgO and Devardas alloy as described by Bremner ( 1965), and parti- -

cle-size distribution was determined after destruction of organic mat-
ter by the hydromcler method (Day 1965). Some characteristics of the
Vertisols are given in Table 1.

Columns -

“vinyl k:hlondc (PVCy tubmg 'I'hc base of each column was covered -

by thin’ plastic sheet and sealed with araldite (Hindustan Cab.x-Gcngy

Limited, Bomhdy, India). The walls of the colomns were covered . .

‘with ‘black imsulation’ tape to minimize the effect of horizontal light
pcnetratlon

Treatment -
5N- Idbelled (5.023% atom’ exc.ess) urea’ as solid granuics was placed

onto ‘the surface of the soils; The' quammcq of fertilizer N applied to
ihese sonls

“a rate of 200 pg N g7! soil. At this vate 217.4 mg urea
(46 2N} was needed for each’ column of soil. However, as the gran-

ules of ure;x were not of umfnﬂn werght there was' 4 pracncal diffi- -

culty 'jn- obtaining’ exactly thé same ‘quantity each time, Even iftime
had been “taken to, weigh' the- granules some error would have been
unavoxddblc because urea absorbs’ almosphenc moisture very quickly.
_To m1n1mlze ‘these diffi cu]ues .md/or errors rhe N was applned at dlt-

1ty (wet} and. another. thutmonstened the ‘soil’ w a depth’ of
15 mm (rnomt -dry). The wet treatment was 4ppl1ed only once but thc

‘mum: temperatures” durmg the expenment‘ll penud were 24°C and
'39"C respcctlvcly

Table 1 Some characteristics of the soils used. Values are means of
two mdependent analyses and the two values did not differ by more
than 5%. EC' eiecmcal conducnvuy, CEC (.atlon exch.mgc capac1ty

Vertivol 2 Vertsol 3

pH (1:2 s0il:H,0)

, - S 82 093
EC (dS m™; lZsonl H«O) L0213
CEC[cmoi(p*)kg 1 C3T 19

Organic C (52) -

Totai N (mg kg’l)
H (mg kg")

N01 (rng kg 1B

WM EC D=0
o\
N

-

’ Recbvefy'of'fenilizér'N

e shown in: Tables 2 and 3. The initial target was 1o ap- =

5 ples \mere “taken lwmc u'nmedmlcly after the fertilizer | .xppll
tion on the air-dried soil and again at the end of 7 days. Although g
experiment could have benefited from an increased number of say
ples taken over 2 longer time, it was designed to simulate local congj
tions. In this region after dry—scedmg in early June, the rainfall gene -
ally remains light. Moreover, we expected a clear pattern of N losspy -
to appear withim a week after the urea application, as maximal N
losses from NHj volatilization have been reported to occur in the firy -
7-10 days (Whitehead dnd Raﬁtnck I990 Fan and Mackenznc 1992;‘{:
Al-Kanani et al. 1994). .. E o
. The soil samples were .m.llysed Fcr tot.xl chldahl N (Bremner and "
Muivancy }98”) and subsequendly for * N conlent with an optica} -
Emission >N Analyzer (JASCO, Japan). N recovery from soil was -
calculated using the following approaches: '

15N excess (sample)
15N excess (fertilizer)

N derived from fertilizer (Ndff) =

= total soil N x Ndff

" Per ccnt N rccovercd from so:l (iracer method)

fertilizer N recovered
‘ rale of femhler N apphcdtlon )

Pcr cent N rccovered form sml (by dlffercncc rnelhod)

_N n,coverud from treated sample ~ N recovered from conlrol sample. v 10 0
T rate of femlxzcr N apphmuun

Fertiliicr N ldsée$=femlu¢r N apphed - fem]:zcr N recovered

Results and dlscusslon

The‘N recovery 1mmed1ate]y after fertilizer. application .

was. measured in. air-dried soils (Table 2) and the results

showed complete recovery of fertilizer N in all the soils. .
However, the percentage of N derived from fertilizer was
highest in Vertisol 2 (24%) and lowest in Vertisol 1.

" (19%). These differences were mainly due to the variable
s dilution of added "N because of variations in the soil to-
tal-N content (Table I). Soil with a higher content of N

gave a lower percentage of N derived from fertilizer and

}VICG VCFSﬁ

The recovery of added N after 7 days was markedly re-
duced in all soils and this was even more marked when
the ‘15N technique was used (Table 3). In the wet treat-
ments, 70.5, 66.5, and 67.1% '°N urea N was recovered
from Vertisols 1, 2, and 3, respectively. Thus N losses from
these soils were substantial. In the moist-dry treatment the

“extent of N loss was still higher, at 37, 42, and 40% from

Vertisols 1, 2, and 3, respectively (Table 3). This indicates
that a moist-dry soil after the application of urea allows
- greater N losses than a wet soil. Although we did not mea-
sure N losses directly we assume that the loss was mainly
due to NHj volatilization, because there was no leaching
and the moisture level was not high enough to create anac-
robic conditions for denitrification. Earlier studies at the
ICRISAT Center have indicated that urea hydrolysis is ra-
pid in these soils. Almost all the urea was hydrolysed with-
in 24 h of appliction, at a soil moisture content near field
capacity and soil temperatures of 27-37°C (Sahrawat
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Table 2 Recovery of added fer- .

ser N from Vertisols immedi- Addédlg\l  TowI N " Ndff (/6) " Fentilizer N recovery (ug g') Fentilizer N recovery (%)
A g g™y recovery L —
'll}; ‘;i’tgr nglgt_;;ﬂgiﬁl l\l;::{i_ S (pf, g Difference - °N method ©  Difference "N method .
1 (pH 7.7), Vertisol 2 (pH method T mcth()d PO
§:2), and Vertisol 3 (pH 9.3). Soil 1 ) .
Ndff N derived from fertilizer 0 774 . R R S R
186 967 194 193.0- 188.0° -~ 04,0 - 10LO
Soil 2 ’ S EURCH PRI R
0 564 - - L
182 763 243 187.5 185.6 103.0 102.0.
Soil 3 . ' o LR e
0 667 - - - P
182 851 20 1838 185.6 010 1020
SEM +37.24 +1.4] +2.67 +0.8 +0.88 033 -
E’}’gﬁ \,j;‘";:g,“fgyd‘;fyf°§‘;};‘jp_ Added N Total N Ndff (%) Fertilizer N recovery (ug g™") Fertilizer N recovery (%)
(Mg g7} - rcwvery — - —_
ggﬁiu?gc gggliuralhcr explana- He : (ng g™ Difference 5N method”  Difference N method’
N - method method - . .
Field capacity (wet)
Soil1
. 0 728 . - —_ —_ . —_ -
189.5 880 152 15255 - 133.6 80.5 70.5
Soil 2 - v . o -
0 595 . - - - - -
1914 736 17.3 140.7 127.3 73.5 66.5
Soil 3 . - )
. 0 - 655 — o R - - _
. 184.8 803 . 154 147.5 124.0 79.8 . 67.1
SEM +41. 47 +0.67 +342 . +2.82. #2.22 +1.24
Moist-dry .
Soill, -~ ,
0. 786 - - - - e
1982 938 13.3 1516 124.9 76.5 63.0
Soil2 T _ i
0. 572 . - — e = - -
1865 710 152 - 1384 1082 - 742 58.0
Soild v o o _ o
0. 617 - = - - -
177.8 797 ' 133 1209 N 105.8 68.0 59.5
SEMz - +50.75 £0.63 +8.89 - +2.54

6.00 - =148

1984) Slmllar phenomena have been observed more re-
cently (Jayakumar 1992) in a field study on Vertisols.

. Xu et al. (1993) have observed a good correlation be-
tween temperature and urea hydrolysis. They concluded
that- the rate of urea hydrolysis in soil increased with in-
creasing temperature from 5 to 45°C. Due to the rapid hy-
drolysis of urea, the concentration of NHJ increased on
the soil surface and the alkaline. pH. of the soil facilitated
the volatilization' of NHz. Witha drier soil surface -and
higher diurnal temperatures t the: losses increased (Ernst and
Massey 1960). As the ‘temperature was quite high during
the present experiment, the surface of the wet soils lost
mo1sture more rapldly and as there was no significant re-
servoir of moisture in the water-limited soil (0.5 kg) it was
dry after 3 days. If the soil surface dries and is not re-
wetted by dew or light rainfall, the NH; loss is reduced
because of insufficient moisture for the necessary bio-

chemical and chemical reactions (Bouwmeester et al.

1985; Ferguson and Kissel 1986; Mclnnes et al. 1986).

This indicates that the loss of N may have been greatest

during the first 2-3 days (about 30-349%; Table 3). Be-

cause of the second addition of water in the moist-dry

treatments, the soil surface remained moist for a longer

time than in the wet treatment. This might have promoted

fluxes of NHj; for a prolonged time and produced hlgher '
losses of N (about 40%).

Several groups have reported hlgher N losses. The'
magnitude of NH; losses under laboratory conditions com-
monly range from 20 to 60% of the applied N, but have
reached 90% when N is applied to the surface of sandy
soils with a very low buffering capacity (Fenn and Hos-
sner 1985). However, smaller losses have been reported
under field conditions, ranging from 0 to 50% of the ap-
plied N (Hargrove 1988). . e
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~ These Vernso] ‘appear to have a buffering capacity
with an initial pH of 7.7-9.3, etteclweiy preventing a de-
crease in pH and allowing. appreuable NHj volatilization
to occur over a longer period of time (Avmmelech and La-

har 1977; Viek and Stumpe 1978). Otherwise, H' result-

ing from the NHj loss and nitrification process could have
lowered the soil pH at microsites and reduced the potential
for NH; volatilization (Viek and Stumpe 1978; Fan and
Mackenzie 1993), From the present results, a pH value of
7.7 in Vertisols seems high enough to cause a significant
loss of N through NH3 volatilization; there was no added

effect beyond pH 7. 7 m elther of the monsture lreatments '

(Table 3).. v

. Cation - exchange capacxty ranged from
(" k™! in Vertisol 3 (pH 9.3) to 37 cmol (p*) kg~
Vertisol 2 (pH 8.2). An analysis of the data on N losses in

relation to cation’ exchange capacity, however, did not' '
show any clear pattern in this study. This indicates that ca-

tion. ‘exchange capacity does not provide efficient control
of NH'{ losses from surface- -applied urea, even at higher

'vaiues These results are consistent with those obtained by

Fenn and szsel (1973) whxch showed that NHq Tosses
‘from Houston black clay reached 50 % at a cation ex-
_change capacnty of 58 cmol ®" ke
exchange capacity is’ |mportant because it provides a me-
‘chanism by which NH} is removed from the soil solution,
thereby " reducing NHj wolatilization (Hargrove 1988). A
“substantial reduction in NHj losses due to a high cation
’cxchange capacity may occur when N fertilizers are incor-

'porated into soil. However, the results of the present study

did not give . any indication of such a mechanism in spite
of the wuie vanatlon in CatIOH exchange capacxty in thes‘e
’50119 o

The electncal conductmty increased with ?H (Table 1),
‘the maximum value in Vertisol 3 (1.3 dS m
cmted thh the h1ghest pH va]ue (9 3) Among soxl factorq

'those:,‘rom Vemsol 3 wnh an electncal conductivity as
:dS m“ (Table 3). Thus, eIectncal conduct1v1ty

“In concluslon, losses through NH:‘ volatlhzanon from
Vemsols fo]lowwg urea’ applications onto the soil surface

followed by moisture treatments equivalent to near field

capacity or frequent. light rainfalls. Therefore, fertilizer N

management such as a split- dpphcanon and/or placement

of urea materials (e.g., S-coated urea, reactive layer-coated
uréa, etc.); may help to reduce N-losses ‘and to make dry-

seeding - technology more effective in alIOng higher

yields. However ‘in pastures ‘orchards, and. in zero-tilled
‘surfaces, urea is generally applied on the surface. If a sui-
table technology can be devised to minimize NH; losses

19 cmol :

soil. The soil cation

: Slmllarly, the effect'ot electnca] conduct1v1ty on N°
loqses was not clearly demonstrated in the present study.

) being asso-

" with surface urea p]‘lcement a basic economic advantagg

will be obtained by increasing N efficiency and lessening
adverse environmental impacts.
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