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Abstract

Denitrification and lnr N losses were quantified from an irrigated ficld cropped to maize and wheat. each receiv ing
urea at 100 kg N ha ' Durine the maize growing season (60 n\) the denitrification loss l‘l]l‘d\l]l’”(‘ll dnull\, by
acetylene mhlh:[:nn soil cover method amounted 2.72 kg N ha™! whereas total N loss mensured by N balance
was 39 kg ha™'. Most (8772 of the denitrification loss under maize occurred during the first two irrigation cycles.

During the wheat growing season (150 days), the denitrification loss directly measured by acetylene inhibivion-soil
cover and acetylene |nh|hmnn soil core methods was .14 and 3.39 kg N ha ', respectively in contrast to 33 kg N
ha~! loss measured by '*N halance. Most (70-887%) of the denitrification loss under wheat oce urred during the first
three irrigation cycles. Soil moisture and NOY-N were the major factors limiting denitification under both crops.
Higher N losses measured by SN halance than C2Hy inhibition method were perhaps due to underestimation of
denitrification by C> 1> inhibition method and losses other than denitrification. most probably NIT: volatilization.

Abbreviations: Al acetvlene inhibition, HAI - hours after irrigation. WEPS - water-filled pore space

ranged between <1 to 12 kg N ha ' during the veg-
ctation period (Benckiser et al., 1986: Bertelsen and
Jensen, 1992; Myrold, 1988).

Methods used for direct measurement of denitri-
fication gascous flux are based on '*N and acetylene
inhibition (AI). the latter being used more commonly
because of the lower cost and higher sensitivity (Ry-
den and Rolston, 1983). A close agreement between
the two methods was achieved by Mosier et al. (1986b)
and Aulakh et al. (1991) whereas Arah et al. (1993)
reported higher figures with '’N as compared to Al
method. Soil cover (Ryden et al., 1979) and soil core
(Rvden et al.. 1987) versions of the Al technique have
been widely used for quantification of denitrification
loss under field conditions and higher figures are gen-
erally reported with soil core method (Arah et al..
1997: Aulakh et al.. 1991). Inadequate supply of C> 11,
in poorly drained soils. retarded N>O diffusion, and

Introduction

Denitrification can be an important canse of low ni-
trogen use efficiency as well as a major source of
atmospheric nitrous oxide. which, besides acting as a
greenhouse gas (Watson et al . 1790), is implicated in
destruction of the stratospheric ozone (Crutzen, 1981).
Although extensive studies have heen conducted since
the development of method< for direct measurement
of denitrification, the process <ill remains one of the
least well-quantified sectors of the terrestrial nitrogen
cycle. Quantitative estimates of denitrification vary
tremendously. From heavily fortilized irrigated veg-
ctable fields, denitrification lo<s as high as 200 kg N
ha=! a~! has been reported 'P,(Icn and Lund, 1980)
whereas figures reported by athers were quite low and
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downward Fateral diffusion of N>O from the site of
production m lead to an underestimation of denitifi-
cation by soil - over method (Arah et al., 1991; Becker
et al., 1900: Pden et al., 1987). However, there have
been few studes that compare the soil cover and soil
core methods ¢ Arah et al., 1991 Aulakh et al., 1991).
An indirect approach to quantify denitrification loss is
the "N halance (Rroadbent, 1981). A close agreement
has been found hetween Al and "N balance (Aulakh
et al.. 1983 or hetween '°N gaseous flux and N
balance (Mosier et al., 1986a). However, higher fig-
ures by "IN halance than Al method have also been
reported (Rertelsen and Jensen. 1992). Overestimation
of denitrification hy 'SN balance is attributed to losses
other than denitrification such as those during nitrifi-
cation, those of NO and NHs, and possible volatile
losses from veeetative parts of plants (Farquhar et al.,
1979; Nelson. 1982),

In Pakistan. crop hushandry largely depends on ir-
rigation and other inpnts including fertilizer N, annual
consumption of which <tands at 1.64 million tonnes on
21.93 million hectares of the cultivated land (Anony-
mous. 1994) The recovery of the applied fertilizer
N is seldom more than 60% under upland conditions
in Pakistan (Ahmed, 1985). Some laboratory studies
conducted on the woils of Faisalabad region showed
that. of the total N applied. upto 30% may be lost
due to NH;z volatilization (Hamid and Ahmad, 1987).
However, the nowledge about denitrification loss un-
der field conditions in Pakistan is lacking. This paper
reports denitrification loss from an irrigated sandy-
clay loam under maize-wheat cropping system, mea-
sured directly b AT technique and its comparison with
the total N loss measured by '°N balance. Morcover,
soil cover and soil core versions of the Al technique
were compared for measurement of denitrification in
the wheat field

Materials and methods

Stuelv site

The «oil at the <tudy site (Nuclear Institute for Agri-
culture and Binloey, Faisalabad) belongs to Hafizabad
series (Haplic Yermosol: FAQ, 1966) and is a deep,
well-drained sandy-clay loam developed in a mixed
calcareous medinm-textured alluvium derived from
Himalava. The area has a semiarid subtropical climate
with mean annual rainfall of 340 mm, most of which
falls in the months of Tuly and August in the form

of high intensity downpours. The site has been under
maize-wheat cropping svstem, receiving different fer-
tilizer treatments, since 1980, Some physico-chemical
characteristics of the soil are given in Table | The
plot (128 m”) selected for the present study has been
receiving urea at 200 kg Nha " a=' 100 kg N ha !
applied cach to maize (August-October) and wheat
(November-May). Maize (Zea mays 1. cv. Akbar) was
sown on 1 September 1992 and the fodder harvested
on 31 Octoher 1992, A total of four canal irrigations
were applied during the maize season: all were equiv-
alent to 75 mm. except the first (pre plant irrigation)
which was 100 mm. Wheat (Triticum aestiviem 1. cv.
Pak 81) was sown on 9 December 1992 and harvested
on 6 May 1993, During the wheat season, six irriga-
tions were applied: all heing 75 mm, except the first
(pre-plant irrigation) which was 100 mm. Each crop
received P2Os at 75 kg ha ' (as single superphos-
phate) and urea at 50 kg N ha " at sowing and another
50 kg ha " urea-N was applied with second irrigation
(22 September. to maize: 10 January, to wheat).

Direct measurement of denitrification by Al-soil cover
method

Quantification of denitrification loss from maize and
wheat fields was carried out by Al-soil cover method
as described by Ryden et al. (1979). However. at the
time of irrigation, CyH; was injected into the soil
through dispersion probes followed by irrigation with
CyHp-treated water (Hallmark and Terry, 1985). A
randomly selected CaH> treatment site was confined
by inserting a steel frame (0.4 x 0.8 m) into the soil to
adepth of 10 cm to prevent the mixing of CyH ;> -treated
water with the irrigation water outside the Cy1H; treat-
ment site. Acetylene supply probes were made from
PVC tubes (0.4 x 70 cm; inner diameter x length)
which were closed at the lower end by PVC plugs
while the side facing the soil cover site. was provided
with nine 1.5 mm holes drilled at 5 cm intervals start-
ing from the base. Inside the steel frame, eight C;H;
supply probes were inserted in holes (1 cm x 50 cm;
diameter x depth). four along each side of the soil
cover. Acid-washed commercial grade C,H; was in-
jected into the soil at 6 L h=" probe " for 2 h. For
CyH; treatment of the irrigation water, acid-washed
CH, was bubbled (165 L h™ ') for 2 h through 120
L. of canal water contained in a plastic can. After in-
jecting C2H; into the soil, the CaH; supply probes
were pulled out and the probe holes firmly packed with
soil to check the entry of irrigation water. Acetylene



Tabie 1 Some phvecico henneal characterictics of the field ciil
Soil depth Oroanic ledal N WHC pffl Ech Bulk density Porosity  Sand Silt Clay
(em) ("% £r (%) Wsmh @em b (%) (%) (%) (F)
()20 1 08 0 (Y0 k{4 7.0 06 18 44 58 k) 2}
20-.40 098 NNy L 79 0R [ 45 61 19 10
4060 A5 05 35 78 1.3 15 47 63 19 18

tSaturation paste
M Saturation extiact

treated water was then poured on the C,I1-treated
site inside the steel frame. On events other than irri-
gation. CaH> was supplied into the soil only through
probes and the CoH» flow rate/time was adjusted ac-
cording to moisture status of the fickl. At selected time
intervals, soil atmosphere was sampled through gas
sampling probes (Benckiser ot al., 1986) installed at
various depths and analvsed for C+Hs on a Carlo Frba
Fractovap 2150 gas chromatograph equipped with a
llame-ionization detector.

During each irrigation cyvele. campling for denitri-
fication gaseous N flux started as coon as the irrigation
water percolated (6 12 h) Sampling was done at 12
hointervals during the first * davs andd then at daily
intervals till the water-filled pore space (WFPS) in
the upper 0-20 cm soil Taver fell 1o - 40-50%. Soil
covers (10 5 50 > 15 cm; width x length x height)
for sampling of N>O flux were fabricated from 6 mm
thick PV sheet with upper sidle provided with 0.8 em
ports, one on each end. Base was made of stainless
steel sheet (20 gauge) by which the covers were in-
serted in the soil 1o a depth of 5 em. The enclosed
air space was continuously «wept with a diaphragm
vacuum pump at a suction rate of 20 1. h™!. After a
2 h equilibration. the out coming air was passed for
4 h throngh columns (2.2 ~ 22 ¢m: inner diameter
x length., Pyrex glass) of CaCl: (20 g), soda lime
(30 ¢) and molecular sieves 5 A(45 ¢) to trap H,0,
CO7 and N2O, respectively. The amount of N2O swept
from enclosed air space was corrected for that drawn
into the soil cover by concurrent determination of the
amount of N>O adsorbed from an cquivalent flow of
external air. The N2O adsorbed on melecular sieves
was released by displacing with water (Ryden et al.,
1978) and analysed on a Hitachi 26330 gas chromato-
graph equipped with a ©*Ni electron-capture detector.
Amount of N>O released from maolecular sieves was
corrected for that dissolved in water using Bunsen ab-
sorption coefficients (Moraghan and Ruresh, 1977).
Fach part of the apparatus was connected with 5 mm

(inner diameter) nyvlon pressure tubing and flow rate
regulated by needle valves. Measurements of denitrifi-
cation by soil cover method were replicated four times
and C,H; treatment sites rotated weekly.

Divect measurement of denitrification by Al-soil core
method

In addition to Alsoil cover method, Al-soil core
method (Ryden et al, 1987) was also employed lor
direct measurement of denitrification during wheat
season. Design of the soil core sampler was similar
to that described by Rice and Smith (1982) with slight
madifications to facilitate sampling to a working depth
ol 50 cm. Measurements by soil core method were
replicated 15 times. For cach replicate, intact soil cores
(3 em diameter, contained in perforated PVC sleeves)
were extracted in 125 em increments upto a depth
of 50 em. For each replicate, soil cores (four) from
all depths were placed together in the field incubation
Jar (RS x 20 em; inner diameter x height; nominal
volume, 800 mL) and sealed with a silicone rubber
stopper provided with a septum port for gas sampling.
After replacing the head space by 5% acid-washed
C3Ha. the jars were incubated in the holes made within
the experimental field. After 2 and 12 h of incubation,
the atmosphere in the jars was repeatedly mixed with a
50-ml. syringe and gas sample removed for analysic of
N0 by gas chromatography. Amount of N> O released
from cores was corrected for that dissolved in H,0.
After gas sampling and other analyses. the soil from
each core was hack-filled in the respective hole/depth.
This back-filling was necessary before subsequent ir-
rigations o prevent the entry of irrigation water into
the soil through these holes.

Measurement of the total N loss by "N balance
method

The "N microplots consisted of PVC irrigation pipes
(28.8 > 120 cm; inner diameter % length) pushed to
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a depth of 1T m within the main plot. For cach crop.
microplote (in tripheateyvere sotablished one season
bhefore the start o actal 1SN balance experiment and
maintained nnder same cropping/fertilizer regimes as
the surronndina nain plot. For cach 1SN halance study,
microplots reca 175 kg ha ' p,05 (as single super-
phogphater and anbe Nha ! as ("SNH4):S04: 31.72
atom® 'N] at the nme of sowing. Ten seeds were
cown in each meroplot and the population reduced
o three plants per mu roplot. Another 50 ky N har .
of (NSO T2 atom% 1SN was applied with
2nd irrigation. After harvesting, shoots were dried at
60 °C 1o a constant weight and ground (<0.5 mm)
hefore analysis for total N. The soil of the microplots
was removed in 10 em segments upto I m depth. air
dried, sieved (=05 nun) and analysed for total and
mineral N. Tor cach microplot. oot material from all
depths wins po Jed. washed, dried at 60 o and gronmd
(0.5 mm) for analysis ol total N.

Soil and plant analyses

While sampline for denitrification, soil from differ
ent depths was also collected for analyses of mineral
N and WEPS Aineral Nowas determined by micro-
Kjeldahl method after extracting the soil with 2N KCl
(keeney and Neleon. 1982) whereas WFPS was calcu-
Jated by dividine the volumetric moisture content by
fotal porosits ( Anonvimous, 1980). Total N of plant
and soil was Jdetermined by micro-Kijeldahl method
(Rremner and Mulvaney. 1982) and samples prepared
for 'SN analveis (Hauck, 1982). Rittenberg method
was used to coonvert ammonium to N2 and "N con
tent measured on a VG Tsogas mass spectrometer fitted
with a douhle inlet system. Soil temperature was mea-
cured by glase thermomelers inserted at 5 em depth
whereas ramtall data were obtained from the meteoro-
lowical station located at a distance of 2 km from the

study site.

Resnlts

Direct measirement of denitrification [oss from the
nwize field

At rigation cvents, C3Hs concentrations hetween
(.2 6.1% iv/xv) were maintained for at least 24 h after
rieation (11AT), After 48 h of irrigation as the WIEFPS
foll to <717%. the C-Ha concentrations also dropped
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Figure | Temporal changes in denitrification rate and environmen
tal conditions in the matze ficld. 1Long arrows indicate the depth of
jrrgation (mimd: short arrows, rainfall (mm; double-headed arrows,
application of ured (kg N ha 1y

{0 = 0.1%. Ater 24 hof irrigation, the desired level of
Cyl» (=0.1%) was maintained for the nex! 24 h with
a6 h flow of CoHy at 6 I.h~' probe” I However, for
WEDS 629 or less, a CaHy supply ol 0 L b ! probe
for 4 h was sufficient to maintain a CaH, level {25
for 24 h.

Figurc | presents the temporal changes in denitri-
fication rate in relation to environmental conditions in
the maize ficld. Spatial variability in denitrification
rate was highest (average CV = 51%; range = 4
1159 ), followed by soil NO, -N (average CV = 41%:
range = 9- 1007 while WIPS was spatially uniform
(average CV = 4; range = 1-8%). During each irri
gation cycle under maize, WEPS remained higher in
the upper 10 cm soil profile. Downward movement of
irrigation water also increased the WFPS of the deeper
soil profile but the effect was more pronounced in the
upper 30 cm. Maximum WEPS (877) was recorded
24 h after pre-plant irrigation whereas the (wo rain-
falls and all Tater irrigations resulted in a WEPS in the
range of 67-76% during the initial 24 h. Following
each irrigation. the WEPS declined to < 50% within
4-5 days.

During the 3-month fallow preceding the maze
crop. considerable NO7-N had accumulated but fol-



lowing pre-plant irrigation, the inpinl NOT =N in the
upper 10 em soil Tayer (14 mg ke 'y decreased 1o
<4 mg kg~'. Most of the urea applied at the time
of sowing maize was nitrificd within one week and
due 1o low crop uptake, soil NO . N in the upper
(10 e¢m) Jayer remained high (17 3 mg kg") till
mid-September. Following the second urea application
(with the second irrigation on 22 September), NO =N
in the upper (10 ¢m) soil layer ranged hetween 16—
18 mg kg ! but due to leaching its content increased in
the deeper layers where it ranged hetween 14-25 and
S5-18my kg" for 10-30 and 30 50 cm soil layers, re-
spectively. Due to uptake by an actively growing crop,
NO7 =N in the upper 30 em soil Taver was reduced 1o
2 9 mg kg ! during the first week of October. During
mid-October when the crop was at {lowering, accu-
mulation of NO7 =N was ohserved. This accumulation
was. perhaps, Jue to decomposition of the root mate-
rial. Following the fourth irrigation (21 October). the
initinl NO,, -N (5-8 mg kg=")in the O 20 em soil pro-
file declined to = 1 Ymye kg™ within 5 davs. A deficit
in NO; -N halance was recorded on two occasions
during the maize growing scason. Following the pre-
plantirrigation (24 Angust), the mitial NO N (14 mg
kg™ of the upper 010 cm decreased by one third
within 48 h: the decrease was not compensated for
by increased NOT =N of the deeper layers: Similarly,
alter 30 mm rainfall (9 September). the initial NO3 -N
(77 mg ke ') in the 0-50 ¢m soil profile decreased by
one third within 24 h,

Denitrification rate was stronely influenced by irri-
gation. During all irrigation cyeles except the second,
peaks appeared 12 HAT followed by a gradual decline
1o background level within 5-7 days. During the sec-
ond irrigation cycle, however, the peak denitrification
rate was recorded 24-36 HAL Peaks during the first
two irrigation eycles (23-27 ¢ N ha ' h=") coincided
with those of NOy -Nand were 7 14 times higher than
those recorded during the last fwoarrigations. Of the
total denitrification loss during the maize season (2.7
ke N ha™ ", major (87%) loss took place during the
first and second irrigation cycles (Table 2). Contribu-
tion of the third and fourth irrigation cycles to the total
denitrification was only 8 and 577 respectively.

Direct measurement of denitrification loss from the
wheat field

At irrigation events when CoH» was supplied through
probes followed by irrigation with CsHo - treated wa-
ter. one such treatment was sufficient to maintain
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51 concentration in excess of 019 (v/v) for 24 h
(75 mm arrigation) o 72 h (100 mm irrigation). For
samplings other than irrigation. CyHy was supplied
through probes only and the application rate/time de
pended on the moisture status of the soil. At 70%
WFEPS. onc C.11; treatment was required at 8 1. h '
probe ' for 6 h to maintain the desired CoH> level
(=0.17%) for at least 24 h. At lower WEPS (607, the
C>H, ow was reduced 1o 6 1. h ™" probe "for 4 h.

Figure 2 presents the temporal changes in denitri-
fication rate in relation to environmental conditions
in the wheat ficld. Spatial variahility in denitrifica-
tion rate hy <oil cover (average CV = 7770 range =
5-121%) was comparable to that observed with soil
core method (average CV = 69%; range = 200 154%).
Soil NO7-N showed a lesser degree of spatial vari-
ation (average CV = 34%: range = 4- 172%) whereas
WEPS was spatially uniform (average CV = 4% range
= (0-10%). The major changes in WEPS following
irrigation were ohserved in the 0-30 cm soil profile
while WIPS of the deeper (30-50 ¢m) lavers gener-
ally remained =50%. Maximum WEFPS during each
irrigation cycle was recorded in the upper 010 ¢m soil
layer within 12 h ol irrigation when it ranged hetween
689877, the lower values being for the last two irriga-
tion cycles. The soil gradually dried to - 60% WEPS
within 4 -7 days except during the fifth irrigation cycle
when it dried quickly (2 days) due to higher evapotran-
spiration. During the sixth irrigation cycle however.
rainfall maintained relatively higher moisture in the
upper (030 em) soil profile when the WIFPS ranged
from 67-76% during initial 3 days.

Changes in the NO7 N were more pronounced
in the upper 0-10 em soil laver where peaks were
recorded during the first two irrigation cycles. The first
peak (26 mg kg~!) was recorded at pre-plant irriga-
tion and resulted due to mineralization during the 20
d fallow after the maize harvest. Other peaks. cach
corresponding o 50 kg N ha', appeared 32 and 7
days after the first (9 December) and second (10 Jan-
uary) urea application. Due to uptake by the actively
growing crop, NO; =N in the upper 10 em soil layer
decreased to 9 mg kg ' by mid-February. During
the last four irrigation cycles (9 February-20 April),
small peaks were also recorded which ranged between
5-16 mg N kg ' due to mineralization. During dif-
ferent irrigation cycles. the NOy N in the 10-20 and
20-30 cm depths ranged hetween 035 and 0-18 mg
kg~!, respectively. The higher values were recorded
on occasions of higher NO3 -N concentration in the 0
10 ¢m layer (second irrigation cycle). Though leaching
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Talle 2 Dwenpfieation loss mteented over different irrieatiom cyeles durimg maze and

w heat grosing ceasons

Crop e ation Neasurement

apphied perind

fimn

¢ > H5 inhibion-

Denitrification loss the N hic I )
CyH; ibinon

<oil cover method®  <nil core method”

Moz o 24 Aug-14 Sep
k] 21 Sep 6 Oct
i 700 140

11 Oct 26 Oct

Vaize season total

Whent 1% 22 Nov-10 Jan

5 11 Jan-28 Jan
75 9 T'eb-2 Mar
78 10 Mar--23 Mar
75 I Apr-8 Apr
75 13 Apr-20 Apr

Wheat season total

1151018 not determined
121 k060
0224008
0144005

2. 7241089

0.RR 4037
0.70-£0.19
1.41£036
0204010
0.0510.04
0.16:+0.05
339111

0294018
0254010
0.2610.04
nnginn?
0.114002
016012
1. 144047

A0ean of fonr replicates with standard deviation,
Pagean of fitreen replicatee with standard deviation

ol NO; N into deeper (30050 em) soil layer was
observed during the first three triization cycles, the
contents remained <5 mg kg v\« oheerved during
the maize growing season. a deficitin NO, N halance
was also recorded under wheat During the pre-plant
irrigation cycle (22 November» the initinl NO; =N of
the 0-10 ¢m laver decreased from 26 10 3 mg kg™!
within 24 h. The deerease in NOJ =N of the upper (0-
10 em) soil layer was not accounted for by increased
NO; -N concentrations al greater depths. Similarly,
following the third irrigation (2 February), the initial
NO;-N (46 mg kg™ Iyin the 0 S0 cm layer decreased
by one hall within 72 HAL A deficit in NOy =N was
also recorded during the fourth irrigation cycle (10
March) when the NO7 =N in the 050 em soil profile
decreased from 1510 5 mg ke D within 24 h,

With the soil caover method. peaks of denitrification
during different irrigation cycles under wheat ranged
between 1.3 5.6 N ha=!' h—' compared 10 0.7-23.9¢
N ha=! h™'measured by the soil core method. With
hoth methods. higher peaks corresponded to higher
soil NO, N during the first three irrigation cycles.
During the periods of peak denitvification, the WEPS
and NOT =N in the upper (010 cm) soil profile were in
the range of 68-83% and 5- S0 me kg~ '

On 26 of the 45 sampline oceasions. the soil core
method revealed 2-28 times hivher rates than the soil
cover method. Mast of the events when the soil core
method showed higher denitrification. were recorded

. respectively.

during the first three irrigation cyeles and were charac-
terized with denitrification rates in the range of 224 ¢
Nha 'h ' Duration of the denitrification cycles was
also different with two methods. This was most evi-
dent during the first three irrigation cycles when most
of the denitrification occurred. Twelve hafter the first
irrigation, the denitrification rate was 13 times higher
with soil core than soil cover method. Comparable
peak rates were recorded 24 HAI with the soil core
method and a lag of 48 h was observed with soil cover
method, Morecover, the rate declined to 1 ¢ N ha~' !
within 4 days with soil cover but took much longer
to decline to this rate with soil core method. During
initial period of the second irrigation. the rate was low
with both methads. The peak. 4.9 ¢ N ha=' h ', ap-
peared 24 HAT with soil cover and declined to less
than 1 ¢ N ha=! h=! during the next 12 h. On the
other hand with soil core method, the rate continued to
increase till 48 h and took a further 10 days to decline
below | g N ha~' b L During the third irrigation cy-
cle, the peak rate by soil cover, 5.6 ¢ N ha ' ',
recorded after 24 h following irrigation. declined to
<1 g N ha~" h=" within next 2 days. In contrast. the
soil core method showed 3- 5 times higher rates during
this period and the decline was attenuated for 7 days.
Total denitrification loss during the wheat growing
season was small and amounted only 1.1 and 3.4 kg N
ha=" hy soil cover and soil core methods, respectively
(Table 2). Major loss occurred during the first three
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Fible ¢ Dveninification e duiing a 96 hoirrigation: vl as
measured by goil core and conl cover methods®

AMethod Drenitrihieation rate (g N ha Fa
[esins alter irrieation
T a8 77 96
Sotl core (+C-H0
Depth (cmy
0 10 Pttt 7404 24417 642
10 20 1211131 77409 33420 12410
2030 1249 1£14 1)=E9 110
3040 Ints 341 19427 15111
4050 1246 32 748 444

0 50 2804211 16SH110 94.E81  3R+427

Soil cover
(+CH11) 125:425¢ 1143 3+4 LE S
( C3H) 410 241 344 043

Mar both methods, working <ol depth was up to 50 cm.
bNtean of fifteen replicates with standard deviation.

Nean of fonr replicates with standard deviation

fuble o+ Nitrons oxide conconteation in soil during a 96 hirrigation
evele with and withont €5 H s treatment

Sonl (G}

MO concentration (fig N 1=
depth  tremtment — Howrs after irrigation
(cm) Bt 24 48 72 96
5 i ot 5402 652 125 256
IS I 045 3812 747 518 615
] | 0 58 1440  7.41 T22 8.70
a0 } () S 69 619 6.04 53T
75 i ORIl 182 456 417 258
100 il 011 03 289 343 229
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dBefore irmgation,
P fean of three replicates

irrivation eveles which collectively contributed to 70%
(soil cover method) and 88% (soil core method) of the

total denitrification,
Sirface fluv versus N> concentration in the soil

In a short-term ficld experiment in which denitrifica-
tion rates were measured hy soil cover and soil core

methods, NaO concentration at different soil depths
was also monitored Maorcover, in this experiment, soil
cores from different depths were incubated separately
to study the contribution of different soil Tayers. The
soil core method exhibited 2-31 times higher deni

trification rate compared to soil cover (Table 3). The
major zone of denitrification was restricted to upper
20 em where highest denitrification was recorded 24
HATI followed by a gradual decline during the next 72
h. The concentration of N>O (Table 4) in the CiH;-
treated soil was highest in the upper 5 and 15 cm
depth and was recorded 24 HAT followed by an abrupt
decrease during the next 24 h. This temporal patiern
is similar to that observed for the surface flux by soil
cover method (Table 3). An increase in the N2O con-
centration was observed in deeper (25-100 ¢m) soil
lavers during 24-72 HAL This increase may not he
attributable to denitrification since little denitrification
occurred in soil cores helow the 20 em depth during
24-72 HAL The increase in N>O concentration in the
deeper soil layers probably resulted from downward
movement of N2O produced in the upper (0-20 cm)
soil lavers during initial 24 HATL In the absence of
(515, most of the denitrification occurred as Na as
revealed by the low N>O flux by soil cover method
as well as by the N;O concentration in the soil. Fol

lowing irrigation, the N>O concentration decreased to
below ambient and was mamtained at this low level
throughout the 96 h monitoring period.

Factors controlling denitrification

Denitrification was strongly influenced by soil mois-
ture, as revealed by highly significant correlation be-
tween denitrification rate and WEFPS during maize (r
=0.519; p = 0.01)and wheat (r = (0.578; p < 0.001).
Soil NOJ-N was another important factor governing
denitrification as indicated by its significant correla-
tion with denitrification rate under maize (r = 0.414;
p = 0.05) and wheat (r = 0.274; p < 0.05). Since
denitrification potential (results not presented) was
several-fold higher than the actual denitrification rate
in the field, the process does not seem to be limited by
C availability. Denitrification was also influenced by
soil temperature during the maize season (r = 0.408;
p < 0.05) though the effect was masked during the
wheat season. However, a highly significant correla-
tion between denitrification and soil temperature was
recorded when the data for both crops were combined
(r = 0.466; p < 0.001), indicating that higher denitri-
fication rates during the maize than the wheat season
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Fertilizer N recovery (kg N ha™ I)h
. Source “Maize fodder E “Wheat
Pl
Cirain 1747} 284
Shoar 15971250 0081161
Rt 13St0 11 166N 1D
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B fean of three rephi ates with standard deviation

CFigures in parenthecos are the fertilizer-N present in mineral form

were due in part to the higher soil temperature under

maize.

Measurement of the total N loss ("N balanee)

Results of the fertilizer N balance studdies on maize
fodder and wheat are presented in Tahle 5. During
the maize growing season (1 September 31 October),
17.3% of the applied fertilizer N was ntilized by crop
and 23.5% remained in the soil at harvest. Most (92%)
of the residual fertilizer N was present in the organic
form. At maize harvest, 89% of the residual fertilizer
N in soil was found in the 0-30 ¢cm depth. During the
wheat growing scason (9 December - 6 May), 39 2% of
the fertilizer N was used by the crop: the recovery in
grain (17.5%) being slightly less than that in shoot and
root (21.7%). At wheat harvest, 27 7% of the applied
fertilizer N remained in soil, most (R07%) of which was
present in the 030 cm depth. Of the residual fertil-
izer N, 949 was found in the organic form at wheat
harvest. Total fertilizer N losses as measnred by '°N
halance method. were 39.2 and 33.1 kg Nha ' during
maize and wheat growing seasons, respectively. These
values are 10- 14 times higher than the denitrification
lnss measured directly by Al technigue,

Discussion

With the Al-soil cover method, peaks of denitrifica-
tion are generally reported after one day following
irrigation (Mosier et al., 1986a.b; Ryden et al., 1979;
Terry et al., 1986). A delay of 4 days between the
heavy rain and peak denitrification rate was ohserved
by Goulding et al. (1993). This lag in the appear-
ance of denitrification peaks is partly attributed to the
time necessary to establish conditions for denitrifica-
tion following soil wetting (Smith and Tiedje, 1979)
and to the time required for NoO to diffuse through
soil matrix to the soil surface (Jury et al., 1982). In the
present study with maize, a lag of 12 h was observed
during the first, third and fourth irrigation cycles in
contrast to the second irrigation where it required 24 h
for the denitrification peak to appear. It seems that con-
ditions were established for denitrification within 12 h
of irrigation. However, the diffusion of N2O was rela-
tively slower following the second irrigation to maize
because of disturbed soil structure due to ploughing.
During the wheat season, although highest WEPS dur-
ing all irrigation cycles were recorded after 12 h of
irrigation, the denitrification peaks generally appeared
24 HAT with both soil cover and soil core methods.
The slightly higher lag recorded during the wheat than
maize season may be attributed to lower soil tempera-
ture which caused slower consumption of O and thus
delayed the establishment of denitrifying conditions.
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Nitrous oxcide diftacion shonld also be slower at lower

soil temperatnies During pre-plant irrigation under

wheat, o lonoer Bro was abserved with the soil cover

(48 Iy than the wonl core method (24 h), probably doe
to physical concirnnts in diffusion of N2O from the
site of its production to the soil surface.

The low deniteiheation rates measured during this
stady (01269 ¢ 2 byt ety compare favourably
with some earher <tndies using Al-soil cover method
on irrigated (Nosicr et al - 1986a; Rolston et al., 1982)
and non-irrigated svstems (Benckiser et al,, 1986;
Goulding et al. 1998 However, the values for max-
imum denitrification rate recorded in our study with
wheat (5.6 ¢ Nha "1 with soil coverand 23.9 ¢ N
ha ' b U with soil corer and maize (26.9 g Nha " h=!
with soil covery are much lower than the maxima (80—
183 ¢ Nha 'h
svstems cmplovine the Al-soil cover technique (Hall-
mark and Terry, 1945; Ralston et al., 1976; Ryden and
[und. 1980 Ryden <t al, 1979, Terry et al., 1986).

Dne to low denitnfioation rates, the maenitude of
denttrification durine the present study was also low
(2734 ke B
the figures reported Tor other irvigated (Hallmark and
Terry, 1985 Mosier ot al.. 1986a) or non-irrigated
croplands (Aulakbo et al L 1982, Benckiser et al., 1986;
Bertelsen and Jensen, 1992, Goulding et al., 1993;
Myrold. 198R8). However. several studies with irrigated
or non- irvigated <vstems have reported much higher

1 . . Y
v reported in several other irrigated

Yy oand compares reasonably with

denitrification loss due to heavy inputs ol fertilizer
and crop residues or due to rainy and mild weather
conditions (Estavillo et al., 1994; Ryden and Lund,
1980: Ryden et al.. 1979). The primary reason for the
low denitrification loss ohserved in the present study
appears to be the tack of sufficiently reduced soil en-
vironment for extended period of time to support high
denitrification rates NMoreover, denitrification during
the later period of crop growth was also reduced due
to limited supply of NO, —N as a result of crop uptake.

Higher denitrification loss during the first two ir-
reation eveles in maize mav be attributed to higher
soil NO, N and temperature. This is supported by
the significant correlation of denitrification loss during
different irrigation cveles under maize (n = 4) with
the average soil NO, N (r = 0.999; p < 0.001) and
temperature (r = 0.879; p < 0.05). During the wheat
season, the differences in denitrification loss among
different irrigation cyveles probably resulted from vari-
ation in the WEPS. This is supported by the significant
and positive correlation of denitrification loss with the
average WEPS durine different irrigation cycles under

wheat (r = 0733, p = 0.05; n = 6). Higher denitnifica
tion loss during the maize than wheat season may he
attributed to the hivher sl temperature under maze
since denttiification loss during different nieation oy
cles was poutively correlated with the average soil
temperature (r = 0.683%: p < 0.05: p = 10).

As observed in the present study, lower denitrih
cation loss with soil cover as compared to soil core
method has also been reported in few carlier studies.
Ryden et al. (1987) and Arah et al. (1991) attributed
this to an inadequate supply of C;Hs in poorly-drained
soils, However, as indicated by Arah et al. (1991),
the vertical holes around soil covers for installation of
C>H; supply probes may also act as preferred routes
for the entrance of O into and escape of N2O from
the soil heneath the sail cover. Retarded diffusion of
N>O through soil may be another reason for lower
denitrification measured by soil cover method. Flood-
irrigation of <oil is known (o cause surface crust and
decrease in the aggregate stability (Terry et al., 1986).
A< a result of the disinteerated structure of surface
layer of irrigated soils, gascous diffusion is retarded,
Besides retarded npward diffusion of N>O, its lat-
cral and downward movement is also envisaged to
cause underestimation of denitrification by soil cover
method (Becker et al., 1990; Benckiser et al., 1986;
Minzoni et al., 1988). Results of the present study also
indicate the downward movement of denitrification
N>O from the sites of its production.

On several occasions, the soil NOL N in the upper
(0-10 cm) soil profile decreased following irrigation
or rainfall whereas this decrease was not compensated
for by increased NO, N content of the deeper layers.
On such occasions the soil moisture conditions were
favourable for denitrification, though the observed
denitrification rates were too low to account for the
deficit in NO; ~N balance. This deficit in the NO; -
N halance may partly be attributed to the crop uptake,
microbial immobilization and the denitrification loss
which was perhaps not detected by the methods em-
ployed. Crop uptake may not be responsible for the
depletion of NO; N during the pre-plant irrigation
cycles. However. microbial immobilization of NO; —
N in the presence of readily oxidizable C source is
well documented (Azam and Malik. 1985; Azam et al.,
1988). Ample amounts of easily oxidizable C should
be available for the microbial immobilization of NO7 -
N at the time of pre-plant irrigations (from decompos-
ing residues of the previous crop) as well as during
the period of active crop growth (in the form root exu-
dates). As regards underestimation of denitrification



by the AL possible reasons have already been dis-
cussed Tor soil cover method, With soil core method,
incomplete recovery of the deninification NyO in the
head space of incubation vesse! has also heen reported
in some studies. Holt et al. (1982 reported a 612
fold increase in the recovery of onmification gaseous
N products when the ssoil in meubation vessel was
shaken for one hour prior to the eas analvsis, In a
study by Aulakh and Daoran (19901, 65% of the N,O
produced via denitrification remained entrapped in the
soil cores incubated at 120% WIEPS. Similarly, Am-
bus and Christensen (1993) working with soil cores at
a WEPS of 103%, found 4377 higher denitrification
rate when the soil cores were disrnpted and shaken to
release the entrapped N-O The results emphasize that
besides analysing the head space of incubation vessel,
the NLO entrapped in the soil cores should also be
measured to obtain its quantitative recovery.

Recovery of the fertilizer N ae mensured by "N
halance (61-67% ) is comparahle with the figure (60%)
reported for different Pakistani <ol inder upland con-
ditions (Ahmed. 1985). However, Toss of the fertilizer
N measurcd by SN balance (3% 39%) was 1014
times higher than the denitrification Joss directly mea-
sured by AT method. A probahle reason for the higher
N loss measured by PN halance may be losses other
than denitrification, most probahly NIz volatilization.
However. underestimation of denitrification by AT can
not be entirely excluded. The most prahable reason
for this underestimation appears to be the entrapment
of denitrification gaseous N products in the soil ma-
trix. Field experiments are in progress to address the
question of N-O entrapment in the soil.
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