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A 2-yr field study was carried out to assess gaseous losses of N as NrO * N, from
two Black Chernozemic soils, where during year l wheat was underseeded to
clover and in year 2, the clover in late June was (a) green-manured and the field
fallowed, (b) harvested for hay and then fallowed, or (c) harvested for hay and
allowed to regrow. Gaseous losses during vear I were small and ranged from 1.3
kg N.ha.' (Blaine Lake clay loam) to 4.7 kg N.ha r(Hoey clay loam). Gaseous
losses were somewhat higher during the second year, but differences between the
various clover management practices were generally small. The contribution of
lower soil horizons towards gaseous nitrogen losses were shown to be negligible.
Soil moisture, mean air temperature, nitrate + nitrite, and ammonia N concentra-
tions collectively accounted for 31-66% of the variations rn N.o fluxes. It is
concluded that incorporation of clover followed by a partial fallow results in sub-
stantially less gaseous loss of nitrogen than the standard summerfallowing practice,
and at the same time significantly increases mineral nitrogen accumulation in the
soil.
Key words: Acetylene inhibition technique, denitrification. nitrification, miner-

alization. green manuring

[Effets de diverses pratiques de culture du trdfle sur les pertes d'azote gazeux et
l'accumulation d'azote min6ral. ]
Titre abr6gre: Modification du taux de d6nitrification par les pratiques culturales
du trbfle.
Une 6tude de deux ans au champ a permis de mesurer les pertes d'azote gazeux
sous forme de Nro et de N2 dans deux chernozems noirs. on a (a) r6colt6 le trdfle
pour I'affouragement en vert puis mis le champ en jachbre, (b) r6colt6 le foin de
trdfle et laiss6 le champ enjachbre ou (c) r6colt6 le foin et laiss6 le trbfle repousser.
Les pertes gazeuses enregistr6es la premibre ann6e 6taient assez faibles (de 1,3 kg
de N par ha sur loam argileux Blaine Lake it 4,1 kg sur loam argileux Hoey). Les
pertes 6taient l6gbrement plus dlev6es la seconde ann6e, mais les 6carts entre les
diff6rents traitements 6taient g6n6ralement minrmes. Il esemble que les horizons
inf6rieurs du sol aient un effet n6gligeable sur les pertes d'azote sous forme ga-
zeuse. La teneur en eau du sol, la temp6rature moyenne de 1'air et la concentration
de nitrates et de nitrites ainsi que d'azote ammoniacal expliquent collectivement
de 37 d 66% des pertes de NrO. On en conclut que l'incorporation du trdfle au sol
suivie par une jachdre partielle entraine une perte d'azote gazeux sensiblement

LThis paper was presented at the Annual Meeting of the Canadian Society of Soil Science, 10-14 July
1983, Truro, Nova Scotia.
2Present address (E,A.P.): Department of Plant and Soil Biology, University of California, Berkeley,
Calif .94720.

Can. J. Soil Sci. 63: 593-605 (Aug. 1983)

593

C
an

. J
. S

oi
l. 

Sc
i. 

D
ow

nl
oa

de
d 

fr
om

 p
ub

s.
ai

c.
ca

 b
y 

C
O

L
O

R
A

D
O

 S
T

A
T

E
 U

N
IV

 L
IB

R
A

R
IE

S 
on

 1
2/

23
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



594 CANADIAN JOURNAL OF SOIL SCIENCE

moins grande que la jachdre d'6t6 traditionnelle tout en augmentant sensiblement
l'accumulation d'azote min6ral dans le sol.
Mots cl6s: Technique d'inhibition ir I'acdtylbne, denitrification, nitrification, mi-

n6ralisation. affourasement en vert

Summerfallowing, a common practice in
the Canadian Prairies has been criticized
for accelerating organic matter decompo-
sition and increasing erodibility and sal-
inity of soils (Campbell and Biederbeck
1980; Rennie et al. 1980). Furthermore,
our recent studies have shown that gaseous
losses of nitrogen are twofold to fivefold
higher from summerfallowed than cropped
fields (Chatarpaui et al. 1980; Aulakh et
al. 1982a.b. 1983). All of these factors as

well as the ever-increasing need for and

cost of nitrogenous fertilizers have lead to
the recent interest in the use of annual or
biennial legumes as soil-improving crops
(Rennie 1979; Johnson 1980; Grevers and
de Jong 1982). One of the alternatives to
summerfallow as now practiced is growing
wheat underseeded to clover and incorpo-
rating the clover as a green manure in the
fallow year. The increased water used by
clover which formerly discouraged this
practice may possibly be overcome by
snow management techniques (de Jong and

Paul 1982).
The purpose of this investigation was to

assess gaseous N losses and mineral N ac-
cumulation in cropping systems which in-
cluded wheat underseeded to clover, fol-
lowed in the second year by a selected
number of clover management practices.

MATERIALS AND METHODS
The experiments were carried out in conjunc-
tion with the continuous wheat versus wheat-
fallow experiments reported earlier (Aulakh et
al. 1983); a summary of the more important
characteristics of the Hoey clay loam and the
Blaine Lake clay loam soils on which these ex-
periments were established is given in Table 1.

It should be noted that the properties of these
soils are very similar to those reported by
Aulakh et al. (1983), the 25-ha experimental
fields for the experiments reported in this man-
uscript were adjacent fields and consequently
there were minor differences in soil properties.

In May 1980, wheat was underseeded to clo-
ver with an application of 100 kg N'ha I (urea)

on rapeseed stubble and wheat stubble land at

the Hoey and Blaine Lake soil sites, respec-

tively. In the following year, the clover was

allowed to grow until late June, when three clo-
ver management practices were implemented,
i.e.
(l) Green manured-fallow. The clover was

worked into the soil as a green manure and the

field was summerfallowed.
(2) Ha1,ed-fallow. The clover was harvested
for hay and the crowns and roots were worked

into the soil and the field was summerfallowed.
(3) Hay'ed-regrown. Clover was harvested and

was removed for hay. Thereafter the clover was

allowed to regrow and to act as a standing stub-

ble to trap extra snow during the following win-
ter.

A uniform area within the same field but
without clover in l98l was used as a check
for interpreting the accumulation of
(NOr +NO, )-N from the mineralization of
incorporated clover. NH.*-N was also meas-

ured but as its values were very small (2-4
pg.g ') and were very similar in various plots,
the data are not shown.
within each field in year 1; in year 2, three

replicate areas were chosen from each of the

three clover management blocks. Gaseous N

losses were measured weekly during June to
mid-November of both years and again during
the following springs.

The reader is referred to Aulakh el al' (1982a,

1983) for the details of the acetylene inhibition
technique used to measure gaseous N losses

(NrO + Nr) from surface horizons and when

assessing the contribution of lower soil horizons
towards gaseous N losses. Reference is also

made to the same publications for methods used

to record soil and air temperatures, to measure

soil moisture and mineral N (NOj + NOr-,
NH"'), and the assessment of potential denitri-
fication rates and denitrifier counts (most prob-

able number technique). Rainfall was recorded
for both sites.

Multiple correlation coefficients were calcu-
lated to assess the relationship, if any, between
gaseous N losses and soil moisture, mean alr
temperature, nitrate-N and ammonium-N.

C
an

. J
. S

oi
l. 

Sc
i. 

D
ow

nl
oa

de
d 

fr
om

 p
ub

s.
ai

c.
ca

 b
y 

C
O

L
O

R
A

D
O

 S
T

A
T

E
 U

N
IV

 L
IB

R
A

R
IE

S 
on

 1
2/

23
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



o

o
o

\,
o

!
o

N
o

o
Q

F

d

B

s

2,

6ZNF

.9ts)
! 5\E;}
q ^v

Q
E1

UFS

P.o

AULAKH ET AL. 
- CLOVER MANAGEMENT INFLUENCES RATES OF DENITRIFICATION 595

v?09g
€-N

o\om::
+r +t +l
v?nog
NON
N**

,i 
-'

RESULTS
The emission of N2O-N during the 1980
sampling period from both the Hoey clay
loam and the Blaine Lake clay loam ex-
perimental sites, with certain exceptions,
were very similar (Figs. I and 2). The ex-
ceptions, a severalfold increase in rate of
NrO losses in late June at the Hoey site,
and a relatively longer period of higher
NrO evolution in August at the Blaine Lake
as compared to the Hoey site are both as-
sociated with heavier precipitation and the
resultant increase in soil moisture content.

The NO, -N content was relatively high
at the start of the 1980 growing season due
primarily to fertilizer N additions; upon
initiation of plant growth it dropped to be-
low 10 FLg.g ' and remained relatively
constant for the remainder of the growing
season (Figs. I and 2). Comparison of the
mineral N trends with the NrO-N evolution
during the 1980 growing season indicated
little if any relationship between gaseous
N losses and the inorganic N content of the
soil. Also, it is evident in the spring 1981
data that NrO-N losses increased at both
locations, but in particular on the Hoey
clay loam while inorganic N contents at
both locations were low and unchanged. In
contrast, soil moisture contents which were
initially high dropped quite rapidly due to
the rapid growth of the clover. The peak
in NrO losses was directly associated with
high soil moisture, and the rate of NrO loss
dropped sharply as the soil dried out.

The clover continued to grow until the
end of June 1981, when it had attained a
height of 90-100 cm and reached the flow-
erlng stage. At that time it was green-
manured or hayed and then fallowed for
the remainder of the year, or hayed and the
clover allowed to regrow. The N,O-N ev-
olution for the Hoey soil was much greater
than that for the Blaine Lake soil (Fies. 3
and 41. This was associared wirh the 30
mm of precipitation in early July. In gen-
eral, N losses during this period of rela-
tively high moisture contents were highest
on the green manured-fallow plots and
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Fig. 2. Gaseous N loss (NrO-N), soil moisture, rainfall, mineral N and air and soil temperature
of Blaine Lake clay loam with wheat underseeded to clover for the period June 1980-May 1981.
(D indicates SD.

Lake site in october, 1981 (Fig.4). This the plot where the clover was allowed to
was associated with a 20-mm rainfall event; regrow after haying and NrO emission was
in contrast, the surface soil moisture con- only increased slightly.
tent at the time of this rain was lower on The NO, -N content increased rapidly
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for both the green manured-fallow and on the Blaine Lake soil, significant in-

hayed-fallow plots on the Hoey clay loam creases in the (NO:- + NO'? )-N content

soil, reaching a maxrmum during the last did not occur until late Septemtg,.' Td
week of August. In contrast, prEsumably reached a maximum in the following

due to the verv much drier soii conditions spring' In the spring of 1982' even though
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the inorganic N content was much higher Data were not obtained from the hayed-
on the green manured-fallow than on the regrown plot (Hoey soil) in the spring of
hayed-fallow plots, NrO emissions were 1982 because the cooperating farmer in-
similar; this is in accord with similar soil advertently cultivated this plot in the late
molsture contents under these two treat- fall of 1981. On the Blaine Lake soil the
ments. hayed-regrown plot evolved by far the
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largest amount of N,O-N, while the hayed-
fallow and green-manured-fallow plots
evolved statistically similar amounts of
NrO-N. This would appear to be due pri-
marily to the much higher soil moisture
contents on the hayed-regrown plots since

the inorganic nitrogen content of this treat-
ment was very much lower than that of
either of the other two treatments.

In May 1982, samples were taken from
the A, B and C horizons of the several plots
on the Hoey and Blaine Lake soils to assess

the relative amount of gaseous N losses

occurring from surface and subsurface ho-

rizons (Table 2). The data obtained at sam-
pling times I and II indicate that while NrO
evolution from B and C horizon material
is low, it can constitute a significant part
of the total N2O evolved when losses from
the A horizon are low or depressed. A
more realistic comparison, however, was

obtained from the samples taken at sam-
pling time III; each sample was moistened
up to a constant moisture content (approx-
imately 1O-kPa moisture tension) prior to
incubation. Under these conditions NzO-N
loss from the subsurface horizons was only
a small percentage of that of the A horizon.
This observation was verified by the po-
tential denitrification rate values and den-

itrifier counts. These data suggest that in
general losses of NrO from subsurface ho-
rizons are much lower than from surface

horizons. The results of this field study
support the findings of Cho et al. (1975)

who found drastic decreases in the mag-
nitude of denitrification with soil depth in
a laboratory study. Thus, in field studies,
gaseous losses of N from subsurface hori-
zons need not be measured where the ob-
ject of the study is to assess the effect of
soil and crop management practices on the

comparative rates of denitrification.

DISCUSSION
The cumulative N losses for the various
clover management practices (1981-1982)
are approximately twice as high as where
wheat underseeded to clover (1980-1981)

was grown (Table 3). The higher level of
N.O-N losses on the Hoey clay loam can

only be attributed in part to the more fa-

vorable moisture conditions prevailing at

this location during both the 1981 and 1982

growing seasons; both the potential deni-

trification rate values and denitrifier counts

clearly characterize the greater potential

for denitrification on Hoey as compared to

the Blaine Lake soil.
Even under the drier-than-normal con-

ditions which prevailed at both sites, but

which were more severe at the Blaine Lake

site, the loss of N as gaseous (NrO + Nr)-
N was significantly higher where the clo-
ver had been green manured in comparison
to where it had been removed and the soil
fallowed. While the higher gaseous losses

are associated with higher levels of soil
NO. -N, it has been shown that the addi-

tion of easily decomposable carbon mate-

rials with a lower C:N ratio greatly en-

hance denitrification (Guenzi et al. 1978;

Aulakh and Rennie 1983). Where the hay

was allowed to regrow the over-winter cap-

ture of snow water was very much larger
(Fig. a) and consequently in the spring of
1982 on the Blaine Lake clay loam soil,
the losses of gaseous N were severalfold
higher on this treatment than either of the

other two. Unfortunately it was not possi-

ble to substantiate a similar trend on the

Hoey clay loam soil because the farmer in-
advertently had fall-tilled this portion of
the field.

The amount of plant material, including
toDS. crowns and roots added in green-

minured plots on the Hoey and Blaine
Lake soils was l2l -* 14 and 119+5 kg

N'ha 1, respectively (de Jong and Paul

1982). While mineralization was substan-

tially higher at the Hoey site during the

August-September l98l period, by the end

of May 1982 (before seeding next crop) net

accumulation of mineral N over and above

the check plots was similar at both loca-

tions and approximately 50 kg N'ha '
(Fig. 5). This represents about 407o of N
addid as clover residues. ln a recent field
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Hoey

Bloine Loke

. Check
a Hoyed- follow
o Green monured - f ollow

603

study on the decomposition of 15N-labelled

legume material, Ladd et al. (1981) have
shown that 35-407o of N added as legume
residues became available during an 8-mo
fallow period. This is very close to the es-
timates given above.

During this 2-yr study, a number of en-
vironmental parameters including soil
moisture, air temperature and the concen-
tration of (NO. + NOr-)-N and NHo*-N
were measured at each of the weekly sam-

o-+-o'o

'4-A'a-a-A
,, -a----

pling times. A multiple correlation analysis
was carried out to determine which of these
variables or groups of variables were pri-
marily responsible for changes in gaseous
N losses (Table 4). Moisture and temper-
ature were clearly the most significant var-
iables affecting NrO losses. When all data
obtained at temperatures less than 5'C
were excluded, temperature was no longer
a significant factor. Nitrate levels, in gen-
eral, did not improve the correlation coef-

30
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to
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=
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+
tn
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Fig.5.Accumulation"-.*o'**ou,:T'"-'.-''-;:::;sitionofclover
residues incorporated in green manured-fallow and hayed-fallow plots, in compalison to that from
the check plots.

Table4.MultiplecorrelationcoefficientsofgaseousNlosses(gN2O-N.hat.dayr)withdifferentparameters

Rt value with parameterst
Using data
at all temp. M M+T M+T+N M+T+N+A

All
>5"C
>10'c
> l5"c

All
>5'C
>10'c
>15'C

0.478
0.683
0.706
0.802

0.525
0.7 t6
0.673
0.748

0.'724
0.68 l
0.769

0.665
0.713
0.12s
0.810

0.604
0.732
0.691
0.81 l

Hoey Clay Loam
0.658 0.664
0.709 0.713
0.719 0.725
0.810 0.810

Blaine Lake Clay Loam
0.588 0.591
0.722
0.678
0.'76r

tAll multiple conelation coefficients significant at P<0.01.
tParameters:M:moisture(%,vollvol)T:meanairtemperature("C),N:nitrate-N(pg.g,),A:
ammonium-N (pg.g-').
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ficients even though the range in NO3 -N
in the various treatments was relatively
large.

CONCLUSIONS
This 2-yr study has confirmed that gaseous
losses of nitrogen on Black Chernozemic
soils seeded to wheat were relatively low
under the drier-than-normal conditions
which prevailed in these years. While N
losses were somewhat higher for the var-
ious clover management practices, differ-
ences between the several tillage treat-
ments were small; the largest gaseous

losses occurred where the clover was green
manured in late June and summerfallowed
for the remainder of the year. The contri-
bution of lower soil horizons towards gas-
eous N losses in contrast to losses from
surface soil horizons was low, particuiarly
when the moisture content was increased
above the undisturbed field capacity level.
Soil moisture was shown from these ex-
periments to be the major variable con-
trolling rate of gaseous N losses while ni-
trate concentrations were, in general,
insignificant. Mean air temperature only
exerted a significant effect as it approached
a level, i.e. 5'C, that sharply reduced mi-
crobial activity.

It is concluded from these studies that
the incorporation of clover followed by a

partial fallow results in substantially less

gaseous N losses than the standard sum-
merfallow practice measured at the same

sites (Aulakh et al. 1983) and at the same

time significantly increases mineral nitro-
gen accumulation in the soil; approxl-
mately 407o of the N added as clover res-
idues in the green manured treatment was

mineralized by the end of the fallow pe-

riod.
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