179 BIO125

Consultation sur le développement durable

Winter and early spring losses v,

de la praduction porcine au Queébec

6211-12-007
HITUVYTI

following late fall application of hog manure

G. GANGBAZOQ', A.R. PESANT?, D. CLUIS?, D. COUILLARD?® and G.M. BARNETT>

'Ministere de I Em’tronnemenr et de la Faune du Québec, Dir. Ecosystémes Aquatiques, 930 ch. Ste-Foy, 2° étage. Ste-Fov.
QC, Canada G15 2L4; A griculture et Agroalimentaire Canada, Station de recherches, 2000 Route 108 Est. Lennoxville, OC.
Canada JIM 1Z3; and INRS -Eau, 2800 rue Emsrem Ste-Foy, QC, Canada GIV 4C7. 2 Contribution No. 480. Received 12

Ocrober 1993; accepted 15 April 1995,

" Gangbazo, G., Pesant, A.R., Cluis, D., Couillard, D. and Bamett,
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. Runoff and drainage losses of ammonium, nitrate, and total nitrogen
during winter and early spring following hog manure application in
late fall were simulated using disturbed Coaticook clay loam soil
{Humic Gleysol) contained in 0.26 m° boxes. A factorial treatment
combmanon of three hog manure application rates (0, 27. 3 and 54.6

m’eha!, which represemed() 150. and 300 kg TKNeha™', or 0, 115,
and 230 kg NHy-Neha ) and two application methods (with and
without incorporation} were studied. During the freezing period
{winter, the soil in the boxes remained frozen and runoff was the
major hydrologic process accounting for 99% of the total water
collected. Total Kjeldahl-N (TKN) and ammonium-N (NHa-N) loads
in runoff water increased linearly with surfaoe application rates.
Loadswerc32 8.0, and 127kg’I‘KNoha and 1.7,5.3, and 9.0 kg
NHs-Neha™! for i increasing application rates, respectively. Incorpo-
ration did not affect drainage water loads since infiltration in the
frozen soil was low., During the thawing period (early spring), snow-
melt produced both runoff and drainage water until the soil had
thawed completely at which time infiltration increased sharply.
Drainage then accounted for 80% of the total amount of water
collected. Loads of TKN in drainage water increased linearly regard-
less of application methods whereas NHa-N loads increased iinearl)ir
for incorporation only. Loads were 54,63, and 7.3 kg TKNeha'
and 1.0. 1.4, and 2.0 kg NHs-Neha'! for i increasing application tates,
respectively. Rate of manure application without incorporation did
not affect the loads of any form of N during the thawing period,
probably due 10 losses which occurred during the freezing period.
Leaching produced NO3-N loads of 60 kgeha™' regardless of appli-
cation rate and methods indicating that the possibie source of NO3-N
was the soil itself. Total loads were 9.5,15.1, and 20.8 kg TKNeha'';
3.2,6.7,and 10.4 kg NHq-N ha™ for the three surface spreading rates,
respectively. Losses due to surface-spreading were therefore 3.7 and
3% of TKN and NH4-N applied, respectively. For mcorporauon
total loads were less 9.5, 10.5, and 11.5 kg TKNeha™'; 3.2, 3.7, and
43 kg NHg-Neha™', representing only 0.7% of TKN and 0.5% of
NH4-N applied. lncorporanon was therefore less damaging than
surface spreading.

Key words: hog manure, ninoff and drainage water, freezing
period, thawing period, snowmelt, nitrogen

Les pertes d"azote nitrique, ammoniacal et total par ruissellement
et drainage pendant I"hiver et t6t au printemps, suite A 1'épandage du
lisier de porc tard 4 1'automne, ont é1é simulées sur sol tamisé (loam
sablo argileux Coaticook) d’un Gleysol humique contenu dans des
caissettes de 0,26 m” de surface. Une combmalson factorielle de trois
taux d'épandage (0. 27,3 et 54.6 m’sha™t, soit 0, 150, et 300 kg
NTKeha'', 0u 0, 115 et 230 kg N-NHgeha™ )et deux modes d’épan-
dage tsurface et enfouissement) a été utilisée. Au cours de I'hiver, le
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ruissellement était le processus le plus important représentant 99%
de la quantité rotale d’ean récoitée. le sol dans les caissettes élant gelé -
en bloc. Le lisier épandu 4 la surface du sol a été erode Les charges
d’azote ammoniacal {1,731 5 3et90ng -NHyeha') et d"azote total
Kjeldahl (3,2, 8,0 et 12,7 kg NTKeha' ) ont suivi une tendance
linéaire, augmentant avec le taux d’épandage en surface. L incorpo-
ration du lisier n’a pas affecté les charges dans 1'eau de drainage
puisque l'infiltration d’eau dans le sol était faible i cause du gel. Par
contre, 1t au printemps, le ruissellement et le drainage de 'eau ont
€u liev en méme temps jusqu’h ce que le sol dégele compldtement.
Puis Pinfiltration de {'eau s’est accélérée de sorte que 1’eau drainée
représentait 80% de la quantiié totale evacuee Les charges d’azote
ammoniacal (1,0 1,4 et 2,0 kg N-NHysha’ ) ont suivi une tendance
linéaire, augmentant avec le taux d’épandage par enfouissement. Les
charges n’om pas varié selon le taux d’épandage en surface prob-
ablement A cause des pertes subies en hiver. Les pertes de nitrates par
lessivage se sont élevées a 60 kg N- NOssha!, peu importe le taux et
le mode d’épandage, indiquant que la source possible du NO3-N est
e sol méme Les charges totales etalcm de 9.5. 15,1 et 208 kg
NTKeha':32.6,7¢t 10 .4 kg N-NHasha ™! pour les trois taux ¢’ £pan-
dage en surface respectivement. Les pertes dues 4 I'épandage du
lisier représentaient donc 3,7 et 3% du NTK et du N-NH4 appliqué.
Pour l’mcorporanon les charges totales €taient plns faibles: 9.5. 10,5
etll,5kg NTKeha';3,2,3,7¢e14,3 kg N-NHysha'', ne représentant
donc que 0,7 et 0,5% du NTK et du N-NH4 appliqué. L'incorporation
semble donc moins dommageable que 1’épandage en surface.

INTRODUCTION

Spring thawing constitutes one of the most important phases
of the hydrologic cycle in northern countries. often producing
sudden rises in river levels (Davar 1972). Nitrogen losses
accounting for 5 to 10% of the total amount of manure-N
applied in winter have been reported. due to runoff during the
snowmelt period {Young and Mutchler 1976; Steenvoorden
1981; Steenhuis et al. 1981). Because of reduced nutrient
requirement in the fall, much residual-N results from late-fatt
manure applications and thereby increases the potential for
water poltution during the winter and spring. Although the
time lapse between initial thawing temperatures and active
plant growth is relatively short, this period may be critical in
terms of nitrate leaching to groundwater because nitrification
rates increase with soil temperature (Walter 1974), More
information is needed on the environmental impacts of large
hog manure applications under late fall conditions.

Most research conducted on the environmental impact of
fall application of animal wastes has not reported infiltration-
drainage losses (Converse et al. 1976; Tokarz et al. 1979).
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Some have reported both runoff and drainage water (Pesant
et al. 1993) but did not give complete information on the
effects of uncontrollable climatic factors on N losses by these
(WO processes.

The objective of this research was to simulate the effects of
late fall-applied hog manure to soil with or without incorpora-
tion on N losses in runoff and drainage water under winter and
early spring conditions by using boxes filled with soil.

MATERIALS AND METHODS
Experimental design and sampling

The experiment was conducted on the Experimentat Farm of
the Agriculture and Agri-Food Canada Research Station in
Lennoxville (southeastern Québec, Canada) during the win-
ter of 1989 1990. The experimental unit consisted of two
0.26 m” boxes placed one on top of the other. The boxes were
constructed of plywood, tongue and grooved to fit together. The
joint between the two boxes was caulked with silicone to pre-
vent any leakage. The lower box was 0.30 m wide, (.88 m long,
0.40 m high and contained (.40 m depth of soil. It was equipped
with a gutter of 50 mm width by 300 mm length by 50 mm
height to collect runoff from rainfall and snowmelt and with a
15mm diameter pipe to collect drainage water. The upper box
which had no bottom, was used to contain the natural snowfall
during the winter. It was 0.30 m wide, (.88 m long, and 0.50 m
high.

The top layer {0-200 mm) of a Coaticook clay loam (Hu-
mic Gleysol) site which had been under grassland for more
than 5 years was collected in late fall (Table I) and screened
with a 12.5 mm mesh sieve. The initial water content of the
soil was near field capacity as determined by a method devel-
oped by Richards (1954). Undisturbed scil was not used
because manure incorporation weuld have disturbed the top-
soil (0-200 mm) anyway. A 50 mm layer of water-washed
crushed rock (3-6 mm diameter) was placed in the bottom of
each box followed by four 100 mm-layers of soil compacted
to the apparent volumic mass of the uudisturbed soil.

The hog manure contained 950 F-L Lof water, 50 g-L of
solids, an average of 5495 pugeL™" of TKN, 4175 ugOL of
NH4-N and 8 j.Lg-L" of NO3-N. The weatments consisted of
the factorial combination of hog manure rates and methods of
application replicated three times which required 18 sets of
experimental units. The independent variables were:

- three application rates: (), 27.3, and 54.6 m eha’! which
correspend to 0, 130, and 300 kg TKNeha'! respecuvely
(including 0, 115, and 230 kg NH4-Neha' ) and 0, 0.2,
and 0.4 kg NO3-Neha'! , respectively.

- two application methods: surface (application on the soil
surface of the top layer without incorporation) and incorpo-
ration (application on the surface of the 200-300 mm layer
before adding the two top 100 mm soil layers).

The hog manure was applied in late fall (9 December 1989)
when the probability of rainfall was low. The side walls of the
experimental apparatus were insulated with 50 mm rigid styro-
foam to induce soil freezing from the top down. Five
thermocouples were installed as follows: one at 500 mm above
the soil and one each at the 0, 50, 150, and 350 mm depths in the
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Table I. Characteristics of the Coaticook clay loam soil
used for the experiments (0-200 mm)

Parameters Units Values”
Mean S.D.
Textural composition

- sand % 43 -

- silt % 28 .-

- clay % 29 -
Apparent volumic mass” Mg.rn‘3 1.2 ) -
Initial water content % D.B%5 20
Water content (Field capacity) % D.B25 2.0
Organic matter % D.B. 4.1 -
Organic carbon % DB.3.1 ) -
Total Kjeldahi-N (TKN) Jigeg 300.0 110.0
Ammonia-N (NH4-N) pgeg! 44 04
Nitrate-N (NO3-N) pgeg ' 20.0 4.5

2 S .D. = standard deviation; number of samples: 12
® Undisturbed soil

¢ D.B. = Dry basis

- Not available

soil of three boxes. The thermocouples were connected to a

. data logger. The experimental units were placed outside for

about three months (87 days) under natural atmospheric cofi-
ditions on a concrete platform having 3% slope. Precipitation
(rain and snow) data were recorded at the farm weather
station located about 500 m from the experimental site.

During the winter (freezing period), runoff water from
each snowmelt event was sampled and the amount measured.
Snow depth in the boxes was measured periodically. The
mean concentration of nutrients in the snow were 0.15 ppm
TKN, 0.03 ppm NH4-N, and 0.04 ppm NO3-N,

In early spring (5 March 1990), when only traces of snow
remained in the boxes, the latter were transported to an
unheated barn and placed on a platform with a 3% slope to
simulate snowmelt on frozen soil. The upper boxes were .
filled with 500 mm of snow and an infra-red lamp was
installed at 300 mm above the snow surface. Five hundred
millimeters of snow is approximately the maximum expected
depth of snow (370 £ 200 mm) at Lennoxville in March
(MENVIQ 1984). The snow used for this purpose can be
described as fresh, firm, and partly consolidated into ice since
its density was 0.45 kg-L‘ {McKay 1972; Pesant 1987). To
evaluate the snow contribution to the nitrogen budget, three
boxes closed at the bottom, insulated, and filled with snow as
described previously were placed randomly among the other
boxes. Infra-red bulbs were turned on in the day and off at
night. The runoff and/or drainage water was measured and
sampled each day for one week, corresponding to the end of
the thawing period. The soil in the boxes was then sampled

‘at 50 mm intervals to evaluate the amount of residual N.

Laboratory analysis
Soil TKN was determined by a procedure proposed by Schu-
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man et al.(1973); NHa-N and NO3-N analytical methods
were described by McKeague (1977).
All N forms in water, hog manure, and snow were deter-

mined using automatic colorimetric methods (MENVIQ

1986, 1987, 1989).

Statistical analysis

The SAS PC 6.03 GLM procedure (SAS 1988) was used to
determine treatment effects on TKN, NHs-N, and NO3-N
loads in runoff and drainage water. Data collected during the
freezing (9 December 1989 10 5 March 1990) and thawing
(5-12 March 1990) periods were analyzed separately. Tabu-
lar (P) probabilities are reported and the equals sign means
"significant at” the given probability level.

RESULTS AND DISCUSSION

Nitrogen supply comparison

Nitrogen loads in hog manure, in rainfall, in snowfail during
the winter, in snow used to simulate the snowmelt period,
and in the pre-ireatment soil were determined (Table II).
Results showed that N loads applied through precipitation
during the winter (freezing period) or by snow during the
spring (thawing period} were much smaller than those con-
tained in hog manure or in soil. Hog manure TKN was 3%
and 6% of that in the soil and NO3-N was 0.2% and 0.4% of
that in the soil. However, NH4-N in hog manure was 5 and 10
times that in the soil. Thus, except for NH4-N, hog manure N
represented only a small percentage of soil N content.

Freezing period

During the winter, the experimental site received 29.2 mm of
rain and 1.25 m of snow for a total of 154.1 mm of water-
equivalent precipitation with a mean snow density of 0.1
(Garstka 1964). Due to rainfall and relatively high tempera-
tures, the snow melted frequently, producing many ranoff
events although the soil remained frozen. The mean quantity

of runoff water due to snowmelt was relatively high (120
mm) while infiltration into frozen soil was less than 1 mm.

There was therefore no drain flow during the winter.
Surface application rates had significant effects on TKN
and NHa-N loads in runoff water (P = 0.01) while there was
no rate effect with incorporation (P > (.10); {Table II; Fig. 1}.
Because the soil was frozen, runoff was the sole hydrologic
process and affected only the surface layer. Loads of 3.2, 8.0,
and 12.7 kg TKNeha! were linearly dependant P= O 01y on
surface application rates of 0, 27.3. and 54.6 m oha’! respec-
tively, SLm1lar1y, NH4-N loads of 1.7, 5.3, and 9.0 kg
NHs-Neha™! “increased linearly (P = 0.01) with application
rates. Losses of NHa-N were relatively low accounting for only
3% of the quantities applied, which were 5 to 10 times pre-treat-
ment soil levels, This is due to the initial infiltration of hog
manure in the soil at the time of application before the soil had
frozen. Nitrate-N loads were affected only by application rates
(Table TIT) but unlike TKN and NHa-N, the effect was quad-
ratic (P = 0 01). Loads were 1.50, 1.01, and 2. 1 1 kF
N03-N0ha for increasing rates of 0, 27.3, and 54.6 m Oha
Nitrate-N loads almost doubled with application rates, exceed-
ing the amount supplied by manure and winter precipitation.
This indicates that NO3-N losses during the winter comes in part
from the hog manure applied in late fall and in part from the soii.

Thawing period

Even though the boxes were insulated, the soil thawed
quickly {Fig. 2). The mean temperature of the soil profile was
in the order of - 10 °C when the boxes were moved to the bam
and increased to -3 °C at the end of the first day. The
temperature remained around 0 °C until the fourth day and
increased rapidly to 14 °C at the end of the seventh day.
During that period, the ambient temperature in the barn in-
creased from 8.5 to 15.5 °C. The snow in the boxes thawed
progressively until the sixth day.

Runoff and infiliration-drainage processes occurred simulta-
neously {Fig. 3). In terms of cumulative amounts, runoff water
increased faster than drainage water during the first day only.
During the second day, cumulative amounts were still higher for
runoff but were increasing faster for drainage. During the sec-
ond day, runoff ceased and drainage continued until the seventh

Table Il. Comparison of N applied with amounts availablg in the pre-treatment soil

Loads applied (kgeha™')

Parameters® Pre-treatment” Fall Freezing period Thawing period®
(kgeha") hog manure (m’eha™") (rainfall + snow)* (snow)
273 54.6
Mean s.Df Mean SD, - Mean 5.D. Mean S.D. Mean S.D.
TKN 52800 4460 150 -7 300 14 0.23 0.14 034 020
NH4-N 20.2 16 115 6 230 12 0.05 0.02 0.07 0.02
NO3-N 97.4 16.2 0.2 0.0

04 0.0 0.06 0.02 (009 0.02

* TKN=Total Kjeldahi nitrogen; NHs-N=Ammenium nitrogen: NO3-N=Nitrate nitrogen.

® Total load in 400 mm of soil.
€ Winter (9 Dec. 1989 to 5 Mar. 1990).
4 Snowmelt simulation period in earty spring (5 to 12 Mar. 1990).

CANADIAN AGRICULTURAL ENGINEERING

N

Vol. 37. No. 2, April/May/June 1995 75



Table III. Effects of hog manure on N loads in runoff and drainage water, (F values and their significance)

Sources of Freezing period” Thawing period®
variation® (natura] precipitation) {added snow)
Runoff water Runoff water Drainage water
df  TKN _NH&N NO-N TKN  NHeN NOsN- TKN  NHeN  NO:-N

Rate (R) 2 3038 22827 661" 158  090™ 11017 574" 5817 243
Method (M) 57347 5236 . 145™ 021  012™ 002 375" 21597 0.00™
RxM 2 15207 14.58 127 038™ 0.2  0.01™ 258 1238  0.00
Error ’ 13
Simple effects . "

Rates: linear 1 2.75': 3.79 6.57

Rates: quadratic i 9.66 18.94 1.48"™
R x M Ll (L]

Rate (surface) 2 86.80°  71.86 2.0%

Rate (surface) linear 1 77.23 70.18 1.22™

Rate (surface) quadratic { .33 0.56™ 8.08™

Rate (incorporated) 2 3.20™ 1.05™ 26.86

Rate (incorporaied) linear 1 51 1.21™ 27.22

Rate (incorporated) 1 103"  0.70% 0.12™

quadratic
Error mean square 1.58 1.10 0.05 0.20 0.06 0.02 1.08 007 9698

* Rate (R) = Application rates (0 m>eha™', 27.3 m*eha™ and 54.6 m*eha™").

M = Application methods (with and without mcorporanon)
® Freezing period (9 Dec. 1989 ® 5 Mar. 1990).
¢ Thawing period (5 to 12 Mar. 1990).

*#+ Significant at 1% leve); * Significant at 5% level; ™ nonsignificant at 5% level.

day (Fig. 3). Eighty-one percent of the total quantity of water
collected was from drainage and 19% from runoff.

The effect on the total quantity of runoff or drainage water
was nonsignificant for all of the independent factors and their
interaction (P > 0,10). This was because the amount of water
su}:)piled by manure (2.6 and 5.2 mm for 27.3 and 54.6

sha™ ', respectively} was much lower than that supplied by
snow (225 mm). The mean quantities were 53 + 19 mm and
220 £ 22 mm for runoff and drainage water, respectively.

Nitrogen losses in runoff water Unlike during the freezing
period, there were no treatment effects on TKN and NH4-N
loads during thawing (P > 0.10, Table III). Therefore, runoff
from a thawing, snow-covered soil surface does not have the
same effect on N losses as on a frozen bare soil. In winter,
frozen bare soils are more subject to erosion than thawing
snow-covered soils. Mean N loads in runoff water were
0.78 £ 0.44 kg TKNeha'! and 0.61+ 0.22 kg NH4-Neha™!
regardless of appiication rates and methods. However, the
effects of application rates on the NO3-N loads was quadratic
{P =0.01) but unlike during the freezing period, the effect of
the application method was not s;g:uﬁcant (P > 0.10). The
loads were 0.8, 0.4, and 0.6 kg NO3-Neha ' for 0, 27.3, and
54.6 m>eha”! treatments, respectively. It was not possible to
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explain this result since the largest source of nitrates was the
soil itself, the amount supplied by snow being low (0.09 kg
NO3-Neha!, Table ).

Nitrogen losses in drainage water Nitrogen losses in drain-
age water increased linearly with apphcauon rate (P =0.01).
Loads were 5.4, 6.3, and73kgTKNoha for 0, 27.3, and
54.6 m>sha”' treatments, respectively, regardless of the ap-
plication method (Table IIT}. By contrast, the effect of
application rates on NHa-N loads varied significantly with
application method (Table II1; P = 0.01). When hog manure
was incorporated at the 200 mm depth, loads increased sig-
nificantly (P = 0.01? with application rates from 1.010 1.4 and
2.0 kg NHs-Neha * but remained nonsignificant (P > 0.10)
for surface appllca.uon with a mean load of 0.8 + 0.1 kg
NHg-Neha ', Thus, during the snowmelt period, drainage
water originating from fields where large quantities of hog
manure were applied in late fall is likely to contain significant
amounts of NH4-N. It is known that NH4-N has adverse
effects on the environment even at low concentrations
{McNeely et al. 1980). This form of nitrogen is often respon-
sible for taste and odour problems in potable water and
reduces the treatment efficiency of chlorine thereby increas-
ing the risks for public health safety (Boucher 1985).

There were no treatment effects on NO3-N loads (P > 0.10).
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Fig. 1. Effect of hog manure application rate on TKN and
NH4-N loads in runoff water during the freezing
period (M1: application without incorporation;
M2: application with incorporation at 200 mm
depth).

** Significant at 1% level; ns: nonsignificant.
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Fig. 3. Cumulative amounts of runoff and drainage water
during the thawing period (5 to 12 March 1999).

The mean load was 62 £ 9.8 kg NO3-Neha™! which was much
higher than the amount present in added snow (0.09 kg
NO3-Neha ') but lower than the amount present in the soil
during the previous fall (97.4 kg NO3-Neha™', Table II,
suggesting that nitrate-N was leached by inﬁllralmg water.
Although by the fourth day, 50% of the snow had melted, it
contained only 30% of total NOs-N load. However, losses
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Fig. 2. Pattern of soil temperature and snow depth during
the thawing period (5 to 12 March 199¢).
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Fig. 4. Cumulative amounts of drainage water and

nitrate loads during the thawing period
(5 to 12 March 1990).

increased sharply to 80% of the total load at the end of the
fifth day (Fig. 4).

During the thawing period, drainage water loads of TKN.
NH4-N, and NO3-N.were respectively 7. 3. and 70 to 150
times those in runoff water because drainage was the prevail-
ing hydrologic process. Since the effect of application rates
was not significant, natural soil NO3-N exceeded and hid any
treatment effects. Moreover, at the end of the thawing period,
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Table IV, Nitrogen losses budget

Application Hydrologic Nitrogen loads (kgeha™)
methods processes
: Comtrol 273 m’eha’! 54.6 m'sha’’
TKN  NHs&N NO:-N  TKN  NHsN NO3-N  TKN  NHe-N  NO3:-N

Surface Runoff 3.2 1.7 1.5 8.0 53 1.0 127 9.0 2.1
Runoff ® 0.8 0.5 05 08 0.6 04 0.8 0.6 0.6
Drainage* 55 1.0 620 63 08 620 73 0.3 62.0
Total: 95 32 640 5.1 6.7 634 208 104 64.7
Incorporation  Runoff® 32 17 15 34 1.7 10 34 1.7 2.1
Runoff ° 0.8 0.5 05 08 0.6 04 0.8 0.6 0.6
Drainage® 55 1.0 620 63 1.4 620 73 20 62.0
Total: 9.5 3.2 640 105 3.7 634 115 43 647

? Runoff watér during freezing period.

" Runoff water during thawing period.

there was as much NO3-N in the soil as there was when the
boxes were filled in the fall. For example, the mean quantity
of NO3-N was 110.6kg Neha™' in boxes having received hog
manure at rates of 27.3 m sha™'. These results suggest that
soil N nitrified rapidly when the soil temperature increased
over 0 °C thus confirming observations (Walter 1974) which
indicated that soil-N nitrification increased rapidly with soil
temperature. '

This may appear contradictory because at low temperature
{< 30 °C) nitrification is slow (Buchanan and Brady 1969;
Loehr 1984). However, information on low tlemperature (1 to

10°C) nitrification is contradictory (Loehr 1984). Moreover, .

Mack (1963) showed that freezing speeded up the minerali-
sation of organic nitrogen (transformation to NHa-N).
Therefore, if there is a large NH4-N pool at the end of winter,
accelerated nitrification may result from rapid soil tempera-
ture increase. For this reason, the NO3-N leaching potential
may be high between the first thawing period and the start of
the growing season. Field experiments conducted in northern
Alberta (Canada) by Malhi and Nyborg (1986) also demon-
strated an increase in the mineral-N (NH4-N and NO3-N)
contents of the soil which were as high as 48 kg-ha'l in the
top 600 mm of the soil between fall and the end of the winter,
foliowed by a sharp decrease in the nitrate content of the soil
in spring. The generation and fate of early spring NO3-N
needs further elucidation.

Nitrogen losses budget A nitrogen budget (Table IV) indi-

cated that mean total losses by the contrel treatment were 9. 5
kg TKN-ha 3.2 kg NHy- N-ha and 64.0 kg NO3-N ha'
For surface apphcanon total losses were 15.1 and 20.8 kg
TKNeha'! for 27.3 and 54 6 m’ehal , respectively, and 6.7
and 104 kg NHs-Neha'! for the same application rates,
respectively. Therefore, 3.7 and 3% of the TKN and NH4-N
applied as hog manure in late fall were lost in winter and early
spring runoff and drainage water. Moreover, 79 to 86% of
totat NHs-N losses occurred in runoff during the freezing period,
When compared to surface application, TKN and NHs4-N
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losses were lower for mcorporanon Mean values were 10.5
and 11.5 kg TKNeha™', and 3.7 and 4.3 kg NHa-N for the two
application rates, respecuvely Consequently, 0.7 and (.5%
of the TKN and NH4-N applied as hog manure in late fail
were lost.

Regardless of the application rates and modes, NO3-N
losses were similar to those from the pre-treatment (control)
treatment .

SUMMARY

The relative impertance of runoff and infiltration (drainage)
processes varied according to the condition of the soil. Using
a disturbed clay loam soil contained in boxes, runoff and
drainage losses of nitrogen were simulated during winter and
early spring following late fall hog manure application.

During the winter (freezing period), the soil was deeply
frozen and the prevailing hydrologic process was surface
runoff which accounted for 99% of the total amount of water
collected. Runoff loads of TKN and NHa-N increased line-
arly with surface apphcanon rates. Loads were 3.2, 8.0, and
12.7 kg TKNeha' and 1.7, 5.3, and 9.0 kg NH4-N0ha for
hog manure rates of 0, 27.3, and 54.6 m’sha™', respectively,
Nitrate-N loads in mnoff were very low varying from 1.0 to
2.1 kg NO3- Neha!,

During the early spring snowmelt and thawing period,
runoff and infiltration occurred simultaneously, runoff ac-
counting for only 19% of the total amount of water coilected.
Consequently, N losses by runoff were lower than those by
drainage water. Drainage TKN losses increased linearty with

application rates, but did not vary with apphcauon method.
Loads were 54, 6.3, and 7.3 kg TKNeha' for the three
application rates, respectively. Unlike TKN, NHa-N drainage
loads increased linearly with application rates, but only for
incorporation. Loads were 1.0, 1.4, and 2.0 kg NHs-Neha'.
respectively. No effect was observed for surface application
probably due to the losses which occurred in winter, Nitrate-
N losses by dratnage water increased sharply when the soil
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thawed with a mean load of about 62 kg NO3-Neha™', regard-
[ess of application rates and methods.

Of the nutrients in late fall-applied hog manure. total
losses accounted for only 3.7 and 3% of the TKN and NH4-N
surface-applied, and 0.7 and 0.5% of the TKN and NHa-N
incorporated. Thus, in a short term context, incorporation
produced less poilution than surface application. It is impor-
tant to note that although these loads represent a small
proportion of the quantities applied in hog manure, late fall
hog manure application to a significant percentage of the land
in a watershed would result in surface water pollution.

ACKNOWLEDGMENTS

This project was funded by "Entente Auxiliaire Canada -
Québec sur le développement agro-alimentaire”, Agriculture
and Agri-Food Canada, "Ministére de |'Environnement et de la
Faune du Québec”. The authors greatly thank the personnel:
Konan Kouassi, Réal Gagné, and Dominique Gagnon for their
technical work and Louise Boisvert for typing the manuscript.

REFERENCES

Boucher, P. 1985. Impact de la poilution sur le traitement des
eaux de la riviére I’ Assomption i ia centrale de filtration
de Repentigny. Sciences et Techniques de I'Eau
18(3):267-276.

Buckman, H.O. and N.C. Brady. 1969. Nitrogen and sulfur
economy of soils. In The Narure and Properties of Soils,
7th ed., 437-472. London, England: Macmiilan Co.

Converse, J.C., G.D. Bubenzer and W.H. Paulson. 1976.
Nutrient losses in surface runoff from winter spread
manure. Transactions of the ASAE 19:517-519.

Davar, K.5. 1972. Débit de pointe-Phénoménes de fonte. In
Manuel des principes d’hydrologie, ed. D.M. Gray,
9.1-9.27. Ottawa, ON: Canadian National Research Council.

Garstka, W.U. 1964. Snow and snow survey. In Handbook of
Applied Hydrology, ed. V.T. Chow, 10.1-10.57. New
York, NY: McGraw Hill Book Co.

Loehr, R.C. 1984. Nitrogen control. In Pollution Control for
Agriculture, 2nd ed., 341-368. New York, NY: Academic Press.

Mack, A.R. 1963. Biolegical activity and mineralization of -

nitrogen in three soils as induced by freezing and drying.
Canadian Journal of Soil Science 43:316-324.

Malhi, §.5. and M. Nyborg. 1986. Increase in mineral N in
soils during winter and loss of mineral N during early
spring in north-central Alberta. Canadian Journal of Soil
Science 66:397-409.

McKay, G.A. 1972. Précipitation. In Manuel des principes
d'hydrologie, ed. D.M. Gray, 2.1-2.113. Ottawa, ON:
Canadian National Research Coungcil.

McKeague, J.A. 1977, Nitrate et ammonium extractible au
KC1 2N, In Manuel des méthodes d échanmilionnage et
&’ analyse des sols, 109-171. Ottawa, ON: Soil Research
Institute, Agriculture Canada.

McNeely, R.N., V.P. Neimanis and L. Dwyer. 1980. Guide

des paramétres de la qualité des eaux. En 37-54/1981F.
Ottawa, ON: Environment Canada.

CANADIAN AGRICULTURAL ENGINEERING

MENVIQ. 1984, Sratistiques annuelles et mensuelles
1951-01--1980-12. Station  7024280(R-05)
Lennoxville-CDA. Ste-Foy, QC: Service de la
météorologie, Ministére Environnement du Québec.

MENVIQ. 1986. Eaux-Détermination de 1’azote total.
digestion U.V., méthode colorimeétrique automatisée.
86.07/303-N 3.1. Ste-Foy. QC: Direction des
laboratoires, Ministére Environnement du Québec.

MENVIQ. 1987. Eaux-Détermination de 17azote
ammoniacal, méthode colorimétrique automatisée avec le
phénate de sodium. 87.11/303-N 1.1. Ste-Foy. QC:
Direction des laboratoires, Ministére Environnement du
Québec.

MENVIQ. 1989. Eaux-Détermination des nitrates et des
nitrites, méthode colorimétrique automnatisée avec le
sulfate d’hydrazine et le N.E.D, 89.07/303-NO3 1.1.
Ste-Foy, QC: Direction des laboratoires, Ministére
Environnment du Québec.

Pesant, A.R. 1987. Snowmobiling impact on snow and soil
properties and on winter cereal crops. Canadian Field -
Naturalist 101(1):22-32,

Pesant, A.R., G. Gangbazo, D. Cluis, G. Bamnett and J-P
Charuvest. 1993, Effects of hog manure and fenilizer
application on runoff and drainage water quality. In
Proceedings of International Symposium on Farm Lands
Erosion in Temperate Plgins Environments and Hills,
515-524. 5t-Cloud, France.

Richards, L.A. 1954. Diagnostics and Improvement of Saline
and Alkali Soils. USDA Handbook No. 60. Riverside,
CA: US Salinity Lab.

SAS. 1988, SAS/STAT User's Guide; Release 6.03. Cary,
NC: SAS Inststute Inc. -

Schuman, G.E., M.A. Stanley and D. Knudsen. 1973.
Auntomated total nitrogen analysis of soil and plam
samples. Soil Science Society of America Proceedings
37(3):480-481.

Steenhuis, T.5., R.E. Muck, G.D. Bubenzer and J.C.
Converse, 1981. Medelling nutrient in runoff losses from
winter spread manure. In Proceedings of 4th
International Symposium on Livestock Wastes/ 1980,
281-285. St. Joseph, MI: ASAE.

Steenvoorden, J.H. A M. 1981. Landspreading of animal
manure and run-off: Comments on the draft guidelines. In
Nitrogen Losses and Surface Run-off from Landspreading
of Manures, ed. J.C. Brogan, 26-33. London. England:
Martinus Nijhoff/Dr. W. Junk Publisher.

Tokarz, M.B., D.D. Schulte and G.E. Laliberte. 1979.
Characterization and assessment of non-point source
pollution. Winnipeg, MB: Office of Research
Subvention, Inland Water Directorate.

Walter, M.F. 1974, Nitrate movement in soil under early
spring conditions. Unpublished Ph.D. dissertation,
University of Wisconsin, Madison, W1.

Young R.A. and C.K. Muichler. 1976. Pollution of manure
spread on frozen ground. Journal of Environmental
Quality 5(2%:174-179,

Vol 37, No. 2, April/May/June 1995 79



