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Ganghaw. G., Pesant. A.R., Cluis. D.. Couitbxd. D. and Bamett, 
GM. 1995.Wiater and earty spring lasses of nitrogen fothxving 
late fall application of hog manure. Can. Agric. Eng. 37~073-079. 
Runoff and drainage tosses of ammonium. nitrate, and total nitrogen 
during winter and early spring following hog manure application in 
Iate fall were simulated using disNr$d Coatkook clay loam soil 
(Humic Cileysot) contained in 0.26 III- boxes. A factorial treatment 
combination of three hog manure application rates (0.27.3. and 54.6 
m’.bX’, which represented 0, 150. and 300 kg TKN.hd’, or0. 115, 
and 230 kg NHa-Noha-‘) and two application methods (with and 
witbwt incwporation) were studied. During the freezing period 
(winter), the soil in the boxes remained frozen and runoff was the 
major hydrologic pmcess accounting for 99% of the total wafer 
collected. Total Kjekiahl-N (TKN) and ammmium-N (W-N) loads 
in nmoff water increasd lmearty with surface application rates. 
Loads were 3.2,&O, and 12.7 kg TKN.ha-’ and 1.7.5.3, and 9.0 kg 
NH.,-N*ha.’ for increasing appticatioo rates. respectively. I~COIQO- 
ration did not affect drainage water loads since intiltration in @e 
frozen soil was low. During tbe thawing period (early spring). snow- 
melt produced both runoff and drainage water until the soil had 
thawed completely at which time infdtration increased sharply. 
Drainage then accounted for 80% of the mtal amount of water 
coltected. Loads of TKN in dminage water increased linearly regard- 
less of application methods wbenas Nt-b-N toads increased liiear!~ 
for incorporation only. Loads were 5.4.6.3, and 7.3 kg TKN*ha 
and I .O. I .4. and 2.0 kg NHa-N-ha-’ for. maeasing application rates. 
respectively. Rate of manure application without incorporation did 
not affect the loads of any form of N during the thawing tkaicd, 
probably due to losses which occurred during the freezing period. 
Leaching produced NO,-N toads of 60 kg-ha-’ regardtw of appli- 
cauon rate and methods indicating that the possible source of NO,-N 
was the soil itself. Total toads were 9.5, 15. I, and 20.8 kg TKN-ha-‘; 
3.2.6.7, and 10.4 kg NHeN ha-’ for the three surface spreading rates. 
respectively. Losses due to surface-spreading were therefore 3.7 and 
3% of TKN and N&-N applied, respectivety. For incorporation, 
mat toads were less: 9.5, 10.5. and 11.5 kg TKN*ha-I: 3.2, 3.7. and 
4.3 kg NHa-N.ha-‘, representing only 0.7% of TKN and 0.5% of 
N&-N applied. incorporation was therefore less damaging than 
surface spreading. 

Key words: bog manure, nrwff and drainage water. freezing 
period. thawing period. snowmelt. nitrogen 

Les penes d’azote titrique. ammoniacal et twl par missettement 
et drainage pendant I’hiver et 16t au printemps. suite k t’6pandage du 
lisier de port lard B I’aummne. ant 6ti simultes sur sol mmise (loam 
s&lo argileux Cc+cook) d’un Gteysol humique ccntenu dam des 
caissettes de 0.26 ni de surface. Urn cambinaison factmielle de tmis 
taux d’epandage (0. 27.3 et 54.6 m’*ha-‘. soil 0. 1.50, et 34Nl kg 
NTK*ha.‘, o” 0. I 15 et 230 kg N-NHa*~‘) et dew. modes d’epan- 
dage (surface et enfouissemen 1) a Ctd utttiste. Au cows de I’hiver, k 

ndsselkment ttait k pmcessus le plus imponant repr&sentam 99% 
de la quantiti tot& d’eau r&ok&. k sol dam les caissettes &ant gel6 
en bloc. Le lisier Cpandu a la surfxe du sol a 6ti Crod& Les charges 
d’amte ammoniacal (1.7a 5.3 et 9.0 kg N-N&-ha.‘) et d’arotc total 
Kjeldahl (3.2. 8.0 et 12.7 kg NTK-ha-‘) ant suivi une tendance 
ltii, augmentant avec le taux d’epandage en surface. L‘incorpo- 
ration du lisier n’a pas affects tes charges dam I’eau de drainage 
puisqw IInfiltration d’eau dam k sol Ctait faible Za cause du gel. Par 
came, tbc au printemps. le ruissellement et te drainage de I‘eau ant 
eu lieu en m&m temps jusqu’k ce que Ie sol &g*le compBtemenr. 
F’uis t’iniiluation de l’eau s’esf acctlk& de smte que I’eau drain& 
reprkentait 80% de la quantiti totale tvacu6e. Les charges d’azore 
ammoniacal (1.0 1,4 et 2.0 kg N-m-ha.‘) ant suivi w tendance 
lin6aii. augmentant aver k taux d’epandage par enfouissement. Les 
charges n’ont pas vat% selcm le taux d’@ndage en surface pmb- 
ablemenr a cause des pates subies en biver. Les penes de nitrates par 
lessivage se soot &v&s g 60 kg N-N@*ha-‘, peu impone le tax et 
k mode d’6pandage. indiquant que la source possible du NOJ-N est 
le sot &me. Les charges torates .&km de 9.5. 15.1 et 20.8 kg 
NIXha“: 3.2.6.7 et 10.4 kgN-NHn-ha-’ pourles noistaux d’kppan- 
dage en surface respxtivement. Les penes dues a I‘.$randage du 
lisier repr&emaknt done 3.7 et 3% du NTK et du N-NH4 applique. 
Pow t?nccwpwatton~ les charges tot&s ttaient plus faibles: 95.10.5 
et 1 I.5 kg NTK.ha- ; 3.2.3.7 et 4.3 kg N-N&-ha.‘. ne repr&entant 
dwc que 0.7 et 0.5% du NTK et du N-NH4 apptiqu&. L‘incorporarion 
son& done mains dommageabk que I’eandage en surface. 

INTRODUCTION 
Spring thawing constitutes one of the most important phases 
of the hydrologic cycle in northern counhies. 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 &duced nutrient 
requirement in the fall, much residual-N results fmm late-fall 
manure applications and thereby increases the Potential for 
water pollution 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 (Convene et al. 1976: Tokxz et al. 1979). 
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Some have reported both runoff and drainage water (Pesam 
et al. 1993) but did not give complete information OD the 
effects of uncontrollable climatic factors on N losses by these 
two processes. 

The objective of this research was to simulate the effects of 
late falI-applied bog manure to soil with or without incmpura- 
tion on N losses in muoff and draiuage watet under winter and 
early spring conditions by using boxes filled with soil. 

MATERIALS AND METHODS 

Experimental design and satttpIiig 
The experiment was conducted on the Experimental Farm of 
the Agti~ttl~~ and Agri-Fuod Canada Research Station in 
Lennoxville (soutbeastem Qu&ec, Canada) during the win- 
ter of 1989-1990. The experimental unit consisted of two 
0.26 tn* boxes placed one on top of the other. The boxes were 
consmtcted of plyw”od, t”“g”e a”d gm”ved to fit tqetber. The 
joint between the two boxes was cadked with silicone to pre- 
vent any leakage. ‘Ihe lower box was 0.30 m wide, 0.88 m long, 
0.40 m high and contained 0.40 m depth of soil. It was equipped 
with a gutter of 50 mm width by 300 mm length by 50 mm 
height to collect nmoff from rainfalI and snowmelt and with a 
15mm diameter pipe to collect drainage water. ll~e upper box 
which had no bottom, was used to contain the natural snowfall 
during the winter. It was 0.30 m wide, 0.88 m lottg, and 0.50 m 
b& 

The top layer (O-200 mm) of a Cc&wok 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 detemGned by a method devel- 
oped by Richards (1954). UndiiNrbed soil tias not used 
because manure incorporation would have disturbed the top- 
soil (O-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 undisturbed soil. 

The hog mamue contained 950 .L-’ of water, 50 g.L-’ of 
solids, an average of 5495 @g-L‘ f of TKN, 4175 vg*L-’ of 
NIG-N and 8 pg*L-’ of NOj-N. The treatments consisted of 
the factorial combination of hog mauure rates and methods of 
application replicated three time% which required 18 sets of 
experimental units. The independent v@ables were: 

- three application rates: 0. 27.3, and 54.6 tn3*ha-’ which 
correspond to 0, 150. and 300 kg TKN.ha-’ respectively, 
(incluQing 0, 115, and 230 kg NH.+N.haei) and 0. 0.2, 
attd 0.4 kg NOvN*ha-‘, respectively. 

- two ZlppIicatiott meth0g.s: surface (application Ott the soil 
surface of the top layer without incorpcwation) and incotpo- 
NtiW (applicatiott 0” the surfxe of the 200-300 mm layer 
before addiig the hvo top 100 mm soil layers). 

The hug manure was applied in late fall (9 December 1989) 
when the probability of mittfaIl was low. The side walls of the 
experimattd apparatus were insulated with 50 mm rigid stym- 
foam to induce soil freezing from the top down. Five 
tlwmucouptes were instaIled as follows: one at 500 mm above 
thesoilanduneexhatthe0,5O,l50,and35Ommdepthsinthe 

Table I. Characteristics of the Coaticook clay loam soil 
used for the experiments (O-200 mm) 

Textural composition 
- sand 
- silt 

clay 

Apparurt volumic mawb 
Initial water CO”telu 
Water content (Field capacity) 
organic mauer 
organic carbon 
Total Kjeldahl-N (TKN) 
Ammonia-N (NIL,-N) 
Nitrate-N (NOFN) 

% 43 
% 28 
% 29 

Mg.ni’ 1.2 
9% D.B% 2.0 
% 0.825 2.0 
52 D.B. 4.1 
% D.B. 3.1 
pg.gt%O.O 110.0 
clg..g’ 4.4 0.4 
IJg.g-’ 20.0 4.5 

a S.D. = standard deviatica: number of samples: 12 
b Undisturbed soil 
’ D.B. = Dry basis 
- Not available 

suil of three boxes. The dtermlxo”ples were connected to a 
data logger. The experimental units were placed outside for 
about tbtee months (87 days) under natural atmospheric coil- 
diticms on a concrete platform having 3% slope. Precipitation 
@ain and snow) data were iecorded at the farm weather 
sNtiott located about 500 m from the experimental site. 

During the winter (fraezig 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 pptn NI-I4-N, and 0.04 pprn NO3-N. 

In early spring (5 March 1990). when only traces of snow 
remained in the boxes, the latter were tmqorted to an 
unhated 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 abuve the snow surface. Five hundred 
miIIiieters of snow is approximately the maximum expected 
depth of stmw (370 f 200 mm) at Lemmxville in March 
(h4ENVIQ 1984). The snuw used for this purpose can be 
described as fresh. fm, and partly consolidated into ice since 
its density was 0.45 kg-L-’ (McKay 1972; Pestmt 1987). To 
evahmte the snow conttibution to the nitrogen budget, three 
boxes closed at the bottom, insulated, and tilled with snow as 
described previously were placed i-andomly among the other 
boxes. Infra-red bulbs were Nmed on in the day and off at 
night. The twtoff ad/or drainage water was measured and 
sampled each day for one week, correspunding to the end of 
the thawing period The soil in the boxes was then sampled 
at 50 mm intervals to evaluate the amouttt of residual N. 

Laboratory analysis 
Soil TKN was determined by a procedure proposed by Schu- 
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man et aL(l973); NH+N and N&-N analytical methods 
were described by McKeague (1977). 

All N forms in water, hog manure. and snow were deter- 
mined using automatic colotimetric methods (MENVIQ 
1986, 1987. 1989). 

SMstiial analysis 

The SAS PC 6.03 GLM procedure (SAS 1988) was usedto 
determine treatment effects on TKN, NH.+N, and N03-N 
loads in runoff and drainage water. Data collected during the 
freezing (9 December 1989 to 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 DISCUSSIOti 

Nitrogen supply comparison 
Nitrogen loads in hog m&we. in rainfall. in stiowfall doting 
the winter, in snow used to simulate the snowmelt period, 
and in the pre-treatment 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 manun?TKN was 3% 
and 6% of that in the soil and NOx-N was 0.2% and 0.4% of 
that in the soil. However, N&-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, then experimental site received 29.2 mm of 
rain and 1.25 m of snow for a total of i54.1 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 runoff 
events although the soil remained frozen. The tneatt 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 > 0.10); (Table III; Fig. 1). 
Because the soil was frozen, tunoff~was the sole hydrologic 
process and affected only the surface layer. Loads of 3.2.8.0. 
and 12.7 kg TKN*ha-’ were linearly dependant (P = 0.01) on 
surface application rates of 0, 27.3. and 54.6 m3.ha*’ respec- 
tively. Similarly, N&-N loads of 1.7. 5.3, and 9.0 kg 
NH&Noha-’ ~increased linearly (P = 0.01) with application 
rates. &ses of NH4-N were relatively low accounting for only 
3% of the quantities applied, which were 5 to 10 times pre-treat- 
mettt 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 Ill) but unlike TKN and NH4-N. the effect was quad- 
ratic (P =-,O.Ol). Loads were 1.50, 1.01, and 2jll kF 
NO3-N-ha 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 N03-N losses during the winter co- in pat 
from the hog manure applied in late fall and in part from the soil. 

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 barn 
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 fin the barn in- 
creased from 85 to 15.5 ‘C. The snow in the boxes thawed 
progressively until the sixth day. 

Runoff and infiltrationdrainage processes. occurred simulta- 
neously (Fig. 3). In terms of cumulative amounts. runoff water 
inneased faster than drainage water during the fnt day only. 
During the second day, cumulative amotmts were still higher for 
tunoff but were increasing faster for drainage. During the sec- 
ond day, tuttof-f ceased and drainage continued until the seventh 

Table IL Comparison of N appli+ with amounts available in the pre-treahnent soil 

goads applied (kg*ba-‘) 

Fre-treatmentb Fall 
(kg.&) hog manure Co&a-‘, 

Freezing period Thawing periods 
(rainfall + SrlOW)C (snow) 

21.3 54.6 

M.33 S.D.C Ma SD. Meal S.D. Meall S.D. Mean S.D. 

TKN 5280.0 446.0 150 7 300 14 0.23 0.14 0.34 0.20 

NH&N 20.2 1.6 115 6 230 12 0.05 0.02 0.07 0.02 

NOx-N 97.4 16.2 0.2 0.0 0.4 0.0 0.06 0.02 0.09 0.02 

O4 TKN=Total Kjeldahl nitrogen; NH4-N=Ammonium nitrogen: N@-N=Nitmte nitrogen. 
b Total load in 400 mm of soil. 
’ Winter (9 Dec. 1989 to 5 Mar. 1990). 
d Snowmelt simulation period in early spring (5 to I2 Mar. 1990). 
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Table III. Effects of hog manure on N loads in runoff and drainage water, (F values and their significance) 

s.ources of Freezing periodb Thawing perid 
variationa (nanwl pmcipitation) (added snow) 

Runoff water Runoff water Drainage water 

df. TKN .NHeN N(h-N TKN W-N Nt3-N TKN NH.-N NOFN 

Rate (R) 2 ~30.88” 22.82”~ 6.61*’ 1 .5Sm 0.90” 11.01” 5.14” 5.81” 2.43”E 
Method (M) 1 57.34” 52.36:; 1.45’ 0.21rn 0.w 0.02- 3.75N 21.59” 0.00”~ 
RXM 2 15.20** 14.58” 1.2P 0.38’ 0.22- 0.1 I”$ 2.58= 12.38” 0.00”‘ 
Elmr 13 

simple effcas 
Rates: linear 1 2.75’ 3.79’ 6.57” 
I&es: quadrmic 1 9.66” 18.94 I .a’ 

RxM 
Rate (Surface) 2 86.80” 71&C* 2.0” 
Rate (surface) lineal 1 77.23” 70.18” I .22” 
Rate (sarfacz) quadratic I 1.33s 0.56” 8.08’ 
Rate (incorporated) 2 3.29’” I SW 26.86” 
Rale(incorporaIcd)lincar 1 3.51- 1.21”” 27.22” 
R~~incwpor~) 1 1.03N 0.7oM 0.12”” 
quadratic 

Emxmeanwure 1.58 1.10 0.05 0.20 0.06 0.02 1.08 0.07 %.98 

a Rate (R) = A,q,l&atio,, r&s (0 &ha.‘, 27.3 m3.hK and 54.6 &ha-‘). 
M = Appliatim mnbods (with and withoat incqmmtim). 

b Freezing period (9 Dec. 19&S to 5 Mar. 1990). 
c Thawing period (5 to 12 Mar. 1990). 
** Significant at 1% level; * Signifbnt at 5% level; M nonsignificant at 5% level. 

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

Tb.i effect on the total quantity of runoff or drainage water 
was nonsignificant for all of the independent factors and their 
interaction (P > 0. IO). This was because the amount of water 
su plied by manure (2.6 and 5.2 mm for 27.3 and 54.6 
&ha“ , respectively) was much lower than that supplied by 
snow (225 mm).The mean quantities were 53 f 19 mm and 
220 f 22 lnnl for runoff and drainage water. respectively. 

Nitrogen lasses in runoff water Unlike during the freezing 
period, there were no treatment effects on TKN and NI-bN 
loads during thawing (P > 0.10, Table III). Therefore, ranoff 
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 3.1 0.44 kg TKN*bC’ and 0.6li 0.22 kg NH.+N*ha-’ 
regardless of application rates and methods. However, the 
effects of appIicatioa 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 significant (P > 0.10). The 
loads were 0.8, 0.4, and 0.6 kg NOY-N.ha-’ for 0, 27.3, and 
54.6 m’.ha“ treatments. respectively. It was not possible to 

76 

explain tbis result since the largest source of nitrates was the 
soil itself, the amount supplied ‘by snow beiig low (0.09 kg 
NC&N*ha-‘, Table II). 

Nitrogen hoses in drainage water Nitrogen losses ia drain- 
age water increased linearly with application rate (P = 0.01). 
Loads were 5.4, 6.3, and 7.3 kg TKN.ha-’ for 0. 27.3, and 
54.6 m3*hd’ u-eatmenui, respectively, regardless of the ap- 
plication method (Table III). By contrast, the effect of 
application rates on NH.+N loads varied significantly with 
application method (Table In; P = 0.01). When hog manure 
was incorporated at the 200 mm depth, loads increased sig- 
nificantly (P = O.OI] with application rates from 1 .O to 1.4 and 
2.0 kg NIG-N-ha- but remained nonsignificant (P > 0.10) 
for surface application with a mean load of 0.8 + 0.1 kg 
NIG-N-ha-‘. 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 NH.+N. It is known that NH+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 (Bowher 1985). 

There wcie no btaanmt effexs on N&N loads (P > 0. IO). 
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Fig. 3. Cumulative amdunks of runoff and drainage water 
during the thawing period 1.5 to 12 March 1990). 

The mean load was 62 + 9.8 kg NOj-N-ha-’ which was much 
higher than the amount present in added snow (0.09 kg 
NOx-N-ha-‘) but lower than the amount present in the soil 
during the previous fall (97.4 kg NOJ-N-ha-‘, Table II), 
suggesting that nitrate-N was leached by infiltrating water. 
Although by the fourth day. 50% of the snow had melted, it 
contained only 30% of total N@-N load. However, losses 

Fig. 2. Pattern of soil temperature and snow depth during 
the thawing period (5 to 12 March 1990). 

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 NOs-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 N03-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 
method.7 PDXSSZS 

Nitrogen loads (kg-ha-‘) 

COCltroI 27.3 &vi' 54.6 m’.ha-’ 

TKN NH4-N N02-N TKN N&-N NO,-N ‘IKN Nti-N NO,-N 

SUrfX.2 Runoff = 3.2 1.7 1.5 8.0 5.3 1.0 12.7 9.0 2.1 

Runoff b 0.8 0.5 0.5 0.8 0.6 0.4 0.8 0.6 0.6 

Dl2inage.c 55 1.0 62.0 6.3 0.8 62.0 7.3 0.8 62.0 
Toral: 9.5 3.2 64.0 15.1 6.7 63.4 20.8 10.4 64.7 

Incorporation Runoff = 
Runoff b 
Drainage= 

Total: 

3.2 1.7 1.5 3.4 

0.8 0.5 0.5 0.8 
5.5 1.0 62.0 6.3 

9.5 3.2 64.0 10.5 

1.7 1.0 3.4 1.7 2.1 
0.6 0.4 0.8 0.6 0.6 
1.4 62.0 7.3 2.0 62.0 
3.7 63.4 11.5 4.3 64.7 

; Runoff water during freezing period. 
Runoff water during thawing period. 

there was as much NOx-N in the soil as there was when the 
boxes were filled in the fall. For example., the mean quantity 
of NOS-N was 110.6 kg N-ha-’ in boxes having received hog 
manure at rates of 27.3 m3.ha-‘. These results suggest that 
soil N nihified rapidly when the soil temperature increased 
over 0 “C thus confming observations (Walter 1974) which 
indicated that soil-N nitrification increased rapidly with soil 
temperature. 

This may appear contradictory because at low temperature 
(< 30 “C) nitrificatiw is slow (Buchanan and Brady 1969; 
Lo&r 1984). However, information on low temperatore (1 to 
IO’C) nitrification is contradictory (Loebr 1984). Moreover, 
Mack (1963) showed that freezing speeded up the minerali- 
sation of organic nitrogen (transformation to NH4-N). 
Therefore, if there is a large NHtN pool at the end of winter, 
accelewed 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 (N&PN and NO3-N) 
contents of the soil which were as high as 48 kg-ha-’ in the 
top 600 mm of the soil between fall and the end of the winter, 
followed by a sharp decrease in the nitrate content of the soil 
in spring. The generation and fate of early spring NO?-N 
needs futber elucidation. 

Nitrogen loses budget A nitrogen budget (Table IV) indi- 
cated that mea” total losses by the control treatment were 9.5 
kg TKN*ha-I, 3.2 kg NHa-N-ha-‘, and 64.0 kg NOJ-N ha-‘. 
For surface application, total losses were 15.1 and 20.8 kg 
TKN*ha-’ for 27.3 and 54.6 “?-ha-‘, respectively, and 6.7 
and 10.4 kg NlG-Noha-’ for the same application rates, 
respectively. Therefore, 3.7 and 3% of the TKN and NH4-N 
applied as hog man”re in late fall were lost in winter and early 
spring Nnoff and drainage water. Moreover, 79 to 86% of 
total NHa-N losses oxurred in runoff during the freezing period. 

When compared to surface application, TKN and NH4-N 

78 

losses were lower for incorporation. Mean values were 10.5 
and 11.5 kg TKN*ha-‘, and 3.7 and 4.3 kg NH4-N for the two 
application rates, respectively. Consequently, 0.7 and 0.5% 
of the TKN and NH4-N applied as hog manure in late fall 
were lost. 

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

SUMMARY 

The relative importance of runoff and infiltration (drainage) 
processes varied according to the condition of the soil. Using 
a distwbed 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 
mnoff which accounted for 99% of the total amount of water 
collected. Runoff loads of TKN and NH4-N increased. line- 
arly with surface application rates. Loads were 3.2, 8.0, and 
12.7 kg TKN*ha-’ and 1.7, 5.3, and 9.0 kg NH+N.ha-’ for 
bog nxmure~rates of 0,27.3, and 54.6 m3*ham’. respectively. 
Nitrate-N loads in runoff were very low varying from 1 .O to 
2.1 kg N&-N.ba“. 

Daring the early spring snowmelt and thawing period. 
runoff and infiltration occurred simultaneously, runoff ac- 
counting for only 19% of the total amount of water collected. 
Consequently, N losses by runoff were low& than those by 
drainage water. Drainage TKN losses increased linearly with 
application rates, but did not vary with application method. 
Loads were 5.4, 6.3, and 7.3 kg TKN.ha-’ for the three 
application rates. respectively. Unlike TKN, N&-N drainage 
loads increaxd linearly with application rates, but only for 
iocorporatiqn. Loads were 1.0, 1.4. and 2.0 kg NH-+N.ha-‘. 
respectively. No effect was observed for surface application 
probably due to the losses which occurred in winter. Nitrate- 
N losses by drainage water increased sharply when the soil 
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thawed with a mean load of about 62 kg NO3-N.ha.‘. regard- 
less 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 NHd-N 
incorporated. Thus, in a short term context, incorporation 
produced less pollution than surface application. It is impor- 
tant to note that although these loads represent a small 
pmportion of the quantities applied in hog tnanure, late fall 
hog manure application to a significant percentage of the land 
in a watershed would result in surface water pollution. 
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