
NITROGEN RUN-OFF FROM A RADIATA PINE 
FOREST FERTILISED F ~ ~ I T H  UREA 

Urea ferlilisatioiz of recciztly thinned stands of Pinus radiata 
lzcrs become an increasing manngernent practice o n  the central 
Nortlz Islancl volcanic plateau. A s tudv  of TUX-off loss into 
s tream water  was undertaken on  a 389 hectare catchment 
carrying second crop Pinus radiata to e n a w n e  the eficiency 
of this  procedure, and i t s  effect c n  ?\rater quality. Urea at 
230 kg  nitrogen ( N ) / h a  was aerially applied to  the lower third 
of the catchmenl w i th  n o  at tempt  to  avoid the strenm channel: 
the upper  two~thir l l s  was  used as an  unftrt i i ised control zone. 

T h e  total ne t  stream loss dut- to  fertilisation during the first 
4 m o n t h s  was  95 kg  N which is equivalent to  0.33% of the 
total N applied. Oj  this, 48%  as lost dtiring the first 6 days 
of fine weather,  a further 34% was lost as a result of the first 
ra ins ton~z  and by  the end of the third s torm,  on  the 24th day 
after fertilisation, 96% had been drschnrged. T h e  predominant 
species i n  the sucoession of net  disclzargts progressed from 
unhydrolysed urea, t o  anzinonia f N H j j  and finnllv to  nitrate 
(NO3- ) .  Over a four-nzonth period, ihr total dischavge of N 
was  four t imes  the corresponding discharge f r o m  the unf er- 
tilised zone. At n o  t ime did NO3-N approaclz concentration 
levels dangerous to  health. N O d  levels from a particulauly 
heavy rainstorm 63 mon ths  after fevtilisation slz014>ed some re- 
maining stream-water response t o  fcrtiliser. 

S t o r m  responses covering n period of 21 w z e k s  are 
described. I t  is suggested that the  effect of s t o r , w ~  o n  fertzlisa- 
t ion efficiencv was  verv minor,  that only a relatively narrow 
strip o n  either side of the stream was  probablji involved i n  run- 
off loss, and that the avoidance of such a buffer strip during 
aerial application of urea w o d d  considei.ably further reduce 
the  loss of N .  

INTRODUCTION 

Plantations of radiata pine growing on pumice soils of the 
central North Island vo~lcanic plateau ncrmally grow vigor- 
ously with no overt deficiency symptoms. Trials carried ont 
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on stands in the Kinleith region, however, have shown a dis- 
tinct response to nitrogenous fertiliser and that yield of wood/ 
ha can be appreciably increased by applications of urea within 
2 years after thinning (Woollens and Will, 1975). A manage- 
ment programme has consequently been developed in which 
N is applied in the form of two successive annual applications 
of urea at 250 kg/ha (115 kg N/ha) to recently thinned stands 
of age 12 to 14. Thus, large-scale aerial application of urea to 
radiata pine plantations is an increasing management practice. 

With any such fertiliser operation there is the prospect of 
run-off and loss of Eelrtiliser nitrogen (N)  into streams through 
surface and subsurface water flow. In the soil, urea N is 
transformed rapidly into ammonia (NHI)  which adsorbs on 
soil colloids and is thus not very readily leached by percolat- 
ing water. It  is then converted somewhat more slowly by 
nitrifying bacteria into nitrite (NO?-) and nitrate (NO,-) 
which are more easily leached forms of N. The rate of con- 
version 0 1  urea applied as granules is influenced by various 
factors such as the localisled pH effect on bacterial c~oncentra- 
tions. In general, acid coniferous soils are reported to be 
poor nitrifiers under the standing crop (Ellenberg, 1971), 
but there are indications that in the forleslted pumice soil this 
nitrification is not unduly slow. Preliminary experiments by 
the writer (unpub.) have shown over 60% of added urea N 
to be converted to N03-N after 55  days, It can be assumed, 
therefore, that urea is fairly reladily changed into a form 
susceptible to longer term run-off loss. 

The expectation of N loss into srream water following urea 
fertilisation gives rise to three questions: (1)  How much of 
the fertiliser N appied to a catchment is lost in run-off? (2)  
Doles the discharge of N resulting from fertilisation make a 
significant contribution to eutrophicaticn of inland waters? 
(3 )  Do the N concentrations in stream water, particularly as 
NO3-, reach levels dangerous to health? 

While the first question concerns the elfficiency of the fer- 
tilising operation, the s~econd and third questions coincern 
impact on the environment. Because of their importance in 
the: formation of proteins, N and phosphorus (P)  are con- 
sidered to be the two major nutrient elements contributing to 
deterioration of water quality in streams and to eutrophica- 
tion in lakes. In repolrts of overseas studies, it is P that is 
normally rlegarlded as the elempnt limiting algal growth in 
lakes, but in New Zealand lakes - at least those in the North 
Island - McColl (1972) has suggested that N may be the 
principal element limiting biological pmduction. 

Finally, high levels of NO, in drinking water are able to 
cause methaemoglobinaemia, a disorder of the blood occur- 
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ring especially in young children (Simon et  aZ., 1964; West 
et al., 1968), and the highest desirable linlit set by the World 
Health Organisation (1971) is 4.5 mg NO3- per litre (10 mg 
NO3-N/1). In recent years some groundwater supplies in the 
Waikato have been found with NOs- levels above these limits 
(Baber and Wilson, 1972), but fofrest fertilisation is not be- 
lieved likely to contribute significantly to such a hazard. 

A number of investigations of run-off following urea fer- 
tilisatioln of fofrested catchments have been carried out in 
1-eccnt years in North America (McCall, 1970; Aubertin e t  al., 
1973; Moore, 1974, 1975; Fredricksen et  al., 1975). The results 
varied colnsiderably between studies, both in levels of stream- 
water nitrogen and the proportion of fertiliser lost from the 
system. I t  is clear that the range of soils, vegetation and rain- 
fall, as well as the pattern and rate of application, greatly 
influenued the data obtained; and that it will not be possible 
to apply any of the results directly to radiata pine forest on 
the pumice plateau. A study was thus carrield out on a radiata 
pine catchment during 1973-4 to obtain answers to the three 
questions outlined above. Using the upper part of a catchment 
as  an unfertilised control, urea was aerially applied to the 
lower part at  a fairly heavy rate with no attempt to avoid 
the peflennial stream channel. Continuous monitoring was then 
maintained over a period of 5 months. This paper reports 
the investigatio'n and the results olbtained. 

THE CATCHMENT 

The 389 ha catchment selected for the study is about 5 km 
long and on average 0.6 km wide (Fig. 1 ). I t  lies some 6.5 km 
south of Kinleith and consists of rolling contours of yellow- 
brown pumice s~oil, typical of molst forest plantations in the 
central North Island. The main tree rooting zone is rhyolitic 
lapilli and ash from the Taupo and Tirau ash deposits de- 
scrib~e~d by Gibbs (1968). The upper fifth of the catchment 
carries young radiata pine established in 1965-70 over former 
fern and bush land while the lower region, constituting the 
major part of the catchment, holds mainly stands of immature 
second crop established in 1954-56 with varying degrees of 
canopy closure. There are a few residual pockets of first crop 
established in 1926, particularly in the vicinity of the stream 
itself. The under-storey consists mainly of native shrub hard- 
woods, ferns, blackberry, tutu, etc. Pumice roads intersect 
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FIG.  1:  Diagram of the smaller Mangofutu stream catchment used in the 
.study. 

the catchment, especially in the lowier section, and together 
with sites 0 1  former logging dumps they comprise about 5% 
of the toital area. The rotading pattern is typical of slecond- 
crop radliata pine forest on the pumice plateau. 

A branch of the Mangotutu stream begins with two small 
springs 2.8 km upstream from the lower end of the catchment. 
Above the springs and in other places further down there 
are signs of shallo~w, dry water-cours~es, but between the 
stream's olrigin and the base of the catchment there are no 
obvious tributary surface flows. The stream b ~ d  is mostly 
0.5 to  2.0 m in width and over a few sections it widens further 
into swamp-like conditions. Base flolw is about 15 tot 28 litres 
per second (l/s), and shortly after leaving the catchment 
the stream convergels with a larger branch of the Mlangotutu 
stream froim an adjacent catchment. Thc major characteristic 
of the largelr sitream (base flow 280 to 330 I/s) is grolunldhvater 
that has a high NO3-N content of 0.6 to 1.0 mg,/l. This stream 
was also studied during the calibration stage but was nolt 
included in the experiment because of its high background 
level of N. Details are given in the Appendix. 

FERTILISER APPLICATION 

Fertilisation ohf the loiwer catchment tolok place betwe.en 
2 and 5 October 1973. Granular urea (46% N) was spread 
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from a fixed-wing aircraft in swathes about 20 m wide at the 
rate of 250 kg/ha, and by traversing each flight path twice 
a total dressing of 500 kg/ha (230 kg N/ha) was applisd. An 
area of 126 ha was covered that included some 2 km of stream 
length, flight paths being north to south and roughly parallel 
to the stream. Unfavourable winds extended the operation 
beyond the expected 1 to 2 days. On the first day, about 
1.2 km of the stream's length was covered, a small portion on 
the second day, and the remaining 0.6 km on the folurth day. 
No attempt was made to check uniformity of fertiliser distri- 
bution but this is expected to be somewhat similar to that 
reported earlier by Edlard and Will (1971 1. Ground control 
checked that the prescribed upper boundary for fertilisation 
was not over-run. 

METHODS 

Location of water sampling points (Sl ,  S2) and rain gauges 
(Rl-R4) within the catchmznt are shown in Fig. 1. At the 
lower sampling point S1, shortly before the stream leaves 
the catchment and 50 m below the lower limit of fertilisation, 
a battery-operated peristaltic water sampler discharging into 
half-litre poilyethylene bottles was installed just prior to fer- 
tilisation; while at  the control pojint S2 above the limit of 
fertilisation spolt samples were collected manually. Rain 
gauges comprised one standard cylindrical gauge, 127n1m 
diameter in cross-section (Rl ) ,  two wedge gauges (R2, R3), 
and one recording tipping bucket gauge (K4)  that was used 
to plot the pattern o~f rainfall over each 24-hour period. Very 
precise measurements olf rainfall were not considered neces- 
sary, but polsition requirements of gauges in relation to th~e 
height of nearby objects were largely met. Rough estimates 
of flow were made from a rectangular race 1680 x 320 mm 
constructed at a point just below S1. 

During the 12-month perioid before fertilisation, regular fort- 
nightly low-flow samples were collected from polints S1 and 
S2, as well as samples on three o~ccasio~ns from the two spring 
sources of the stream emerlging frolm the ground. Six samples 
were also co~llected at  S1 during a period of higher flow in 
November 1972 from a 19 nim rainstorm. 

From the start of fertilisation, water samples from S1 were 
collected continuously - apart from some brief mechanical 
breakdowns - for 147 days (21 weeks) from 2 October 1973 
to 25 February 1974. During this period a series of 19 rain- 
storms of varying magnitude (4-60 mm) were szparated by 
intervals of fine weather. A final sample collection was made 
in April 1974 from an especially heavy rainstorm. 
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For the first 18 days after the start of aerial fertilisation, 
samples representing alternate 30-minute periods of flow were 
analysed. Thereafter, samples from alternate 60-minute 
periods were examined, reducing to one in every 3 hours 
after day 46 with letss frequency still during periods without 
rain. Over the later stages frequency oZ analysis was increased 
around each rainstorm. Samples were collected from S2 at 
12-hourly and later at 24-hourly intervals with measupements 
of flow and precipitation being made at the same time. 

All water samples welre frozen as solon as possible after 
collection, in 12- or 24-hourly groups, and analysed generally 
within 3 days. Measurements were made for pH, electrical coa- 
ductivity and, after filtration through Whatman G F/C filters, 
analyses were carried out for NO-N, NOz-N, NHFN, Kjeldhal 
N, soluble "reactive" P, and cations K, Na, Mg and Ca. 0r- 
ganic N was calculateld as the difference between Kjeldahl 
and NH-N. Method~s used ware as follows: NO-N by cadmium 
column reduction and spectrophot~metric estimation with 
Cleve's acid reagent; NH3-N by distillation from MgO into 
boric acid and reaction with Nessler reagent; Kjeldahl N by 
digestioln with HISOII-Hz02 in the presence of CuS04-NaC1 
followed by distillation into boric acid and reaction with 
Nessler reagent; soluble reactive P by filtration through 
0.45 pm membrane filters, reaction with molybldhte reagent 
and reduction with ascorbic acid; cations by atomic absolrp- 
tion spectrophotometry in the presence of lanthanum at 2500 
mg/l. Estimation limits (mg/l) for the nitrogen species were: 
NO3-N 0.01, NO>-N 0.005, NH3-N 0.01, and Kjeldahl N 0.02. 

RESULTS 
1. Control Levels 

Before fertilisation, apart from two low-flow occasions when 
NO,- and NH3, respectively, were just detectable, concentration 
levels of mineral N (i.e., NO3-N, NO.-N and NHj-N), were con- 
sistently below the limits of detection. Organic N (which in- 
cludes protein and amina+acids, and is derived from variolus 
sources such as leachates frosm living and decomposing foliage, 
so~luble algal components and finely macerated detritus of 
needles and dead organisms) varied within the range 0.02 
to 0.30 mg/l. Mean value~s for olther variables were: pH, 7.0; 
specific conductivity at 20" C, 5.7 mS/m; solluble reactive P, 
0.04 mg/l; cations (mg/l) - K 3.6; Na 6.7; Mg 0.79; Ca 1.7. 

After fertilislation of the iower catchment area, collection 
of daily contro~l samples was continued at S2 from the upper 
unfmtilised zoine. Again, low and high flow concentrations of 

,+ Ion, mineral N were consistently below the limits of detept' 
except on day 22 after a storm when there was a momentary 
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FIG.  2: Concentrations of organic N .  NHJ-N, NO3-N and NOrN in Mango- 
tutu stream water after aerial application of urea at 230 kg Nlha  (October- 
November, 1973). Values represent net response to fertiliser application, 

except for organic N .  
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appearance of NO;-N at a just deltectable level of 0.02 mg/l. 
Organic N varied within the range 0.04-0.30 mg/l. 

Thus, with the exception of ojrganic N, N concentrations 
at the base of the catchment ( S l )  after fertilisation were net 
values resulting from run-off. Net values of ojrganic N fo!low- 
ing fertilisation coulld be calculated from the background 
levels, which fluctuated considerably within the above range 
and tended to increase during higher flow. 

2. E f ec t s  of Fertilisation 

Changes in the concentrations of the different species of 
N for 7 weeks folllowing urea fertilisation are shown in Fig. 2. 
The data are presented in relation to periods of rainfall iil 
Table 1, and total discharge of N from the catchment over a 
4-month period is presented in Table 2. 

The aerial application of urea produced distinct and im- 
mediate increases in stream-water levels of nitrogen. Thz first 
change was detected 3 hours after the start of the operation in 
the form of a substantially increased concentration of organic 
N, almost certainly resulting from unhydrolysed urea reaching 
the stream directly. Fluctuating levels of organic N (0.50 to 
9.28 mg/l) continued for the 6 days of fine weather leading up 
to the first rainstorm. Colincident with these varying levels of 
organic N, NH3-N and NO -N made thc~ir appearance together 
about 12 hours after the start of fertilisation. While the con- 
centration of NOJ-N sloiwly increased to 0.11 mg/l over the 
first 6 days, NH3-N showed a sudden unexplained rise on the 
fourth day. 

After this initial 6-day period, the main sequence of N run- 
off events shown in Fig. 2 resulted from 6 rainstorms of vary- 
ing intensity, in which progressive transformation of urea 
into NH3 and then into NO,- was also reflected. Although 
there was a slowly oscillating levell of NO?-N at S1 over the 
first 21 days, NH3 and organic N were the oniy species to 
respond to Storm 1, and only NH3-N responded distinctly to 
Storm 2. With Storm 3, the heaviest of the two-month period, 
all four spe~cies increased in concentration but the main re- 
sponse was by NHI-N. Thereafta-, NH3-N disappeared below 
its limit of detection and the only subsequent storm responses 
were by NO3-N, apart from one further transitory appearance 
of NO2-N. Data on each storm and its aftermath, adid~itional 
to those in rable 1, are as follows 

Storm 1 (19 mm): Steady rain for 31 hours (11 mm), a fine 
period of 4 hours and then sporadic showers for 5 hours 
(8 mm). The sharp increase in concentrations of bolth organic 
N and NH3-N occurred soon after the onset of rain. These 
reached peak values together near the middle of the second 
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TABLE 1: MANGOTUTU STREAM-NITROGEN RESPONSES TO INDIVIDUAL STORMS (mg/l) .I r0 

Precipitation Concentration Maxima (nzg/l)S 
Storm Date Dayst Amount Duration 0rg .N NH3-N NOI-N NOn-N 

(mm) (h) 

Nov. 
3-4 33-34 

14 43 
18 47 
2 1 50 

DEC. 
1 6 1 

18 78 
21 80 

DEC.-FEE. 
83-145 

FEB. 
24 146 

APR. 
17-18 197-198 

not measured 
0.21 
0.26 
0.22 L 

0.10 k 

0.04 
0.04 

0.03-0.10 " 

0.07 

0.36 

*Below the level of detection. 
+From fertiliser application on day 1. 
$Values represent a net response to fertiliser application except for organic N. 
§Storms with no response in increased concentration of N. 
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TABLE 2: ESTIMATED DISCHARGE OF N FROM THE CATCII-~~IENT 
FROM OCTOBER 1973 TO JANUARY 1974 (kg) 

Org. N NH3-N N 0 , + N 0 2 - N  Total N 

Gross discharge .... 87.9 25.1 16.0 129 
Base discharge .... .... 32.4 0.4 1.3 34 
Net discharge .... 55.5 24.7 14.7 95 

rain period with the maximum level of organic N (9.80 mg/l) 
nearly double that of NH3-N (5.11 mg/l). However, because 
of the slower decline in NH3-N concentrations after rain had 
ceased, the net discharge of both species (15 kg N) from this 
sto~rm was about the same Over the 6 days of fine weather 
that followed, the highly fluctuating levels olf olrganic N 
characteristic of the pre-stolrm periold had disappeared and by 
day 9 concentrations had fallen to pre-fertilisatioa levels (0.20 
lo 0.40 mgjl). 

Storm 2 (7 mm): A short shower of 4 hour. NH3-N concen- 
tration reached a peak (0.41 mgfl) 12 hours after the rain but 
after a further 2 days this fell below 0.01 mg/l, the level otf 
detection. NOcN, which had been slowly increasing over the 
previous 14 days, re~ached a maximum level of 0.30 mg/l about 
the same time as the peak in NH3-N which then declined 
slowly over the next few days. This pattern ooald imply a 
marginal response by N03-N to the second storm. 

Storm 3 (54 mm): Steady rain over 15 hours but with 4 fine 
intervals of 1 to  13 hours each. Peak values of NH3-N, NO3-N 
and NOI-N were reached almost simultaneously 24 hours after 
the onset of rain, whereas organic N reachad its maximum 
concentration 14 horns earlier. The greatest net discharge 
from this stolrm was in the folrm of NH3-N (5.6 kg N) follo~wed 
by olrganic N (2.7 kg N) and with N03-N and NO2-N in equal 
amounts of 1.8 kg N each. NOI-N was preslent for 5 days - 
over the last 3 at just detectable levels - and, by the end of 
the 10 days' fine weather that fo~llowed the storm, NOa-N had 
declined to 0.01 to 0.05 mg/l. 

A moderate stolrm (16 mm) occurred on days 33/34 consist 
ing of rain mainly over 2 hours folllowed by intermittent 
showers folr the next 15 hours. Because of a mechanical failure 
samples were nolt collected until 22 hours after the start of 
the storm at which time NO3-N was at a level of 0.05 mg/l. 
Levels of 0.03 to 0.05 mg/l persisted over the subsequent 8 days 
ocf fine weather. A fairly minor discharge of NO3-N was prob- 
ably the only response to this storm. 

Storm 4 (33 mm): Steady rain over 10 hours, with a few 
fine intervals of 1 hour each; preceded 20 hours earlier by a 
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small )shower (5 mm). N03-N rose slightly to 0.07 mg/l shortly 
after the preliminary shower but reached a peak 9 hour2 
after the start of the main storm. NO2-N appeared with thc 
sudden increase in NO3-N and was present above 0.005 mg/l 
for 7 days. 

Stolrm 5 (7 mm): Light rain for 3 hours. A small N03-N 
peak was reacheld 11 hours after the start of rain and net dis- 
charge from this storm (0.2 kg N )  was minor. 

Storm 6 (12 mm): A heavy shower for 1 hour (12 mm) with 
sporadic light rain (4 mm) otver the previous 8 hours. NO,-N 
reached a peak 3 hours after the main sholwer, but again the 

1 discharge was minoir. 
In Deccrnber there were 6 rainstorms uf 13, 9, 20, 5, 5, 

and 12 rnm. The only response was to the 20 mrn sltorm on day 
80 with a small NO?-N peak of 0.09 mg/l. Twenty-four hours 
later NO3-N disappeared below 0.01 mg/l. January was a par- 
ticularly fine month with onc rainstorm of 7.5 mm and no 
NO3-N above 0.01 mg/l was deltected. In February there werc 
4 rainstorms o~f 10, 9, 6 and 60 mm with only the last, on day 
146, evoking a responsle. In this fairly heavy storm, 60 mm 
fell ovelr 5 hours but respoase was small with a NO3-N peak 
of 0.14 mg/l. Continuous stream-water sampling ceased on 
day 147, 25 February 1974. 

On 17-18 April 1974, 50 d~ays d t e r  the conclusion of rz~gular 
sampling and 64 molnths after fertilisatioa, a heavy rainstorm 
( 110 mm) occurred from which a final stream-water sample 
colllection was made. The main rain period was a continuous 
20 hours of varying intensity preceded by 20 mrn rain 12 hours 
befom. The previous rainstorm of any magnitude had been a 
month earlier ( 17-18 March) with 64 mm recolrded at Kinleith 
and the only rain recoirded bcltween then and 16 April were 
two small showers of 4 rnm each on 1 and 9 April. Samples 
were collected at hourly intcrvals frolm S1 and S2 beginning 
at the start of the initial 20 mm precipitation and ceasing 
78 hours later when ilow at S1 was back to 28 11s. Maximum 
flow during the stolrm exceeded the measurable liniit of 
110 1/s. N o  net discharge of NH3-N or  organic N occurred 
from the fertilised polrtion of the catchment, but there was 
a rapid increase in net concentration o~f NO3-N tot 0.34 mg/l, 
parallel with increases in flow. Concentratiosns fell rapidly 
with decreasing flow but were still 0.04 to 0.05 mg/l 30 hours 
later. 

Over the following two and a half years Prom this date, 
regular low-flow samples collected at two-monthly intervals 

I 
consistently showed levels of mineral N to be below the limits 
of detection. 
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Apart from the final storm collection in April, the greatelst 
increase in stream flow measured at S1 was by a factor of 
about 4 during the third storm. Low flows in October and 
November were 20 to 26 11s and over the following 3 months 
of finer weather tended to decrease progressively with 17 
to 20 I/s in December, 15 to 18 I/s  in January and 15 to 16 11s 
in February. 

Of the cations measured, K and Mg were the cnly ones to 
show slightly increased concentrat~ons from storm conditions. 
General decreases in low flow concentrations of K,  Na, Mg, Ca 
and of organic N also occurred from December to February 
with organic N reaching a mean of 0.05 mg/l for the two last 
months. 

DISCUSSTON 

From the standpoiint of water quality, fertilisation of the 
lower part of the catchment caused an approximately 3-fold 
increase in the total discharge of N over the 4-month period 
of observation, but at  no time did concentration levels of 
N03- remotely approach those considered undesirable for 
health. No attempt is made to assess what effect a contribu- 
tion of this size has on the overall nutrient load of lake 
waters into which such streams may ultimately flow, but 
there is a fairly wide variatior, in the natural N discharge 
from forested catchments (let alone pasture catchments) on 
the pumice plateau, and alongside these the above fertiliser 
contribution appears small. 

Virtually all of the net loss of N occurred in the first 39 
days of the 21-week period of observation; 4896 was lost dur- 
ing the first 6 days of fine weather, a further 34% was lost as 
a result of the first storm, and, by the end of the third storm 
response on day 24, 96% had been discharged. Apart from 
the initial 6 days, the net loss of N was virtually all storm- 
related. The total net loss of 95 kg N is equivalent to 0.33% 
of the N applied as urea to the catchment and this is not a 
significant amount from the standpoint of operation efficiency. 
If heavy rain had occurred soon after fertilisation, the 1013s 
no doubt woluld have been greater but its order woilld still 
have been minor. 

Volatilisation of NH3 shortly after Eertilisation of forest 
with urea has been noticed on several occasions overseas. 
Aubertin et al. (1973) reported NW3 in the atmosphere 60 
hours after application of urea at  240 kg Nlha and that the 
odour persisted for a week. In the present study some volatilisa- 
tion loss ot nitrogen could have occurred, but although checks 
were made no atmospheric NH1 odour was noticed in the 
forest. 
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I t  is an open question as to what proportion of tlie catch- 
ment actually lost fertiliser N to the stream as storm run- 
off, and it is likely that only a relatively narrow strip on either 
side of the stream bed was significantly involved. The lower 
catchment was fertilised along a stream length of 1970 metre&, 
and at an application rate of 230 kg Njha the net discharge 
is equivalent to the amount of urea that woiuld have fallen 
along this distance over a strip 2.1 m wide. The experiment de- 
liberately incluidted the stream and its environs as part of the 
fertilised area, and a certain amount of urea would have fallen 
directly into the stream channel, particularly over the broader 
swamp-like areas. The fluctuating levels of organic N in the 
stream water during the first 6 days' fine weather undoubtedly 
reflected the continuing fall-out of urea into the stream itself 
from overhanging treles and vegetation close by, and unhydro- 
lysad urea would have been the main component olf organic hi 
fmm tlie first storm. Urea particles dropping from the canopy 
were noticed from the ground as late as 2 days after fertilisa- 
tion and the process of reaching the stream was probably also 
assisted by some dissolution of urea in dew. I t  is very likely 
that the amount of run-off would have been considerably re- 
duced by flight paths that avolided a strip (say) 20 m wide on 
either side of the stream, and, if such a buffer strip had pre- 
vented any direct fall-out, then close to 3096 of the net dis- 
charge would have been eliminated. 

The net loss found in this investigation is somewhat lower 
than has generally been found in recent years from compar- 
able studiels carried out in North America. Moorz (1974) 
summarised results from 27 water monitoring studies on the 
effects of urea fertilisation in the Pacific North-west. Molst 
of the studies involved catchments of predaminantly Douglas 
fir at the application rates of 224 kg N/ha. He found that, 
where buffer s t r~ps  were inadequate or not used, 2 to 3% of 
the applied nitrogen was lost, but that, where direct applica- 
tion tot open surface water was minimised by buffer strips 
along main streams and tributaries, the loss was less than 
0.5%. The onier of lo~ss can, however, be much greater. Auber- 
tin et al, (1973) repolrted a 17.8% loss of applied N over a 
one-year period after fertilisation of a 31 ha catchment of 
yolung hardwolods in Fernow, West Virginia, with urea at 
240 kg N/ha. In  that investigation, too, the average Nos-N 
concentration for the year increased from a background level 
of 0.8 mg/l to 4.9 mg/l. No buffer strip had been used to avoid 
fall-out into the stream channel. Moore pointed out that 
forested watersheds elf Western Orego~i and Washington are 
drained by a relatively dense network of small tributary 
streams. The comparative scarcity of these tributaries on the 
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TABLE 3: A COMPARISON OF PRECIPITATION DURING THE 
STUDY WITH LONG-TERM AVERAGE VALUES 

-- 

Oct. Nov. Dec. Jan. Feb. 
- - 

Study period 
precipitation (mm) 94 175 72 5 111 

Long-term average 
precipitation (mm) 137 138 124 116 

-- 
108 

central North Island scene probably contributes to our lower 
degree of N loss. 

The storm that occurred in April, 64 months after fertilisa- 
tion, was a particularly heavy one with precipitation in a 20- 
hour period that exceeded the heaviest day's rain recorded at 
Kinleith lor that month over 19 years. The net discharge of 
9.8 kg NO,-N showed that from especially heavy rain and high 
flood flow some N run-off resulting from fertilisation was still 
in evildience even after 63 months. 

Any study of this sort depends on the uncontrolle~d sequence 
of m~eteorological events peculiar to the period chosen, and 
for this reason the series of storms has been outlined in some 
detail. The precipitation during the study is shown in relation 
to the 40-year monthly averages for Kinleith in Table 3. The 
.January rainfall during the study was particularly low. 

The results of the study apply to relatively short-term sur- 
face and subsurface run-off and not to loss of N from fertiliser 
urea into the deeper groundwater reservoir. However, applica- 
tion of urea was carried out early in the new growing season 
at  a time favoured for forest fertilisation and tended to avolid 
the heavier rain periods of winter. Lysimeter data from 
Kaingaroa Forest have shown that over the last Zyear obsmva- 
tion period water flow down to a 3-metre depth ceased during 
the 8 months October to May (D. G. Neary, unpublished data). 
This suggests that seepage through to the dieeper groundwater 
bdow the rooting zone would be of low frequency during the 
months following fertilisation in October. Moreover, the time 
is one of increased nutrient uptake by vegetation. 
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APPENDIX 
The Larger Branch of the Mangotutu Stream 

The larger branch of the Mangotutu stream drains a 1084 ha catchment 
immediately adjoining the smaller one described in the present investiga- 
tion, and, apart from an abrupt change in elevation of about 120 m which 
separates the catchment into distinctly upper and lower regions, the 
topography, roading pattern and soil are very similar. The upper 70% of 
the catchment holds young radiata pine established in 1970 on former farm- 
land that had been converted to grass from native scrub during 1940- 
1950 and grazed for the next two decades with sheep and cattle. No fer- 
iiliser N had been applied to the pasture during the farming period but 
probably some superphosphate had been used. On conversion to pine 
in 1970 there was no sign of lupin nor any particularly heavy growth of 
clover, and no ground preparation was carried out at planting apart from 
sprayipg to kill grass and thistles. A few areas of native scrub and fern 
remain. The lower region of the catchment is much the same as that of 
the small catchment, with radiata pine second crop established in 1954, 
a few pockets of first crop established in 1926, and similar understorey 
vegetation. 

Of the total water discharge (base flow 280-3301/s), 70-80% is derived 
from one major groundwater spring that emerges at a point 2 km above 
the base of the catchment at the bottom of the steep slope dividing the 
upper and lower regions. Halfway between these points the larger stream 
is joined by a smaller one (base flow ca. 3011s) containing levels of 
mineral N below the limits of detection. Thirty-six low flow samples taken 
during 1973-1975 from the base of the catchment gave the data contained 
in the following table: 

CHEMlCAL CONSTITUENTS OF THE LARGER BRANCH, 
MANGOTUTU STREAM (mg/l) 

-- - 

Mean 14ax. Min. 

Conductivity (mS/m) . . . . . . . .  7.5 10.7 5.4 
Nitrogen: 

. . . . . . . . . . . . . . . .  No3 0.76 0.98 0.58 
Organic . . . . . . . . . . . .  0.15 0.32 On? 

Cations: 
I< . . . . . . . . . . . . . . . .  3.7 4.7 2.6 
Na . . . . . . . . . . . . . . . .  8.7 10.5 5.8 

. . . . . . . . . . . . . . . .  Mg 1.33 1.70 0.65 
Ca . . . . . . . . . . . . . . . .  3.0 3.9 1.8 

NO2-N and NH,-N were consistently below 0.005 and 0.01 mg/l, 
respectively. 

More or less simultaneous samples were also collected at the main 
spring itself and gave values for NOS-N (mg/l) of Mean 1.18, Maximum 
1.58, Minimum 0.69, showing a mean reduction in concentration between 
the spring and the base of the catchment of 36%. The range of reduc- 
tion at any one time varied from 0 to 56%. Variations in NO3- levels at 
both sample points showed no correspondence with season nor any general 
increase or decrease over the course of 3 years. 
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The distinguishing feature of this branch of the Mangotutu stream rela- 
tive to the smaller branch used in the present run-off study is the con- 
sistently high concentration level of NOj-N and its correspondingly high 
rate of discharge from the catchment (a mean annual amount of 7300 kg 
N). 

Although it remains comparatively high, the concentration of NU3-1v 
is often markedly reduced over the 2 km distance between the sprin,: 
and the base of the catchment. This reduction is very variable, being only 
partly explained by dilution with water containing negligible amounts ol 
NO3-, and an explanation is not immediately obvious. McColl (1974) 
found that in two New Zealand streams algal or sediment self-purification 
with respect to NO;- occurred to on!y a minor extent or not at all, and 
in the present case such a process of uptake or denitrification would imply 
a substantial removal of N over the stream length involved. The high 
groundwater NO3-N levels may have resulted from the past farming his- 
tory of the upper catchment through a process of NO3- accumulation in 
the soil from legumes and grazing animals as described by Raber and 
Wilson (1972), but since tritium dating (by the Institute of Nuclear 
Sciences, DSIR) of the spring water suggests that turnover time in thc 
aquifer is probably over 100 years, the explanation in fact may be more 
complex. 
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