INSTITU T
G

HY DROLOG

3

-

\

.
' l
l‘

8.

. . . ! . ! . .
BNy Jeeen) ¥4t . .3 . . . )
. B e P L T L/ L TR g vy T 7 O - . . . .
.‘ L g 4 o a‘.‘ B} ey ‘ i L~ TR ) o - L . LA T
. " )

NUTRIENT CYCLING IN THE WYE AND
SEVERN AT PLYNLIMON

by

G ROBERTS, J A HUDSON and

2 R BLACKIE

ATTAP

ABSTRACT

Thig report describes the results obtained in a
study, funded by the Ministry of Agriculture, Fisheries
& Food, into nutrient (nitrogen, phosphorus and
potassium) concentrations in streams draining rough
pasture and established forestry at Plynilimon, mid-
Wales. Nutrient losses from each of the land uses are
calculated and related to input in rainfall. The
results show a marked seasonal variation in nitrate-N
concentrations in the streams draining both land uses
and higher nitrate-N concentrations in the stream
draining the forested catchment during and following
the drought year 1976. These phenomena are explained
in terms of the growth and decay cycle of plants and
the different responses to drought of grassland and
forest respeciively. RKubileal Lalanoss sLdw o LIt
input of 10 kg/ha annually of nitrogen and parity for
potassium and phosphorus for each of the land uses.
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i INTRODUCTION

Disputes between agriculture and forestry have been a feature of upland land use
planning since the Forestry Commission initiated systematic planting of coniferous

. trees, mainly for strategic purpcses, after the 1914-18 war, but they have rarely

reached the intensity of the present time. Techuological revolutions in
agriculture have shifted the emphasis to the extent that areas once thought of as
only suitable for rough grazing or forestry now have the potential to contribute
towards self sufficiency in food production. The development of previously
underexploited areas, such as the mid-Walesg uplands, will almost certairly be

central tc the conflict.

They controversy has acted a3z a catalyst for intensive scientific research in tne
uplands, not only into agricultural and forestry technology but also into the
secondary or side effects of land use change, ie. conservation, recreation, social
considerations and, perhaps most importantly, changes in quantity and quality of
water resources. Until now decisions of land use policy have relied on political,
strategic and economic arguments with good husbandry and environmental
considerations not a little way behind. The cynic's view is that the arguments are
subjective and heavily biased by self interest and not, as should be the case, by
the need to treat the spectrum of upland productivity as a resource vital to

Britain’'s future well-being.

As a clue to the future of land-use changes, recent work on plant breeding and
potential pasture production (Munro et al, 1973) has shown that by changing the
composition of the grass sward together with regular applications of fertilizer,
nitrogen in particular, yields and hence stocking rates in uplands can be
dramatically increased. Similarly, forestry practice recommends applications of
nitrogen, phosphorus and potassium (NPK) fertilizer during establishment followed
by regular P applications to stimulate growth. If the intention of the Forestry
Commission to afforest 2% million hectares in upland Britain before the end of the
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explosion in agricultural producticn, the uplands of Br:.taln could become a
patchwork of sources for potential pollutants, mainly in the form of runoff of

fertilizer nutrients.

The watexr awuthorities have a statutory obligation to monitor the concentrations of
solutes in water courses to check -mainly for point sources of industrial and
agricul tursl pollutznts. Because there has been no obvious pollution problems
associated with upland areas, their effort has been concentrated in the lower
reaches of the river systems and changes in water quality in upland streams caused
by land use practices have not been monitored extensively.

o

The water dquality effects of upland pasture improvement and of various phases of

afforestation are currently the subject of collaborative research between the
Institute of Hydrology and the Agricultural Development Advisory Service, the
Forestry Commission and the Water Research Centre. However, . before changes in
water guality resulting from these management operations can be assessed it is
necessary to guantify and explain the present (background) levels of nutrients in
forested ng non-forested streams Therefore, in parallel with a long-term study
of the differences in water usage of established coniferous forest and rough
pasture, the Institute has been monitoring the nutrient loadings of streams
draining catchments under these two important upland land uses.

The dependence of water quality on the nature of water movement through a catchment
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Plynlimon Catchment Areas |

ig well appreciat-_e=d and though levels of N, P and K in upland streams are, at
present, of 1itt X « significance to waer resource management (N, P, K, are limiting
to mcro-orcanis—  qrowth and do not. as yet, affect potability)}, an explanation of
background lewrel =  as a function of nutrient avallability and hydrological response
is a major step +tcwards identification of pollutant pathways and predictions of

future nutrient I <=vels.

In an area that == typical of potential reservoir catchments the welding together
of informatiors o€  this kind is crucial to sensitive land use planning. This study
i5 intended too px-ec>vide a background comparison between nutrient levels from

forested and gras ==land catchments that goes hand in hand with other comparisons
carried out by t¥ae= Institute on the subject of comparative water balances (IH
Report No. 33, 197 €) and of sediment yields from forest and grassland (Painter et

al, 1974}.

2 LOCATION O¥  STUDY AND DATA COLLECTION

The study was cax-x= ded out on two exper imental catchments in the Flynlimon range of
hills in nid-wWale = wiere the Institute of Hydrology have aiso been conducting a

study of the hvdAy-<= logical characteristics of established forestry and of rough
pasture (I Repoxz = M. 33, 1976).  The= twn catchmonts are fully instrumented to

M o N s e

measure rainfall, xunoff and evaporation (see Fig. 1), and complete data since 1971
are available. T2« altitude range in the two catchments is 320-740 m and the mean

SEVERN CATCHMEN]

annual rainfal 3 i s 2500 mm. I g6
One catchmen=, thie= Wye, 15 1055 ha in area and is composed of 62% acid grasslangd,

103 heath, and 2T ™ mive vegetatien. = tpyms of ooil/raqesarinn accaciationg these W - ’ '

proportions ar € t~~3oical of large areas of upland Wales corresponding to i § ﬁ s CarrumEny

agricultiral potexatials of UIS and H2 +to H4 on the MAFF (ADAS) Hills and Upland

Classification (¥ =.<3.?). The main soil types are peats, peaty podseols, acid '

prown-rarths, and Joeaty gleys, Chemical analyses of soil samples showed a pH of l ' l

4.6 aud total nitx— <ogen content of 2.3% in the top 30 cm layer. The soils were 85~
also found to e cE«ficient in phosphorus, potassium and magnesium. Some 25% of the e 8

area has been suls-j «=cted to various forms of improvement mainly in the 1920s and , ‘. KEY

19303, Fertilizex— in the form of basic slag is spread on a small percentage of the I I

ratchment every twwreD or three years. g"’;‘::: g::z:
~ The other catcTmexr=z 2=, the Severn, is 870 ha in area and, in terms of its soils/ I . Meleoroi-ogncol Slollon.‘
vegetation assoc iz Toions, was similar to the Wye prior to the afforestation of 70% ‘  Avlomalic Weother Stolion.

of its area over = period of 25 years beginning in 1937; the remaining 30% is Dines” Roin Gauge.

composed of peaty Eoogs and rocky outcxrops. An aerial application of mineral I ffume.(si:e;m giug'"g 5_'0”9"’

Weir.  —A ¥ water - sampling

phosphate and pot.ex =sgiun was made to the forested areas in the autumn of 1974. A

detailed descx Apt & <on of the vegetation and physiography of the Plynlimon 200~ Contours ol 200 feel inlervals.

catchments is ive= by Newson (1976) . ‘ Scale .
g y g 200 O 1000 1ens \ D ' ..U, Forestotion.
Water sample colle=<=tion at the outfalls of the Wye and Severn began in July 1976 N A3 80 81 ”.’wc’”"hEd g5 @. Nutrient Survey sampling site
and was continued wantil July 1980. Oxiginally, two automatic liquid samplers were @ Gross rainfati " "
o Net 1] u 1]

FIGURE 1 Water quantity and quality
fnistrument networks

employed in each = -E=ream, one collecting a sample every elght hours and the other,
triggered by risiya<cF stage, collecting a sample every 30 mins during high flow
pericds, This 'st<oxm' sanpling was discontinued in October 1977. The samples were
stored in browrn g 1 ==xss bottles and collected once a week. Studies of changes in
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FIGURE 2 Plynlimon catchment characteristics
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mires - .
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! ngor 3 Forestry

FIGURE 2 contd. Plynlimon catchment characteristics
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chemical composition over time indicated that it was unnecessary to preserve the
samples chemically.

Rainfall sampling began in November 1977 in the Wye catchmeant and in December 1979
in the Severn catchment. These rainfall samples were collected using a
Meteorological Office standard 1 ft raingauge, the sample being stored in a brown
1 litre glass bottle. The samples were cocllected at weekly intervals and if
insufficient sample was obtained, then it was stored in a refrigerator and added

to the sample from the following week. The samples were unfiltered, so the results
of the chemical analyses can be regarded as referring to 'bulk precipitation' as
defined by Whitehead and Feth (1964). No preservative was added to the samples
because of th: problems associated with maintaining a correct sample/presexrvative

ratio.

All the samples were analysed at MAFF Trawscoed for ammonium-N, nitrate-N, total-N,
rhasphorne and patacsinm. The analyese were carrvied ont according to
recommendations in the Department of the Environment publication, "Analysis of Raw,
Potable and Waste Waters" (HMSO, 1972). The inorganic forms of nitrbgen were
individually converted to ammonia and determined colorimetrically after the
addition of Nessler's reagent. Total unoxidized nitrogen was ecxtracted by the
Kjeldahl method and determined colorimetrically as above. Total nitrogen and
organic nitrogen were calculated as total unoxidized-N + nitrate-N and total
unoxidized-N - ammonium-N respectively. Total inorganic phosphorus was determined
colorimetrically as orthosphosphate after conversion tc molybdenum blue and
potassium was determined by flame photometry. The limit of Qetection of each of
the chemical analyses was 0.02 mg/l. For a small part of the study, pH

measurements were also taken.

Originally, each sample was analysed but to reduce the work load, it was decided
to combhine three nf the eight hourly samples to produce a daily sample and two
30-min samples to produce an hourly sample. As a further reduction, the
phosphorus and potassium analyses were limited to one per week in the case o the
continuous sampling and to one per storm in the case of the 'storm' sampling.

3 RESULTS OF THE MONITORING EXERCISE

The most widely used index of water quality in natural waters is cuncentravion, -
normally expressed in mg/l or parts per million (ppm). lutrient concentrations
control the rate of micro-organism growth and, at high levels, may be touirs,
especially to young children. However, when calculating nutrient balances end
predicting downstream nutrient concentrations in river reaches, res=rvoirs and
lakes, resulting from multiple inputs of different quality, an equally iportant
index of water quality is the product of concentration and £lew or rain, ncrmally
termed the loading, expressed in kg/ha. For this reason, zhe resulty xeoorted for
flow and rain in the following sections are in terms of potli concentration and

loading.

3.1 Nutrient concentrations in runcff ‘and Zainfall

A time series presentation of.the nutr.s.ent ceng, '-ntx:at;ons :cz'ao in cl'.e. discharges:
of the Wye and Severn is given in Fig. 3. Th*- data are prc‘sentoé ...s we akly mean
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concentrations (not flow weighted) as the best illustration of trends and
variations; the average total weekly flows of the Wye and Severn are included for
comparison. Gaps appear in the data caused mainly by instrument malfunction and/or

freezing of sample bottles.

In comparison with the concentrations found in lowland reaches of major British
rivers these values are much lower, often by an order of magnitude, and reflect the
generally low agricultural activity and the lack of imdustrial or domestic effluent
input to the river systems in the uplands. The concentrations were in the

following ranges:-

Total N 0+1.6 mg/l
Total P 0*0.1 mg/1l
Tetal K 0+0.9 mg/1
Ammonium-N 0+0.2 mg/1
Nitrate~N O+0.8 mg/1l
Organic-N 0+1.3 mg/1

The concentrations were sometimes below the limit of detection of the analyses
used (0.02 mg/l); *n such cases a value of 0.0l mg/l was substituted. Such limits
may be adequate for N and K but are only suitable for an oruer or magnitude study
of P and far too crude for a sensible speculation on causes of phosphorus
concentration variation or the calculation of phospnorus balance: in the Wye and

Severn catchments.

A summary of annual mean concentrations (not flow weighted) for the two catcaments
over the four year study period is given in Table 1. The choice of July to June as
the annual cycle was dictated by the start and end dates of the study.

The most interisting variation in nutrient concentration is shown by nitrate-N
which exhibits a seasonal distribution, not quite sinusoidal, with a marked winter
peak. Similar trends were found by Read et al. (1981) in their study in northeast
Scotland and by Hill (1978) during his study of several drainage basins in Toronto.
in qene.-al, the rising limb of the wave has a gentler slope culminating in peak

o ; L ;o e e e - PR - ¢ o =
SONCwt  sbiwhis Ah Ganuary ~277, Marsh 1979, March 1979, and Jamary 1980, followed

by @ ;xe rapid decline through each spring pericd. The skewed position of the

prak s fruclal to the explanation of the variation in nitrate~N concentration and

+hie Ls éiscussed further in section 4. Also, the nitrate-N concentrations in the

d:ischarge of the Severn are higher than in the discharge of the Wye particularly

- during 1976 and 1977. The significance of this in terms of nutrient cycling in

foresteda and grassland areas is discussed in secticn 4. Ammonium-N -oncentrations
on the other hand, exhibit little seasonal variation and are simiigr in the
discharges of the two catchments. There is evidence, however, of slightly highe:x
mean ammonium-N concentrations in the drought years 1976/77 than in subsequent

'years caused, in all probability, by the higher concentrations of ammonjum-N in
‘rainfall during dry periods. Total N concentrations refiect the seasonal variation

and catchment differences exhibited by nitrate-N concentrations superimposed by
sharp, high concentration peaks. These peaks are attributed to changes in the
concentrations of organic N and generally occur during periods of high flow
particularly following long dry periods. The organic N concentrations in the Wye
tend to respond more to the general autumn increase in base flow than those in the
Severn; this 1s particularly noticeable in 1976 and 1977. This may be caused by
desiccation erosion, particularly of peat. The fact that the magnitude of response

‘to increasing flow is greatest in the Wye supvorts this hypothesis, as the Severn

showed less evidence of desiccation than the Wye in 1976.
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TABLE 1 MEAN ANNUAL NUTRIENT COHCENTRATIONS AND LOADINGS FROM THE WYE AND SEVERN - .

MEAN ANNUAL NUTRIENT CONCENTRATIONS, mg/l1 (not flow weighted)

WYE SEVERN .
N _ SOLUBL R _ SOLUBLE
YEAR RAIN FLOF NHN NO_N CRGANIC TOTAL P X RAIN FLOW NH,N NON ORGANIC TOTAL P K
N N N N
oo 7/16-6/11 2074 1649 ©.02 0.1¢ 0.14 0.26 0,02 0.22 2094 1364 0.02 0.26 0.11  0.39 0©.01 0.19 o

7/71-6/18 2459 2123 0.01 0.17 0.16 0.34 0.02 0.23 2.5 1868 0.01 0.28 0.13 0.42 0.01 0.21

7,78-6/79 2555 2370 0.01 0.28 0,13 0.42 0.01 0.19 2542 =:.23 0.01 0.31 0.12 0.44 0.02 0.16

A 7/79-6/80 2623 2218 0.01 0.18 0.12 0.32 0.01 0.20 2577 1970 0.01 0.24 0.10 0.35 0.01 0.16
NUTRIENT LOSSES kg/ha
‘o Wi¥F SEVERN _ﬂ‘,_l‘
" .. SOLUBLF, . _ sovypre =
YEAR RAIN FLOW NH N NON  ORGANIC YOTAL P K RAIN FLOW NH.N NON ORGANIC TOTAL P X |
N ' N N
7 |
‘ 7/76-6/71 2074 1649 ©0.31 2,26 2.81 5.38 0.27 3.60 20%4 1364 0.23 4.68 1.71  6.62 0.19 2.83
oo 7/77-6/7%  24s% 2123 $.25 5.15  3.51 2.91 0.73 £.12 2855 10€e 0.21 6,61 2.7 9.53 0.34 3.90
7/78-3/19 2555 2370 ©0.35 8,46 3,24 12.05 0.34 5.06 2542 2123 0.23 8.38 2.78 11.39 0.33 3.6i
- 7/79-6/%0 D323 %218 0.30 4.83 2,72 7.85 0.25 4.28 2577 1970 0.23 5.90 2,33  8.46 0.26 2.87 "
‘ : b,
& s
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There are slight indications that phosphorus concentrations in the discharge of the
Wye catchment were greater in 1976-78 than in 1978-80. This again may be caused by
desiccation and erosion of organic materials and sediment following the drought
year 1976. The lack of a similar trend in phosphorus concentrations in the
discharge of the Severn catchment (wnere the highest average concentration occurred
in 1978/79) may again be a reflection of the smallexr amount of desiccation in the

Severn.

Mean annual potassium concentrations show a small but significant drop over the
study period in both catchments, especially the Severn. There is some evidence of
seasonal variation in potassium concentrations with a summer minimum and an autumn
or winter maximum. In general, the potassium concentrations in the Wye are higher
than those in the Severn, though, for certain periods, notably July and August

e 1978, the reverse is true. An analysis of the relationship between concentration
. and other hydrological wvariables is difficult for potassium because from December
1976, samples were bulked to give weekly mean concentrations. Data from the first
six months of the study, however, do show some correlation with flow especially in
September 1976 during which potassium concentrations in both streams responded to
2 dnerease in flaw aftay the Jana drv period (Fig. 4): subsequent. peaks in flow,
though higher, did not produce the same effect thus confirming the early autumn
runoff as the major flushing agent (Walling and Foster, 1975). 1t is also
interesting to note the different response of the Wye and the Severn to minor flow
peaks in latc autumn. 2An increase in flow in carly November 1976 produced a
massive rise in the Severn and a small rise in tne Wye. This suggests tir-t they
are caused by isolated occurrences of soil erosion arising from bank collapse or

gully washout.

wi e am

i
' "
~

The results of the chemical analyses carried out on the rainfall samples are shown
in Fig. 5 together with the mean weekly rainfall totals.

The range of nutrient concentrations in the rainfall samples, shown below, is much
greater than in the runoff.

Total N 8.0 mg/l
Total P 0+0.1 mg/l
Total K 0+2.5 mg/l
Ammon ium-N 0+6.9 mg/1
Nitrate-N 0*2.4 mg/1
Organic-N 0+1.8 mg/1

For determining nutrient inputs to the catchments it is assumed that the one
rainfall sampling site, situated in the Wye catchment, is representative in quality,
- if not in quantity, of both catchments. Although there must be some spatial
variation in rainfall cuality over such a large area, there are no obvious sources
of industrial pollution capable of causing large spatial nutrient gradients in the
atmosphere. A comparison of the nitrogen concentrations in the Severn catchment
during the same periods in 1980 (Table 2 and Fig. 6) shows that the general trends
are similar but that for certain periods, notably 19.6.80-26.6.80, very obvious
differences emerge. This particular disparity is caused by a high concentration of _
soluble organic nitrogen in the Severn rainfall (1.02 mg/l) that is not mirrored in §
the Wye rainfall (0.15 mg/l) and is probably due to contamination by crganic matter, s
possibly wind blow of pine needles from nearly trees. It is also obvious, however, '
that not all of the high values that are common in the summer months of the four
years under study can be attributed to contamination and t}iat the high nutrient
concentraticns in swumer rainfall are in fact real (Angstrém and Hogberg, 1952,
Eriksson, 1952): the highest total inorganic nitrogen concentration recorded in the

- A an B =
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RITROGEK CONCENTRATIONS AND INPUTS IN RAINFALL SAMPLES COLLECTED IN THE WYE AND SEVERN CATCHMENTS

TARLE % (TOTAL N CONCENTRATIONS ARE EXPRESSED AS > NH) N + NOZ N WHEN NO FIGURE OBTAINED FOR SOLUBLE ORGANIC N).
WYE CATCHMENT SEVERN CATCHMENT

PERIOD  RAIN § CONCENTRATIONS (ng/L) LOAD N  RAIN __ CONCENTRATIONS (mg/L) LOAD N
ENDING (mm) NE; B NOJ N ORG.N TOTAL N (KG/HA)  (mm)  pp 4 N NO_ N ORG.N TOTAL N (KG/HA)
3,1,80 134.5 0.11 0.17 0.14 0.42 0.58 116.5 0,10 0.10  0.07 0.27 0.31
9.1.80 80.3 0.04 0.04 0.01 0.09 0.07 60.7 0.07 0,09  0.01 0.17 0.10
24.1.80 103.6 0.39 0.55  0.19 0.13 1.17 79.7 0.32  0.57 0.14 1.03 0.82
30.1.80 33.7 0.17 0.20  0.02 0.39 0.13 20.4 0.23  0.37 - >0.60 -
7.2.80  144.3 0.10 0.15  0.17 0.42 0.61 151.6 0.11  0.16  0.06 0.33 0.50
15.2.80 67.1 0.05 0.09  0.05 0.19 0.13 75.7 0.08  0.16  0.13 0. 38 V.2
28. 2. 80 42,7 0.69 0.59  0.13 0.41 0.60 56.3 0.48  0.55 - >1.03 -
13.3.80  124.9 0.11 0.11  0.02 0.24 0. 30 102.1 0.13 0.19  0.06 0.38 0.39
27.3.80 72.7 0.39 0.45  0.23 1.07 0.78 61.1 0.52  0.66 - >1.18 -
2.4.80 73.3 0.11  0.15 - >0.26 - 61.1 0.06 0.16 0.06 0.28 0.17
30.5.80 £1.0 1.75 1.04 - >2,79 - 42.5 1.67  1.81 - >3.48 -
6.6.80 60.5 0.16 0.15 0.13 0.44 0.27 59.1 0.16 ©0.22 0.13 0.51 0.30
12.6.80 206.7 0.45 0.36 - >0.81 - 20.9 0.90  0.61 - >1.51 -
19.6.80 95.3 0.30 0.27  0.13 0.70 0.67 101.2 0.27 0.36  0.12 0.75 0.76
26.6.80 45.7 ©0.22 ©0.11  0.15 0.4¢ 0.22 45.0 0.20  0.13  1.02 1.45 0.65
1,7.80 53.8 0.09 0,11  0.39 0.59 0.32 48.3 0.10 0.10 0.01 0.21 0.10
10.7.80 11.5 0.64 0.23 - >0.87 - 11.6 - - - - -
17.7.80 28.5 - - - - - 23.2 0.10 0.26 - >0.45 -
23,7.80 51.1 0.17 0,09 0.04 0.30 0.15 53.8 0.20 0.14 0.13 0.47 0.25
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FIGURE 6 Total N concentrations in rainfall samples at Plynlimon

i

Severn rainfall during 1980 (3.45 mg/l) is matched by a similar high concentration
(2.79 mg/1) in the Wye rainfall. This may be typical of inputs during long dry
summer periods when ammonia, especially, and oxides of nitrogen accumulate in the
atlosphere to be washed out later by small amounts of rain. The occurrence of

high nitrate-N concentrations in some samples is probably due to oxidation of
amonium-N during storage; for this reason it is more instructive, when calculating
nitrogen balances, to use total nitrogen concentrations rather than the constituent
parts. In terms of the nitrogen balance, inputs from samples such as these do not
stand out because the high concentrations are balanced by low total rainfall. This
glves a reasonably even distribution of input (Fig. 7) over the study period with
o obvious seasonal pattern, although including a number of apparently anomalous
monthly totals.

It seems thierefore that small but significant random errors are introduced into

the nutrient balamnce by a lack of gpatial information on nutrient concentrations in
xrainfall; these errors are impossible to guantify for most of the study period
2necause of a lack of replicate samples. ‘The sampling from two sites in 1980 shows
+he value of being able to compare the concentrations of individual nitrogen
specles and igsolate the causes of differences between the two samples;
<ontamination usually shows up as a high concentration of soluble organic nitrogen
= n only one sample.
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FIGURE 7 NMonthly total N inputs and outputs (kg/ha) i
3.2 Nutrient loadings in rainfall and runof

Monthly nutrient loadings in rainfall and runoff are presented in Table 3 and
graphically, for total N, in Fig. 7. A graphical display of the differences
between monthly nitrogen inputs in rainfall and outputs in streamflow is given in
Fig. 8. Annual summaries for all nutrients are shown in Table 1., Discussion of
their significance is better accomplished in terms of nutrient balances (section
3.3) but the general pattern for all nutrients can be summarized as being similar
to concentration but modified by the inherent seasonality of the rainfall.

3.3 Nutrient balances for the Wye and Severn catchments

Before a nutrient balance is attempted, it may be instructive to briefly review
the processes occurring within a nutrient cycle, emphasising those that can be
measured or estimated, so as to clarify the concept of a nutrient balance. 1In
verms of the number and complexity of processes occurring, the nitrogen cycle is
much more complicated than that of potassium or phosphorus and it is this zycle
that has received most attention in the literature. Most of the inputs and
ocoutputs are common to all three cycles, however. Fig. 9 shows the various inputs
to and outputs from the nitrogen cycle and summarizes the mechanisms by which the
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- TABLE 3 MONTHLY NUTRIENT LOADINGS (KG/HA
. OF THE WYE AND SEVERN AT PLYNLIMON

y IN THE k.I1N¥FTALL AND THE DTSCHARGES

RAINFALL WYE DISCHARGE

SEVERN DISCHARGE

YEAR/MONTH

1976 JULY
L AUG
Yy SEPT
: OCT
"y NOV
| | DEC
1077 JAN
FEB
MAHCH
APRIL
MAY
JUNE
JULY
AUG
SEPT
oCT
NOV
DEC
1978 JAN
FEB
MARCH
APRIL
MAY
JUNE
JULY
AUG
SEPT
ocT
NOV
DEC
1979 JAN
FEB
MARCH
APRIL
MAY
JUNE
JULY
AUG
SEPT
oCT
NOV
DEC
1980 JAN
FEB
MARCH
APRIL
MAY
JUNE
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various forms of nitrogen move through the soil/vegetation system. Input to the
nitrogen cycle is in rainfall and dry deposition, in inorganic fertilizers,
manures and slurries, and as nitrogen fixed by free living and symbiotic organisms.
The nitrogen input may be in both the organic and inorganic, ammonium-N and
nitrate-N, forms. If in the organic form it must be converted, or mineralized,
into the soluble inorganic form before it can take an active part in the
soil/vegetation cycle. The fate of the inorganic nitrogen in the soil depends

on its concentration and oxidation state, the temperature, pH and water content of
the soil solution, the presence or absence of the organisms capable of nitrogen
transformations, and the nitrogen demand of growing plants.

During the growing season, most of the available nitrogen will be absorbed, mostly
as nitrate-N but also as ammonium-N in a~idic soils, by the plants. Some of this
nitrogen will leave the cycle in plant and animal agricultural products or, in the
case of forests, by being fixed in plant tissues. The rest will be recycled into

<o L . ' : e S I 14 T R R LT ey . PR
Wl DULL HYDLCU db Whygsdilae diuebvod ddl praiades ICoSAOUCS, Sallco,

In some cases, nitrogen will be lost by the burning of accumulatel vegetation and
plant stubble.

ey

When the nitrogen demand of plants is low or when availedility exceeds demand as in
the case of excessive use of inorganic rertilia.ex +the av:.l:Ddle nitrogen may be
lost to the system by being leached beyond the i, :.irny -ome and subsequently into
streamflow and groundwater. Alternatiely, nitr-je. w:vy ne lost by being converted
to its various gasecous forms and escapingy througb .ne 200 surface, or by being
fixed into the soil organic matter. Nitrogen demand i:: periods cf low availability
may be met by the conversion of scil organic niticg=n in'o inorganic nitrogen.
Conversely, nitrogen returned to the soil system by the various processes outlined
above may be immobilized within the soil organic nctter during periods of low
nutrien demand. 'Thus an internal nutrient cycle exists in the soil system; the
nutrien® £.ore being depleted “ring the growing seascn vhen demand ic high ard
enhanced during the non-gre.ing season when demand is low. Although the quantity
of nutrients involved in this internal cycle is very low compared with the total
reserves of nutrients within the soil, nevertheless any imbalance within this cycle

will have a profound effect on the overall nutrient balance.

Until more is known of the quantitative biochemistry of the nutrient transformations
in the sci!/vegetation system, it is possible only to treat the system as a "black
box" in which the nutrient inputs to and outputs from the catchments, expressed in

units of kg/ha/yr, can be equated thus:
AN =Ry~ Qy+NPK+ F-G-E-B

where .AN = change in nutrients in total soil component over accounting period;
RN = input of nutrients in rainfall and dry deposition;
On = loss of nutrients in surface and ground waters;
NPK = inmut of nutrients in inorganic fertilizers, farmyard manure,
slurries and slag;
= input in nitrogen fixation:
gaseous loss of various nitrogen forms;
= loss of nutrients in net export of agricultural products from
the catchment;
B = loss of nutrients due to burning vegetation.

i

]

F
G
E

In this particular study, the variables Qy and Ry have been measureqd; losses of
nutrients to groundwater are negligible in Plynlimon and it is assumed that all the

nutrients leached beynnd the rooting zone emerge in the streams. The rainfall
samples were unfiltered and can be assumed to include any dry deposition as well as
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the nutrients dissolved in the rainfall. However, this may well lead to an
over-estimation of nutrient input by the inclusion of wind-blowr dust particles

from other parts of the catchment and by contamination, as discussed in section 3.1.

Another possible source of nutrient input to the catchment, denoted by NPK in the
balance equation, is in the form of applied fertilizers. Nitrogen is not used on
the reseeded areas of the Wye catchment although some basic slag is spread each
vear and this will affect the phosphorus balance. In this particular study the
calculation of the phosphorus balance 1s not pursued to any degree of accuracy
because of the lack of precision inherent in the analysis of phosphorus in solution
at low levels. An aerial application of phosphorus and potassium was made to the
forested areas of the Severn catchment in 1974. It is assumed, however, that any
residual effects of this application on water quality will be insignificant and can
be igncred. For these reasons the value of NPK, the input of nutrients in applied
fertilizers, has been set to zero in the balance of both catchments. Similarly,
the value of B, the loss of nutrients due to the burning of vegetation, has been
set to zero for both catchments as this practice is not carried out in the

Plemlimeam ovmo

the four other variables in the balance equation have to be estimated and can only,
at best, be expressed as a range of values. Probably the easiest term to estimate
is E, the net export of agricultural produce. For the Wye catchment this consists
of the export of sheep and wool whilst for the Severn catchment scme allowance must
be made for the nutrients fixed in the tissues of trees on an annual basis. 1In
both cases, these losses are a very small proportion of the annual nutrient uptake;
the remaindex» is returned to the gsoill as indicated previously (Flozte, 1970;

Stenlid, 1958).
Crisp (1966) wused data on the chemical composition of sheep and their wool from a
number of authors and expressed the total export of nutrients as a range of values

covering estimates given in the literature. A breakdown of the estimation of the
ayport of nutrients in agrioultural produce from the Wye catchment is given below.

Total number of ewes = 2500 in 1055 ha
Number of lambs at approximately 80% lambing rate = 2000

Meat

1750 lambs @ 16 kg live weight sent to market = 28,000 kg
250 ewes @ 30 kg live weight sent to market = 7,500 kg

Total export in live weight 35,500 kg

= 0.673 + 1.009 kg N/ha/year

Export of N @ 0.02 + 0.03 kaN/kg live weight

Export of P @ 0.0036 + 0.0090kg P/kg live weight = 0.121 + 0,303 kg P/ha/year
Export of K @ 0.001 -+ 0.015kgK/kg live weight = 0.034 + 0.050 kg K/ha/year
Wool

2250 ewes @ 1.5 kg wool/ewe = 3,375 kg wool

Export of N @ 0.054 + 0.165 kg N/kg wool = 0.173 =+ 0.525 kg N/ha/year

Export of P @ 0.004 kg P/kg wool = 0.0013 kg P/ha/year

Export of K @ 0.047 + 0.052 kg K/kg wool = 0.150 + 0.166 kg K/ha/year

Totals

Total export of N = 0.85 + 1.54 kg/ha/yr

IR

TR Y
PRENI
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' summer and autumn of 1976 (see section 4.1.2).

= 0.12 + 0.30 kg/ha/yr

Total export of P
0.18 + 0.22 kg/ha/yr

Total export of K

It

The actual values for the Wye catchment will probably be towards the lower ends of
the ranges calculated as Welsh hill sheep are generally smaller than the Swaledales
studied by Crisp. However, these values are typical of the range of values quoted
for the nutrients exported from the upland nill sheep farming areas (Newbould and

Float, 1977; Batey, 1987).

Many estimates have been made of the annual rate of accumulation of nutrients in
trees, usually during studies on the effect of fertilizers on growth. The rate of
accumulation depends on a variety of factors: tree species, soil type and nutrient
status, climate and, most importantly, fertilizer rate. Of the estimates quoted in
the literature the most appropriate to this study is probably the one by Miller et
al, 1976, for Corsican pine receiving no fertilizer treatments. They calculated
mean annual increases in accumulation over a three year period of 6 kg/ha N,

2.5 kg/ha P, and 8 kg/ha K.

Information on the other three terms in the balance, ie. nitrogen fixation, changes
in nutrient content of the soil, and gaseous loss, is very sparse, especially for
upland areas. Most of the research has concentrated on lysimeters and soil

columns receiving large rates of fertilizers and it is difficult te apply the
results obtained from these experiments to field sitvations particularly in upland
areas. The only certain fact is that these gains and losses will be much lower in
upland areas than those obtained in the laboratory and in field experiments where
high rates of fertilizers are applied. However, compared with the other terms in
the balance, these rates may be significant and therefore the most appropriate

values quoted in the literature will be used.

A large range of values has been quoted for nitrogen input by biological fixation
under different climatic conditions and cropping systems. The highest rates (up
to 400 kg/ha N) have been quoted for bacteria living in symbiosis with leguminous
plants. 1in the uplands the low temperatures and acidic conditions 1inhibit the
growth of legumes and any nitrogen fixation occurring will be by free-living
bacteria and blue-green algae. Their growth is also restricted by low temperatures,
acidic conditions and the supply of suitable energy sources and it is unlikely
that the rate of 5-10 kg/ha quoted for upland pastures containing no clover
(Newbould and Flocate, 1977) will be surpassed in the Wye catchment. The range of
values quoted for nitrogen fixation in forested systems is also large. Newbould
and Floate (1977) quonte a figure of 100 kg/ha for a mixed deciduous woodland
derived from laboratory studies, whilst studies in central Europe and the USA

quote rates of between O and 10 kg/ha (Frizzel, 1977). Bearing in mind the
restrictions to bacterial growth imposed by the climatic and soil conditions in the
uplands, the same range of values (5-10 kg/ha/yr) has been used for nitrogen
fixation for the forested catchment as was used for the grassland catchment.

Most researchers are agreed that the loss of the various gaseous forms of nitrogen
from upland areas is negligible. The conversion of nitrcte-N to nitrogen gas and
the oxides of nitrogen by biological reduction is inhibited by low nitrate-N
concentrations, low pH and low temperature, three conditions which are commonplace
in upland areas. 1n some waterlogged areas of the Wye catchment gaseous loss may
well occur especially during hot, dry periods and this process has been suggested

as one possible reason for the lcw nitrate-N concentrations in the Wye during the
However, these arecas are small

compared with the total area of the Wye catchment and the amount of time during

which the temperatures are sufficiently high so that gasecus loss can occur are
short. This means that this process is unlikely to be significant on an annual

| %%
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basis over the whole catchment. It is possible that losses of nitric oxide coulia
occur by the decomposition of nitrite-N but since this species is transient and
present in such low concentrations, this process can also be neglected.
Appreciable ammonia losses may occur from decomposing faeces and urine especially
in the vicinity of sheep pens but since the stocking density is so low, even these
losges will be neglicible on a catchment basis. Therefore, the gaseous loss of
nitrogen has been set to zero for both the grassland and forested catchments.

Perhaps the most difficult variable in the nutrient balance equation to quantify
is AN, the change in the nutrient content of the soil. Very little data are
avajlable in the literature because of the areal variability of soil n*rient

content and the difficulty in obtaining consistent results. Under a given soil

management system, it is likely that a nutrient equilibrium will be established

after several years. However, even a very small percentage change in tie nutrient
content of the soil will have a profound effect on the nutrient balance, especially
of upland areas. For these reasons, no value has been attributed to AN, 1Instead,

the values attributed to the other variables of the nutrient balance equation are

S TR, ORIV R mMhdam 3~ Armnme
——— cone

used to predict 4N for DoOtn the grassiand aud foiesicd cabihmonts. iz

in Table 4 using average values for 1978/79 and 1979/80. (The values of the
nutrients fixed within the trees in the Severn catchment have been modified to
account +=r the fact that the catchment is only 70% afforested, the remaining 30%
is assu: - : tu be rough grazed at the same stocking density as the Wye catchment) .
Included in Table 4 are nutrierc slan~us 2iled in Frizzel (1977) from similar
agricultural situations to thoie of t>: s and Severn catchments. As shown, there

are large differences in the balan o5 £ . @ ‘arious ecosystems, particularly

“anse Of nitrogen and potassium. Theve o vaveral reasons for these differences.

In the case of the grassland studies (Wye 'archuent, Newbould and Floate - 1 and 2),
the differences are manifest in the agpareat large nitrogen input to the Wye
catchment and the apparent large loss of potassium from the Newbould and Flocte
study areas. The differences are due to the relative values of nitrogen and
ootassitmm inputs in rainfall and Ary deposition and the cutputs by vunoff. 1In the
Wye catchment nitrogen input in rainfall and dry deposition was found to be much
greater than the output in the streamflow, whereas Newbould and Floate suggested
the opposite in their study. It may well be the case that the amount of nitrogen
input in rainfall to the Wye catchment may be overestimated as has been suggested
earlier. On the other hand, the nitxogen input and output data used by Newbould
and Floate have been obtained using reports from other upland areas in Britain and
may not be totally applicable to the area under consideration., A similar reason
is found for the discrepancies in the potassium balance; for the Wye catchment
the inputs and outputs are balanced while for the studies of Newbould and Floate
the output in leaching and runoff greatly exceeds the input in rainfall and dry

deposition.

Similar Qifferences are seen when comparing the Severn catchment and the forested
ecosystems in central Burope and the USA (Ulrich -~ 2, Thomas and Gilliam - 7 and
8). In these cases the differences are caused by bigger values for the
immobilization of nutrients in the trxees (output of primary products) for both the
American and central European studies and the neglect of nitrogen fixation for the
Eugopean and one of the American studies.

The comparisons shown in Table 4 and a review of thea various quoted rates of

nutyient inputs to and outputs from upland ecosyst.eis demonstrates the paucity of
good Mmality data available to solve the balances of the relatively simple upland
nutrient circles. Obviously much research still remains to be done in the uplands
bef~re - full .nderstanding of the various nutrient inputs, outputs and

1y wfo.mat’ons can be achieved.
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TABLE 4 NUTRIENT BALANCES FOR THE WYE AND SEVERN CATCHMENTS AT PLYNLIMON

USING AVERAGE VALUES (kg/ha/annun) FOR 1978/79 AND 1979/80

WYE CATCHMENT SEVERN CATCHMENT

N P K N P K
Ry +20.8 +0.6 +5.6 +20.8 +0.6 +5.6
QN -10.0 -0.3 -7.2 -10.0 -0.3 -3.2
NPK - - - - - -
F + 7.5 - - + 7.5 - -
G - - - - - -
E - 1.2 -0.2 -0.2 - 4.6 -1.8 -5.7
B - - - - - -
ON +Li,1 +uU. L -i,0 +id.7 -1.9 -3.9
Newkbould & Ficate (1)
High elevation moorland, sheep, UK

+ 2.0 -0.7 -9.0
Newbould & Floate (2)
Traditional hill sheep farming, UK

+ 2.0 - 3 - 6.0

Ulrich (2)

Coniferous forest on grey-brown
podzolic soil, Central Europe

0 -0.6 +1.0

Thomas & Gilliam (7)
Loblolly Pine, 40 years,
Mississippi, USA

Thomas & Gilliam (8)

Douglas Fir, 37 years,
Washington, USA

- 4.3 -1.4 -8.5
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3.4 Upland stream concentrations in the wider, drainage basin context

For the results of this monitoring exercise to have any practical benefit, it is
important to understand the contribution in terms of quantity and quality, of
upland runoff to the resources of the downstream user. Most of the water
available in these basins is abstracted from the lower reaches; however, the great
contributions in quality and quantity of the upper reaches to this resource belie

their small catchment areas.

The Aif “erences; in souxce area type are manifest in the reported levels of
nutrients at abstraction points nationwide. Walling and Webb (1981) present a map
of the most polluted rivers in Britain. Most of the pollutant load stems from
industrial waste, though sewage and agricultural runoff has turned rclatively
pristine upland streams such as the Tyne into heavily polluted rivers even before
industrial influences are added. The Severn and the Wye for most of their length
are classed as unpolluted though the Avon tributary of the Severn has doubtful to
grossly polluted stretches, whilst the Wye below Hereford is termed poor before
its confluence with the River Lugg results in a return to its unpolluted state.
Clearly, in terms of nitrate concentration, neither catchment can compare wili Lhie
heavily polluted rivers in eastern England such as the Trent and Yoxall with

9.3 mg/l average and the Bedford Ouse with 11.33 mg/l, the latter exceeding the
World Health Organisation limit of 11.3 mg/l for nitrate-N in drinking water.

Fig. 10 and Table 5 indicate the mean annual concentratlons of nitrate-N,
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FIGURE 10 Sampling points in the Wye and Severn basins
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TABLE 5 Nutrient concentrations at selected points along the Wye and Severn
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(see Figure 10 for sanpling sites)

1 SEVERN
L Site TOTAL N (ag/L) TOTAL P (mg/L) TOTAL K {ag/L) pH
No. NHame ' MAX MEAN MIN MAX MEAN MIN MAX MEAN MIN MAX MEAN MIN
W 1 SEVERN TRAPEZOIDAL
) TR FLUME * 1.64 0.40 0.11 0.12 <0.01 <0.01 1.00 0.18 0.06
“AA"'?‘ 2 LLANDLOES + 1.80 0.80 0,35 0.1 <0.01 <0.¢1 9.26 6.7 4.80
AL 3 LLANDRINIO + 6.00 2.20 0.35 2.9 0.1 <0.01 8.3 7.3 4.95
o 4 < . WTON
e (5uQFYSBURY) + 15.00 2.40 <0.1 0.98 0.1 <0.01 13.0 2.2 1.0 9.5 7.5 6.156
Site Noi"-u(mg/m PO, - P(mg/L) TOTAL K (mg/L)
— nu. Nawe man  lDan WIN WAN MEAM MIM MAT MPAN WMTN :
G s s
o~ 1 CEFN BRWYN WEIR * 0.75 0.18 0.01 0.08° 0.015° <0.01° 0.84 0.21 0.02
" 2 PANT MAWR A 0.70 ©.11 0.01 0.1G 0,006 <0.006 0.37
. 3 ABOVE ELAN
CONFLUENCE A 1.30 0.59 0.01 0.12 0.010 <0.005 0.69
4 ABOVE ITHON
CONFLUENCE A 1.5¢0 0.48 0.01 0.10 0.008 <0.003 0.55 . _ |
— 5 RIVER ITHON A 3.00 1.10 0.02 0.50 0.092 0.01 2.11 4
6 BELOW IRFON
o " CONFLUENCE A 2.50 0.72 0.01 0.12 0.018 <0.005 0.92
L. 7 BELOW MONNOW
W CONFLUENCE A 5.00 3.23 0.0l 0.38 0.122 0.05 2.34
. 8 RIVER LUGG A 7.00 3.76 0,02 0.48 0.152 0.02 3.08
T *  All samples taken on an 8-houriy basis compare. to a weekly basis &l other sites. haximus and minimum valics Iore
likely therefore to be extreme values. Period July 1976 - June 1980.
‘ +  Period for nitrcgen 1976-1980 and for oi .r specles 1975-198¢; data taken from Severn-Trent Water Authority
. monitoring scheme, o
', A All values the mean of two annual means from September 1975 - August 1976 and September 1978 - August 1977 but not

flow weighted; data taken from Uborne et al (1980).
Refers to Total P not PO} - P.
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phosphotus 2 t2d potassium a= "~ ~¢ . the statutory Harmonized Monitoring Scheme
with the leve=ls at Plynlimon fcor comparison. It seems that the Severn and Wye,
though both Xaeavily used in their 1r»  reaches, particularly the Severn, have
managed to ke=ep nitrate-N, phosph.:. . .nd potassium concentrations to reascnable
levels, Thiss difference is mainly dur to the amount of fertilizers used in

eastern Ejl aand where large amounts of NPK are needed for cereal growth compared
to that appl £ eG to grassland in the livestock-orientated farming of the Wy< and
Severn valless, the Avon tributary being the exception. The contribution of
relatively c L.ean runoff from the upland source areas of Wales must also give an
advantage to the Severn and Wye over their eastern, lowland source area

counterparts «

Although yleX ds of ¢rass and arable crops can be enhanced dramatically by the
increased use> of fertilizer, high energy costs have rendered it impractical to
apply extra & £ the return does not match the investment. It is mainly in the
upland ayeas of Britain that increased production, of both timber and agricultural
proditen, fan e obtained by land-use chanae. jmorovement and judicial use of
fertilizer. If this happens, water quality will almost certainly deteriorate.
Although conc-entrations are unlikely to even approach levels already commonplace
downstrean, I>ecause of the lower fertilizer application rates and higher rainfall,
the role of X arge volume upland runoff as a dilution agency could be curtailed.

Any such cur*—ailment may have substantial financial implications for water supply.

4 FURTHEE R ANALYTICAL OBJECTIVES

Because of tize seasonal variation and differences in nitrate-i concentrabivis in
the streanflows of the Wye and Severn, most of the following discucsgion is
concerned wi=h nitrogen. However, some aspects also apply to potassium and
phosphorus thhough, in the case of the latter, the concentrations were so often
pelow the limy 4+ of detection that meaningful analysis was rendered impossible.

4,1 Swgested explanations of .hs geia¢ral patterns in stream nutrient
concentrativn =

4.1.1 Genwrz” trends in nutrient losses from upland catchments

In the absence of loug term data on autrient. concentrations in rajafall and

. streanflow emanating from upiand catchments, we can only assur@ that beilause the

agricultural £ramework of areas such as the Wye catchment has remained reiatively
unchanged for= several hindred years (with tha exception of smzll scale grassland
improvement L33 the 1930s) such catchments are in a state of i»nng term equiiibhrium

with respect o inputs and outputs of nutrients. Clea.nly stream natrient levels dc

osuillate witXz2in chis long~term stability, as a result of a comniration ol short
cerm (anmual)  fluctuaticns in input concertrations and the couvp.ex interachion af

stores and fLxaxes within the system,

Cver any anmt@l period there is an orde: of magnitnde parity hotween inputs in
rainfall api -utputs in streamflow. lLainia.l samples ceollecis.. in thi suumer
months April — October eithibit higher concentrations than in | e winter months,

a phenomersn &also reported by other wirkers (ﬁngstr&m and Nogbere, 1942, and
Eriksson, 1952). The relativeiy higa pH values in the rxainfail sumgles (range
5,5%6.5) prec Ludes industrial pcllutlor a2s the source of variation of nitrogen in
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nitrate-N t¢ ammonia and nitrogen gas, depleted much of the available soluble

. aitrogen causing extremely low values of nitrate-N in the Wye.
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precipitation; indeed most of the nutrients in rainfall over the mid-Wales uplands
have a maritime source (Cryer, 1976). It is alsc unlikely to be caused by the
washout of ammonia released from the breakdown of animal urine in the soil as
stocking densities remain fairly constant over the year in such areas. It is
possible, therefore, that the accumulaticn, breakdown and leaching of plant and,
especially, animal debris in the collecting funnel causes some, if not all, of the
high concentrations. It can be argued that such debris is a real input to the
catchments (Whitehead and Feth, 1964) but the propensity of insects for committing
suicide in raingavge funnels does not allow realistic areal extrapolation of the
results. Filtered rainfall samples collected by other workers at Plynlimon

(M. Hornung, ITE, personal communication) show little of the seasonal wvariation.

whichever estimate of summer rainfall is taxken, two distinct phases emerge - the
period between April and October when rainfall concentrations are greater than
stream concentrations, and the period between November and March when the reverse
igs true. There is a good physiological reason for the former state of affairs in
that it is during this summer period when evaporation is at its highest.
Transpiration is of similar magnitude in both the Iorested and grassidahu
catchments and is the mechanisim by which nutrient rich interstitial water is taken
up by plants and stored as biomass. In addition, as the temperature rises, other
forms of micro-organismic life begin the task of completing the growth cycle of
plants by breaking down plant Jdebris to its constituent parts. In this initial
phase all living matter requires a net input of nutrients and in consequence the
relatively nutrient rich rain water is depleted before contributing to summer
baseflow. Therefore, an upper limit of nutrient concentration in streams in set
during the summer months by the concentration in rainiall. Stream water
occas.onally approaches this value during wet summer periods when nutrient input
in rainwater is far in excess of deficit requirements or when rainfall intensity

is so g:eat that direct runoff to the stream occurs.

A contributing factor to the very low summer nitrogen concentrations in the
discharge of ths Wyc catchmont lieg in the hinmhemical characteristics of

waterlogged soils. Even in 1976, a considerable drought by any standards, the
mesatrophic mires (valley bottom bogs) of the Wye catchment (Fig. 2) did not dry
Anaerobic conditions prevailed in the mires and this, coupled
high rates of micro-organismic conversion of

In addition, the higher than average ammonium-N concentrations in the runoff
during 1976/17 svggested that, as arqued in section 3.1, more of the nitrogen in
rainfall falls as ammonium-N during dry periods. The direct loss of ammonia from
the soil surface befoire conversion of ammonium-N to nitrate-ii may deplete the
veserves of soluble nitrate-n available for subsequent leacning and hence the
concentrations of nitrate-N in the summer and autumn flov of 1976; unfortunately
no rainfall concentration data was available for this period to contfirm %lis

speculation.

There are two possil:le rescons why the very iw nitrate-N concentrations in the Wye
auring the summer and autumn of 1076 were not mirrored in the nitrate-N

oenncentrations of the Severn.

Firstly, the ability of the mesotrophic mires in the Severn, not as extensive a+
those in the Wre in ary case, to lose nitrate-N by denitrification has been

- destroyed by artificial drainage of those areas to aid sapling establishment.

Therefore, the direct »unoff of nutrient rich waters from the acidic grasslahd/
sodzol soil covered slopes enables the relatively high nitrate-N concentraiions in

¢the diescharge of the Severn to be maintained.
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Perhaps more important, however, 1s a hydrogeological characteristic of the Severn

catchnent; the more extensive shallow aquifers and drift deposits hold up the water

yield of the Severn catchment more effectively than the Wye catchment. This gave
baseflow yields in the Severn which were ten times those in the Wye during the
height ©f the drought. The provision of these extra stores helps to damp year to
year vax-iations in the pattern of both water and nitrogen runoff and results in

the Severn catchment being less susceptible, in guantity and quality terms, to the

depriva t-ions of drought.

In tamss of total N loss, the picture is less clear since organic N losses, being
higher in the Wye than the Severn in 1976, balances to a certain extent the
redictlcoon in nitrate-N. Organic N concentrations are also noticeably more
respons 1 ve to changes in discharge during 1976 and 1977 than in the later years of
the studdy. Both these phenomena could be manifestations of the desiccation of
grasslannd so0ils in 1976 encouraging scil erosion by heavy rainfall for a limited
period after 1976. Desiccation did not occur in the %evern catchment to the same
extent because of the supression of temperatures and shading from direct sunlight

afforded by the forest canopy.

The study by Crisp (1966) o the nutrient balance of a small Pennine catchment,
Rough 51 ke, on the Mocr Horse field station, Cumberland, pioneered work in this
field 0T peat exo=igr. - f the 17.6 kg/lia of nitrogen lost each yeer in the
catchiznnt slreamflow, B2+ came in the form of eroded peat particles. Clearly,
eroding Ilanket peatc constitutes a higher proportion of the Rough Sike catchment
than elthier the Wye or the Severn, nevertheless a certain amount of both

catchmennts is covered by peat and erosion must contribute to the stream nitrogen
load, Frurther evidence is provided by the tendencies of the streams, particularly
the Sevexrn which has a higher proportion of blanket peat than the Wye, to turn
brown daxring high f£lows, and this may help to explain differences in nitrogen loss

between the two catchments.

[ T Vs R [ - —_— o K a—— L4 — -]
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other} ConcEntratlons with discharge (Walling and Foster, 1975). To relate this
phenomenon wholly to increases in discharge however is misleading, even though
correlat i ons of concentration against discharge geierally show high positive
agreenent . Nitrogen concentrations in streevs will. always show high correlation
with those hydrological variables which also vary sieasonally in the same way -

soil misture, soil temperature and baseflow, timxh the relationships may not be
causal (¥igs 11 and 12). Howeverxr, any increase in discharge from whatever is the
normal ba seflow characteristic at the time will csuse the flushing out of nitrogen
made available in the period since the last time productive horizons were leached.
This {8 particularly so during the warm and relatively dry summer months when
substant a2l quantities of the reduced forms of nitrogen (ammonium-N, nitrite-N

and solul>le organic N) will be converted into nitrate-N by micxo-organisms in the
aerobic soil horizons. This view is confirmed by the data (Fig. 4) which show a
much largyer increase in nitrogenr conceutrations with increasing discharge when the
the base£1low is low (summer months) than a corresponding increase in discharge when
baseflow is high because, obviousiy, in the summer months a larger volume of soil
remains Qrier for longer than during the winter months. The culmination of this
phenolen©n occurs in the autumn of most years when rains following a dry summer
period £lush out the nitrogen that has been made available.

Taking thhis argument further, it seems unlikely that sufficient nitrogen is made
availablee during the latter parts of the summer to sustain the high nitrogen
concentrations prevalent in winter (Fig. 3). The decrease in use of water and
nitrogen >y plants in the autumn and winter and the re-allocation of this water to
leachate is obviously a contributory factor but cannot alone explain the high
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nitrogen concentrations in the streamflow as these frecquently exceed the
concentrations in rainfall.

To fully explain this phenomenon, we must return to thwe initial argument, that
storage and release within the catchment system is the mechanism producing the
variation in stream nitrogen concentrations. The process that reduces nitrogen
concentrations in summer - transpiration-controlled plant growth - declines during
the autumn and is accompanied by dieback which boosts +the reserves of soil organic
matter. Mineralization is the main biochemical contx<o 1l on mineral nitrogen
production and proceeds at a rate determined by a comilk>ination of soil temperature,
soil moisture, pH and available organic nitrogen (Cassman amd Munns, 1980; Stanford
and Epstein, 1974). Of these, the latter appears to I>e the most important factor.
The rate of mineral nitrogen production is directly ¥ oportional to the amcunt of

available nrganic nitrogen and can be expressed as:

N
%E = k.S) where g—l-g- = rate of mineral nitrogemn production

i
k = exponential constant (T

—- ameount ol ovailakle —~r—=mic nitragen

- [
PESHOTS .20 - —

Assuming that stream nitrogen concentrations in wintexr are directly related to the
rate of mineral nitrogen production, the observed pea* concentrations in January
and February imply :"at dN/dt also reaches a peak in thuis pericd. This in turn
implies that Sy is at a maximum not in the autumn but in late winter.

Dieback, therefore, must be a gradual process but occ—wux xing at a fastex rate thaa
the incubation process can convert organic nitrogen to leachable mineral nitrogen.

This sunposition is supported by Job and Taylor (1978) whose studies of grassland
producricn in the Wye catchment indicated that littexr Fall experiences slow and
cnly g« tuial breakdown. Consequently the percentage < green material in *the

plani, af a peximun in Sune or July of cach yoar, Sem= = Tes rapidly in Augast and
Sepcenber ané declines to a minimum in March the following year. This matches
almost identically, but inversely, niirate-N concentrations in runnff.

Unfortunately no production data are available for the study periocd to test the
statist.ical significance ~f this.

4.1.2 W.ith.z'.n-gatchmenf . -ion in nutrient losses

Two further studies, conducted for a twelve month pericod, were initiatz" ..t the
end of 1979 to try to explain the differences in nutrient, parcict itrate-N,

1logses f.om the two catchments.

fa) Siostehment nutrient survey

N AR L

To ur:nzel some of the complexities hidden by the blaclk hox approach to comparative
nutricrt levels in the Wye and Severn catchments, streaniflov samples were collected
on an iuvregula: time basis at the outlets of discrete ~subcatchments within the two
main catchnenis and supplemented by nested catchment saamples to detect changes in
concentraticns downstream. The network (Fig. 1) consisted of 11 sites in the Wye
and 12 in the Severn, visited monthly. All samples co X lected during any one visit
were taker within 30 minutes of =sach other to ensure <<mparability and, with the
exception nf those on 6.8.80, were taken on the recession limb of the hydrograph
so that large changes in discharge did not occur during the sampling period. This
practice meant that studies of changes in nutvient ccoricentration with flow rate
could not be done; provision for this approach would have entalled a far more
fyrequent and larger sampling progrime thun was poscilkb> 1 e within the overall

framework of the experiment.
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The limitations of the sampling programme when compared to the more detailed main

catchment monitoring exercise do not negate comparisons between sub-catchments

under the same hydrological and meteorologiczl conditirn., restricted as the range

of those conditions sampled were
should not be attached to the wider application of the results, though the

indications are invaluable for suggesting future research.

>ver the study period.

The results for N, K

Too much significance

and oH are shown in tabular fcrm in Tables 6a and 6b and as means and standard

TABLE 6A

errors on a network map in Fig. 13.

RESULTS OF THE AREAL SAMPLING

DATE
?29.11.79

9.
0.

15.

6.

1.80
1.80
3.80
4.80
.80
6.80
7.80
8.80

30.10.80

9.12.80

MEAN

5TL DLV
STANDARD
ERROR

DATE

29.11.79

9.

1.86
1.A0
3.80
4. 80
3.80
6.8Q

1%.7 80

6.

B.80

36.10.80

9.12.80

MEAR

.34 .29

“ SEVERN
LOWER
HAFREN
TRIBUTARY

~ = UPPER
o s HAFREN

Hl

.36 .23 .30

c46 429 54
.19 .2% .34
230 «23 .27
.15 .13 .18
18 <16 20
13 .12 .18
W17 .27 .18
.37 .32 .23
£ 34 427 .30

.29 .23 .27

il LGB L1
.03 .02 .0}

ST H1 H2
$42 .36 .32
cd3 429 o4l
60 .37 .69
AT .29 .43
32 .27 L34
.26 .19 .21
31 - - 30

020 -15 -26

3y &8 237 .

«54 43 .31

49 L 4T W46 -

+A0 .32 .38

42 2.0 -12
04 +03 U4

TRIBUTARY
= HAFREN
w SOURGE

TANLLWYTH
s w = ARWYSTLI
-~ [~ [ =]

HAFREN
v TANLLWYTH

= UPPER

b
w

w
o

. - -
- [ -~
W w -4

19

«16
.08
17
225

(%)
(%]

.10
+03

%9 HI10 HII
.31
.38 .33
+56
.29
«31
« 34
- 26
22
-310 .
21
+J9

«32

.09
«03

PEAT HAG

HAFREN
PIPE

. .
N ~
) Ll

.
»
[

L3
(4]

o
R R SwYE

22
« 15
«05
12
+ 04
+02
.17
.23

L)
o

.16
- 05

NOS—N (mg/‘l )

ch
-39
- 40
68
«27
« 34
w17
+ 36
22
16
«20

- 36

<3}

14
« 04

Total N (mg/1l)

= Q CYFF

- . -
—-— td [ ]
wn L o

-
—
[+

.01

.06
«01
.02
17
16

ya
(e8]

.10
.03

Gl
.25
. 28
44
«18
24
N
22

20 17

.22

«33 .25

lz’

+25 38

.08

O WYE-CYFF

«37
<37
.68
25
27
.11
.18
«09
.06
-06
«26

t:
v

«18
.05

Gz
.s1
.68
.78
.31
.36

-

»

'Ll

<28

« 43

«18
.02 .06

GWRDY

Gh
.29

v 34
«B1

« 25

V30 .

.08
.15
« 06
» 04
15
.23

«+ 20
« 06

G4
.38

43 W83

+401.04

« 31
* 36
12
« 22
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.22
« 23
+ 39

36

7 .24

. 07

IAGO

PPER
YFF
= D COLWYN

S0
G6

17
«23
47
+18
P15
.01
- 01
« 01
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« 01
oL}

14
« 04

G6
.28
« 34
o535
.25
22
11
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16
.23
11
e 22

+23

-12
« 04

-
—
L=

-
i~
w

«19
1
.08
06
+ 06
.08
08
15

. 06
02

G7
.26

+28 .48

+291.03

+26
.17
14
«12
«12
.28
.18

' 26

21

.07
02

YFF
QURCE
GERIG

G9

.26

.67

.33
.27
.01

12
0}
.03
.06
-18

.
8]
[

»20
.06

G9 GIO
.38

« 42

-39
34
«10
-19
N7
<14
.16
«29

« 30

» 21
+06
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oD
—
o

37
abd
«89
+39
W45
.12
+ 08
+09
.06
.17

.29

.30

+25
.08

46
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W47
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.21
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15
17
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TABLE 6B RESULTS OF THE AREAL SAMPLING
T >
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DATE 5T H2 K3 H& HS H& HT HB H9 HI1D0 "1l CB
29.11.79 .14 .12 .08 .i{2 .08 .10 .09 .10 .13 .11 .13 .19
9. 1.80 .14 .13 .07 .24 .15 .09 .09 .13 .15 .12 .13 .18
30. 1.80 .18 v22 410 .20 <12 .15 .15 .16 .21 .24 .21 .21
5. 3.80 .11 .11 .09 .10 .10 .08 .10 .09 .10 .10 .14 .11
2. 4.80 .08 +»10 .10 .08 .08 .10 .10 «10 14 11 .14
2. 5.80 .14 09 16 11 13 14 12 +09 .11 .20 .12
b. 6.80 .17 16 .19 .15 .17 .10 .13 8 N B B ¥
15. 7.80 = - - - - - = - - - -
£ B0 - - - - - - - - - -
30.10.80 =~ - - - - - - - - - -
9.17.80 = - - - = - = - - - -
MEAN R EA R T R T R I S O SRR ) R 1 | .13 -13 .15 .20
STD DEV .03 +05 .0% .06 .03 .03 .02 06 .05 .06 .11
STANDARD .01 «02 .02 .02 .Gl .01 .01l +02 .02 .02 .04
ERROR -
K (ng/1)
DATE ST H2 HY H4 HS H6 H7T H9 H10 H1I CB
29.11.79 5.8 6.1 5.4 6.1 5.0 6.3 5.8 5.9 6.1 6.0 6.4
9. 1.80 5.3 5.5 5.1 5.3 4.8 6.3 6.1 6.0 6.0 5.8 6.5
3. 1.2 L8 € L& AL LLE ALY 4,6 LT LD L LT L8t
5. 3.80 5.8 5.5 5.3 5.2 4.7 5.9 5.9 5.6 5.7 4.8 5.9
2. 4,80 4.9 4.9 4.5 4.7 4ok 5.0 4.7 5.1 5.2 4.9 6.2
2. 5.80 6.5 6.5 6.5 6.3 £L.0 6.6 6.7 6.1 6.2 5.2 6.6
4. 6.80 6.2 6.0 6.2 6.2 5.8 6.5 6.5 5.9 6.2 5.6 6.4
15. 7.80 6.7 6.3 6.5 6.6 6.0 6.6 6.7 6.3 6.6 5.8 6.6
6. B.80 5.6 5.6 3.2 5.3 4.5 5.2 5.6 5.5 5.6 5.6 6.2
30.10.80 4.8 4.8 4.5 4.7 4.3 4.8 4.8 4.9 5.1 5.0 5.8
9.12.80 6.0 5.8 5.4 5.7 4.8 6.1 6.3 5.9 6.1 5.4 6.4
MEAN 5.7 5.6 5.4 5.5 5.0 5.8 5.8 5.6 5.8 5.4 6.3
STD DEV 0.7 0.4 0.6 0.8 0.7 0.7 0.7 0.8 0.2 0.5 0.6 0.4 0.3
STANDARD 0.2 0.1 0.2 0,2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.1 2.1
ERROR
pH

It was seen in Section 4.1.1 that the nitrogen concentratic.. in streamflow is
related strongly, though not in a simple manner, to discharge and other

environmental cenditions.

spatial sampling, though the range of discharges sampled is restricted.
seasonal variation in nitrogen, specifically nitrate-nitrogen, concentration
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The same phenomenon is present in the results of the

The strong

demonstrated for the outfalls of the main catchments in section 3.1 is mirrored
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by the time sexies of nutrient concentsations at various sampling poirts in the
catchments (Fig. 15). The rela.lonships hetween total niltrogen concentration and
flow at the outfalls of each of the sub-catchments are shown in Fig. 14. For
comparative purposes flow is "normalized" by being expressed in mm over the
catchment. Although concentrationg and flow were positively related in the main
catchment monitoring results, the complex relationship indicated by the spatial
survey (Fig. 14) suggests, as was expected, that the rela .jonship is not causal.
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A Low flows (< 0.02 mm/15 min) a positive relationship 1s apparent for all the
gub~catchments. At h: " flows : =apid rise in nitrogen concentration is appar:nt

in the Gwy for only a small inftsace in flow. This is mirrored, elbeit to a lessex
estent, by the Hafrer and ®sze. thoosh 2t by the Cyff, although all four
catchments are of simii.y mire Aol zltitede range. No increase in nitrogen

concentration With tio.we =4 ¢ o ugpeeved al the outfalls of the two smaller
sib~catchmenty, th: .. nid ™~ Tt agn.e the high~concentration, high-flow
.relationship was obser i e sampllag time, namely 30.1.80, and the
obsexrwved high nitrcsen o . EEEL & cenild be due to the nigh praportion of €1
raBOY ting from snow Welt @At - ..:laalar time. The result: chtained in this

study suggest (Fig. 1S; ''.om saci iad higher ce v ratiens ¢ nittogen than Wi,
rainFall though the resul<ws ooustned from other nudses Go not always suppoxrt vhls
chses—vation (Herman and Gorhem, 1957). Also, as sncw lies for an appreciable

amoant of time, the nitrcgen concentration rises even further by a combination of

freeze-thay weatherino on bare r~il areas and roadways and by the imcrease in the

Lt PRI ot 9?‘ "07[‘\1 m e v che

EXLEACTLON OF MATIOYEIL s LL  -idibd conditicns MMz

dehydration and increased peyrmeabili.;- of piological membrane:z (hebias 557y, This
arganent would explzin the absence of .igh concentrations in the "arilwsth and the
lago as these are Loth lower altitude catchments in which the snow had already
pelted. It werld also explain the higher nitrogen concentration in the Guwy
conpared to the Hore and the Hafren as snow does nct tens tv iie on the forest
canopy and fleor as long as on grassland. Also the Gwy has the most direct vunoff
paittern, uninterrupted and undamped in the way 'thatc the Hcre and lago are by mine

wrkings and the Cyff is by the mesotroplic mirze.
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Although the uverall relatioasiip butween mtrient concentrations and discharge is
weak in these data (Fig. 14), there is some evidence of a rnitrocen concentratiorn
peak occurring at dischexaqe of between 0.92 and © 77 um/15 min on the recessicn
lodb in both catchrernts; tids is particulerly evadent in the Tanllwyth
Bus-ciitchment., From the wmeun eoncertcrations shown i Tablz 6a, it is also obviois
that the dischxrje of the Taullvyth sub-catchment hag consistently bigher nitrogen
concentraticns than any of the other sub-catchments in tre Wye and Severn.
Inspection .4 ¥ig. 13 suggests arsd that these higher nitroger cuncentraticns are
assnciated with processes casarring s rue lower -eani:z3., o is known that th:
Tanllwyzh sub-catchment . ¢ completely f£orestuu area, Lds & very cctive set ol
drainngs ditches ia its Viier reathosn “hat provide a sourca sxea for high rates of
erosion ané sediment tra. .pri., Rapid ama =fficlenw runcff has cacvsed the
deesening of these cirainace gitches 9y the ervsion of underlylng oulder «<lar’ anil
transpoxt of shat“ared =cyee materia). Muck of this is caught at the sediment Tlapd
at ths cutfall of vhe Tanllwyth sub-catchment; a study of the gquantity of sailiment
collected showed four times the amount collected Xzrom a similarly sized grasoland
catchment, tne Lyrt (Painier €t di, 15749 . This wiwelon process alzz Inads #o rhe
undereutting oFf the peat k:nks of the drainage dltchies accompanied Ly drying out,
pank collapsa and transpor' of the organlic oroducts. However, not al. of the
nitrocsy lost in this way 13 in the soluble organic form; wmuch has bean rridaied
inte the irncryanic nitrste fom. Hexe agsin the ef fimient drainage of the arni 15
jmpiicated, working by lower’ng thr wates tanle aua promstisg soil aeraticon. Jhis
upsets the natural mine>alization/denitrification ~alance within the =e3]l and
allows nitroge: o escaypy= fretly to the strea;r., depi.rting the rasurves of soll
nitroger. 1n the procuss. Theve is, as & result, an uxport of nitrogen from the
Tanllwyth sub-catchmeni: that is nct replenished by rainfall. This suggests that
the seil system of the Tanliwyth sub~-catchnent is rc.+ in the state of chemical
equilibrium that the grassland catchments and cther forested catchmants appear to

be.

Murrient cyciing within a coriferous forest

-y
A ] [

o —

Results from the Plynlimon catechmrent experiment show a smaller vater yield from
the forested catchment, the ,‘;‘e‘.'e-:rn, than from the grasslaid ca chment, tne Wye
(calder and Newson, 197%). Ircuies studies (calder, 1976, =ud Sash et ail, 1980),
carried out in Plyn® 1on and elsewhere, have shown that the greater water loss
from forested catchaents is dve to interception and subsequaent =vaporation of

rainfall from the forested carsiy. These studies have shewn thav up to 30% of the

gross rainfall may be lost in ttils way, instantanenus losses depenring on the
wetness of the canopy 2nd the rainfall rate. mhls vater lost by evaporation from
the forest canopy will be pure s0 the net result of %he process is to reduce the
volume of rainfall reaching the ground and to deposit in the cauopy the nutvient

content of the evaporated water,

inother source of nutrient input to rourest ecosystem:s is by the trapping of
air-borne dust particles in the tree carn.oy Miller, 1979 . Tihe fate of the
nutrients input in rainfall and incroducsd in sir-horne dusts depends on the type
of nutrient and time cof the year. " mhe nutrients are eicher retained in the forest
canopy (foliar absomtion!, a provess 1ikely to be dominant duriny late summer or
earsly winter, or leached down o the forest tlovr (Milier et al, 1976} .

take in a closed-canopy forest ‘s returned to tne
soil either in litter fa.il or cxewn lracghing fsteplsid, 1958), Miller et al. (1976)
in their study on Corsicai pines, fowd what the greatect return of nutrients was
in needles, the quantiiyw of needle fall and their nucrient content varying
throughout the year. It ig likely, ther, thet the wquantity and form of nutrients
reaching the #.rest floox will vary throughcut the year; this in turn will, affect
the nutrient concentratlons in the streams. : : :



4.1.3 Modifying influences to the general patterns of stream rutrient los i~

With this in mind, a twelve month study was initiated ir December 19792 within the
o cevern forest to measure and sample throughfall znd stemflow for comparison with
‘ the gross rainfall. This was done using a 40 m’ plastic sheet (Calder and Rosier,
- 1976), suspended beneath the canopy to catch the total throughfall and stemflow.
The runoff from the plastic sheet was measured using a 1 litre tipping bucket
discharge recorder (Edwards et al, 1974) connected to a MICRODATA event recorder.
Flow proporticnal water samples were collected using an automatic sampler
(Holdsworth and Roberts, 1982).

(a) variation over the flood hydrograph o

An analysis of the chemical data from samples taken with the *storm samplers' was
undertaken in order to:

(1) Investigate changes in concentration of the variocus solutes
over the storm period;

(ii) Calculate lag times to the peak or minimum concentrations
of these solutes in order to better understand the mechanisms
of solute transport.

A summary of the results obtained is given in Tabie 7. This shows nutrient
concentrations (mg/l) and loadings (kg/ha) in the gross rainfall, throughfall and
stemflow for the periods during which reliable data were available. From the
results obtained, it is apparent that, for the majority of the periods sampled,
the total nitrogen concentrations in the througinfall and stemflow samples are less
than those in the rainfall samples, whereas the reverse is true for potassium.
Thie confirms the results obtained in other studies (Miller et al, 1976; Henderson
et al, 1977). The results of the chemical analyses carried nut on individual
zamnlan ehew A rancietent darvease in the concentrations of the inoraanic forms of
nitrogen together with an increase in the concentration of organic nitrogen on
passing through the canopy. This suggests the absorption o* the innrganic “orms
of nitrogen by the forest canopy and an increase in organic nitrogen concentranion
eithexr by the leaching of the forest canopy or from the pine needies accrmuilazed in
the pilastic sheet (the plastic sheet was swept periodically but, neaverth:less, pine
needles did tend to accumulate upon it). Within individual storms, the increase in
organic nitrogen was greatest during the early period of the storm. if nitrogen

On inspection of the data it became apparent that few of the storms sampled were
guitable for the analysis of possible relationships between discharge and
concentration because the chosen sampling interval was not suitable to approximate
the shape of the concentration hydrog—-aph. The problem arises because of the
remote situation of the sampler, vis® °d only once per week, and our inability when
setting the sampler to foresee the i...cnsity Or Qurdilon UL Llie leal bludii. Tad
sampler operator can only guess at a convenient stage trigger level as this does ,
not take a fixed value but must be varied dependent on antecedent conditions.
Unless the site is visited frequently there is no opportunity to update

continuously the stage trigger setting to take account of changina circumstances.
Invariably much crucial information is missed, in particular deuvaiius ol

concentrations on the rising limb of the hydrograph and peak soluts zencoatrations;

for long duration storms the limited number of samples (24} often means ~ loss of

1oadings are calculated (Table 7) then it is found that those i the throughfall

are generally much less than those in the gross rainfall. Convarszly, potassium : information on the recession limb also. In retrospect this weuld see: &2 be an o

inputs in throughfall are higher than those in rainfall. ideal situation to have used a sampling controller such as the one described by ¥
y O'Loughlin (1981) bkased on cumulative flcw rates or the ocne by Martin and White L
(1982) based on rainfall rates or preferably ore with a flow proportional . A

TABLE 7 NUTRIENT CONCENTRATIONS (mg/l) AND LOADINGS (kg/ha) IN RLINFALL AND ‘ microprocessor control. ..:

TUROUGWEALL TN THE SEVERN CATCHMENT y 4
) ’ minm the dnen from the enitable storms, it became clear that changes inm 4

Wkd lblad F el s o
put-ient concentrations do occur during storm eventc. an increase in dischurge i
generally resulting in an increase in nutrient concentration. This confirms the 1

findings of other studies (eg. Edwards, 1973; Walling ard Foster, 1975). Fiag. 4 | !
shows the nutrient concentrations found in stream samples during two storm events; ‘r‘
15 ain runoff is shown for comparison. The increase in concentrzt.on with K

RAINFALL THROUGHZALL

-

CONCITNTRAT TONF LOADINGS CONCENTRATTOFR LOADINUS l

— — - % increasing discharge was not consistent and war most pronounced dur-ag storms
FEROD TOTAL K P K N P K TOTAL K r R ™ PoX o g jmznt ately followi g dry periods. The effect Is not so apparent i.. winter whén .
— T - - - . it . hic. .iushing rates :>each out any accunulated golutes. R -
20.%a.79-3,1.80 116. 3 0.42 0.01 G.15 0.0 U,01 0.17 wad. 4 n.28 0,02 0.60 0.29 0.92 0.61 T % 1";
3.1.80-7.2.80 331,86 0.4% 0,01 0,06 0.4 0.02 (.08 1314 6.3 5.62 0.44 0.39 0.03 D.58 Although the results cbtained were rather variabie, it hus been possible to
7..:@-.1-15.#.30 78,7 0.0 0.0L 0.r4 .14 0w 0,04 63.3 6,20 0 005 0.13 0.01 0.03 I 3 ! calculate the lag between peak discharge and pezak solute concentzations for those ‘i
15.2. #0-19.2.8C 19.6 1.29 - . L. - - 13.0  0.33 p.o1 bil0 0.04  0.00 0,01 ' storms that exhibit well defined peaks. This is shown in Table 8 where the time2s é,:f,l
19.2.80-35.3.80 2.6 .41 .07 0.08 .60 0,00 0,03 28.7 0.5 (.02 .20 0.16 0.01 0.32 are in hours/mins, and the lag is defined as the time between peak discharge and A “
5.3.80-13.3.80 6.0 &3¢ 0,01 0.04 ©£.25 0.01 001 76.6 0.40 .01 132 ©0.51 0.01 0.94 n g solute peak (Heidel, 1956). o
19.9.80-24.8.%0 45.0 0.48 - - 0 .22 - - 58,3 Dol - - 0.16 - - ' 8 ) . :
26.3.0(:-1.7.80 48,3  0.89 . - 0.8 - - a1.3  0.98 - - 0.1s - - ' ' Ais indirated in Table B the results are xathex variabl.. suggesting th:t many ,
6.£.20~20.9.80 11,5 14 - - 1.48 - - 83.1 u.82 - - 0.1 - - £actors influence che voriation in solute conceatraticun: in the stream discharge.
29.0.R0-10.9.80 54.90 1.28 = - 0. 70 - 47.4 0.4 - - 6.10 - - a ﬁ Howevar, there are sone rensietercies, a5 in the rzsults for oryanic nitrogen. %
10.1.80-24.C.8¢ 106.9 2.10 - - 72.24 -~ - 77.0 0.7 - - 0.86 - - I Here, wwo concentration peaks are ugually obtainsd in the discharge of bc-th_‘the Wye "
24.9.80-8,.3.50 150.e 0.33 - - 0.% - - 190.4  5.30 - 2.7 - - and Severn catchments, one occcurring at asout the time of peak dischavge and the ;
' »2.10.e0-20.10.83 1379 2.1¢ - a0 - - 97.2  9.38 - - Ok - - ‘ g % other after a lag of between 1 and 4 hours, This would suggest two mechanisms for 3
11.11.80-26.11,80  $23.,8 0.1§ '~ . =~ N4z - - 180.¢ 0.36 - - .66 - - . the transport of orgaric nitrogen to the ztreams, ie. Girect surface runcff and .
| | ' SR R as a result of soil erosion following heavy raiafall. This double peak effect is e

T o B R i ﬁ alse found in the concentrations of the other nitrogen forms, ammonium-N and
_ ;. .
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TABLE B LAGS IN PEAX SOLUTE CONCENTRATIONS
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wyr SEVERN
Dete Time of l.m;+ Log_ Lag Lag Lag Time of Lag Lag Leg Lag ‘.Ag
peak flc¢ Nﬂé N .«)3 N Org M P K pesk flow N}ld ‘N t!t)3 ¥ Oorg N T K
25.9.76 0400 +l100 - o000 - - 0300 - HOLM ~0070 4070 ~WTI0
+0330 +QZ30
14.10.76 1145 - - -00l0 - - -230 -0030 - 40430 +0430 -0OC30
+0350
23.10.76 0830 -Q010 - +0350 - -
40200
6.12.76 0115 +O0OLY - 40015 - -
21.0.77 2045 ¢330 10llo - -
10.2.77 1645 - - . =0045 -~ -
+01 19
18.2.77 0030 - - ~-0115 - -
+0Q45
1.2.77 c830 - +0030 +2300 - -
10300
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.urfaze runoff, and (b) leaching through the soil prci.le,

Pacthas interesting phanomenon observed is the occurrence of peak solute
concentraticns precedine peak discharges. This stiggests either a peak concentration
in the precipitation input in the earlier astages of the storms or that the bulk »of
the =zvuilable solutes are transported to the stream verxy quickly, after which the
supn.y kecomes depleted. KHowever, to test this hypothesis and the rgason for the
deuble solule reaks above, it would be necessary to sampilie nat: dore storms,
ceilecting ané analysing surface runoff, and correlating stream solute

concentratlons with rainfall input and soil moisture status.

(b) Drougiit effects

The per.od under review is in many ways unrepresentatiwve of the average

conditions characteristic of the uplands of mid Wales. This limits our ability to
generalise abcut the nutrient characteristic differences batween the two land uses,
espacially if this information is used to predict possible effects of land use
change. Nevertheless, the occurrence of severe droaght condit:ons prior te

(eummexr 1975) and at the start of (summexr 1976) the study period and a relatively
severe winter in 1978/79 tells us much about the processes inveived in nutrient
transpor® that would nct b: cbvious dquring more tranquil times.

The rmain point of note in the data is the persistency of the drongh* erfects. The
low nitrate-N concentrations in the Wye streacflew characteristic of the summer of
1976 are seen to contlnue throughr wintexr 1976 and, if a:wthing, are execerbated in
guumex 1977, Concentrations In the Wye only reccver to the Sev.tr values in

R T e R .
NIRRT Skis @
g b

Januaryv 1978, This highlights the furdamental point that the major control con
nitrate~N coancentrations in streams is nitrogen availability in the soil.
Althouvok flow: returned to normal with a wetter than average autumn in 1976
concentratlions Gid not, remaining low through the wiuter 1976/77. Aas the
hyircloginal corditions during the winter 1976/77 were normal, the low
soncentrations in the Wve must liave been caused by luw mineralization rates, in
theimselves a proda.' of low storage of organic N in the soil. This in turn was a

fun~tion of lowx, stress-induced grassland preduct fvity in the summer 1976. That

the Sever: did not react in the same way is pxvwi:v ,y a result of the ability of

larqer plants to survive unusual environmental rornditions by wutilising their
greater internal storage and root foraging capacities and, a5 incicated
previou..:iy, the ability >f the shalluw aqulfers to compensat: oz drought and

spread the effect cver a numhur of yea's.

“he: summer of 1977 »lsc exhibits iow values in the Wye catchment. This results
freaa the low levelu of soil organt.: nitxosan preduced in the autumn and winter
of 1976/77, tnmuah, £silowing growth uniucibited by large soil moisture deficits

iy the suumer of 127, avtumn dieback r=:i*i-res the balance to normal for the
winter of 1977/78.

(c) Rain and snow distribution

0

iew o< the Aifferent2s in concent.ation in the streamflows

catchinepts can be attribuvted to vastly different rainfall o .. . .
catchments: the heavy cenvantional storm ovar the Severn im 'y <5 700 "o, b
obvicis exception {(Mewzss. J230).  Fiy. 17 indicater that the SRR
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FISURE 17 Compuratire catchment rainfail totals for the study period




precipitation for the two catchments agree closslv, to withir 3.8% over the study
perind (1576~1980Q), while the long term {1971-1981) mean is ewven c¢.oser (< 2%).

The dlserepaacy cavsed by poor raingavge performance in snowy weather (Clarke et al,
1973), however, can be serious and this is wiy data for the winter 1978/79, the
worst since 1963, was replaced by data from a standard gauge network situated -n
the Severn calci-aent. Of necessity, rainfail for the Wye and Savern catchmeics are
therefore taken as identical for JTanuwary-Marcih 1979 though ‘o rveulity there were
probably some differences. Problems aris2 witl: snow becaur  .» well as errors in
the amsunt coliected, the timinu of input ti the hydrological g:'stem can be delayed
so that there is no immeaizte uisr.nse from the aire m concentxatior to the
concentration in Snoefall o- measured in a raingauye. There is also some
suggestion that snow is able to enhance ite concentratic: while lying on the

ground or in a raingau;a funnel. This means that samples of snow taken Dy
raingauge are fairly rcuresentative of the eventual input to the system provided
the snow i., the xaingauge is not artificially melted.

It is apparent from Fig. 18 that there is no simple relationship between the
aitrogen concentrxrations in the streams and those in individual raintalli samplies
during winter periods. No consistent trends for rainfall nitrogen

congcentrations appear for any of the three winters studied, in contrast to the
sbvions rising trends in the stream concentrations. If any common factor does
exict it is represei.cd by a mean winter total nitrogen concentration in rainfall
of between 0.3 a1nd 0.4 mg/l, much lower than the peak concentrations in streamflow.
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This gen—nsxal.LZ‘.at}.{:-r. is modified, however, by high values in individual samples,
most of w.ich nan be explained by the occurrence of snow in the sample. The
largest deviations from the winter norms occur in February 1978, Januvary-February
1972, and January 1980, all perieds in whicn snow lay for longer than average. It
is 2 most impossible to conclude from thig whather snow has inherently higher

¢ oo sirations of nitrogen than rainfall o wt.ther the high concentrations are a

funci:icn of concentration enhancement when lying. If enhancement is .he cause, it

is pronably a function of dry deposition because freeze-thaw action in a copper
raingauge funnel is not possible.

Other peaks are evident in Fig. 18 that cannot be explained by snowfall, including
the largest of all, 1.91 mg/1 of nitrogen, in Octobker 1978. Concern was 2xpressed
at the outsct of the experament as to the need to preserve samples from

biological deterioration. Apart from the concession of using brown sample bottles
and the refridgeration of weekly cumulative samples if individual sample sizes were
too small for analysis on their own, no other means of preservation, chemical or
otherwise, was used. This was mainly because of the difficulty in maintaining a

reasonable samplw/preservative raiiu. 7. Froct ~f +hie ean ke epen in Tig. 19

where the length uf irncubation of the sample before analysis is positively
related, if in envelope te

rms only, to the concentration of nitrogen in the sample.
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FICURE 19 Graph of rainfall total N and length of incubation

This phenomenon may not be entirely causal, however, because as shown in Fig. 16,
the langth of incubation period is dependent also on the rainfall during that
period. Another possible explanation of the trend in Fig. 19 is that during
relatively dry periods, high nitrogen concentrations occur in the atmosphere -
either in dust particles or in gaseous form. Conversely, at times of high
rainfall (high atmospheric flushing potential), lower concentrations are commnon.
The very steep increase in concentration evident at very low rainfall periods may
also be a function of contamination caused by dust blown from dried out surfaces,
increased movement of insect life and windblow of dead orxganic matter.
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From Fig. 18 a possibl e reason for the low nutrient concentrations in streamflow
during the winter of 1979/80 can be seen to be the lower than average rainfall
nitrogen ~oucentrations=, in the range 0.14 -~ 0.3 mg/l, from November to January,
the concer -+tionsn thern reacting fairly strongly to snowfall in January
(esperial’w the Wye) ~7ad again in March when further snowfall occurred. The fact
that ne Wye tends to xreact more to snowfall than the Severn is prcbably
indicative of the longer period of time that snow lies on the grass than in tte

forest canopy.

4,2 Comparative nutxient budgets for the Wye and Severn catchment.s

Tle yse of the Wy» (rasture) ant Jevern (forest) catchments for the long term water
balapce study aud for <+his water quality monitoring exercise is based on the
assuymption that asy di £ ferences observed will arise from the presence of

coniferous forest on 7O% of the Severn catchment. The geology, topography, soils,
agpect and altitude range of the two catchments are similar, although there are
arms Ai Fferences in th e areal proportions of each feature. 1In particular, the
organic heath peats remnowned for their potential contribution to nutrient runoff
by drying out (Terry, 1980) or erosion (Crisp, 1966) are more common in the Severn

catehment than in the wWye.

Tor the Water balance s=+*udies this assumption is justified by che identification of
the forest canopy intexception process as the major cause of the observed
differences in streamflow volume. This difference in streamflow volume is a
contributory factor tc thre 4ifferences in nutrient loadings between Lhe

catchments (Table 1), but it is difficult to determine, from the monitoring of the
mmain catchment cutfall s, whether the vegetation difference alone can account for
the opserved small difFerences in nutrient concentirations.

In the absencr of continuous nutrient results from the subcatchments, differences in
contribution from them cannot be properly guantified. Ideally it should be possible
to define nutrient contxibutions from each soil/vegetation domain by the solution
of simultaneous load wexsus areal extent equations for the subcatchments.

However, with only data from the infrequent sampling of the spatial survey
available, the results are meaningless for extrapolation purposes.

4,2,1 Extreme events

The gsignificantly lowex nitrogen concentrations in the Wye at the start of the
monitoring period had effectively disappeared by late 1377, suggesting that this
difference was triggered by the extreme drought conditions in 1976 rather than
Deing an inherent long temm effect of the vegetation difference. Similarly, as
discussed in section 4 . 1.2(a), the higher concentrations in the Wye during some
~inter periods appear =zo bhe related to the longer duration of snow cover in this
«<atchpent, Thus differences ar® apparent in the catchment response to extreme
events but in a way which relates only indirectly to the vegetation types.

4.,7.7 Are the.differemnces between the two_catchments significant when compared
%0 the within-catchment variations in nutrient levels

*The within-catchment wvaxiations in nutrient concentrations from the admittedly
=sparge data obtained f£rom the spatial survey (Fig. 13) emphasises the danger in
attriputing the catchment differences to vegetation alone. It can be seen that
~svithin catchment differences are at least as great as those between catchments.
Examination of the mean total N concentration values indicates that the very low
~values in the Cyff sub—catchment of the Wye and the high values in the Tanllwyth
=sub-gatchment of the Sewern are the major factors determining the apparent
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difference between means of 0.33 mg/l and 0.40 mg/l fur the Wye and Severn main
catchments. Without these contributions the muer. : for “he two main catchments

would have been very similar. Indeed, nhad the #ailren ard Gwy sub-catchments of .
the Severn and Wye been used for the forest versus g~=2gsland comparison, the

annual means would have been almost identical at 0.38 anc C.36 mg/l, respectively.

The processes resulting in nitrogen enrichment in the 7anllwyth have been discussed
in sectio’ 4.1.2(a). The contrasting process resulting in nitrogen depletion
within th €t is considered to arise from the large proportion of valley bottom
mesotronh ire (Fig. 2) in this sub~catchment. These mires, with virtually
permanent . - th water tables, through which water moves very slowly by a shunting
process, are considered to act as nitrogen sinks in which denitrification by
anaerobic bactecia occurs, particularly during periods of high temperature.

Except in very wet periods, when direct overland flow occurs, hydraulic
conductivity obstrvations suggest that residence times in tiie- 2 mires could be of

the order of months.

From these extreme cases, it would appear that s0il and szil manipnlotion ie at
L

least as important in detz:mining nitrogen concentrations as is vegetation type.
If the role of the mires as nitrogen sinks is substantiated, thelr maintenance
becomes an important factor in water quality control when intensive grassland
improvement on the valley slopes is initiated.

The standard deviations of the annual means of nitrogen concentration give some

indication of the seasonal variations. 1In the plot of standard deviation against

mean N (Fig. 20), for all the sites in the spatial survey, there is an apparent .
positive correlation. This is less well defined for the independent sub-catchments. {

FIG.20 Annual total N variability at various sampliny_pgints in the Plynlimon catchments
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Fig. 13 indicates that in the Wye high variability occurs in the Gwy sub-catchment =
and in the upper part of the Cyff but not in the lower Cyff, Tago ox Gwrdy. In the
Serern significantly greater variability cccurs in the "uxiic .4x. The damping

cffect o©OF the mires in the lower Cyff and the enhancemeni :- overses in the Tanil=yth
have been disciszed above. It is possible that litterfall and decomposition in the
grassland areas could account for tha generally higher seasonal variatio: s in
grassland than in the forested areas. No obvious explanation can be advanced for
the low -<rariabilities in the Gwrdy and Iago sub-catchments other than %2 cumuent

n large proportion of the flow from each moves through old abandoned mine
wai ingsS, which may help to daup any seusonal variat.ion.

PhosphoXus concentrations were at or below the ‘letection levels employed in the
chemical analyser {0.07 mg/l) in this study s0 iittle can »e deduced about their
spatial +warilations. Potassium, however, was found to vary in an interesting
fashion - Between-site differences were small in the Severn with marginally
highexr <¢oncentrations in the eroded peat hag areas of the upper Hafren. It was
shown 4in section 4.1.2(b) (Table 7) that potassium concentration in forest
throu_*.all is generally greater than in tne raintall. ‘The ract uhav Lis
enhancemenc in potassium concentrations is not evident in the streamflow is a
comment on the efficieni absorption of this ion by the forest suils. Spatial
variationr in potassium concentration in the Wye was found to be much greater than
in the Sewern, with a distinct split retween sites in the 0.10 - 0.13 mg/l1 range
and those in the 0.19 - 0.21 mg/l range. Comparison of Figs 13 and 2 indicate that
the formex occur at pcints drain.sg rsalatively unimproved will land (E2 - H4 on the
MAFF (ADAS) hilis and Upland Classification) whilst the latter occur at points
whe:::e a haigh proportion of the drainage is Irom reseeded areas which receive
periodic applications of basic slag (U3S on the MAFF scale). A similar pattern is
evidennt i.n the spatial variation of the pH values in the Wye, with the higher
values ¢oinciding with drainage from 'improved' areas.

Whilst these high pH values in the 'improved' areas of the Wye are highexr than those

in bthe Swwvern, it iz intercsting to note taat the fevern ph va ines are not
This may well

significantly lower than those in the 'unim: oved' areas of the Wye.
arise f£rom the fact that most of the streams are incised into the relatively
base—-rich underlying drift and boulder clay. 1In a detailed study of grassland
improvement effects at a site in the Wye catchment (IH, 1980) it was found that
cutting through the peat into the underlying bounder clay resulted in an increase

iy the PH of the drainage water.

4.2-3 The implication for water quality of land use change to forestry

I:.“rom the arguments explored it is clear that no significant long-term differences
in terms of average nutrient concentrations in the discharges of the Wye and
Severn catchments can be attributed solely to the coniferous forest and forest
management in the Severn. Though differences exist, they can generally be
explainedq by other internal peculiarities of the two catchments particularly during
extreme _events.. One exception to this is lying snow which, because of its tendency
'l':o remain on grassland areas for longer than on the forest areas, is able to
increase 1its nutrient content by freeze-thaw action and its effects on kiologica
membranes. By thelr very nature, however, extreme events such as these are ]
infrequent and in terms of the effect on total nutrient loadings, of little
consesyuence. The same can be said of drought effects and although large soil
moisture deficits under forest areas do have an effect in reducing summer B
concentxrations, of nitrogen at least, in the stream water, the quantification i
this with the data at our disposal is difficult because of the compensatory effi -t
of bydrological storage in the Severn catchment. L
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' mhe main resuite obtained dvring the course of-

n or.dar {0 0wl B citerts of forest on nutrient ruac.££, much more
inrerma e ad v rmevient zycling within the veqy v.ation/soil systems of the

v L aaents concurrevily with continued sampling at the catchment

Wye o™ _
outfnll-. .t .. dimeussiyn of vihe processe o work, tie lnputs and outpnuts of
petrien . 06 w0 Ly in walaace in poth the t. ced and grassland -atcrments at S

present, .1. 1 - . jossible cicention of the Tanliwyth sub-catchment of the Severn F .
where . t.v. -, osion is resulting in some net output. This balance is a delicate ' R
one howe 'er. ° decrease in fthe bufferingy vffects ~f the shallow aguifers or mires - ./ NS
througa ciannel modificatioa. or large scale soil disturbances with its ercosion and I
oxidation effects could lead ..o corsiderable increases in stream concentrai:ions

uniess balancing factors are also introduce!!.

centration may seem insigunificant relative to

whilst such potential increases in con
tems, the reduc:ion in the downstream e

those encountered in lowland river sys
Gilution =ffectiveness is the major factor to be berne in mind. This is
particularly important in considering the :ffects of afforestation where there is -
+he additional effect of ihw: reduction in streamflow volume by up to 20%.

5 CONCLUSIONS i
. R ]

P
tnis study and the suigested

explanations for the trends found are as follews:i -

(1) There :.s & seasvnal variation in nitrate-i concentration in ' N
both streams - low in summer and high in winter. This was ' ,
thcught to be due to the growth cycle and dieback of plants.

In the growing season any nutrierz~rich rainfall is rapidly

used by soil micro-organirms and planze mefore it can contribute
to the strrsmfiov, whilst in the winter, tae nitrogen
concentration in the rainfall is enhanced by the nitrogen

formed by the mineralizaticn of decayed plant residues.

Winter peak nitrate-N concentrations in the streams ¢ :>incide
with the maximum amount of avallable organic nitrogen in the
soil. The differences in the peak winter concentratior: from
year to year are thought to be due to the percentags of

precipitation input Jccurring ag sncw.

(ii} Higher nitr.ate-N concentrations wers ¥Found in the stream draining
the forested catchment especially during 1976 and 1977. Two
further studies were initiated to try te ayplain tuis difference.
Throughfall samples were collected below “he forest canopy and
an areal sampling survey made of bath catvihiren.g. The results
of these studies suggest that the differ=nods were due not to v
canory enrichment of the rainfail but more to .a land managenent - .
and hydrogeological effect. The vai.ley bctrom mires in the Wye
catchment.,, besause of their high water table= and the time taken
for water to permeate through them, act as nitrogen sinks by
losing the gaseous form3s of nitrogen LY denitrification. This =
is especially so in periods of high temperature as experienced 2
in 1976. The mires that existed in the Severn catchment, however,
have baun drained to aid sapling develqyﬁent and these drains



50

provide a rapid route to the .tream for any nutrisnt-rich
rainfall. Also, the more e:tansive shallow aguifars and drift
deposits in the Severn catchmen® hold up its vat2r yield mote
effectively than the Wye catchuwent. The prov:sion of thesa
extra stores helps to damp year-to-ysar va.lations in the
pattern of both water and nitroge: runof{ ans results in the
Severn catchment being less-susceptible, in guantity and
quali:y terms, to desiccation by drougut. The fact thuz the
depression of the nitrate-N cencenirztions in the discharxge
of the Wye catchment was extended well invc 1577 was Gue - to
the knock~-on effect of the low, strazin-indiiced, grassland
productivity during 1976 and the subwequent low quarntities of
organic nitrogen made available for mineralizatior durxng the
winter 1976/77. That this did not hampen in the Severn
catchment is a reflection of the greater foragiang capacity of
the roots of the spruce trees. ‘ '

(1i1) In texrms of nutrient losses, the larger fiows from the
grassland catchment compensate for the lowe:: nitregen
concentrations. A comparison of nutrient ing.ats and
outputs in rainfall and runoff fiom both catchmets scwerd
a net input of nutr:-nts in the months April teo veteber and

a net output in November to March. An annuaal nu-rient

balance showed a net input of 10 kg/ha of nitrogen and

narity for potassium and phosphorus.

DISCUSSTON

(%,

B "+ obtained during the course of this and cther studies carried out in
the a . . areas of Britain give an insight into the processes occurring in these
areas. i, .+ importantly, however, they highlight the deficiencies in our data
technigues and the gaps that still exist in our knowledge of these

ccllection t
processes. It may be instruc :ive, therefo: ., to review the progress rmade in our

under standing cf nutrient cycling in upland Britain and to suggest wa s of
improving existing technigves.

The . - °

6.1 Review of present study

This study began purely as a monitoring exercise tu determine the nutrient
concentrations in the grassland, Wye, and the forested, Severn, catchments. The
data obtained cculd then be used, in conjunction with the hydrological data
collected from the two catchments, to calculate the quantities of nutrients
discharged from the two land uses. 1In addition, the data would prove invaluable
as background levels to future studies into the effects of land use changes -
grassland' improvement and the forestry practices of planting, fertilizer
applications and clear felling - on water qualiity. For these two purposes the data
collected proved to be perfectly adequate but, as the study progressed, additional
samples were collected and analysed to try to explaip the variations and
differ~nces in the gtream nutrient levels and to calculate nutrient balances for
thoe two catchments. It was at this stage that the limitations of +he data
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6.1.1 jgeta collection techniques

Basjcally, twe types of water samples wore collected - streamflow samples to
compasa autrient concentrations in the discharge of the two catchments and zt
warious points in the tvo catchmeacs, and rainfall samples to calculale inputs to
tha ca~chments for nutrient balsnce purruses. In general, “he results obtained
from the analycis uf the streamflow samples proved to Le more s=tisfactory than
thege from rhe rairnfall samples. Opinions vary as tc whether the results
sbtaived from the analvs’'s of rainfall samples filtered in the funnel as they are

collected give a mexe accurate estimate of nutrient input than do unfilter<d

. samples. For filterei samgles, uny dry deposition caught in the filter willi be

leached by succevsive rainfall input. Normally thece filters are renewed wlien

the sample iz coflected and it may well be that, in consegquencsz, *this debris will
not be fully iecached. 7n unfiltered ssmples, however, this debris, provided that
it is not too big. racses through tht funnel into the semple container whare it 1is

. leach2d corntinususiy by the sanple. This would seem to be 2 better app—-oximation

Shoehat s dnent b0 bhe catchrane Ae a whaole as anv dry feperitior or: the ground

‘g1 mime will be broken down sventually into spluble nutrients, the only difference

paing the greater time tokeu for the debris on the grouand surface to he leacherl.
Bowever, it is inevitablz that lebris, both plant and animal, wili accumulate. in
greater guantities in rain collactsr funndle than orn the groimAd surface wnd his
will cause overestimaticin in nutrient i-o.t and areal variotionz, The resalces of
the comparisons between the rain collectnzs in the Wye and Severn show that, in
general, the inputs agree quite closely lut that for certein periods, especially:
during the summer months, large differences Ao axist. These must he caused by
different quantities of dry deposition keing trapped in the {wo collecrorss. 1t
would seem,therefore, that filtered rairfall 'J.:,ample.':' underestimate rutrient .nputs
whilst unfiltered samples overestimate, particularly during the summer months.

It would be instructive to compare the results obtained from filtered, permanent
and renewed, and unfiltered samples at the same location, wnalysed at thé same
lahnratory using the same technigu.s. This would at least nuantify any '

discrepancies in the two techniques.

Another problem associated with collecting rainfall =zm. 15 for analysic is the |
time lapse between the occurrence of rainfall and the anuiysis of the sample,
During this time many transformations, particularly between the various nitrogen
species, may occur and the results of the analyses may not bear any resemblance i -
those that would have been obtained when the rain fell. It is unlikely, thovgh
that any great change will have -~ murred in the result obtained for total nitrogen.
There are two possible solutiocr . this problem; analysing rainfall as soon as it
falls, an impossibility in rer. - - »land stati.ne, or adding a preservative. The

problem with the second alternative is that of maintaining the correct sample/
preservative ratio.

' It is probable that the transfoimations occurring during the
big changes in sample/preserva:.se ratio as a result cf adding a ¢/'rtain gquantity
of preservative at the beginning of the sampling seriod may well be greater than
those occurring in the absence of any preservative. The only solution is to devise
some mneans of adding the preservative at a comparable rate to the rainfall. An
approximation to this can be obtained by using an event recorder type of raingauge
such as the tipping bucket or the Dines syphoning recorder and adding the

appropriate quantity of preservative fcr every tip or syphon.

The sampling techniques used for monitoring the discharges of the two catchment.s,
. ie. ¢k.ily values obtained from the analysis of a bulked sample comprising three
cigit-hourly spot samples, was satisfactory for comparing the nutrient
' concentrations in the two streams and for looking a*t seasonal variations. They

were less than satisfactory for comparing nuftrient concentrations with other
TeorArend sl mal wardaklos 2nd for the caleculstion of nutrient balances. For the



Sormer) 8wt Streamflow samples ~ould be required together with insteaatanesus
meagyelentss of the other variable(s). This is especially so in areas suzh as
Plyalitn vhere conditions change rapidly. The results of the "storm" campling,
althoush e more suitable for comparison with other variahless, were nct ideal.
Apeys fron €.3. problems indicated in 4.2.3(a), they were ot obtained Lrom ihe
_anajysis of spot camples. For nurriert bzlance purposes, z nore accvgate.
estimte of mputrient losses in streamflows would have been rbrained by the
collectitn of conposite samples, preferznly on a flow preportiwnal kasis. 1In
comnon ¥ith the rainfall samplas, chose from the Strzams were unfiltered and
unpresérved z1ltheugh, in this case, studies into the effects ¢f different time
lags betweenn  Sample collection and analysis showed 1little or ro changes in |
mitrient tyoentrations.,

Iy spite of the reservations felt apout e data collected during the course of the
study, a det2dled analysis wos carsied cuw ko try to axplain the variation and
differeites Jn the daca from the two streams and tc gpeculate on the factors

affecting o= rient ralozes inte uptand streams. A numker of suggestions were pade

thougi net tested and it wouid be jnterestang +o carxry ocut further work .o
detormire whether in fact thege suggesticni wers valid.

6.1,7 Supp.i emeniary date roqrizued

The peasial Var;ation _n ritrate-x eoncentratzons found in the dischurzes of both
fos yye d  +he severn catclments was @xplained in torms of the giowth ~nl decay
.‘..""91’510 ¢fpl=mtr. During the ec2ing seacon (April to Septemkei:; the availanle
. obpieits Aza the upper layers of the soi) are utilizzd by nicru-organims and piant
© 0 Yrovik kefor e titey <an be leached peyund the vooting zone and contribute to Fita
o ,f;',n!ui.;_r".‘.‘;f;iﬂ*é QO‘aGF.-n*'.rat*.Ons .13 the st-wams. Duiing the dieback peried {(Octouns to

'.b‘.;-rc,t..;pla'ht -otgrial is returned to tiie pn2l .cter asg littercfall).. fThis ¢

, c,pf‘ac‘;':g:,?,i;y' barokea don by wicro-~cganisms iresulting in 3 build~ap of =soluble
+she woil, the marimim amount encirrir? dul.ag January or Fehruary
ith Jaximum nitrate-N concentrac! o= 1 the strcams. In oraar
varifsthls  zad te relate input in rainfall v aatputs in the streanflows it
wmuld .mg r=>esgary to collect folior sampier sing the growing seasons and samples
-::_-'11§t,é:rf»"_ 3 dAuping. the dieback rverxiod tr o srtain tie quant?ties involv:id ir the

. eesSary to ¢illewt soil and soll

i trcged i
crireestondd Tu

.., aternal 4. _rieyt cycle. Also, it uoulc
watar/sples together with g,i]l moist .- - ings to Asceriain the mpcentyations
énd quantit ies of s0i1 molstuze availsp  © o o hipyg Late tne streams. Using
- 5 uate inersiizuiion rutes and

this wfoma ticn it wvould alsy ke "o
to relaie them to aveilable organic n.s
Coearly this would M@ a considerable t>o

il temperatnrz, anil woisture a 1l pH.
Cle welvire “he collasijen and anaiysis
of ma aples of soil, soll soluticm. .. g ;i3 adtcerfall to obtain a
reascjidbly -eprysevtat ion of the regquired daca: Iiaw: Ve peen shown in the past.
e v_airy‘cqr'_z:idefahly oves relatiuly small aruas. 0 0 .

t .

t

anothel Sies thle contributory iy to peri nicate-y Srngenhrations ia the
‘s'Lxe'a‘J;h'L'u'\\ir: Susing the winter %5 the Sccouir an~-4 of precinicaticn in the form of
snow: ' it Cysoh ke duse 2 coineddars . that vhe maxinmua Yalues coonr duriss thoge
peiriods i =0 contained the quide. o, amber Gf days " 1w gnov lay of the Jiound.
Whetler ‘#iow has; ivheieatly highew cuncantiations <f nitrogen than rair o< whether
it peconds contari.vied whi’ st iy «ng on. the gyxard ie waclear but wenld be a
relat }/'f)lY simple nitter Yo deteraine. ' o o :
it R :
The ghuse O the, vq}'ia.t;[.ong 11 shyeam nutr iyl c—..:;z,.cc:ntra_t';_:gon;_:,‘;ver a s'ttorn‘. pericd’
. could 2tadiel by the continuous vonitorirg of ‘rainfal); zarface, sub-surface:
and\lgtre;;mfla"_.'.-‘ ertracting s_c.i.l ana 8711 wsicr camples uid messuring water levels
M e T B T T Y et ek lire readdnas hefors, Jaring and after the storm
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T i= nhuisud from the preceeding section that much work remains

realisod.

impiicit in the lacter st topeni. is

Toberts and Japes (1572, Cryer (1876) and .... poe
studics syciuding nitrogen a' % phosphorus.

- rainfall.

. Vegetaticn sampliug. ferv

_terms but buciuse of o sogyaphicil: and hotanical disparities. the r

appropriate to carry out thig studly at a nurber oi small plots representing
different areas of the catchments. ‘

" Two possible reasons were put forwsrd for the depression of the nitrate-N

concentrations in the discharge of the Wye catcrwant during the ¢armer 1575. The
mesctrophic mires, present. in the Wye catchment buf Gasntrxoyed by pre-planting

drvainage in thre S»vern, contribute much to the Wye sureamflow during dry periads.
However, water movement thrsugh these pires is so slow that during hot periods

they act as nitroyen sinks ky providing ideal conditions for the gaseocus loss of

nitrogen by dunitrification. Thus the water emerging from these mires is ajtrogen
depleted causing low nitrate-N concentrations in the Wye catchment during drowjht ]
pexiods. Ir contrast, the dzoinage lines present in the Severn catchment orovide '
5 repid rcute to the main stroum for water from the head of the catchment worhiout
appreciaklez loss of nitrogen by denitiificatiocn. Alternatively, the shallow

aquifers and drift deposits in the Severn catchment hold up the water yield more
effectively than in the %Wye catchment. These extra stores help to damp

year-to-year variationg in the pattern of both water and nitrogen runoff and

results in %he Severn oatchment being less susceptible. in quantity and guality ,
terms, to desiccaticn LY drougnt. ~ould be dnvectimatsd by an i

These atbesanalivos fzuld
extensicn of tha: areal sampling prograrue and using the results of the chemical
analyses, rogether with flow records, to

formulate simultaneous equations relacing
concentrations and loadings to differing Jeyetation and soll types within the
Su- cectugants; from th- .. relationships, characterastic concent-raticns and
loadingos from the various lend types can be calculace?d and uceua, with suitable
areal wzighting:, to predict nutrient levels anG lecadings in simila< wngauged -
also, any gaseous loss fcom the mesotrophic nires and ccher areas

caccnments.
watar samples and bv colleoixig and

could be monitored by collectiag soil ond scil
analysing air samples ‘Dowdell and Webster, 1976).

&

‘6.2 __ mucrient cycling in upland Ba.tain

to be doae bafore
an underctanding of tawe factors invelved in nutricnt reolease in Lon nrlandgs is

Ironically, many stundies have been carried cut but sarzly in the rzme

snvironment and at the sare tima. However, .+ may be ingtructive to decnribe g

‘priefly some ol those studies relevant to the uprands of Britain.

6.2.1 Reviw :f past & 1 prosent rivdies

Over the last cantusy Tany aspects of wyjang erosysiem autrieat ~cling have bee:
rosesxrched bat it is 2arc for 2 muitidis:ipllnary aporcach ta' che modelling of the |
systews to have been adogpted ox even fo: thr mzny infeperdent wtudies *o have ‘-
cccurced simialtinecuslv on the nume catcpment - Thne lack of crazs-zeferencing

4 tyue for the Plyriison experiment where, at L
b "eipitation have keen studied by -
sent authess, the filrst two

The AERE iacwell have also been

Plynlimen of most of th~ nviiients in

'

come time of ancther, nutriint inpuis in

regnonniyle foe LolLlatous: ohatorimy, ai

production atudizs have bees undertaken bl b oo T2 ylor _
{1978) but; unfortunately, not for th.e same peri»a as tha present study ani col in
teyms o nuirient utilization. stundies of nutrien. cycling Lu grasslar.&-ar:;;&s -
{Zloate, 1970) ald forests (Mille: et.al, i576) have proved useful in guzlitailve
eoulhs wannol

pe evtrapoistid guantitativaly io Faynlizen. o R S
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 Aspects of

‘balance at tempts.

"-Envj,ronmént Rasearsh Council und otner assoclutad establishments.

" In wifitior.,

to the 143 use cnalg=a.

so01l biochemistry, sricizl te the urderctanding of the protesse, ot
nutrient novement, have not been exteasively researched in the up! e1ds of Brizain
an, ideas €or the effrcts of minevalization anu deniteilicaidza rely upon

laboratory dincubaticn experiments from the UZA (Stanford and Smith, 1976; ¥anwir et

al, 1942},  Field measurements of these and alic of nitrogen fixatica «re
potorjoisly: iSficult but must be attempted tc understand tsie processes involved.

Much ¢f the quantitative infermation regarding these processes comes l.of nutriant
Crisp (1966) is probably the hest example ior apiani B:tawn
with Czyer €1%80) carxrving out 2 simllar study on the Maesnant catchment o t.e
norihwust ©£ Plynlimon, but de:: ing with nutricnts other than nicregen and

phosphotys .

1t {s i1 the area of ;.. ‘rie t movement and its relationship wiui hydroluy that the
woLLk re};orted has made ;.2jor oteps forwawi. Although Roharcz and Jamer (1%72]
artpléd tivrex watex for comparison with rainfall at Piynliwo.i, the detall of
¢oucertrationt and flow varialicr 3. lnadequate for discussion of causal
relatitnships. Obnrne e al. (1930) using data from the Harmoni.ed Monitoring
tehont hwtm athmpred 4e tanlate Tand vse affects in large catchment tiibutarles of
the River Wye but ¢id not sepecif izaily study the upland case. The nost
comprehons L ve stody is piobably that of Crisp (1966) whose inclusion oI many cf the
factors involved in upland nutrient bal.unces was ccamendable (organism drift ik
streams, preeat 2xowsion LY s=upling particulate organic matter in streams, net louss
by agricul Luxal prodactivity) as was his approach covering the whole spectrum of
natrients, The limitations of his study were mainly technologlical - the lack of
temporal L Xexibility in his r.ver sampiing metnods, the lack of spatial validity 4ia
his rainfa Y 1 ostimates and the absence of any attempts at cuantifyling soil '
prucasset ox sxplavatory jurpises s gome extent the same criticisms can |
lavelled ats this scvdy but et leas:. »me attempts have beer made to luprove the

rate of sampling from “r.r Tivod sys M and to achieve some repl.zation of rainfall

camples.

£.2.7 %t --re work

Srudies into the effacte of vpland land us? changes ox. water quallity, the natural
. esent s Wy, nre Air.ady uwnderway within the Watural

extension tc tais |
The table beluw

sumarizrs  the studies, their le'cation and establishments involved.
the Freshwaﬁér Rigpitogical Association are studyling the effects of
different Land t.es ¢n aquatic life. particularly fish populations, though not in

any of the 1loca! tong mentiosxd tbove.

The effect s of the land use chanyes are studied by a comparison setween a control
and an eperimental site witi a period of inter-comparison be. jeen che nites ‘iox
If feasible. *+he studies are carried out on a vatchment

and a smll. plot scale. Ln this way, an overall appreciation of the effects of the
land use charjes plus an ins.ght into thae reasons behind and ths processes involved

in t.!le off e g F,.‘a. Bien ooy i'i';.";(.\':ld
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imer Scale of
Location Land uze¢ Cchange study Svart Fnd Ectablishrent
Ply .limon Grasslunda lprovement Plot 97T 198 IH
Plyniimn or Grassland Imgrovement Catchment 19323 - IR
EFRQ 5 vhoncpe
rlanhbrynnalxy Afforestation Caxchment 1982 - iH
Pist 1982 - UCw
Glen Orchry Remedial Fertilizer Catcbhment 1381 - WR
Scotlana Appmiication tc Focerciry
Beddgelert C.ear Felliuc Plct 1981 - LTS
Wales
Fershope Clear Felling et 1981 - IE
Horthumberlaud
Plyniivon Clear F "ling Cat:chment 1983 . Iu
blot 1983 IWE

Key to Estarcishosnis

LIS

IH iInstituta ot fydrology

LUCW  Universily Willege of Waies, ALerystwyth
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