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. 'rhe drive to 1ncrease the yields of British agrtcultural produce
dnring and following the second world war has led to: chen’developm_, t
‘of large areas of rural I&ritain. The effects are most apparent in 'the
lowland regions vhere technical advances in machinery, plant 'breeding
-and, particulatly. a8 rmric 1nctease :ln the use of artificial sind
'fertilizets, has meant tHat crop ylelds have, been ‘1mpfoved

has’ result:ed in sevet’e ecol’ogical problema. e |

arrival. is now available; It is! iii t'hese areas-" l:hat:‘"any "fut:ure’
dr:lve- towards more intendive agricilture will be most éffective.
~utilization: of these upland areas of Britain has: ‘beenthe-subject of ‘a-
roveray,in. recentrma ‘am.rss,.\pve:;
goxim el 30%.0

1, north’éfn )

asr o marginel sheep: farain

in the past. 'suppox:ted a fairly "latgé rural pbp"hlaﬁdnl |

" Since the economic’ depresaion of" the 1930s, owever. many ”of"t‘nr

.smaller farms have ceased to exist or have be . Lo
larger,.more viable .units....Stocking. dansities, on.

-hectare.and li_tc;qmgul‘t;vationwhasﬁb_egnm

‘areas has’ redulted in & massive increase in the areas:
hardy, species of conifers. This has been encouraged by

ynmﬁg[! AL Ril
arrie

"strategic purposes_ and; haa'f’be)en\_ ca

1n these' upldn
- afforested by harc
" successive go(r
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auch ‘pastures is. high on the poorer peat and, peaty. gley soils. common. -

PR SR ENS Ser S iAot 1o Bty el

5 ,7;- T3y LK 1L 5 RTINS Ao b M b

. '"',,:l.n,rug‘_:!_.gg”dmnritain.w,ﬁuthoug .aa*t” e dgngﬂlqgment ofﬁ,gggrgemsﬂggc;\Lﬂesmcgggqb1e
,of £ 'n rogen, is g, 1t 18 1ikely that, in the . ‘r%‘

:Lx n :
Y. f“ferti 1{zer“applicatfons~will*eont 1nue**to“‘“be“anm
dimpr rovement ' : :

N-"ﬁnl'ﬁtﬂ.

stheamount o
bers .




I S quantity 'IH, 1976) and quauty (Roberts et 31., 1983) -'qfi
1“‘ 30 years 3“4 th“ tne rate “‘ ‘v ..: | . fromcatclments under rough pasture and established forutry ‘
B L ' :study has a broad base and attempts to. equate the agricultural
~benefits *“with the practical envircnmantal problems

= Inve.slgations 1nto the s:lde effects of land use change have function. however, 18 to. aupplenent cho infomtion required bV ut
) concentratedaon the ‘implications for recreational facilities, social’ engineers,” agricultural advisors ‘and those who ult:l.mutely arbitrate
considerations and for agriculture in general. Although there 1s T the conf“_ctmg deumdo ,m upland reaourcea. B |

. recognition' of the need for research 1nto the ‘potential environmental
,,f'effectsiof“ sudden charges 1n land use for,.example, ‘reservolr,
buildins.ﬁestuary barrages, aalt marsh reclmc:ﬁ.on - changes of ‘a8’ more .
“gradual nature ‘are’ easily neglected because research planning . tlien has
- to rely on"long ‘term economic and strategic forecasts. ‘Upland pasture
_,1mprovement representn just such a_ .change. The problem is compounded.
.- when waf:e _eaourcea, often regarded onlytas a aecondary land use, are'”

nnder coﬁsidei‘ation. e I T A e L e T o g R |
, ' S T R Tha"rate of inprcvenent of rough puture han 1ncreued 1nc.recent
d

Natural paatutes develop their own. controla or R years‘ 1n gpe uplqggs

nutr.ients"from r'l:he‘*soi.:!, but"‘ thoae practicer iinherencxin pasture‘

noorland has been' ploﬁghedf;in the
1ncreasing (Parry et al 1981). A I'f oy i, :

,;nnniwféﬂsr £,

R R 1'51?):\“

o GT&S81and, -:l.nprovemeni: has: proceeded. \_r_ir:ually unplunned;g
reeent yu:s ‘has.. baanﬂencouuged by cant:ral‘government ith an,
-elaborate’system of ‘gran ‘aldsvand’
’~‘arguments“for*“and"*“ gainse " rapld”lafid idé change
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Partly becauae of these environmentnl reatrictiona, upland
farmera 4n Britain have been: highly- aceptical about the benefits: of
graaaland improvement. ‘ Other reasvns for this have been the. high coet
. of, implementation, the” uncertainty and’ alow response of ‘the benefita
to be. gained and conflicting advice on how Amprovement- could best be":
implemented. Not only do opinione vary from area’ to area but, quite .
- often, identical treatments within: particular areas give very L
different results. Early improvemente were&-reatricted to land
drainage. applications of ‘14me and.slag,.and grazing controls to
encourage ‘the’ growth ‘of. particular indigenoue species. S

T

gt G - SN

'Reeearch into the effects of verioua levels of improvementa on
‘dry matter' yield, its digestibility and”nutritional value ADAS; 1978'

HFRO,WlS?l =73),have shown that- by careful:chcice of areas to be: improved

‘-'?rand by careful management ‘of “the 'improved areas,’ stocking denrities.’
- can. beuinereaaed.fourfold. : In particular, mch of the reLent reaearch

w_mhed,ﬂaupply some: -1if:; not :ally of,;!the nitrogemneede of: the

""'f:improved sward by, biological nitrogen fixation (Munro, . 1970).
d velopment haa greatl reducedythe:

A further -
among otherq

“ ow generall agreedvtha eplacing the exiating
. swith: ‘mixture of ~new" speciee."-';‘including_
‘mpst’eff\icient form: of improvement, f
‘area ad to {ts financial feasibility and. implementation.-
p_a_rticular, the uee of‘nitrogenoua fertilizer t
“ward[«following’ 1t ”‘*eatahliehme“nt_ 8¢ " ‘

roduct - normally

mmoderatewapplication “of- nitrogen, ‘phosphorug;
n,potaaaiumnplu 3 poaeibly,Msomentraceuelementaw to- etimulateuearly ara .
poncexthe crop:is established 18, .

A mprhadi s

7of«the t,effec tssof- -grassland..-
_ 'rﬁepeci fic*ﬂ to_ the”’ envi ronme nta :

agricultura systens

In cpite of. “the 'future developnent of ' alternative‘,‘,_':{_:
provinion e denlination ‘andlocal gt'oundwater schemes,
increasing reaistance to! the further drowning of . upland val y

Ty e g g

exiat. In contraat to:the, situation i'; lowland ragionn._ particula_rl

) areas’ of ‘eastern’ England whera there hne ‘been for meny years cause for

A e D e
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By.. improvingumethodlnofnprecipitation meanurumntn in&uup Land..

; ”f.zf?areae; the lelimon experiment has _shown that the water fedource of

8, nceptiom(gewa on, |
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1' AR B
aingl.e growing oycle but may be los: r]uring the wintet montho. - In T
practical terms this. tosether with lossés A tyne form'of: agricultural !
"Produce and gaseous: loss, requiree yearly mpu 8 ei;her by fixation_f’ or:: .
by fer:ilizer applications to matntatn ferrility. ;; SRR : ,'

e 'a;'hf"'r
i . ' (,)

One af thc purposes of t:hia sr.ucly ‘From the ogricultaval viewpoint | _
is to. ascertaln whether the. management pran:ices*associ&ted with the - *© g ){
GPpncation of fertilizers are. exacerb ting,the probiem ofufertilizer S oo . _*

| maut‘a”ge, thus causing an'economsc ‘icss ‘to' the’ farmer, Moot of the 4

« tesearch directed to the subject of ‘nutrient loss 1n Brirain has been
-angled:towards the: agricult.ural ‘community rather‘tNan water ‘quality.’
1nterests but the resultshare st111 of 1nterpat..._- Much of this work

L 1tes 1:_\'-”"10w1_and Britnin which, togecher with moa;g R
hydrologically ‘relevant’ tudies from the Uniced Sta:es give some idea oL
of the processos involved even ﬁ”ﬂaey are not entirely relevant o

‘.‘ 3

X a'omen"not'ural nd: some* as*‘ia’odirecf re‘ggult df\tba
1mprovement process.: ﬁ'rhere 1sa’ con*inuous natura

' may {nv 'l'vé.drai - _ y -1m1ng.

nd"a 'fertilizer appliea*ion. eac_h of,_; which can_ add a fresh
“'pool*of” mobile} u:rielnts to that occurring _naturally.“"z'l'he picture 1s
.. further complicated, by'.tho.»interacc:lon,of.j,thea,._varioua proc.eueu

AR

exampla.. being the differencv'»vtransnortw

; _evidence on_the benéfits to be gained.and:

In terms''of waf:er quantm thu nakes j;if"

_mid-Wales

S From ‘an ‘agricul tural Poinc.,,_of v:l.gw,_g ent pa
1mprovement: process can‘ ‘e’ aubject to some r'r_i cism
‘reluctance: to: .change traditiom1 farming;' techniques) e

ep

by the‘*‘adoption of certaﬂ.n practices;“

« with ufitque combinations of. climﬂte. 8¢

about :he; §

3

“range of” hills in

o The 'stiidy was“catried \oul: :
' lso%bée‘”’%‘c

ns M,Eumnte!‘l“‘to&’measurew '
)

L B 54 B 04 S ks

: ' {zat on“average about-
of: nicrogen for”graasland (Church 1983) L t:he rates fo

the: Pv)legpei ran;wExperimenta
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The grassland catchment, the Hye, 13 1055 ha m area and has an'
altitude range-of 320-=740 m with a mean annual rainfall of 2500 mm.
It consists. mainly of rough grazing though- some 25’.' of: the area’ ‘has’

clover! ma:lnly 1in. the 19201; and 19308, Fertilizer. in‘the form of. e
basic slag, 1s etill optoad at the rate of 200 kg/ha every -two or
‘"three years and lime-1s. applied at times (2, reseediag. ‘“The . extent of
. the 1mproved areas . is; shown 1in Fig.z. ‘l‘hough the maintenance;ﬂ',
pastures 18 of “low: mtensity.n he residual-effects of: improvemnt.; .
manifest in the results obtain‘ed from monditoring the flown*- at Atioqg'
points {n the Hye catcl*ment during 1979] 80 (Roberts et al., SdiTd
1983). . In~ particular,\ '

“had beon 1ined. at aome 23

wd___s':cribes. the three main domaina* o'f' the chamcter stic_catena ‘jhi.ch
Mewson ::_;~‘(.1:9,?,.6b)*z;mm r_izc;.ﬁ :;_93_.‘_: follows: - -

[ & 4

< ,)terrace wpeat ‘on sinpermeable.drift

(i’i) 51ope areaa (>].0’) * nere deep peat 18 unstable and has been
‘eroded.: These’ peatyuor peaty gleyedﬂpodzolic@aoila ‘have.. developed; on:
£ _ i

g

c.m"‘".l '.iq.“.. [ VN S, i i | : - (caron eeri‘-& - loz f hye at‘ Gmetgs )N’.w.“\ . ‘These soil

et it S - BVt e At &».N,\}w.x bt (LRI TR ne S e i B S PETTS [ :r\u«“(‘—'?'& l"(“*w’, B
. ,,,, uasurng | N _ ;_ﬁ_‘_aasociated lw th :l.nterf.u.we. high altitude areas,
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At T it \ic necesaary! - |
Tmprovément on: deeps “ 8 probatly. m ,
‘econonics andvagricultural str/ tegy: than to technolog al
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1nportant: resource’ that haa not been tappcd to any greac cxtcnt,, R
exce=pt "pcrhapa for. timber production. Even after tile drainage. paac
.can still remain very wet during the winter mon:ha and. is liable. t:o
‘/poacching by stock. Conversely, in the summer months, as witnessed-
,partRcularly in ‘the drought years 1976 and 1984, ‘the freely drainedr
‘slopres that are commonly improved dry out ‘quickly, the vegetation
‘becomes parched and the land is of 1little use for grazing. With. . -/
rece.mt evidence of increased evapotranspiration losses from improved S
past:mre (Robctta, 1983), it is’ likely chat soil moiature ahortage,
wild increase in upland Britain as more dry banka are 1mproved.-‘-““.
inpraovemen: of . peat areas,. ‘particularly: valley bottom bogs, can ‘be "

 Seemx a8 an alternative source of stress-free summer grazing, and, '1‘11

. be particnlarly uaeful 1n flexible farm managemente schemes ' durin o

-~ drowgght petioda. - The- relevance of thia study’into the effectc o/ pcat _
' improvement .can.pow be’ recosnizcd 1n :em of t:he likely direction of
future grasalancl 1mprovement. _

g <The.- origln‘a; nlana for cha nucriem: atudy ravolved“*around.: _
_1mp:r:ovement of the smallesl: gauged aub*-car.chment of the upper. wyc, the
: AN conjunction.with:lysimeter.
ot ‘

8
ke = " n'g 1nstrutnented sub-catchments of the upper
Wye, either the ' Gwy (388.3 ha) or the Cyff (307.3 ha) was ‘to be used as a =
‘80_that variations in the natural levels of nutrient !co'ncantral:iona Ko
, ‘nguiahed from. theneffecl:saof the improvement.

. »“-a-lm et u\:—uu :| S “‘U‘

‘ his: was: che caae at Ply'nlimon,’f'_‘wherc t:he
-.ilarge. ‘acale catchment study was . conp‘l.ementcd by lyaimcter:_;and' Al
“plot ‘hydrometeorological atudies. The experiment was approached in
‘this ~ay because of the need to convince the wvater autho itie of, he
‘water i resource implications: of ‘extensive afforesta to’ ' 1
-8caler of,»operational ‘purposes-i.esthe” catchment e “:argur-pn"

180 ‘bc applied to’ water;quancy ‘studies;’ ‘especially where ‘wat
h

'p eae a 1ves, 06 plana werc madc tn 1mp1c|nent?"an e

mprowemat. scheme. and. to. monil:omanyra quality. changec 1nr~thew
Vtreamflow. .. At. the same time, plo WP
1 ally.si

. "“"lyaimct
utan"area of ‘grassland” improvement.
orig:l.nal,,exp erime.ntal ‘.concept
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A number of limiting factors, had to be takén into consideration
when planning the modified study.. e
(1) That the type of lyaimeter used vas suitable for the

' .;study. \ : o

i

¢ (44) That the area to be improvcd was "’ typicar-

( ‘were suitable for improvement. ..~ A

'(111)  That the results would have applicability to nutrient
runoff from some, if not all, typically,operntiona

catchment’ arean.@_
(iv) . That.the application of -the. techniques availcble waa
poaaible on.the site_choseﬁ.) - .

R Ly, imetcrs haueﬁucan used. extansively n hydrologica
"fﬁggf agricultural studies for. .many -years d -
= “the world, “the ‘scales of lyaimet r
‘8ize to hundreds of square metres in area and up’ to 5 met.es deep
(Kohnke et al., 1940)., However, 8¢ rincipal '
mustibegmat.ijhasg;hava”been;described;by Slatye

and aummarized_by Calderw(1976)”as'- gy

(a) Dimensiona should be'large enough to'enaurena fullyh-ﬁ
«;repreaentative‘sample . ;

(b) The:container walisﬁshould be so deaigned'that:the gap between
the internal and external crop ia as smallwaa_posaible -
~(c)wfwhter-tablehditferencenWBetwaenvthe lyaimeterf
crop 'should be; '

it N
R e S b e S FIN

rizcd above

Gierlf R BB £ w i i "° el T g

y meant that ! ‘ S
\have ‘not”been fully:m _The‘graatest difficulty 1ies-in ensuring
.that a watertight seal exista at’thqmbase”ofwthemlysimeter
i
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b

. mind, it 18 obwvious that the most important factors in choosing the
type of 1yei:neter were that the initial construction shnuld involve
1ittle ground diuturbance and that conditione within the completed
lylimeters were as natural as possible.’ This was to ensure that the
i effecta of the initial construction did not mask those of the

@ . grassland improvement and that conditions within the’ control lysimeter
| were auch that: a 'natural' baseline could be obtained.

.[,u [}

‘I‘heee cr:Lr.eria ohviouely ruled out the 'dieturbed eoil' type of
filled with ‘so1l. (see, for eeample, Collison et al., 1933)." The
‘effect’ of the soil disturbance on the hydrological and-biological
proceaaee occurring wit‘nin the 801l (Ceaeel et el. » 197&) would

associated w:!.t:h grassland improvement.__ Similarly . the monolith~type
(Belford, 1979), with its smail surface area, ‘was rejected because
“edge effects ‘due to the insertion of the retaining walls would be |

“itynaceeptables’: " This i8' particularly: so in the Plynlimon: district where

4

‘-;.irrevereiblel._.'cretutng and,. ultimately, ‘pipe. formation, (Newson' and
"Harrison, 1978a)“an’ draining'““" ‘This will affect the" hydrologi cal
cheracterietics ‘of"the soil profile ‘and, more importantly in this:
~case, cause an appreciable amount of nitrogen mineralization _(Tcrry,
9_&0)snwith' subsequent ‘leaching of ‘nitrate=N.' ~Also, the "ignall.-:gurfece &
areas would be ‘unlikely to give a true representation in’terms of
.variation in so4il type, seed and fertilizer dispersal, and growth of

" new pasture. The large, fully" enclosed type of lyeimeter, described

=« by:Kitehing: and:: Shearer,-1982: was' ;rejected on the" grounde of- cost and
~time;bearing “1in-mind that two would-be-required. " Also, the - -
__~conditionemreviiling in-the Plynlimon—-area~"restricted accees‘”**
waterlogged soils ind steep; alopes -iare not conducive to the use’ of
the» hcavy mach‘tnery required agpe -

"_'t“herefore decided that rhe moat‘ suitable type was the
'natural'«z: lyeimeter, ‘whereby the base seal is achieved by utilizing a
naturally-occnrring impermeable layer, even though a complete seal
could not be guaranteed. : Thie decieion was, influenced by,. the.. . . .
fance of 'rs in the Plynlimon'district (Netr n )lg?ﬁb)' end

s At

“a; technique (Celder Al

regarded ‘as’ a: naturally-occurring”unit within

“Conducting ‘the study in such an area would

square 1ysimeter ‘can be:

~guch-a"drainage - scheme;

icfomeiindication..of..the.effects.of .pasture.improvement.on.a..!field’. .
ecale could be obtained'.r-;-'The ‘only:. dr_awbe_ck_ .was:the: fect thetl the:

_ nuttient. releasem,would.‘be» ; :
allowing sufffcient time between lysimeter ‘construction and
wwimprovenent,wi:twwesw thoughtu that-any-such-effects- would- heve reduced
A ei'iiiilar sit“ixat:i‘“” would have htppened in any

lysimeter whereby[ a tank,:having a drainage outlet at its base, is .

L)

e " - the results are applicable ‘o thé’ rest of the catcl'nent -ared.

“/the 'main‘soil  types:are peaty podzols /(Newson. 1976b) which undergo - -

Anotﬁer contributory i’attor in its’ favour is{'-he practice in mid-Walee

~--have* the additd:onal“advant age” that ;™ by monit oring the~drain-outfl ows, ‘ e

N . / difficulty of access. encd znot becauee of any inherent deficienciee in o
the soils or topography. Some areas, however, were too wet,; too: steep

or covered by mine spoil. The: improveeble areas included all three

types previouely describa‘J’d in the ca..ena clceeificetion. ST

. Of these three lend types. the,eteeper dry benks with peety S e ;
podzol soils and short vegetation are the most difficult to study. It
- 18 not sufficlent to isolate a portion of slope and ‘then. assume- that
-This .
= i ‘disrupts the most important characteristic of slope’ beheviour iue. th_
S o accumulation of water and nutrients when runoff moves downelope on’ th
g - surface or as pipeflotc and interflow in the various soil horizons.
" Attempts have been made to intercept and measure both, the quantityg
il . - .:quality of this. elope water, with success in some cases (ITE, 1984)
| . ... but rfather-less 1a- others (Knapp, 1974) deepite results from- eeverel
L 77" observation pits. Patterns of flow on- slopes are uncertain end not-
-l - easy to define fromisurface evidence. 'A large number of pits’is "
- . 'required to-obtain: the:spatial validity required: for: ‘extrapolation
T | Replicetion on.this-scale:necessitates the need for prohibitive
 amounts of inetrumehtetion and' sample analyses. . .1t 1s easier to,
. ..approach-the-complexities of -~ slope-runoff- using-a“ ‘catchment” con!poeed
-«predominantly of:slope:soils:although; :insuch: cases, explanations’ for
the patterns of nutrient. concentration at the catchment outfall-are:

e

e
N

SPRASE B

The two remeining areas, the peety interfluves and valley. bottom. .
~ bogs, are similar in~ many reepects. Their taxonomical differencee“
- arise as a; result of the.different: eltitudinal,nelfmatic and-iy
r_m._.-u.uvegetational factors. reeponeible -for-the formation-of the" Caronﬁ nd
B ) L5 peete.~“They dor“ hevewu“dist*nctwh drolo ice i
- ""jreeemblence.”; s -

Y Sy

i . R

iR e
[N

'I'he interfluve remnent blenket
i o “nutrient inputs mainly in'the form of rain whereas the: otto

't - bogs or "mesotrophic” mires have, as the nomenclature ‘implies,a
higher nutrie due inputs from downelope runoff.

"““the cetene.

Wi .”: SR

E “at”le tile'drainage 'to atd sward’
. their drained ‘state both 'typee of "soil
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...8tream.water.was. a1eowthemcetctment .that:had- thewlergee
eegrasslandrdraining=througha mesotrophic” mirei”‘“’m‘e""‘r‘é“é“y
:'_Q__";‘”mobile nitrogen-in-the-anaerobic: bog: ‘conditions; and the:

l_ ca Ay% S epr‘eeentativee,

TR




-generally described :hough misnamed: as - -boulder clay, although they .
“oncur extensively in both the Wye and Severn. catchments: at: ‘Plynlimon,
have«-eai'ely remained in situ since their. formai.ion

-";:.Periglacial" ctivit:y, slumping,* |

The obvioua candidate wagia- 1"5 ha ‘area’ of:e" mir
_and Molinta eaerulae cover at an:

e o g
‘seecions with a main drain dug 1nto t‘ne boulder clay in”
‘: _r‘direct_ionh in' :zeach_“section.m.

suff-j.c:l.ent slope_ the- 1ysimet:ers~‘: we"re placed1~w1ch~tuhe er;
i k.88, AL the.break.of. 8lope as-possible,...In. thewcase-woﬁ%chewlyaimeter i
Lixe cont:rol, or: unlmproved .Plot, thio eventually necessitated:

ot Iy gt Myt RS DT

removal Lof. the

.JBach 1yeimete ~was. conetrucced Fig

s aga, . R T P TPy hauuri ferte s £

“"1mperme'ab1e layer around the
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peat and" the‘cutves replaced. o 'moae ‘on the inaide of the plutic iheeting

were angled in such'a’ way that any. surface runoff would be ] _
‘collector at'the lowest correr of the .yaimeter (Fig.B). .\;Sub-surface runoff--

'would be" co) 1ected via’ the“gile dra..na on the 1nude of. the,lysimeter, at
‘an“exit ie the slastic sheeting on’ t!\e oeatlclay interface, :
comer of :the. lysimel:er (Fig.s).v‘-”‘“"; SRR T

S SRR R SR e e The surf;ce ;area of eaoh lysineteruwas“nusured accurat:ely 'during
_— ) gy e ln:erfare ‘ e R, SR S September 1978 and found ‘to be, 119.2 sq.n and, 107.9:8q.n,; " :
> - —e-m— - - - O it e respectively, for the lyunet t uithin and wﬂ:hou: the inprmmnt-

i

Bouldarclny B~ R SO TR AT comd e T b L e U T e
B OO e Soode ] “rl;e surface and sub-surface ﬂ.ovs from the two lyo:lmet:ers wet:g'-:" O L S e

' led,. wvia individual 4" plaath.. pipes,. into. an. 1nstrmntatton hu: R a5,

whace t:hey were monitored_up_arately..,m' o .. i v '

S

‘Cross-section of" lylinetor showing: dotaun
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,;:;A minimum" reqnirament for the assessment of l:he effect:s of. cha
‘gmaland 1mprovenan: on the runoff from the lysimeter was the
‘tlle~ction of flow samples for chemical analysis and the continuous
. musexEepent of runoff, ‘lhi.a ‘would ensure thit changes in chemical
 cncemtrations, the quantity of flow and hence the magnitude of the
fd .:"-,diualvad nutrient loads could be obtained. Also, similar dat: were
: ‘“requf.z‘ed from the/ control’ 1ysimeter 80 that seasonal variations in the
hydrological and: chemical response could be eliminated. In addi :ion, SN
1t v felt that additional measurements were desirable, so that =
“fittmer {nformation on the processes .occirting could be obtained. The.
independent monitoring of the surface and sub-surface flows from the
& lyui:leters was an integral part of the study., Additional measurements
| \.“-L‘;included monil:or:lng the quantity, and ‘quality of incoming rainfall,
: jcalculating chinges in the quantity and quality of soil moisture and L e e e
"monit:oring ths flows in l:he main drains so that the effects in terms = = e Tioping ‘ ket
4" *£4eld'"situation could be assessed and the representativeness of e Tieing | bucket S
"‘the-lysimeteri’checked""" e R AR, - | S L o - ,‘".“?.'!9’90:“*'.,’99“'4'5.\

. , ‘much” thought ‘was' givan to dec ding uha: vas
the moat auitab].e 1nstrunentation. to.use 8o as to achleve. this-aim.
0f pasct{cular importance vas the way in which flow samples were

ollec:t:ed. ‘Spot g ‘ TICE '

% Ay w wan

. quicker and’ the nutrient’ concenl:rationa"-higher and varying
oré‘f“rapidly ag“a“result of ‘the“lyst

TR R W et

| This ‘type of aample “although mot = . - TR e 9 Flow mesauring. L
- giving‘ any indfcations’ of peak concentrations or 1nstantaneoua ' 'FIGURE F- ” nessuring devices ‘and pf'°p° r:tionsl water sample
itions: batween ;eoncentrations. and other variables such:as flow, . .o ¢ . 0[5 ; :

. 8ub=g! rface,flowa,.from.:he“tuo lysinaters, _ ‘
rainfall data._ N ly. i 8..and

using a _ano't:'ch‘,weir‘,‘box' (Fig.Q)'.,.._,_.:. low was..led.into.a. laat:ic

”;Wtank having at 96’ V=notch cut into a metal plate as.an.exit.The lavelaof
. above the bottom of th V-notch was measuredﬁ .

114 cted to the

ssa

A TR e L J-mm - Az

-translate -at---ﬁ

4 studyma " i
_Each . sampler collects a. small.p portion.of.water. from




e{tery other tlp of a tlpplng bucltet us::ang a funnel and leads 1t, by means | B R d“‘::‘:‘::;_hj-“ e ;:;‘:;: . :;;',“:::;:m :‘;"““c:"‘;n
“of a hollow metal cube clamped to the -=mpindle of a stepping motor,lnto one - g u e !f;,’_:i S oy o
! of ‘an array of ‘sample’ bottles. At ‘Clwe=  sane time, .the pulses generated by b I l R [/ l! i o l - ORI I o
-+ " the tipping of the bucket ate accumulme=wted {n a control box so that after a - = by o : Mﬂ’. ' v R . & C '
v Pre-;et grnber gf :1ps,hthe "eﬁﬂi"‘i m-;to:hla activati: agcl! the water i JIFMAMJIJlnlslolnloIJlFMAlMlJlJﬂslolulo'aIFMAMJIJIAlsIoINIDIJIFlMIAMJ]JlAlslolnlnlJlrl
' sanples directed ‘fnto the next ttle n:the array. this way, .water L T 1980
8amples were collected fron each flow, esch sample being composed of an o - "’"i 1978 | 1979 L 'ow e
- accumylation’ of sub-canplea, each repxwmseinting a set flow, In’ thln o N T i M— —— mm‘ — ——-—-—————-
- particular study, an’ 1ntcgrated 1 11t xw== sanple was taken from each of. the - Sy o o c::::m"'l% o RO - date Gollsctie R A e i
.+ 8ub=gurfabe, 'flows every '800'11tres of - ov (equivalent dlachargeiof | : s S ' and’ . o S SRR
approxlnately*ﬂmn/nnit area) and from ee=ach of the surface flows every 100 I ‘"‘""““""""" |
“litres of flow (equivalent discharge o= gpproximately lmnfunit.area).  This ) FIGURE 10 'rimetahle of operatiom | | N
- was done.simply by  adjusting the pre—se==t number of tips that activated the - L s fff;' B T
~-'_*fatepplng mot'ors and ualng different s:l:zed aample collection funnels. ;_' ' R ' R g T I e
L ' R SR [ 3 Grnsland hzgovmnt o | |
The flow frou each of the min drains vas. led into a tenk havi.ng a . o - - S e
800 V-noteh cut into a metal plate as s exit, ‘I'he 19\'21'01'_,, the water, or [ The grassland improvenent schene was. 1mplemenred on che Zln:h Aprll
he , “of V’:,'_‘! ) easured using s f TR SRS ¥ £ ) for the plot and on 19th May.on the lysimeter itself, (Fig.l.o)
stllllng vell’ and recorded on pep*er‘ tap:e dt lS min intervals uaing a SR - t:his, soil samples ‘'were coll.eeted at several. polnts o :

‘f"‘-:l‘lacher-l'orter recorder. The paper. tagmeswere collected at mont:hly _'o.o.J® ot . : ADAS representatives and analysed at MAFF, Trawscoed.()TH 8.0
:_finte:va s and tranel.ated at Hal.ungfo::d ,,(Plinscon R :d Hill, 1974) . . Coe e ol e @@ ghown . dn- Table. 1. .These indicate an.acid peat of pH: 4.6, :with a. totcl
: i3 N content ranging from 2.32, 1n the upper ,30cm layezr to 0.4% at lm.  The
e .. _.peat_was _found .to.be deficient.in. phcsphorua, .potassium:and. :

_l;‘.l,-:_;g»anelycis of wntcraextractcd'*_romﬂnhmpeat showed ammonium=N- ar
' " 'in the ranges 217-0.8iig/ and {.5-0.3 mg/i, reepectively. ‘
‘profile. These figurzs até ty'sical ef upland soils’ showing 1arge reserves
¥ of organic nitrbgen but; u..an{ é,car. ,itleo of the soluble forms.of nitro
f,} o '___f,’j',jthat are’ readily evan*,u‘leh, plants (Munro, 1972, 1967-

Y S

niff ;;;/‘g},rl,__ I

‘r-‘.‘}

“é the’ site was measured %y means of one weekly-recd period

gauge, . the'totals. .measiired by this. ‘gaugzme boing distributed in time using -
..the data obtained £rom, two tipping. buckcaest raingauges each recording at. 5 -
mlnute intervals, ‘one on'the multi-charmmnel logger “described previously’ and
the other on the automatic wea:her statXot described below. Rainfall
,::_»-samplel-’from the‘:r:s.'period ‘gauge. were retaced for chemical: analysis, If the
g, F‘tﬁnp‘ _hlllect ng-one-week. w w-;i.nrsufflclent £or- analysls. it waa

s
¥

0. access. tubes £or faé:ilig‘ zing l:'he "measurement of.soil -
of "a neutron be (Bell 1976) were "Ingerted into ‘each .

Henihb vl e,

es at di'u erent

o+ after y*faw nonthe™ due““to 1ncreas:lng dﬁE&lcul‘tlee in" obtainlng sufficient -
X sample_ volumes for g analysls purposes.

62.0(2) -

TTTEI0(2)

(Strangeways, . .. - .
g y ’ ot tm g7 30-50x»muw,m ot i hm-4nw50 IR

B v

b*"“depression,

7.and:was. contlnued until March

G e




h
3]

‘l'he inprovenent eonaieted of 1iming, followed by rotevation, reeeeding

_.éma a fertilize=x application. The quantities used are shown in Table 2.
They follow broadly the guidelines given in MAFF, 1973. ‘This improvement

vas carried out= on one half of the plot and on the lysimeter within.

TABLE 2 RATES OF FERTILIZER AND SEED APPLICATIONB USED-
IN THE IHPROVEIENT SCHEME

I

pige 3.51;4 : tonnes/acre” or 8685 Xkg/ha

e Basiosleg o 15. cwt/acre or 191 kg/ha of Pz 5

‘- .‘ Com@und fertﬁi.l:i..zer _(1_5_-15-:-15) 3.45 cwt/acre or 65 kg/ha of N,

Lo - 65 kg/ha of PZ

Nitrgenous fert:ilize (34 5% N) 1 38 cwt/acre or 60 kg/ha of N

05, 65 kg/ha of K20

""in terms_;of ‘N‘ "'_; ‘1—" and K, this adds up _'to._‘_d

N 125 kg/ha of Ny P 256 Ka/ha c.f 1>2o5 or 119/kg/ha of P

K 6.5 kg/ha of xzo or. 51. kg/ha of. m,

s

Grass "seed (kg/ha) |
s22 ITxalian ryegrass 3.50
- 823 Pre=rxennial ryegrass- - 13.25 - - . ST ST

. g 48%0 thy ™ g T e
& 8134 ‘lihite wild clover L 2a 25

270

uheaguent ferti.lizer agglioations .50 kg/ha of. N

by the: tipping bucket discharge recorders ‘were

converted_intowﬂowa ‘using-therelationship-derived by Calder and Kidd, ~- o ooen i

~flow.. (1itteslaec),

'“nm‘be“’r""”of tips ;“*__a_s teoorded

The values of A and B for all the ‘:_tipping bucket discherge recordets ued
'in thie study were estimated by caiibnting each inetn-ent over-a eeriee
of flows up to 1 1itre/sec ue_ing a flow neaeuring ‘device at the Hydraulics»
‘Research Station, Wallingfor B;r ‘plotting the time: for each’ ‘tip. (t/n in

the above equation) egainst .the iteoiproce]. of the flow (1/F in. the. above_-.______' o

equation) over a range of: flot’tates, then the slope of the reoulting

straight 1line graph will give'n measure of A, the capacity of the bucket,
while the intercept will givo B, the time taken for the bucket to tip. - The
flow, F (litres/sec) was con\ erted to diecharge, Q (mn/unit aree) for eech'
five minute {interval ueing tle fol:lowing equation:=- "~

- Y ::_,' . 4

?.t

'where t = recording period (300 secs, in thie case),

il

AREA - area of the lysimeter (eq.m). B

IR

The data collected by the Fiecher-?otter recorders----we're ~gconverted-into

-="':'£lon ‘using the: reietiomhip (531, 1965) Ohﬂ"ﬂ beiow

F ‘*Ac(hﬂlo)n
.‘"“el‘e P flou" in 1itres/eec, R
A.B are constants,

h - neuured hud (ml),

" ‘the” Hydraulica Reeearch Station. By piotting the r;atuta og'’o

‘against that of ‘the measured head, ‘then;the slope-and intercept:of it'h,_
f resulting straight 1ine are measures’of B and A, respectively.
of ho ie obteined by minimizing the sum of equate‘e”‘_of the residuals

.‘by the Fieci\er-l’orter for- e'eoh:‘of tho diechargea. ~1E-vwans found«wthat»« at--the

..higher..flows,. agreement.was.very.. good.but.at.. lower.. flowemthewv-notchmboxes

overestimated the flows by substantial amounts,.

' ~=‘fofe thewlyeimetere. Ueingwthe«teeultewof vtheeeﬁ couparieon Wdateﬁ*

'1ysimeter could be: infined ‘using: the data: : from-the: ot_‘ne lyeimete

Skl org alb s s

“¢he Far _“events Wheri bOEH recorde‘rs_ were inoperati




o was deeided to be consistent snd not preserve the spot sampies either.

-_;frswscoed. - Here, ‘they. were analysed, normally within a further week, using

.;,;phosphorus ‘and: potassium. “The“inorganic forms "of! nitrogen were T e
-individually converted to ammonia and determined colorimetrically sfter th

yaddition:ofNessler's reagent. -Total ‘unoxidized: nitrogen* wat .___'xtrscted by

___,Lhe Kjeldehl. method snd determined colorimetricslly as_above. . Total

_ nitrogen _and orgenic nitrogen were calculated as total unoxidized-—N +
‘nitrate-N ‘and total unoxidized-N'- ammonium-N, respectively. Total

yinto and out,  of the..lysimeters.have. been.identified and-either measured or

The following section describes the means by which these errors uere

| IR | | o - o | - identified and the data‘corrected in order to assess the true nutrient .
fluxes into and out of the lysimeters. Because of the attendant risks- in

UE

None of the weter samples collected during the course of this study R
: : natural lysimeters, the procedures described ‘may be useful for future

* was.filtered and neither was a preservative added. It was felt that the |
‘ reference. As a by-product, the information produced by the correction -

changes in sample/preservetive ratio brought about by 4introducing a : . .
quantity of preservative at the ‘beginning of an accumulation of a composite procedures gives considerable insight into the psttern of flows on a
sagple would possibly be more detrimental than not adding a preservative at typical mid-Wales catena. This is useful, not only for investigating
all,. Since more composite samples were collected than any other type, it | ~ nutrient movements on these slopes, but also for'throwing light on the = 5
behaviour of water fluxes and stores and their effect on flow routing in*

'"uplsnd catchments.
In order to minimize algal growth, brown glass bottles were used to '

.‘”.store all the samples collected. Also, the samples werc shaded from . o o ‘ infall and -
sunlight by being stored . in the inst.rumentstion hut in tie csfse of ‘the AT " LL'..M

"The ' D ' |
biggest problem with sample collection was found to be freezing during the I Ratnfall and total flows (surface and suh-surface)‘fron the two
winter mom:hs snd a number weré lost die..b breakages of the glsss bottles. | ) lysimeters are shown as monthly totals in Table 3 and, . phi‘cally as
LEETEL T R asccumulsted totsls in Fig ll. An- inspect_:ion of these-__.

.' '.__\-b_!! v s Jf(j HES :‘ . {u {; : ‘-'J

The emples uere collected once ac week and- trsnsported to’ MAF!-‘,

,.-‘?°9°-‘..n.j X HAINFALL
' 0. FLOW FROM THE lePsovso Lvsmsrea

© FLOW FROM me umuenoveo R
Lvsmsrea \\\\ il e T

P
et

‘standard- prbcedures (DOE; 1972) for: ammonium=-N," nitrate=N: ‘Kjeldahl"N,”

inorgsnic phosphorus was. determined colorinetricelly -as orthophosphate -

~-after-conversion to-molybdenum -blue and-potassium was determined- by” f1ame"" o
‘}hotomer e rrlimit—‘of detection of esch of the chemicsl“ snelyses wss

"-q‘.

:
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-
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¥ RAINFALL AND  FLOWS(mm)

For.the calculs_tion of . losses of spplied snd indigenous nutrients to
ither imﬁtheu:‘- timatd b ;- Y|

ron the 'sgriculturel'"

there must.be confidence that.-all the fluxes- of-water-and- nutrients.

i

R e A

.In order to study .the balance of these fluxes.in.a. .. ...

_ ACCUMULATED, MONTH

'Inmbr:lef,»rthewflow totsls*measured were considerebly higher”‘thsn"‘
be -expected. for -th :measured-rainfall, -Initially, this was:

it

sloiNIn JIFI
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MEASURED HONTBLY BAINFALL AND TOTAL Fnows (mn) LT E | : . - simple . wnter balance mlkes no allbwnnce for difﬁerences in sot :moiatutih_
rnom TﬁE NANT IAGO LYSIMETERS = . . L .+ . storage within the lysimeters at the beginning and end og_ ; o
. e e T e - A ~such differences will be: 1nsiraif1can )
S BN S . S . " and will not. change the: 1mbalanco to any great extent excep
v 12mat ‘L°‘ R S R R B ~ the'first year following drainage when now equilibrium 8d1l |
‘ ‘ were betug eatablished in the lysimetern.‘ 8011'moistnre,raad1ngs;
. ‘the lysimeters are not’ parcicularlyfuseful au a0 :eading
"drsin backﬁill, the area of? ”

24315400 14530vED AYSINSTIR yNT4P2QVED L¥SIeITES

Innediately on’ confirming these 1nbalances, the aurfacenareau-'
lysimeteis were re-measured and. all the flow messuring 1nqtruggnt
- re-calibrated. Although- some very minor differencasluure“dti““ted
. were in'no way large enough to explatn the 1mbalances obae 6
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he ‘scar tha xthe unimprovad’ly”

“the example of a: qtgngard rai ‘auge
f(Helliwell and Gréen, 51974)
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that-a. claasicalwhydrological .balance: A8~not- being -achieved: foraeitherv~~-%
'lyaimeter. ﬁhen a s nple wai:er bal‘ance fo: the whole etudy period for each

,recordingﬁp”r.'
*ﬂ“_f&n_

‘ P
total ‘runoff’ (mmx, | .
wE*u total evaporation (mm)?as calpulated for the" Nant IagO'
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| TABLE S, RAINFALL COMPARISONS FOR THE NANT 1ACO LYSIETER'SITE
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" fox=. tue lysinel:ers to be recel‘\'ins nmore precipitation than the ground R o Lystieters were|as a result Of “01)880 Of uter uP"lde through_-" he;
level gamuge suggests, therefore, ¢hat the upper part of the site must be | e boulderclay layer as depicted 1n Pig.l2- e
receivihs high rainfall for its gititude. This is feasible 1f the - | L “
lysiwtesrs are 1n an area,of fallout and the ground level gauge in an area S _ PEAT(YNYS SERIES?
of dimiltishmi rainfall due to the wind effects of the scar, the balance - . _ .
betwien  the two gLving the correct ralafall for the altitude of the site. | ORIGINAL POST-GLACIAL SOIL PROFILE
e greh. r.hera 18 no way of quang41fying this. In the absence of any S - :

rs TE nat=4¢a;, it pust be assumed that the ground level gauge or Nant Jago ' ) : S m.ess'rocsus STONEY * cuvsmouwsacuw

S highsére  estimate 18 correct and ‘that the errors {in the water ‘balance e - wsxmeneo scneezcou.uwum K '

eluuhez:e |

5.1.2 !’10' S . e

Havins elimi.nated rainfall and menaured flow as  the source of the S
prodlen Lt . was. concluded that the. 1mba1ances were due to leakages into the

LYSIMETER -

" 'FIGURE 12 Poslible seepagé route

ere n__a"iy e,_g;to
U1.de tified 80 t:h
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;.-BUB"Burf ce .8che om, the., ..\ ffxf g yoie b : 2
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' “”"""'”""EWI},en :hese'various correc:ions ‘,are“’df'p 1£ed“to ‘the “e_as'ured‘*flows and“‘“‘"
ﬁ -,x(i“wwww“ it i LA, *a s Sl s
y ‘true’ 5t e resul ahown,_ —Tabl -
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MONTHLY RAINFALL (mm) and corrected total !lows (m)
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The estineted ueter uee of the Hye catchnen: and the celculeted Rennenu‘.
' eevepotranepiretion totals for the‘seme three yeere are shown below. L

m-'

P

f

a RAINFALL

° FLOW FROM THE IMF‘ROVED LYSIMETER | I WYE WATER USE
S _pr:mnr |

ol;Fuow FROM THE UNIMPROVED LYSIMETER

‘a percentage of total flow the largest dieerepeney 48 only of the order of
" 13%«...The .above . water-balances for the lysimeters assume. .that.changes-in
soil. noisture over the. balence period are’ negligible . 118 a
‘reasonable assumption over an annual basis, it may’ beﬂinstructiv 80,
- ‘'examine the efféct of “short-term changes in soil moisture on these
' ‘belences. This is ‘done 1in Appendix 1I together with a d}pcuge&gp:of the
7531mplicatione"6f upland’ drainage*for flow' routing ‘and water resources.

’frhe_chemiéal analyses carried out on the

iy T

: ip _
lind-wof detection whilst total nitrogen and potassium. were: ia-
0-1.0mg/1. Oceesionelly, ‘high concentrations of. potassiumﬁand,{

o perticulatly, nitrogen‘uere found,~generally during
Similar" high values” in“&ﬁﬁﬁéf”“ 1{nfall have been found by other wnrkers
o 13 1 {8sa 3

;(Angetrom andﬁu er 952 ) :
ena;yseo ‘of 'rain ”‘”fsamplee obtained at’ the'lysimeter site wi

o KRV Pl RN 138 o R

“T"”“t.ﬁxw ?f”ltﬁ”lmwtﬁvfforeeted.cetchment during-fff

25,

s waye._ ;thge figp; place, the concentrat@ons of eome of the

nu. .ients in the sub-surface discharges of bo th, "simeters are, higher-chan‘"

- would“be expectedwfrom th‘“kéﬁﬂlts?fro “F‘ 1 15?“‘dd”frggfth '
~ ‘rout ' W““ | Ihis effect
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~1,-0f Aprdil 1978 immediately prior to the grassland improvement. The effects
- of the improvement became evident in July 1978. Although the '
‘concentrations {in both lysimetets 1ncreeeed a great deal at this time,. the
‘concentrations in the improved lysimeter became substantially higher than
those in the unimproved. This remained the case until the end of the etudy
period when the concentrations in both lysimeters decreased to “normal”
. levels.of between 0 and 1.0 mg/f. Superimposed on the decreasing trend in-
| ‘ concentratfions in'both lysimeters from the peak veluee in July 1978 were
" smaller peaks, normally during’ epring and autumn, as more nitrate-N became

aveileble for leaching.

e I\n conl:raet. -the concentrations of the other nutrients in the
: dischargee of the two lysimeters were similar with the’ exception of
, .;Kjeldehl N (minly organic) where enhanced concentrations were found 1n the .
' lsproved lysdimeter during the autumn months of 1978 and 1980. Potassium
' concentretions in both lyeimeters were slightly higher than expected
: (Roberts et” al.*; '1983) throughout ‘the etudy period egain, preeumebly, due
”"_ t:o_ fthe ‘felease and’ subsequent leaching of/potaeeium ions ‘in the beckfill

oul ding ._the lysimel:ere. - No 'enhenceme'nt of - potaeeiun concentrat}one S

oun
wing’ L 2vid

e emmoniun-N“ were generally "’below the 1avel of decection.

5 ! : - H/ . ek e e
+ £} y nt concentrations 1n the’ .
.drains-are shown it . .. 17+ A direct ‘comparison of the results ‘obtained "

. from the.two drainawia difficult because not only will flow- concributions
from upslope. of the drainage schemes be included, - but also the sampling

)

e

“frequency ‘of the improved ‘drain‘was mich more’ intense than the unimproved.” S

AR

roth""pl'“t: , howevéer, show generally’ similar results to thos‘é found in the

PUIASSIUMIMG/L)

;-“f*l_owa _bf the lyaimet:ers.f.;marient eoncentration enhancement

magniitude.:h:l.ghe"f‘thanl thoee in” fhe unimproved iplotuduring" the summer and” |
978.  There were also smaller’ 1ncreases in nitrate=N eoncentretione’l '
1n the 1mproved plot during the epringe of 1979 and 1981 and t:he autumn of

wet winter months. Thé pgu;ent eon rationaifns anpies e
| . NHt"N 0-3 5 mS/f. WDﬂN 0-.5M zﬁl‘ll‘g/,l,AORGANIc Nis“o 2m3m\w.¢r‘/£’

mg/ 25 K 0=347 m8/£
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' An inspcction of Fig.lﬁ showo that the nutrient, in particular
nitrate-N concentrations in the sub-surface discharges of both lyaimeters
wsere much higher than those in the incoming rainfall (Fig.15) and those -
£ound in the Wye streamflow (Roberts et al., 1983). This indicates that
nutrient enhancement was occurring within both: lysizete:s.
nutrient losse 'from .the . two lyaimetcrs, 1t 18- neccssar:yr to quantify and.

" correct for- the. 1osses occurring. as. a ‘result. of the lcakagcs. _To.do this,
t:he mechanism of thc cnhancement must be 1nvestigated 80 that a reaustic

correction be mdc.

"by conparing"’“nutrient concentrationo in rainfal]. and in thc sub-ourface
‘discharges during those periods when the calculated leakages into the
1ysimeters 'stggest that the measured flow was totally sustained by the -

Unfortunatcly ‘these occurrences are rare particularly 4n-the case of » -

o However, these comparisons:-are: .shown . in: Fig.ls
£o total""'itrogenuand potassium. ’ Nitrogen' species_are not. considered
separatel because”

)

Before comparing |

vl AR e e

ot‘ possible transformations between«rainfall and flow._l . SO S S

Aloo phoophorua concentrations 1n both ra:lnfa].l': and;‘ flows were so often,
below the limit of detcction that a valid conpar:l.son c_ould.not be d¢

at their highcst ‘and, because of contamination by wind:borme organic'
dehris, likely to be. overestimdted. Howcvcr, the, data: —ohown An Fig.]

. suggcst. that, - in- the majority of instances, ‘the" concentrnti in
measured flows were highcr than thooe 1n the- rainfall
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'nu:rogen‘concantrauons dre'uenerally; _higher 1n the sou moisture' than 1;1:__.
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If the_r ;trends observed 1n the umited qdantity of avaﬂable(data ate

consistent and the supposition concerning nutrient concentution

-amount of. available nutrients within the lysimeters by an amount
L(GMF-CL) where:- . L T

L' = amount of leakage . _
CMr = nutrient concentration in the measured suh-'sutface"flw'

CL __;- nutrient concentration in the leakage

e, i

and thia m‘f o tiken’__

& The (v?t:ue nutrient lou can then ‘be expreued--

MF-GMP - L-(Our '-' CL)

where T [ “true” flow

-A:fii"?i?i{.ent concentrat\ion in ‘ﬁeaaured filow

Epaits

'-.- = nutrient cong antration 1

' 2 ened ‘},h.@’f,a!‘;ﬁw,
one” the diff cﬂlt"é;sgwé‘m{ 1ycéiid optalatn
sence _of such data, cl apropriate. ) 1_
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Ty thoreforo w]}ot proportion of ‘the
: - .,.mprovod lyumetor compared to the =%
oved after ‘€he spring 1975 -ias- due to t\e improvement process. A
. Y “coupnrison of meamxx monthly concentrations and ‘total monthly losseo prior to . :
g ‘wfwﬁt:ho,‘ioproveun: (Table 8)“ shows' that  the:values had converged 'for the" two' R
et With no-evidence to" ‘the“contrary; ‘it seems i
hat™ the ‘concentrations in the: duinogo f.ron the. two
simi1ar-thereafter-and’ that~the {ne; 4
concentrations: fm“ the " improved lysimeter’ ‘following ‘May 1978 can"be
ascribed solely t© a combination of cultivation, reseeding and
£ in imgbllity t "

,__woul.d generol.ly'ﬁ w ioplmtod as. o(,wholo. Nevertheless, .as wnl be ...
discussed 1ater, A€ {s useful to be able to estimate the effects of the

'gronlondminproveﬂnt slone:iniorder’to:calculate; the Jnut:rient louoo from
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;" the srowing puture. | Annuei nitrogen louee ettributnble to the
i-improvemnt were. grenteet 4n the first year (52 kg/ha) and reduced
;_progreuively for the next two (34 ‘and 22 kg/ha). Total ‘1csses: for the
- three yeere were 108 kg/ha. This compares with & totel ‘nitrogen =~ =

FE npplieetion of 225 kg/ha.: ‘Not_all of. the 108 kg/ha can be accounted fnr as
appliedl fertilizerias some is due to the loss of ‘indigenous nutrients ﬂfr;: i
(following cultivation. It could be argued, however, that a 1088 of
ind!genous nutrients 1s a direct economic loss since they will have to be
repluced in: the long run 4if fertility is to be:maintained. In effect, -
it herefor' e_pproxinntely 502 of the: edded nitrogen fertilizer in lont GO
| without being utilized by the improved pasture. o o

: o -

by d
“forestntion, ‘of “the W
. data requited tave been extrncte Erom:t his present studyan
Y et aley 1983., The impro.'e..e WL ._,:ﬁ ¥ &is@eo o be’ implementedj ver: A,_:‘geuen

year cycle ie. one-seventh!:: :‘,w Ay
tile drainage’ replecenent cyci ST A t"picnl seven yenr cycle bet!@e a
eseeding would ehow--’ _ e

U

=

EON

| 'l'he reeulte obtained from this study can be uaed, in conjunction with:
“results’ ‘o_btained from {'undieturhed rough pasture (Roberts et ‘al., 1983), to
:neti:n*te the effects of the: vnrioue egriculturel praeticea on nitrogen and;"*
-_poteaeim loenes as"‘ ahown below ‘ . D .

_‘Z.In the ‘third year just |
dini nighing dis turbnnce effects,

LT e fol].owing nection deeln with_the problem |
'.,renult .from the lysi » ¢ y using.a; nchedule

nprovonentntypice .of the- mid-Hnleon region,« predicts ite ribsimma
untremf-lowmquu;cy e s

ear- .
il i ,;,...Mytmw T L ki Mm—w&- 1%%‘*%

yenr tile drainage Faplacenent schems whare this {s’ part of the 1W%%& ——

esults would:be feasible only in'th

event of: conplete inprovenent i1n one s season of a peat catchment overlying

1-9,..1. .
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- The areal extent of each land ttmm 18 shqu);r,in F 9‘2 and their q P
percen:a,ge coverage summarised 'in Tab16,i10. =-He mod% 'used 1s}as shown § o
Table 11.::; Basically, ;the medo? l'qnliu t:he cat:chnenu‘ i\ntO"an ‘area that ‘18~
improveable with drainage ”'. ' ‘i* .zmnab]e without’ drainane. T
- unimproveable, C‘.,Nn afforest;'.:.;m., .;s cansidered. Iinp ).:vement 1s assumed T KRR
over se\gen-year\‘cycle 1.e. one saventh 130doner each: year. --"‘=-,=‘.lhex,annua1~.\« WK =R ) njf{
t__ol:alkn t¢cogen 'loadings in'the’ ‘Amproved ‘1and’ decrehua iwith:years; Amthe ¥ /J;L 2 [j’/}\\
. "cuga Of the drained ‘and tmproved "land: from Dl to D? and for Lhe 1mproved ™ et Bt Ny
onlydland $rom, 11, t‘ 174 Loadmgs from unts ro#ed land. are assumed to be W dp
constant (U). | A: the end of the seven Srear cycle, the prqchsa is repea\.ed., Lo
in ;hia case j;'dratnag 187 ot require qndvthe .vloadinp ' _ ;T
appropria:e‘toiimpmvement on].y:z are uaed." rlwever.., there will %ﬂl b
o aome: reaidna ‘from tde drained areas.” Simflarly, at the & d ‘of ‘the. "
.fourteen year-«cycle,f 1morovementﬂ only» 1s repeated wbut.‘ ~=1ﬂ“«thia

effect:a,i.of" the., initial dra
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As a pre-requisite to hyﬂrograph aeparation. general sub-surface .
,recession curves ‘were established for both. lysineters,using a ‘number. of
. measured recessions obtained. during periods of no;rainfall“& Theee are

shown in F1g.23. ‘The basis of the analysis 1s to split the general _
recession curves 1into theirweomponent parts (Ineson and. Downing, 1964). e
In the rela:ively simple situation of sub-surface discharge from a S

lysineter. two components,fnamely. interflow and: base £flowu need be

considered; ' (Surface’ runoff ‘I8 ‘disregarded in- this’ analysis ‘as ‘1t '1s
measured separately). Interflow 48 considered ae"that;part :of 1nf11cration
which moves relatively rapidly in approximately horizontal directiona,
usually 1in the soil zone or 1mmed1ate1y below. 1:. but which does not
»penetrate to the underlying zona of saturation. These: flowsuoccur during_n
- and immediately following precipitation. ‘events and, because of the . ... e
. efficient nature of. ‘the -tile drains-in the backfill within the* lysimeters.””'“““”
_would be conveyed very rapidly to the. flow, nsuring devices.::

originates.from that part.of, infilﬁration which .moves : downwardswunder

X

__gravity to'reach the main zone of saturation below the};
'[moving laterally. through' the lysimeter.blocks.
delay, would-be. .expected;before these flows reached: thefmeasuring“devicea
nut they would continue for a longer time period following the e :
preciptta:ion even:ﬂthan~the interflow, If-thejsuppoaition'concenning the"
i flow the ‘lysimetérs s corract, then these two
types of flows will be supplemented by “the leaks throu h_the_honlderclaywb‘wm_mw
layer. Since theee originate at . points upslope of ‘the lysimeters' and have
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to infiltrate nnderneath and through the boulderclay, At 1s likely that a
significant time. lapse woutd\occur between" the procipitntion event and =
‘these leaks being manifest at the meaeuring devices. A schematic -
representation of the components of .the sub-surface discharges from the o i
“Nant Tlago “lysimeters is given in- Fig.24. The relative _magnitudes and
‘ditations of the three components are nol: ‘significant at this point. -

An order rhat the duration and megnit.ude of the leak ‘component be a o
identified, 1t 1s assumed ‘that 1ts recession follows a simple expreuion.\ R
In pracriée,x the most used- expression is a eimpie exponential - (Berneo, g g
1939) and it 1s also uoed in these anelyees. _ ‘lhe leakage rate, qg¢, at Y
t'ime..t"‘ o' given: by' o | S

g .. c Ny A
i

-”the bage of the natural logarithn,
-V a conscanc.

B T T o H“‘- RRRTITAE . {,; . ,J.

otudies vere conduol:ed:to-; eppp}enqnt uthe‘_}ge_g’qi‘;:g obtained '
raph’ 'anl_aiyse - 11 be des ibed later) to p ide
further -"‘insight *into‘" the' neture of che leakagee ‘1nto 'the lyoimeters.

e,

'oolythene eheers during the period 5.12.78 =
‘each plastic sheet ‘was channelled info. the surface coll

~of infils ption inputs. upslope would. be shown as dieconti"uiries, on’
- should; have been the. smooth- receuione of ‘the sub=surface’.
' comparing rainfall. totale and the surface f : . p
““the efficiency of the plastic sheets in reatricting the direct 'ntry of"
| ,rainfell into l:he lysimel:ere eould be asuued. :

_'so that the effects of 1aposing. virtual greenhouse conditions.on. grass .
growth would be minimal_l during the co
~choice: of t:hese ‘months

e malfunction an

Both f.iysitere weref eompletely covered with heavy‘dut" c_l
-9.1 79. '

ectors 'and measure'd-'-'
By stopping any rainfall inpute direc.tly to the -
it was hoped that any leaks. through the bouldercley as.a resulr

independently as before.
lysimeters,

_ ,,The montha December end January were. "choa'en to-conduct this® experiment‘,_

i1

oldest months of the. y ‘Z.‘
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for muc:h of the period. , Even when the tipping bucket:"
operational. daily rainfall totals’ wete 1nvariab1y higher thnn daily _
surface. tinoff totals from both lysimeters, eveh allowing-‘,for-open water . - .
evaporation from the plaistic ‘sheets. This""euggest" ‘tha r? "t‘li'efi:.plastic sheets
"wwere not entirely satisfactory in stoppingfrainfam; .’from»entering the
lyoimeters directly. This 18 demonstrated 'in Eig.25 for the’ improved
. lysimeter for the period 23.12.78 to 29.12. 78. -+ Harey increaoes in the
. sub=sux-€ace flow occurred duriag each rainfall event though {t 18" . e |
;'1mposs:l::b1e to.determine what proportions of the. 1ncreases can-be. attribuced D RS B . TR SR om o
to direct rainfall input through tears in the plastic ‘sheets and to leaks Y, Y | 3?3
-~ through -~ the boulderclay layer.” The rapid response of the sub-surface: flow e M i Sy —
to rainfall events. suggests that large. proportions of theae increases are
due to direct« rainfau 1nputs. 8 : o _ .
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or &i stom events ‘that °°}\ rred’ whila -the 1ysm er vas .
I mia in ,hresting ‘to apte’ from:

.alculationa are made f thcs two' fe _'ods'uza.ll.79
) - 12.1.80, whe ,reliaf:le srub_
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. Apar: from the results ehow_n in ‘rable M the overall conclusions
ﬁ,‘._found fton thia uries of teata uere o

S . o

)

f'a) Jl.eakAge occurred 1nto the 1ysi.neter fron the underlying boulderclay, L
the head being available because of the proximity of a hillside and the
aem-petneable nature of the clay auowing vater mvenent to oceur.

S W , -:_.‘J : G

"J‘;l_j;‘b) Th& leakage into t:he lyaimete'- wan not by means of a. single fissure but.

was: probably fairly evenly distributed over the total sub-surface area.

| ‘c) 'Ihe rate of leakage varies. being lower. 1mmd1al:e1y after a. storn when

' the ground {s fully saturated than after a few days without rain. However,

’flt o thought very probable that ‘after longer spells without rain’ the rate
Jof leakage would fall as- t:he piezomel.rir heads 1in the clay fell.

E
& "“5:2] oyed on. l:he flow data fro;n :he lysimet:ers
o ‘!day_and 1. Omm/da)' respectively’ {dto th
cr, ' Dally flow totals from the lysimeters
‘ere less than the leakage rates' shown.
_that the-{eakage rates: int:off‘?‘the lysi.""” tera*‘am not
.with“%'ﬂtl"’\ ate, R e g L LR
39 1on flw data froq a 84m2 natural 1ya£meter wi.thin the

. n':,;llafren forest at\ Plynunonx(calder,"lﬂﬁ) ‘suggests that, had the lysimeters
been-ful-Ly - sealed. t:hey ‘would have ceased to'“d'-ain_well"’)withi‘n”the"“380"”"”‘”'

1g° particular 1¥. 80 since. the tile_draina on rhe' 1n91de' of ‘the’ lyaimeters

i1l efsure: efficient ‘and’rapid’ drainage by’ ma:lnta:lning steep hydraulic (E AR

gradients within the peat.

‘ 8. of the leakage
ollaw a simple exponential"‘ expression ,

IMPROVED LYSIMETER
LEAK. ay2.0.21807"

I‘IGURE 21. : Naturnl 1og of nen“aured now (m/h) vs. time for the 3 '

b

e

p '-’;the slope: of the recession,‘ b-m, ware obtained uaing the least squares
---.érour.i.ne. st : :

1t 18’ :l”i'\’t"é”resting €6 HO T that' the geterad _recesnion" curves of both

lysimeters” when extend ed’bachcwmmitds i’ slmple exponentule ‘become non-linear. .
at ‘anproximately the same ti—-—e. This occura at about 200" hours or :
t

within“and "upslope of tha lys=-SEEyiters; t

e o 1eakagem wouldube at-thelir. mazmscinn. vhen-the. diﬁfarencasmi.
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The results of . the permeability tests (Table 14) show clea.rly thr:.
/' over the range of flows gtudied, the estimated leak into the improved
- lysimeter 18 greatest at the low end of the flow range and dncreases _ _
reasonably emoothly towards the higher end of the flow rangt (rrg.zs). o

Lt it
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~ FIGURE 28

Leakege rates into the improved lysimeter astiqqted :t:rom

.

_.‘the permeebiiity tegt.

s Although the actual estimates of 1eakage rate are obviously ﬂuspect

(one -estimate: of leakage 'rate-is-greater- ‘than-the measured: aub-surface P
3 enson to: suspect their relative magnitudes g

akage "rates e |

saturated hydraulic' conductivi ty (mm/day)
- hydraulic'-fgradient w

and the- fact that ‘the saturated h"drauli conduﬂtivicy“nia a constant meens"'
that~the-variations-in -leakage: depend‘*'only'*on'wariatiom“*in ‘hydraulic: - g
~gradient....The overestimation.of /leakage rate.at. the licasured subssurface; ,qul 1{ al
of 0. 1,7mm/hour suggests that ,cthe ;saturate __hydraulic conductdvity shas .

‘ h ,ﬂ_eﬂj’u ous; observation“that“ ]

£o ed,,ﬁlysimeteri,&ceases at. abo,ut‘,ﬂ lﬁmm/hour further,
9 dbout this time ‘that the" leakage rate {s 'at “Its

wt:he estimates--: ofmleakagewrate obtained»bymAIlenwand
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_ The estimated leahge rates and true" hydrographs *‘uere shown I
earlier in Fig.13a and 13b. The natural logarithms of the ' “true”. flows i
have also been plotted. against time in Fig.29a 'and 29b, 'l‘hese have initial
steep elopes followed by flatter linear portions. ‘Finally, there'is a. \furthet
- steep portion as the drainage ceasea. This shape of curve is. typical of
. ephemeral streams (Nutbrown and Downing, 1976).. Assumii ng that the . - f 'f i
recessions of the “true” basoflows from the lysimeters are simple PO
exponentials, then the divergences from the straight lines drawn on Figs. .
29a and 29> at approximately :30-hours after the start of the recession :
preau-nably correspond to,, contributions from interi’low.- )
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. The 1ncorporation ‘of soil moisture values, expressed’ in terme ofw
changes in soil moisture storage in mm over specified periods. into the
water balances of the headwater catchments of the Severn and Wye (IH, 1976)
‘was shown tc have a significant effect on within-year celculatione of -
evaporation. but to have little effect over an: annual cyclevuparticulerly
when calculated on a wacer—year ba: . s. Compared to the relatively stable
soil moisture situation in the catctments as a whole, it wasfthought that
the change in soil moisture over an annual period on thegrecently drained
lysimeter plots could have an appreciable effect on the, nater“balence“ :
especially on the. within-year calculations. As a result, :hreeﬁeoilmj
moisture access tubes for neutron scattering soil noisthre estimation
(Bell, 1976) were installed in the main block of each Jysimeter (F1g.30) in

' order to quentify theefollowing effects.e
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To ﬁuanf'i'f“ -
their: e‘tfwt on total warer resourcee eepeeially during drought

periods. . . - T T S ST

: In conjunction with soil water sampling and. chemical analysis, to.
~ estimate the' quantities of and-variation in free nutr/ents within
--'-the 1yeimetere with regard to defining cherr;ee in nutrient etorege

and pathways for routing of nutrients dissolved in soil moisture to .

the outfalls of the drainege syatem. B
‘l‘o esti‘mte the# effeetiver.eee of the' tile drainage system in g
promoting dry enougn conditions for aati‘sfaetory root gruth.

JE I
. '
A R

; ‘Becauee of rhe difticulties involved in defining the eventual
:.positions of “the lysimeters and: the lack of a control period before their
instnletion '-:-s:l.tem (iv) was studied separately acroee an- outlying tile

" pet | jeo Beceuse 'neithet of the ljsineters had tub:
“in or within a me..re of th ba.kfill, ‘he secondary benefit ofu the eoi.‘l\ S

;noieture tubee outside: thewlylimeters, which..were-=read on(,,l,the igame: duy«slin ‘*L«m
~moetwcases;wwas to"give -5 quantitative estimateﬁofwtheﬂdrawdawn *inf thewww “

depth of peat, proeided that this is not - 1imiting.'

ch_enge._. when 801l moisture has most. bke*ﬁr_ing:on

“the Hdrain _tubea

‘thétefore celculet d (b we'ightingv'the. 13
' »~-with 1Ts- approximete“volumetric"*exi:em"_ )

!;)ol?l{t by a r'il)dr\ﬂm o (l ;
‘t: Ae ei's ie a grevitat.,ona\l'.‘_
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":‘:‘tubel 2, 31, 32.,and 13 f'\l.' the dovmelope atea end the erithmetie mean of

*“tubes 34, 35, 3 and 11 for the ‘upslope area. For the unimproved 13'3“‘““'.

| - tubes 2} and -~ 21" replace,. rreopectively. ‘tubes 13 and “11.: The total ‘volume
' J‘_'repreeented ab;'va 18 '112,8°cu.m for each lysimeter. The remaining AO.&_
. ouem 48 repreﬁz”e d by tha central tubes 12 and 22 of the improved and

Junimproved 1ysimeters, reepectively.

¥

!‘11\'

e g g 8 ¢ hnique, chengeo in’ soil moisture storege between A

yu suoeeuive‘_reading.detes ‘have been calculated for each lysimeter.: ‘I‘heee

together vith rainfall, runoff, potential evepotrenspiretion and wa_ter

..balance residual.totals, defined as shown below, are sumerized in
'_.__.nd ‘15b. o . : weoo o

i 'Residua;t__ - Rainfall-Ronoff-Potential evapotranepiration—change in soil ‘-r""

ooieture.

t:;h se periode.
i 4«,;'
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b ,pnnton BAINFALL (), RUNOFP (Q). POTENTIAL EVAPOTRANS- S b i me R T | e
- -;~:PIRA‘1‘ION (ET), cHAGE S0IL MOISTURE (AS) -'_“,m T parc of the area of the lysimeters was. donel_. 18ing data from outside
“ e B o the lysimeter areas.: \This 18 compounded ‘by hé fact that these '

. changes were by far, the greatest experienced and do not-take’ intq
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'The uncertainty in the: flow da:a. f‘f‘fAlthough the‘\balance £
lysimeters memugt!nera!.il}rr in agreement; differencee did’ oc |
18 seen particularly during tile, pertod 12.11.79-29 .1 80 when, the
":lmproved 1lysimeter showed a deficit of 3N.lma wh119t~’tﬁe uninproved
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~ Tvery wet and it wae at thi'a?'itime that cracka in: th' ‘f‘.-"plasticﬂs
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" conceivable that sutface. runoff. could ‘have entered.the 1r:
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.'aecondary louree of infotnntion that can give some t:luea to the ukely
behev:lour of drained areen. ST A . | R R

VArious attempts heve been made to aeeess the effecte of tne drainage

'-*‘-__jo'n soil moisture (Hudson and Roberts, 1982) and water ‘table 1evels. (Newson

“and Robinson, -1983) in soils in the mid-Wales region. Both studies
indicate that extra storage capacity is made available in drained soils’ by

. the general drying out of ‘the soil. profile, though subuequent structure

e-‘.‘f.}_-changes 1in soil on drying, - particula,rly 1in,peat, may lower. field“capacity

' to compensate, At the same tim. the cracking and opening up of the upper ‘;
" '8041 horizons 1ncreases the infiltration’ ‘capacity of the soil’ making these *
arcas more receptive to storm rainfall. . Though the total.amount, of_storm o

‘can be stored in the’ poa'-drainage profile ma
similar to .jthe”pre-drainage situation, benefit will be most noticeable
~during high intensity rain storms: when there is greater 1ikelihood of the

total sofl mdisture-atorag '&epaci,ty bei,ng utilized due to the incr,ase in
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item (111) of the;otiginal .aims of the soﬂ mo:lotur part‘. of t_hp ztudy
iy P
60,"80, 100 and 120° cm 1na:lde each lysi.meter.
atpmlm steel tude vacm:n aamplers vere uaed for this

-‘ntrmflow snples ,taken 4n the Hye*catclnent. ’ (Robe ~t8

L,6N 0-1.0mg/L, K 0-05Smg/R.  HoWever, there were some 180
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